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ERRATA 

Two error* have been found in the Volume* of thi* Handbook. 
The following correction* should be made: 

Volume 1. page 2-41. last paragraph should be changed to read: 

"In obtaining the c*n*u* of equipments, it is important to include 
not only those in operation but those planned for future installation. This 
information may not necessarily be available from the Area Frequency 
Coordinators, and it may be necessary to contact other installations to 
obtain thia information. For the Air Force. GEEIA (Ground Electronic 
Equipment Installation Agency) is responsible for the installation of ra¬ 
dars. Its headquarters is at Griffiss Air Force Base (Rome, New York), 
but it also maintains regional offices in the United States and overseas. 
The regional offices in the United State* are located at Brookley Air Force 
Base, Mobile, Alabama (Eastern GEEIA), Tinker Air Force Base, Okla¬ 
homa City, Oklahoma (Central GEEIA); and McClellan Air Force Base, 
Sacramento, California (Western GEEIA). These office* have information 
pertinent to radars installed, being installed, and planned for installation. 
This data will, in general, augment data furnished by Area Frequency 
Coordinators. Similarly, Naval Districts and Army Districts will also 
serve to provide additional information as to equipments that are being 
considered for installation." 

Volume 2, page 5-3, second equation should be changed to read: 

"A(db> = 3. 34yn¿(d>" 



PREFACE 

This is the fourth in our series of volumes on Radio Frequency 
Interference. In this volume we discuss the general considerations and 
current practices in the utilization and conservation of the radio spec¬ 
trum. These considerations and practices are the fundamentals upon 
which must be based our efforts to obtain system and equipment com¬ 
patibility, and freedom from interference. 

For maximum compatibility we must consider several basic 
aspects of spectrum utilization: 

A. Over-all determination of occupancy of the spectrum for 
maximum benefit of the general populace of the United 
States and the world. 

B. Detailed allocation of spectrum space for maximum effec¬ 
tiveness of usage in accordance with services to be pro¬ 
vided. 

C. Design and production of equipment with known spectrum 
characteristics appropriate to the frequency allocation for 
maximum compatibility and minimum interference. 

D. Control of spectrum usage through appropriate regulations, 
standards, monitoring systems, and legal procedures. 

As has been previously pointed out in these volumes, the studies 
and technical developments required to obtain interference-free spectrum 
usage are complex and time-consuming. They require a high order of 
technical competence if satisfactory results are to be obtained. And it 
follows, therefore, that considerable funds arc required. 

In the past few years our advances in missile and space elec¬ 
tronics have brought home to both engineers and administrators the vital 
role of proper spectrum management in exploiting electromagnetic waves 
for military and civilian purposes. More funds are now becoming 
available for the growing emphasis on developing programs which will 
provide guides to the design, production and operation of electromagnetic 
systems for maximum compatibility. Additionally, it is to be expected 
that there will be greater control of spectrum usage through better 
defined specifications and standards with tightening of tolerances and 
limits. 



Through the years, the United States has given strong support to 
such international organizations as the International Telecommunications 
Union and the International Radio Consultative Committee. Today, these 
groups are. more than ever, the key to interference-free radio operations 
as they coordinate requirements and allocations for space and satellite 
communications. The advent of the Telstar satellite relay foretells a new 
era in long-range, global mass communications which, to be effective, 
will require complete cooperation from all nations to attain interference-
free operation. 

Material for Volume 4 has been obtained from many sources and 
appropriate credit has been given in the references at the end of each 
Chapter. I am particularly indebted to McGraw-Hill Publishing Com¬ 
pany for permission to reproduce material on spectrum utilization from 
Chapter 4 of the book Radio Spectrum Conservation. 1 also wish to 
express my thanks to SIGNAL, the magazine of the Armed Forces Com¬ 
munications Electronics Association, and to Brig. Gen. Pochyla for 
allowing the use of the chart in Figure 4-1 showing the national 
communications - electronics community. 

Chapters 1 through 5 of this Volume have been prepared by Mr. 
A. H. Sullivan. Jr., the Editor of the RFI Handbook. Mr. J. A. Hopkins 
(with the assistance of Mr. D. M. Agee) was primarily responsible for 
arrangement of Appendices I through V and for Chapter 6. Mr. H. M. 
Humbertson handled the production matters and together with Mr. Hopkina 
was generally responsible for organizing the Volume 4 material for the 
press. 

Contained in the Appendices of this Volume are selected Govern¬ 
ment standards, specifications, and regulations which pertain to radio 
frequency interference, electronic compatibility, and spectrum signatures. 
These documents have been included as a handy reference for design en¬ 
gineers who may have difficulty in obtaining copies when urgently needed 
to resolve design or testing problems. 

It is the hope of all of us at Frederick Research Corporation that 
Volume 4 (and the other Volumes of the Handbook) will indeed prove use¬ 
ful to those engaged in planning and engineering work for communication -
electronic compatibility and utilization of the radio spectrum. 

Carl L. Frederick. Sr. 
Wheaton, Maryland 
10 September 1962 
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THE ELECTROMAGNETIC SPECTRUM-
A NATURAL RESOURCE CHAPTER 1 

1. INTRODUCTION 

The radio frequency spectrum is a natural resource. It ia a 
limited reiource, however, and differs in many ways from material 
commodities. Ite optimum utilization requires careful management and 
there are many technical, political, and economic difficulties in the so¬ 
lution of management problems. It is clear, however, that the radio 
spectrum is a public domain which must be as carefully conserved as 
forests, water, land, and minerals. 

Radio communication was first used in a practical manner in 
about 1898 when lifeboats participated off the coast of England in a marine 
disaster which had been reported by wireless telegraphy. In 1903, the 
first international radio conference was held in Berlin to establish cer¬ 
tain operating rules and tariffs. Another and larger conference was held 
in Berlin in 1906 and from this meeting came a convention and regulations 
dealing with ship-to-shore service. By 1907, long distance point to point 
service had been started and in 1912 a radio telegraph conference was 
held in London to set up international regulations for radio frequency uti¬ 
lization. At an inter-Allied radio conference in 1919. the needs of ser¬ 
vices other than maritime mobile were considered for the first time and 
because of the rapid growth in utilization of spectrum, the United States 
held four domestic conferences during the years between 1922 and 1925. 
In 1927 the Federal Radio Commission was created and in the same year 
an international radio telegraph conference was held in Washington. This 
Washington conference dealt with ship-to-shore and broadcasting services. 

During the next ten years the use of the spectrum continued to 
grow and various meetings were held to advance world wide technical 
coordination. At the Cairo conference in 1938, consideration was given 
to some of the expanding uses of the spectrum and for the first time avi¬ 
ation communication needs along international routes were recognized. 
In the United States, the Communications Act of 1934 gave greater regu¬ 
latory powers to the Federal Communications Commission which had 
superseded the older Federal Radio Commission. 

During the following years the spectrum continued to expand with 
the development of the higher frequencies and the VHF and UHF regions 
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began to open up. Because of the rapidly increasing requirements for 
frequency usage in an already overcrowded spectrum, several inter¬ 
national conferences have been held in the years since 1938, the most 
recent of which was the Geneva Administrative Radio Conference held 
in 1959. Preparations are now being made for the forthcoming Extra¬ 
ordinary Administrative Radio Conference proposed by the International 
Telecommunication Union for 1963. The explicit purpose of this meet¬ 
ing is to re-evaluate rapidly changing requirements for radio frequen¬ 
cies in relation to earth space operations. 

Since the time of the Berlin radio conference in 1906 when the 
usable radio spectrum was only about 500 kc wide, the spectrum has 
broadened to include about 40 million kc or about 80 thousand times as 
much as originally used. About 15 million kc of this spectrum is used 
so extensively that it has become close to impossible to satisfy new re¬ 
quirements. These requirements are greater by nearly two hundred 
times than those at the beginning of World War 11. There has been a 
four fold increase since the Korean War. 

X THE RADIO FREQUENCY SPECTRUM 

For practical purposes the radio frequency spectrum can be said 
to extend from about ten kilocycles per second (kc/s) to about 40, 000 
megacycles per second (mc/s). For working convenience the radio fre-
que.icy spectrum has been divided into parts which are related in mul¬ 
tiples of ten. Current band and frequency designation used in the United 
States are shown in Figure 1-1. If the entire spectrum were completely 
usable, there would be several million channels available. In addition, 
in many parts of the spectrum, multiple use can be made of each channel 
based on geographical and time-sharing assignments. Thus, there would 
appear to be ample room in the spectrum for all users. Unfortunately, 
there are many other factors to be considered and a discussion of these 
factors is indicative of the problems involved in optimum spectrum utili¬ 
zation. 

The whole range of frequencies in the spectrum from 3 kc to 
40,000 me is not all usable. Natural phenomena and the state of the art 
somewhat limit the use of the spectrum above 3,000 megacycles. Al¬ 
though there are some electronic and communication systems in use above 
3,000 megacycles, approximately 90% of the spectrum between 3. 000 me 
and 40, 000 me is relatively unused compared to the 10% of the spectrum 
below 3.000 me. Below 3,000 me there are other problems in spectrum 
use because some portions are extremely overcrowded and other parts do 
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Wave length in kilometers, meters, and centimeters 
Frequency in kilocycles, megacycles, and kilomegacycles 
Band designations as shown below: 

VLF - Very Low Frequency 
LF • Low Frequency 
MF - Medium Frequency 
HF - High Frequency 

VHF - Very High Frequency 
UHF - Ultra High Frequency 
SHF - Super High Frequency 
EHF - Extremely High Frequency 

Figure 1-1. The Radio Frequency Spectrum 



not have the necessary technical characteristics for some types of com¬ 
munications. 

In practice, use of specific frequencies is influenced by a number 
of technical factors: 

(1) Propagation characteristics vary throughout the spectrum. 
For example, at some frequencies, radiation may be reflected by upper 
layers of the atmosphere over long distances, whereas at other frequen¬ 
cies, radiation can be transmitted only at line-of-sight distances. 

(2) Propagation characteristics of the upper atmosphere are 
erratic and irregular. Diurnal and seasonal variations are displayed as 
well as a considerable responsiveness to solar sun spots and flares. 

(3) Interference from both man-made and natural sources varies 
throughout the spectrum. 

(4) Antenna size varies with frequency and type of service. For 
example, mobile stations obviously can only accommodate compact arrays. 
Only certain types of communication traffic economically justify large in¬ 
vestments for massive arrays required for low frequencies. 

(5) Transmitter power used for mobile stations is usually lower 
than that at fixed stations. 

(6) The feasibility of channel sharing varies considerably, de¬ 
pending upon practical communication needs and variations in propagation 
conditions. 

(7) Radio technology is continually advancing, adding new chan¬ 
nels through the use of new techniques and opening up new regions of the 
spectrum, particularly at higher frequencies. 

Single radio channels are normally referred to in terms of single 
frequencies, giving rise to the assumption that millions of channels are 
available. In fact, each radio channel occupies not only its assigned fre¬ 
quency but also occupies a number of frequencies in the neighborhood of 
its basic frequency assignment. Depending upon the information being 
carried, a channel may be from a few cycles to several million cycles 
wide. In double sideband emission as generally used in broadcast trans¬ 
mission, the channel width is twice the departure (tolerance) of the actual 
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operating frequency from the assigned frequency plus twice the band width 
required to convey the particular intelligence deaired. The frequency tol¬ 
erance ia usually specified as a number of cycles which are a percentage 
of the assigned frequency. Thus the tolerance increases with increase in 
assigned frequency. The tolerance usually ia that which is the best that 
can be met by the industry in the design of equipment. For example, a 
broadcast transmitter in the 535 to 1605 kc region may not deviate more 
than a fixed value or tolerance of plus of minus 20 cycles. At higher fre¬ 
quencies, broadcast frequency tolerance is expressed in percentage of 
the operating frequency. Thue, a broadcast transmitter assigned a fre¬ 
quency of 6,000 kc must maintain a carrier tolerance of 0.003 percent. 
The maximum carrier variation must therefore be within 180 cycles of 
the assigned frequency. Allowable frequency tolerances are shown in 
Figure 1-2. 

Although all parts of the spectrum are not equally useful for all 
purposes, each is in sufficient demand to give rise to allocation and as¬ 
signment problems. For example, the high-frequency portion of the radio 
spectrum (3 me to 30 me) presents a serious allocation problem because 
of its desirability in providing for medium-distance and long-distance com¬ 
munications, tropical and long-distance broadcasting, and other services; 
because of its international aspects; and because frequencies outside these 
limits are, in general, not suitable substitutes. The capabilities of the 
high-frequency portion of the spectrum must be measured in terms of pos¬ 
sible circuits rather than frequencies due to the fact that more than one 
assigned frequency is generally required for each circuit. The number of 
possible circuits in the spectrum depends upon: 

(1) Geographical location of the termínala. 

(2) Time of day. season, and phase of the sunspot cycle. 

(3) Amount of power used. 

(4) Type of antennas used. 

(5) Correct use of propagation characteristics. 

(6) Circuit made (radiotelephone, radiotelegraph, etc.). 

(7) Man-made and natural interference. 

(8) Efficiency and effectiveness of equipment and operator. 



Frequency Band» 
and 

Categorie» of Stati on» 

A. From 10 to 535 kc 

1. Fixed Station» 

-from 10 to 50 kc 
-from 50 kc to end of band 

2. Land Station» 

(a) Coast Station» 

-power above 200 watt» 
-power below 200 watts 

(b) Aeronautical Stations 

3. Mobile Stations 

Ship Stations 
Aircraft Stations 
Emergency (reserve) ship transmitters, 
and lifeboat, lifecraft and survival 
craft transmitters 

4. Radio-Navigation Stations 

5. Broadcasting Stations 

B. From 535 to 1605 kc 

Broadcasting Stations 

.Tolerance 
(in percent) 

2 

0.1 
0.02 

0.02 
0.05 

0.02 

0. 1 
0.05 

0.5 

0.02 

20 cycles per second 

20 cycles per second 

C. From 1605 to 4000 kc 

1. Fixed Stations 

-power above 200 watts 0.005 
-power below 200 watts 0.01 

2. Land Stations 

(a) Coast Stations 

-power above 200 watts 0.005 
-power below 200 watts 0.01 

Figure 1-2. Table of Frequency Tolerances 
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Frequency Band« 
- and Tolerance 

Categorie» of Station« 

(b) Aeronautical Stations 

-power above ZOO watt« 
-power below 200 watts 

(c) Base Station« 

-power above 200 watt« 
-power below 200 watt« 

3. Mobile Station« 

Ship Station« 
Aircraft Station« 
Land Mobile Station« 

4. Radio Navigation Station« 

-power above 200 watts 
-power below 200 watts 

5. Broadcasting Stations 

D. From 4000 to 30000 kc 

1. Fixed Station« 

-power above 500 watts 
-power below 500 watt« 

2. (a) Coast Stations 

(b) Aeronautical Stations 

-power above 500 watts 
-power below 500 watts 

(c) Base Stations 

-power above 500 watts 
-power below 500 watt« 

3. Mobile Stations 

Ship Stations 
Aircraft Stations 

Figure 1-2 (cont. ). Table of 1 

(in percent) 

0.005 
0.01 

0.005 
0.01 

0.02 
0.02 
0.02 

0. 005 
0.01 

0.005 

0.003 
0.01 

0.005 

0.005 
0.01 

0.005 
0.01 

0. 02 
0.02 

Frequency Tolerances 
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Frequency Banda 
ô '■ «.1 

Categórica of Stations 
Tolerance 
(in percent) 

The impact of some of these factors can be illustrated by ex¬ 
amining the frequency assignment requirements for a long-distance high 
frequency radio circuit: 

(1) Frequencies must be assigned in the 3 me to 30 me region 
of the spectrum. 

(2) Most long-distance circuits are operated duplex, thus 
doubling the number of frequencies required. 

(3) The average long-distance circuit requires three frequency 
assignments of, for example, 6, 10, and 14 me, for night-time, transi¬ 
tion, and daytime operation respectively. 

1 -R 

Land Mobile Stations 0.02 
Transmitters in lifeboats and survival craft 0.02 

4. Broadcasting Stations 0.003 

E. From 30 to 100 me 

1. Fixed Stations 0.02 
2« Land Stations 0.02 
3. Mobile Stations 0. 02 
4. Radio-Navigation Stations 0.02 
5. Broadcasting Stations 0.003 

F. From 100 to 500 me 

1. Fixed Stations 0.01 
2. Land Stations 0.01 
3. Mobile Stations 0.01 
4. Radio Navigation Stations 0. 02 
5. Broadcasting Stations 0.00 3 

G. From 500 to 10500 me 0. 75 

Figure 1-2 (cent. ). Table of Frequency Tolerances 
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(4) To insure operation over the entire sunspot cycle (11 years) 
as many as five additional frequencies may be required. 

(5) The path or great circle route between the transmitter and 
receiver further determines the part of the high frequency band to be used. 
Because of this, several megacycles on either end of the band may be re¬ 
moved from consideration. 

(6) In practice, because of the greater requirements for fre¬ 
quencies below 8 me, the supply of channels between 6 and 8 me (taking 
into account possible multiple use of each frequency) determines the max¬ 
imum possible number of 24 hour long-distance circuits. 

The actual number of channels available within any particular 
portion of the spectrum is continually changing with improvements in 
equipment, operating techniques, circuit discipline, and availability and 
proper use of propagational data, and with the necessity and capability of 
accepting a poorer grade of circuit. Necessary separation between chan¬ 
nels has been continually decreasing because of improvements in the sta¬ 
bility and selectivity of equipment. 

In practice, the manner of utilization of the radio spectrum and 
the choice of frequency depends upon a full understanding of the relation 
of band width, power requirement, and the basic aspects of information 
to be transmitted. 

As mentioned before, transmissions are not made on discrete 
frequencies but rather on bands of frequencies. Obviously the wider the 
band the more space is occupied in the radio spectrum. There is thus 
considerable pressure for maintaining these bandwidths as narrow as is 
consistent with the service intended. 

Consideration of bandwidth requirements shows a direct relation¬ 
ship between quantity of information to be transmitted per unit of time, 
and both power and bandwidth. Greater bandwidth is required for the com¬ 
munication of voice signals than for telegraphy, greater for high fidelity 
music programs than for voice, and greater for rapid facsimile or tele¬ 
vision programs than for high fidelity sound. 

To communicate by electrical means, some form of modulation 
must be used. The different types of modulation require various band¬ 
widths and powers, and have various advantages depending upon the sig¬ 
nal characteristics and system requirements. Using the symbols shown 
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in Figure 1-3 it is possible to describe the emission of any radio frequen¬ 
cy transmitter by means of a combination of symbols. A listing of these 
types of emission is shown in Figure 1-4. In determining the type of mod¬ 
ulation required for a specific communication use, practical balance must 
be achieved between bandwidth, power, and reliability of communication. 
The design engineer will find his task simplified if he can trade power for 
bandwidth. On the other hand, spectrum conservation depends upon use 
of minimum bandwidth for each communication channel. Investigations 
and studies of the use of communication channels have resulted in con¬ 
siderable advances in our knowledge of the relations of the various factors 
involved in performing a communication function. These advances are 
based upon so-called "communication" and "information" theory. 

3. ELEMENTS OF INFORMATION THEORY 

The substantive material of "communication" is "information". 
To perform a mathematical or statistical study of information processes, 
it is desirable to consider small quantities of the information as the 
pieces which make up the total information. These small quantities are 
generally referred to as "bits", derived from the term "binary digits". 
The total information transmitted requires a certain minimum number of 
binary digits to express the information message so as to distinguish it 
from all other possible messages. The rate of transmission of informa¬ 
tion (measured in bits per second) is a function of bandwidth and of the 
power ratio of the average signal to average noise (commonly known as 
"signal-to-noise" ratio). We can exchange power for bandwidth but it 
should be recognized that under the present state-of-the-art, the amount 
of power available for some purposes, as for example, satellite-to-earth 
transmission is limited. In addition, it is generally undesirable to in¬ 
dulge in a power race among competing channels in the same part of the 

A. Types of Modulation 

Symbol 

(1) Amplitude 
(2) Frequency p 
(3) Pulse p 

(NOTE: Damped waves are symbolized by the letter B. ) 

Figure 1-3. Symbols for Modulation and Transmission Characteristics 
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B. Type» oí Transmission 

Type Symbol 

(1) Absence of any modulation intended 
to carry information 0 

(2) Telegraphy without the uae of modu¬ 
lating audio frequency 1 

(3) Telegraphy by the keying of a modu¬ 
lating audio frequency or audio fre¬ 
quencies or by keying of the modu¬ 
lated emission. (Special case: an 
unkeyed modulated emission.) 2 

(4) Telephony 3 

(5) Facsimile 4 

(6) Television 5 

(7) Composite transmissions and cases 
not covered by the above 9 

C. Supplementary Characteristics 

(1) Double sideband, full carrier (none) 

(2) Single sideband, reduced carrier a 

(3) Two independent sidebands, reduced carriers b 

(4) Other emissions, reduced carrier c 

(5) Pulse, amplitude modulated d 

(6) Pulse, width modulated e 

(7) Pulse, phase (or position) modulated f 

Figure l-3(cont.). Symbols for Modulation and 
Transmission Characteristics 
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Amplitud« 

of Supplement a r y 
Transmission Characteristic«* Symbol 

Absence oí any modulation AO 

Telegraphy without the use of modulât* 
ing audio frequency (on-off keying) . Al 

Telegraphy by lhe keying of a modulai-
ing audio frequency or audio frequen-
ctes nr hy keying of the modulated 
emission. (Special ease: an unkeyed 
modulation emission. I . A2 

Telephony Double sideband. full 
«amer AJ 

Single sideband, re-
duced carrier A Ja 

Two independent side¬ 
bands. redu< rd carrier A Jb 

Television AS 

Composite transmission and cases 
nut covered hy above   At 

Composite transmissions Reduced carrier A9c 

Absence of any modulation   FO 

Telegraphy without the use of modu-
laltng audio frequency (frequent y 
shift keying) Fl 

Telegraphy by the keying of a modu-
iating audio frequency or audio fre¬ 
quencies. or by keying of the modu¬ 
lated emission. (Special cases: an 
unkeying emission modulated by audio 
frequency. ) fl 

Figure 1-4. Types of Emission 
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Telephony 

Facsimile 

Television 

Supplementar y 
Characteristics S ym bo I 

. FJ 

F5 

Frequency 
(or phase) 

Pulse 

Composite transmission and cases not 
covered by the above 

Absence of any modulation intended to 
carry information 

Telegraphy without the use of modulat¬ 
ing audio frequency 

Telegraphy by the keying of a modulat¬ 
ed audio frequency or audio frequen¬ 
cies. or by the keying of the modulated 
pulse. (Special case: an unkeyed mod¬ 
ulated pulse. ) 

. F9 

PO 
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spectrum. Such a race will eventually be reflected in even lese effec¬ 
tive use of the spectrum due to increased interference. 

Any form of intelligence may be transmitted as bits. The more 
complex the intelligence and the faster the transmission desired, the 
more bits must be transmitted in any given time interval. All communi¬ 
cation systems operate in the presence of unwanted background noise, 
which may be considered as a set of random bits, rather than bits or¬ 
ganized in a discrete pattern as in the case of the desired communica¬ 
tions signal. In order that the communication signal be recognized, the 
receiver must discriminate between signal and noise. This requires 
that the power of the signal be above the background. The more bits that 
are transmitted in a given time, and the shorter the time interval there 
is between them, the greater resemblance there is between bits of noise 
and bits of signal. Thus, as the speed of transmission rises, so must 
the power of the signal rise. 

If the transmitted power is very high then only relatively narrow 
bands are necessary for communication. For lower transmitted power, 
it might be necessary to substitute two or more transmitters with sepa¬ 
rate operating frequencies. The number of simultaneous transmissions 
required will depend on the power level of each transmission and the 
amount of information to be communicated per unit time. Thus power 
has been traded for bandwidth. As an example, a facsimile picture trans¬ 
mission by scanning the image along closely spaced lines may take min¬ 
utes with wide band and one hour with narrow. If a number of such pic¬ 
tures are to be transmitted, such as from a meteorological satellite, 
reflecting transient processes in the atmosphere, they would lose their 
value unless the transmissions were sufficiently rapid. Thus wide band 
transmission would be essential, particularly in view of the low power of 
the satellite transmissions. 

In view of the difficulties in the way of using either greater band¬ 
width or greater power, it is desirable to consider means of improving the 
information content of a transmission. 

Sophisticated communication methods can be used to materially 
reduce bandwidth requirements for all types of complex signals including 
speech, telemetry, television, and facsimile. (Note, however, that equip-

cost and complexity increase rapidly with the degree of communica¬ 
tion sophistication.) In one method of transmitting speech, the amount of 
speech energy falling into a selected number of frequency bands is measur¬ 
ed and transmitted together with information concerning pitch. With some 
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loa* oí naturalness, speech can be transmitted by this means over band¬ 
widths of a few hundred cycles, an improvement of the order of ten fold 
over conventional practice. 

In the transmission of data, such as that pertaining to tempera¬ 
ture, pressure, air density, radioactivity, and magnetic fields, it is 
found that such information can generally be described by smooth curves. 
Points on the curves can be predicted with reasonable accuracy through 
extrapolation or interpolation of the curve shape. Thus it is possible to 
generate a predicted value from previous information and to transmit only 
the error. If this is done at both terminals, the original characteristic of 
the information can be reproduced at the receiver. A certain amount of 
redundancy should remain as a check on errors in transmission. 

Many of our present forms of information transfer are quite re¬ 
dundant insofar as the use of power and spectrum space is concerned. 
Speech, for example, requires far greater bandwidths and a greater 
amount of time (and thus power) than several other forms of communi¬ 
cation. If the text of speech were to be transmitted by teletypewriter, a 
considerable saving in bandwidth and power would be obtained. Teletype 
transmissions generally require about five bits per character, including 
spaces. Pierce and Cutler1 have pointed out that the known probability of 
letter sequences allows transmission to be accomplished using only four 
bits per character. If the text is encoded word by word, it may require 
only 2. 14 bits per character and can theoretically be reduced to only one 
bit per character. 

4. SOME GENERAL REMARKS CONCERNING 
SPECTRUM UTILIZATION 

In thia Chapter, we have discussed the overall aspects of spec¬ 
trum utilisation and succeeding chapters will contain more detailed in¬ 
formation on spectrum utilization problems as well as the specific mech¬ 
anisms by which domestic and international frequency allocations are 
made. Since the rise of the radio spectrum has grown in advance of ade¬ 
quate knowledge of the behavior of the various bands of radio frequencies, 
we have developed a world-wide situation in which allocations are not 
always ideal from a technical standpoint. Unfortunately, the cost of dras¬ 
tic changes in the allocations as well as the political connotations of such 
changes present problems which are particularly difficult of solution. 

In an effort to determine what steps could be taken to better the 
use of the radio spectrum, a study (published in 1952) was made by the 
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Joint Technical Advisory Committee. The JTAC was formed in 1948 
and was sponsored by the Institute of Radio Engineers and the Radio¬ 
Television Manufacturers Association (now the Electronics Industries 
Association). The study, entitled Radio Spectrum Conservation (see 
reference 2), was a thorough and detailed consideration of the many 
factors bearing on the utilization of the spectrum. It asked for an over¬ 
all recognition of the fact that the spectrum is a limited resource and 
recommended a policy of "dynamic conservation", which would take ad¬ 
vantage of technical advances and at the same time would allow for spec¬ 
trum management such that changing requirements of spectrum users 
would be met to the best advantage of the world's population. 

Carrying out a "dynamic conservation" policy for the radio 
spectrum spectrum is a formidable project. The influence of the vari¬ 
ous factors which have been discussed in this Chapter tends to reduce 
the flexibility of approaches to the problem. Nevertheless, as the im¬ 
portance of the spectrum conservation program becomes better under¬ 
stood, more study and effort is being put into the attempts to solve the 
problems and a greater degree of cooperation and coordination is being 
attained among all the nations of the world. As time goes on, it is pro¬ 
bable that better management of the spectrum will result. 
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CHAPTER 2 
CONSIDERATIONS AND PROBLEMS 
IN SPECTRUM UTILIZATION 

1. SYSTEM AND EQUIPMENT DESIGN 

In Chapter 1 of thia Volume, we pointed out some of the overall 
factors pertaining to spectrum utilization. From the standpoint of the 
engineer, consideration of these factors must result in system and equip¬ 
ment designs which accomplish the required communication function yet 
which make optimum use of the spectrum. From the standpoint of the 
communication system manager, the design must be economically feasi¬ 
ble in operation. Here the engineering and economic aspects are directly 
related, and it would appear that, in general, engineering design which 
makes better use of the spectrum also improves system economy. For 
example, the use of interference-free communications techniques may 
actually allow the transmission of a much greater amount of information 
for the same power and bandwidth more economically than a system de¬ 
signed without attention to those state-of-the-art techniques known to 
mitigate interference. 

Designing systems for optimum use of the radio spectrum re¬ 
quires consideration of many factors other than those which are a part 
of the electrical and mechanical design of components and equipments. 
It is of basic importance that consideration be given to the interaction 
between systems. Such interaction may result because of choice of fre¬ 
quency, amount of power radiated, type of modulation, or internal char¬ 
acteristics of transmitter and/or receiver. The system or equipment 
being designed must operate to fit its radio spectrum environment, with¬ 
out radiating interference, or being susceptible to radiations outside 
its assigned portion of the spectrum. 

As has been discussed in Chapter 1, the use of modulation and 
information techniques should be given special consideration so that the 
greatest possible effectiveness can be attained in spectrum usage. Re¬ 
gardless of the type of information which is communicated in the system, 
the parameters of time, bandwidth, power, and type of data being trans¬ 
mitted can all be balanced for most effective spectrum use. 

For proper use of the spectrum, it is absolutely essential that 
the designer as well as the operator be fully informed as to the spectrum 
characteristics of both transmitter and receiver. While frequently diffi¬ 
cult and complex to measure, these characteristics are the very key to 
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the type oí design and spectrum use which we are discussing here. These 
characteristics are commonly known as "spectrum signatures." So im¬ 
portant are spectrum signatures now considered by the Department of 
Defense that a military standard (MIL STANDARD 449A) has been promul¬ 
gated explaining in exact detail the data required for spectrum signatures. 
(Information concerning methods of obtaining spectrum signatures may be 
found in Volume III of this Handbook, and the specification itself is repro¬ 
duced in this Volume as a convenience to the reader.) It is important to 
be aware that the optimum use of the spectrum depends not only on the 
transmitter and the transmitted signal, but upon the characteristics of 
the receiver as well. By having a high susceptibility to the reception of 
signals other than those for which it was designed, a receiver may vastly 
aggravate the spectrum utilization problem. Knowing the spectrum char¬ 
acteristics of transmitters and receivers can allow the system manager 
to determine the best method of use for his equipment, or can serve as 
a basis for additional requirements for design improvement. 

In order to further improve the use oí the spectrum, various 
agencies have established rules and regulations concerning the use of 
the spectrum and the design of systems and equipments. The Interna¬ 
tional Telecommunications Union is the focal point for coordination on 
such matters on an international basis. Within the United States, the 
Federal Communications Commission issues rules and regulations per¬ 
taining to the operatiqn of nongovernmental systems and equipments. 
The Department of Defense has established rules, regulations, specifi¬ 
cations, and standards pertaining to military systems and equipments. 
From the standpoint of the designer, these published requirements must 
be viewed in the light of their meaning with respect to system design. 
In particular, the designer should be concerned with meeting specifica¬ 
tions which have been established for the purpose of insuring that trans¬ 
mitters and receivers are interference-free insofar as it is possible to 
make them interference-free at the present state-of-the-art. Specifi¬ 
cations and standards pertaining to radio interference are included in 
Appendices IV and V of this Volume. 

2. CURRENT USE OF THE SPECTRUM 

2.1 GENERAL 

Despite the shortcomings in the frequency allocations now in 
effect, radio is performing all over the world in effective fashion, and 
a better situation exists than might have resulted in view of the many 

2-2 



difficulties. The present state in radio has been reached in spite of 
frequent revolutionary discoveries and changes in the basic factors. 
Consequently, it has not been possible to set up an allocation plan which 
would be satisfactory for more than a few years. Only within the last 
decade has sufficient information been available to permit a comprehen¬ 
sive view of the entire spectrum. Quantitative and reasonably exact 
knowledge is available about all parts of the spectrum except the extreme 
upper end. 

The high degree of accomplishment in frequency allocation has 
been attained in large part by international cooperation, which has con¬ 
tinued steadily since its early beginnings in 1903 through such agencies 
as the International Telecommunications Union (ITU), the International 
Frequency Registration Board (IFRB), the International Radio Consul¬ 
tative Committee (IRCC), the International Scientific Radio Union (URSI), 
and the Department of National Defense (DND) (Canada). In this country, 
the FCC, CRPL, IRE and other organizations have made major contri¬ 
butions. Even with such cooperation, present allocations have been 
largely the result of unplanned growth, with expediency often dictating 
decisions and assignments. Especially in the region above 30 me, 
assignments have been made in advance of certain knowledge of their 
suitabilities, some cases turning out well and others unfortunately. 
Furthermore, this region was "staked out" at a time when its technical 
characteristics were little known and when government and military 
services headed the list of priorities because of war or approaching war. 

Introduction of changes in allocation resulting from technologi¬ 
cal progress must necessarily lag behind new developments and new 
possibilities in use of the spectrum. The introduction of these changes 
must be timed nicely; herein is one of the great problems of allocation. 
If changes are made too soon, mistakes may be made or development 
penalized; if too late, implementation and operational introduction be¬ 
come more difficult and more costly. Nevertheless, the application of 
wisdom and good judgment can bring about realization of the benefits of 
technological progress. 

It would help enormously if adequate propagation research were 
conducted in advance of service use. Usually, propagation research 
programs are not sufficiently extensive to produce adequate results, 
because both government agencies and industry are handicapped in fi¬ 
nancing such activity. Adequate propagation studies usually are made 
only after a new service has provided convenient technical facilities, 
and even then the studies are too often conducted as a by-product in the 
regular operation of the new service. 
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The problem it complicated by the fact that knowledge oí the 
propagation laws is often acquired simultaneously with the development 
of new services. The desire to introduce a new radio service has almost 
always appeared before full knowledge was available concerning the be¬ 
havior of the spectrum segment involved. Under these conditions, it is 
inevitable that misfits should occur. 

A limitation on improvement in allocations exists in the reluc¬ 
tance of some users to adopt technological improvements because of the 
consequent expense of replacing old equipment with new. For example, 
in spite of the demonstrated practicability of ship-to-shore communica¬ 
tion for over ten years beginning in 1900, it was not until after the "Ti¬ 
tanic" disaster in 1912 that large passenger vessels were equipped with 
radio and manned throughout the day. 

Later, in spite of the readily demonstrated superiority and 
greater efficiency of continuous-wave systems over the early spark 
method, displacement of the latter was not accomplished until it was 
compelled. 

The reluctance to install a new service is usually accompanied 
by continued resistance against replacing equipment with improved 
types, even after a reasonable period of use and obsolescence. This 
tendency arises largely from the circumstance that amortization of 
most equipment other than radio is based on a rather long useful life. 
Radio, being in a state of rapid and continuous technical development, 
frequently makes available improvements and refinements which re¬ 
present a considerable change in a period of less than ten years. Such 
a length of time often seems to operating managements to be too short 
a period to justify replacement of apparatus with improved types. When 
the improved equipment would permit beneficial allocation changes, 
such changes are delayed. 

2.2 THE SPECTRUM FROM 10 TO 200 KC 

This frequency range is useful for long-distance transmission 
by ground waves and sky waves. It is allocated primarily to the fixed, 
mobile, radio navigation and (in Europe) broadcasting services. The 
first uses were for transoceanic fixed communication and long-distance 
maritime mobile communication. After the development of HF tech¬ 
niques and their utilization in the fixed service, LF facilities were main¬ 
tained for stand-by use during the ionospheric conditions when high fre¬ 
quencies were erratic. 
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The use oí this range for fixed service is limited by the small 
amount of frequency space available, the noise level in certain regions, 
and the large, expensive, and difficult-to-maintain antenna structures 
required for effective radiation. Its uie for mobile communication is 
limited by the same considerations plus the fact that highly efficient ra¬ 
diating systems on board ships and aircraft are impracticable. 

One characteristic of propagation in this range is particularly 
advantageous in navigation aids and long-range communications: namely, 
waves at these frequencies travel over land with only slightly more ab¬ 
sorption than over sea water. This makes it possible for one navigational 
aid system to serve both surface craft and aircraft and gives greater free¬ 
dom in locating the stations. 

In the European region, the range 160 to 200 kc is used for 
broadcasting. Since these frequencies have low ground absorption and 
are effective for relatively long distances over land, they are well 
suited to the requirements of broadcasting to rural areas. Unfortu¬ 
nately. the number of channels possible in the range is very small, so 
that this service, in a realistic allocation, must extend into the region 
of the spectrum considerably above 200 kc. 

2.3 THE SPECTRUM FROM 200 TO 2,000 KC 

Most of the frequency range 200 to 2.000 kc is used for broad¬ 
casting throughout the world. The international allocation for broad¬ 
casting is 535 to 1605 kc, and in the European region the ranges 150 to 
255 kc and, to a lesser extent. 255 to 405 kc also are used for broad¬ 
casting. Frequencies above 535 kc were allocated to broadcasting, not 
because the hand is most suitable from a propagation standpoint, but 
because it was the only available band at the time broadcasting began. 
The location of this service would be better if it were somewhat lower, 
because greater area coverage would be provided. 

However, the space allocated to sound broadcasting served the 
basic requirements of this service sufficiently well to enable it to con¬ 
tinue its rapid growth into even wider use. These basic requirements 
are: 

a. High-grade signals day and night over short distances 
(approximately 50 miles). 

b. Moderately good signals at night over distances up to 
a few hundred miles. 
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An unfortunate condition of propagation in this band is the discon¬ 
tinuous nature of the nighttime service area from the station to the limit 
of the range. The coverage area is broken into inner and outer zones, 
separated by a fading zone extending about 50 to 75 miles in radius. This 
phenomenon is caused by interference between the ground and sky waves, 
which have about equal strengths in this critical zone. Beyond this zone, 
the ground wave disappears and such fading as is present is comparatively 
free oí distortion. 

In spite of the reasonably satisfactory allocation to aural broad¬ 
casting in this band, the service actually rendered has become degraded 
seriously throughout the world by the assignment and operation of a tech¬ 
nically excessive number of stations. Some duplication of stations on a 
channel is permissible, with appropriate attention to geographical sepa¬ 
ration, but the interfering range of stations is so much greater than the 
service range that duplication cannot be carried very far in any one area. 
Duplication has, in fact, been carried too far in many areas, with the 
result that good sound broadcasting service outside cities and suburbs has 
largely disappeared. Even urban-area service has been degraded; many 
stations which give good service in the daytime to a radius oí 50 miles 
or more find their service range reduced at night to 5 or 10 miles. 

Under the existing crowded condition of the spectrum, it is dif¬ 
ficult to effect a major improvement in aural broadcasting allocation. 
Studies of the subject should differentiate clearly between local and dis¬ 
tant service areas, because an improvement in one may degrade the 
other. An expansion of VHF broadcasting will improve local broadcast¬ 
ing but cannot affect rural service if the nearest stations are a few hun¬ 
dred miles distant. Lowering the allocation from 535 to about 200 kc 
would greatly improve the rural service, provided assignments were 
made properly and appropriate power were used. In fact, considerable 
technical improvement over the present situation is possible without 
changing the allocation, merely by limiting the number of stations on 
the same channel and increasing power to appropriate levels. 

Aeronautical, maritime, and land mobile services throughout 
the world occupy portions of this frequency range. The band from 400 
to 550 kc has been used for many years for maritime mobile service 
and to some extent for aeronautical service. The frequency 500 kc is 
established by international agreements for distress and emergency 
traffic. This allocation was made before there was very extensive 
knowledge of propagation or equipment. Although attempts are now 
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being made to transfer these mobile services to more suitable ranges, the 
large amount of equipment and the consistent use of this band over many 
years continue to impede the transfer to other frequency ranges. 

Radio navigation services, primarily aeronautical but including 
maritime radio direction finding, occupy frequencies between 200 and 
415 kc. In the American region extensive use is made of this band for 
aeronautical radio ranges. These ranges are now being replaced in some 
countries with VHF ranges. Maritime radio beacons used for direction 
finding are still in extensive use after many years of service. The mari¬ 
time field is noted for its reluctance to adopt new radio methods and 
equipment, but it seems certain that the present beacons will eventually 
be replaced by newer navigation aids. 

Above 1, 600 kc the band is used throughout the world for fixed 
and mobile services, primarily for coastal shipping in the European 
region and land mobile services in the American region. These fre¬ 
quencies are well suited to medium-distance maritime mobile communi¬ 
cation, and antennas of reasonable efficiency are practicable on most 
ships. They are not well suited to land mobile service except in areas 
where the ground conductivity is exceptionally high. The land mobile 
services in this range are seriously limited at night by sky-wave inter -
ference. As a result, the short-distance land mobile users are rapidly 
converting to VHF and microwave systems, and it is probable that in a 
reasonably short time this frequency range can be allocated to medium-
distance maritime mobile services and other services for which it is 
best suited. 

The band 1,800 to 2, 000 kc is allocated to the loran system of 
navigational aid which is operated extensively in the North Atlantic and 
Pacific Oceans. The principles of operation oí this system and the serv¬ 
ice range desired require that it operate either in this part oí the fre¬ 
quency spectrum, where certain sky-wave reflections are sufficiently 
stable for the purpose, or in a much lower part of the spectrum, where 
ground-wave absorption is sufficiently low so that ground waves can be 
used to the necessary distance, which may be more than 2, 000 miles. 
The present system was largely installed during World War II by the 
United States. 

2.4 PRESENT USE OF THE SPECTRUM FROM 2 TO 30 MC 

First operations in the frequency spectrum above 2 me began 
at about the time of World War I. A few naval systems were operated 
during that war on frequencies near 3 me. Strange to say, in the light 
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oí present-day knowledge oí propagation, the naval equipment was intended 
for very short range, communicating over a few miles only. That its 
range was limited to a few miles was the result oí very low power rather 
than oí propagation limitations as was thought at the time. In the years 
immediately following World War I, knowledge of the propagation charac¬ 
teristics of this part of the spectrum increased rapidly, and the theory 
and practice of long-distance radio communication was revolutionized. 

The range 4 to 30 me was found to be well suited to long-di stance 
transmission, both day and night, although subject to variations and pecu 
liarities because the transmission was entirely by sky-wave reflections. 
Study of these variations has been conducted intensively for the past 35 
years, and now they are understood sufficiently well so that advance pre¬ 
diction is feasible. The operation of long-distance commercial commu¬ 
nication circuits can now be conducted with efficiency under all but rare 
and most extreme conditions. 

Because of the effectiveness of this band in long-distance com¬ 
munication, many services desire to use it. These include transoceanic 
telegraphy, telephony, and broadcasting; maritime telegraphy and tele¬ 
phony; aeronautical and amateur communication; and navigational and 
meteorological aids. In consequence, this band has become the most 
congested part of the spectrum. 

There is considerable difference in performance between the 
two ends of this band of the spectrum. The low end of the band is more 
useful during the low part of the sunspot activity cycle, while the upper 
part of the range (above 21 me) is more useful during the highly active 
part of the cycle. Most of the long-distance services do not require fre¬ 
quencies below 3. 5 me, and therefore the range of 2 to 3. 5 me is devoted 
throughout the world to short-range mobile services, including maritime 
mobile telephone and aeronautical. Some short-distance fixed circuits 
are operated below 3. 5 me, and some frequencies have been allocated to 
tropical broadcasting. These services are moving gradually to VHF, 
where they can obtain equivalent performance and where they will cause 
less interference to other services at greater distances. 

The fixed stations in this region are generally of low power and 
operate intermittently; while the frequency range is not particularly 
appropriate, many of them will continue for a number of years. Broad¬ 
casting in tropical zones was established on the assumption that the 
signal-to-noise ratio in tropical regions would be more satisfactory at 
frequencies between 2 and 4 me. Subsequently it has been found, for 
areas of average or even high ground conductivity, that the ground-wave 
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signal at these frequencies decreases so rapidly that the signal-to-noise 
ratio is not so good at distances of 10 to 30 miles as it would be at a 
lower frequency. The existence of receivers in the hands of the public 
will require maintenance of a "tropical broadcasting" allocation for some 
time, although it is certain that better service generally can be provided 
below 1, 500 kc and a much better service above 50 me. 

The frequency range above 3. 5 me is devoted to long-distance 
service, including maritime and aeronautical mobile, fixed, broadcasting, 
and amateur. Each of these services has a series of bands throughout this 
range to permit selection of optimum frequency, which depends upon the 
distance involved, the time of day, and the solar activity. Because of 
these variables, several frequencies are required for each station. During 
low sunspot activity, all the services in the HF bands except amateur and 
other intermittent operations must have frequencies between 3 and 7 me in 
order to maintain communication. During high sunspot activity higher 
frequencies can be used, since the total amount of frequency space availa¬ 
ble is then greater and the range of frequency which can be used to main¬ 
tain a given circuit is greater. As a result, during periods of high sun¬ 
spot activity, operation of the various services is fairly satisfactory. 
During low sunspot activity, on the other hand, congestion and resultant 
interference are great. 

During the high-activity portion of the solar cycle, these services 
must have frequencies above 7 me. Since more channels are available 
above 7 me than below it, the congestion and interference problem is not 
so serious above 7 me as it is below it. Below 7 me the problem is ex¬ 
tremely difficult and there appears to be no wholly satisfactory solution 
at present. Future improvement in techniques may permit reduction in 
bandwidth with consequent increase in number of channels available or 
allow some users to move to other parts of the speettum. 

In maritime coastal and inland waters telephony, allocations are 
in the MF-HF and VHF regions of the spectrum, but most of the present 
use is in the band 2 to 3 me. The number of users has increased enor¬ 
mously during the past few years, so that congestion, interference, and 
traffic delay are excessive. The use of this band is increasing steadily, 
and this trend promises to continue for several years. 

In HF international broadcasting, bands are distributed through 
the range 6 to 25 me to provide for service under the wide variety of 
propagation conditions. However, the bands are greatly overcrowded 
with transmitters. Congestion is especially severe in the lower bands 
(6 to 9 me) during the evening hours in the three principal reception 
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areas (Europe, the Americas, the Far East). In the 6-mc band, at 1,800 
to 2,200 GMT, transmitting stations are operating in or near Europe on 
nearly every 5-kc channel, and in some cases two or three transmitters 
operate on the same channel. Other transmitters operate above and below 
the allocated limits of the band. 

Even in the absence oí interference, the quality oí reception in 
HF international broadcasting is not good because oí the propagation va¬ 
garies oí high frequencies and the relative inefficiency of receiving an¬ 
tennas in home installations. Consequently there has been a trend away 
from HF broadcasting in areas where other broadcast services render 
good service. For example, in the United States, the public generally 
has lost interest in HF broadcast reception, and as a result very few re¬ 
ceivers with provisions for the reception oí HF bands are now marketed. 
Contributing to this condition is the fact that especially noteworthy inter¬ 
national events are picked up by the various networks, using special 
equipment and antenna systems, and rebroadcast on the standard broad¬ 
cast frequencies, with consequent better quality than direct reception in 
the home could achieve. 

The present situation in HF broadcasting is that more and more 
transmitters are being used, creating additional interference, while there 
is generally less and lees listening to HF broadcasts. The public interest 
would appear to require a reduction in the total frequency utilisation. The 
transmitters which can be justified should operate at still higher power 
with selective programming directed to the best listening hours in the 
area to be served. 

The worldwide interference capability of HF transmission, the 
heavy pressure for space in this part of the spectrum by governments 
and private services, and the uncertainty of the degree of future growth 
of all these users make the problem of allocation exceedingly difficult to 
solve. 

2.5 PRESENT USE OF THE SPECTRUM FROM 30 TO 3,000 MC 

The 30- to 3, 000-mc range is well suited to short-distance com¬ 
munication of all kinds, except that the low portion of the range (below 
about 50 me) can produce serious interference at long distances under 
some conditions of the ionosphere. Since the band is effective for short¬ 
distance communication, it is used extensively by the fixed, mobile, 
broadcasting, navigation, and amateur services. In the aeronautical 
mobile service, the utility of this frequency range is affected adversely 
by the long distances at which interference can be caused by transmissions 
from high-flying aircraft. 
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The molt extensive use oí the range is found in the American 
region, particularly in the United States, where VHF sound broadcasting 
and television broadcasting have built up large new services. Mobile 
communications in this range have been adopted by many new users. 

The frequencies in this range of the spectrum are high enough 
to permit efficient wide-band modulation of transmitter carrier frequen¬ 
cies. Therefore such wide-band applications as television and FM tele¬ 
phony can utilize this range, whereas they cannot modulate efficiently in 
the lower frequency ranges. Since this range of the spectrum does not 
provide reliable long-distance transmission, these applications must be 
built up commercially and economically on a short-distance basis. 

The availability of techniques and equipment suitable for com¬ 
mercial operation in this range burst upon the radio world rather suddenly 
(about the year 1935), and various services were introduced and accom¬ 
panying frequency allocations set up before the propagation behavior oí 
this range of the spectrum was thoroughly understood. 

The band 30 to 60 me has effective ground-wave transmission 
considerably better than that of slightly higher frequencies. Therefore 
this portion of the range is more efficient for vehicle-to-vehicle operation 
in the mobile service, where low-power transmitters and low antennas 
must be used. However, the transmissions are subject to shielding by 
obstructions such as buildings and rough terrain. The greatest disadvan¬ 
tage of the 30-to 60-mc range is sporadic transmission to great distances, 
which causes serious interference to other transmissions. It appears 
advisable, from the international allocation standpoint, not to establish 
critical or high-power services below about 50 me. because serious inter¬ 
ference can be expected during at least the high part of the solar cycle. 

According to presently available data, the aeronautical mobile 
service is not adversely affected by propagation conditions in its air-to-
ground communication anywhere in the range up to 3,000 me. This serv¬ 
ice has numerous allocated bands from 100 to 3,000 me, allocated origi¬ 
nally on a basis of equipment availability. 

The allocations to aeronautical navigation service are somewhat 
unwieldy because many of them were set up individually as the require¬ 
ments appeared. The requirements arose sequentially during the period 
when propagation in the HF, VHF, and UHF regions was little understood. 
Simplification of the allocations is desirable. In the United States a plan 
(known as "RTCA SC-31’') has been developed and a transition program 
under the plan is being implemented. It is intended to complete the ulti¬ 
mate program by 1963. 
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The heart of the SC-31 system is the band 960 to 1,215 me. Since 
these higher frequencies are usable in air-to-ground service and have the 
advantage of small antennas particularly suitable for aircraft, the relin¬ 
quishment by aeronautical services of frequency space now occupied else¬ 
where is a future possibility. 

The land mobile services have allocations in the neighborhoods 
of 40 to 60, 150 and 450 me. The 60-me band is subject to shielding by 
obstacles such as buildings and mountains and to sporadic interference. 
The 150-mc band is excellent in practically every respect for land mobile 
communications. While this band is closely limited to "line-of-sight" 
operation, reflections from obstacles fill in the "shadows" behind other 
obstacles. The 150-mc band covers less distance than the 60-mc band 
under conditions of smooth terrain or under other circumstances where 
advantage cannot be taken of the multiple reflections from intervening 
obstacles. Consequently, the 150-mc band is preferred for urban and 
metropolitan mobile services. It should be noted that the property of 
"filling-in" shadows, which is prominent at 150 me and above, is not 
wholly effective in any system which must transmit information at a high 
time rate as, for instance, television. In such systems, the reception 
of multiple reflections from which the property is derived results in 
distortion, multiple images, etc. In telegraphy and telephony other than 
high-fidelity sound broadcasting, the distortions are not serious enough 
to outweigh the advantages. 

The 450-mc band, for lack of equipment, has not been used 
extensively as yet in the mobile services. It promises to be effective 
for urban and metropolitan services. The degree of utility will depend 
upon the adequacy of the engineering standards set up to control assign¬ 
ments to particular users. The matters of channel width, frequency 
stability, receiver design, and various other system standards, if cor¬ 
rectly determined initially, will assure most effective use of the band. 
Sound engineering standards in allocation and assignment of both the 
450- and 150-mc bands are necessary if the very rapid growth of mobile 
systems is not to result in intolerable congestion and interference in the 
near future. 

Very-high-frequency aural broadcasting as assigned at present 
in the United States can be said to have adequate space and a satisfactory 
location in the spectrum. 

In the future, when the relationships of urban and rural listening, 
and the relationship between aural and visual broadcasting have become 
more definitely established, some other region of the spectrum may be 
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more advantageous for aural broadcasting, either higher or lower in fre¬ 
quency. Higher regions could utilize either FM or AM. Lower regions 
(LF) would necessarily use AM. Studies of VHF broadcasting should take 
account of the fact that it cannot give, in large countries such as the United 
States, the extent of nationwide coverage which is given by stations in the 
MF part of the spectrum without an uneconomic number of stations. Me¬ 
dium-frequency (standard broadcast) stations can serve an urban area and 
a large rural area simultaneously. This fact made possible the rapid and 
wide use of sound broadcasting, even in areas unable to support a station 
because of sparse population. 

Television broadcasting has worldwide allocations, varying some¬ 
what in the several regions, as follows: 54 to 72 me, 76 to 88 me. 174 to 
216 me, 470 to 960 me. Ln the United States the allocations are 54 to 72 
me. 76 to 88 me, 174 to 216 me, 470 to 890 me. 

Present American television operations are of large magnitude. 
The channel width assigned is 6 me, which has proved satisfactory for 
current black-and-white techniques. After considerable testing experience, 
this channel width has been found to be sufficient to accommodate foresee¬ 
able future developments, including color television. The basic require¬ 
ment of television broadcasting is the same as that of sound broadcasting, 
namely, to reach all people in a given area requiring service regardless 
of their particular locations, with stations so located that the service 
area of each includes enough listeners to support it. Television unfortu¬ 
nately cannot use that part of the frequency spectrum which made it easy 
for sound broadcasting to serve both short and long distances with one 
station, because its channel-width requirement is too great. Television 
must operate in the VHF region or higher, with resulting limitation in 
range and area which each station can serve. Consequently it appears 
that special attention must be given to the problem of certain areas having 
sparse population, insufficient to justify erection and operation of tele¬ 
vision stations, which cannot have television broadcast service except 
perhaps by some special arrangements such as community distribution by 
wire or relay transmitters. 

The minimum bandwidth of a channel is 6 me. Several scores of 
channels are necessary for good service in a large country, so that the 
space in the spectrum required for television broadcasting totals many 
hundreds of megacycles. The present allocation provides this amount 
of space, but it is broken up into the four bands of contiguous channels 
listed above, some of which are widely separated. This arrangement 
imposes considerable penalty on apparatus design and performance, es¬ 
pecially receivers. Apparatus can always be simpler and less costly if 
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the frequency bands it uses are contiguous. In addition, system-operating 
problems are simplified if the frequency range is not so great that dissimi¬ 
lar behavior among stations is produced by different propagation character¬ 
istics. The present allocation, extending from 54 to 960 me, covers the 
tremendous range of 906 me, yet only 572 me of this space is allocated to 
television. The maximum and minimum frequencies are in the ratio of 
over 16 to 1, a serious handicap in the design and performance of appara¬ 
tus. If the same amount of spectrum space were made continuous, as from 
54 to 626 me, the ratio of the limiting frequencies would be only about 11 
to 1. 

The present situation resulted from an insufficient allocation made 
at a time when knowledge was limited as to the eventual needs of the serv¬ 
ice and when knowledge of propagation characteristics was meager. 

In the United States, the current service reaches a large part of 
the population and is established in the 54- to 72-, 76- to 88-, and 174-
to 216-mc bands. Future expansion is contemplated for the 470- to 890-
mc band. This choice seems unfortunate in that operation would be much 
more efficient in the region immediately above 216 me. This region is 
now occupied by services which could operate effectively in a higher part 
of the spectrum. 

Most of the bands allocated to industrial, scientific, medical, 
and miscellaneous noncommunication devices are in the region above 30 
me. Allocations were made to these devices because it appeared to be 
impracticable to construct them in such manner that they would not radiate 
sufficiently to cause interference to radio communication services. Mini¬ 
mum interference is caused if they are assigned specific bands and re¬ 
quired to operate within those bands. This condition still exists but has 
lessened since allocations were made originally. There is now general 
agreement among manufacturers of these devices, based on experience, 
that it is frequently more practicable to provide shielding of the devices 
sufficient to prevent troublesome radiation than to provide means for 
holding frequencies sufficiently constant to stay within the allocated 
bands. Consequently, manufacture is tending in thia direction and suc¬ 
cessful shielding is being achieved. It should be emphasized that radi¬ 
ation from industrial devices, like smoke abatement and the prevention 
of the pollution of water supplies, is a matter which is heat checked at 
its inception. 

It is likely that many existing and new devices will have to be 
frequency-controlled within allocated bands until sufficient knowledge of 

2-14 



shielding methods is acquired to control radiation under all circumstances. 
It may well be that certain devices, because of their very close proximity 
to receivers with which they may interfere, will never be adequately 
shielded and must always operate in allocated bands. 

Medical diathermy equipment is especially difficult to control, 
and present practice utilizes both shielding and frequency control methods. 
However, good results have been obtained. 

It appears that the present frequency allocations in this field 
meet adequately the needs of the industry and of the radio communication 
services and that the allocations will continue to be required for some 
time, although there is hope that eventually they may be eliminated. 

2.6 PRESENT USE OF THE SPECTRUM FROM 3,000 TO 300,000 MC 

This region of the spectrum is still largely experimental in 
nature, since established commercial services have had experience only 
with frequencies near the lower limit. The first utilization of this region 
was by military radar, which began operational use in 1943. Since then 
military radar has expanded greatly in this region. Commercial uses 
have included maritime radar and microwave communication relays. 

Another interesting possibility of the extremely high frequencies 
arises from the fact that the physical dimensions of associated radiating 
elements are so small that very high directivity of the radiation is feasible. 
With wavelengths of the order of 1 mm (300,000 me), concentration of high 
power in very small area beams becomes possible. Such concentration of 
electric power in high-energy density beams has other applications than 
communication, as, for example, the drilling of holes or other mechanical 
ope rations. 

Maritime radar has present allocations as follows: 

3, 000 - 3. 246 me 
5, 460 - 5. 650 me 
9. 320 - 9. 500 me 
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The second of these is used little at present. The first and third are 
widely used, and opinion is divided as to their merits. The 9,000-mc 
band is preferable with respect to resolution, minimum range, and 
antenna size, and the 3,000-mc band is preferable with respect to sta¬ 
bility and ease of manufacture. Operation on the 9,000-mc band is 
affected by heavy rainfall, if this covers a considerable part of the path 
between instrument and target, but this condition occurs so rarely that 
it is outweighed by the advantages mentioned. Use of the 9,000-mc band 
is increasing rapidly as installation of radar extends to smaller ships 
and boats. British ships are required by law to use this band. 

Interference is not a problem in maritime radar at present and 
probably will not become one until the number of installations in use is 
very much larger than at present. In general, the allocation situation 
in maritime radar is satisfactory. 

It is important to note that, while the absorption caused by rain 
in the transmission path begins to be appreciable at frequencies in the 
vicinity of 5,000 me in radar operation, it is not equally appreciable in 
radio communication operation until frequencies of 20,000 me or higher 
are reached. This is because radar utilizes very weak reflected signals 

Relaying and point-to-point transmission of wide bands of com¬ 
munications, as in television and multiplex telephony and telegraphy, 
have reached a stage of rather general use, especially in the regions of 
4.000 and 7, 500 me, and higher frequencies are coming into general use. 

Certain properties of frequencies in this region make them es¬ 
pecially well adapted for use in long-distance relaying. The feasibility 
of highly directive antenna systems and the property of high attenuation 
beyond the horizon, with consequent freedom from interference beyond 
the intended receiving point, make feasible relaying without the use of 
much frequency spectrum space. A chain of relay stations can repeat 
the same frequency with only moderate distance separation, especially 
if zigzagging of station locations is employed. 

A highly developed form of relay system is now being operated 
in the United States by the Bell System. This is capable of transmitting 
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television and telephone traffic acron the country. Comparable relay 
facilities in private service are being installed extensively throughout 
the United States and abroad. 

Tests indicate that there is no substantial degradation in signal 
quality. The wide band of frequencies employed, the high antenna direc¬ 
tivity, and the low power of transmitters combine to make such use of 
this region of the spectrum advantageous. 

A second network operating in this band of frequencies is being 
installed in the United States by the Western Union Telegraph Company. 
It is reasonable to expect that these systems are the beginnings of ex¬ 
tensive networks which ultimately will cover most of North America as 
well as other large continental areas. It is clear that, as systems of 
this kind develop and expand, allocation problems will increase also and 
there will be need for substantial frequency space. 

In addition to the telephone and telegraph radio networks open to 
public correspondence in the United States, there is now an increasing 
number of private operators of radio relay systems for particular pur¬ 
poses. For example, pipe-line companies transporting oil or gas are 
large users of microwave relays. 

3. THE FUTURE OF THE HIGH FREQUENCY SPECTRUM 

One of the most crowded portions of the spectrum is that between 
3 and 30 me, the so-called high frequency portion of the spectrum. As 
previously pointed out, this part of the spectrum has many users because 
of its desirable characteristics. Data published by the International Tele¬ 
communication Union indicates that the use of high frequencies are in¬ 
creasing at a high rate of 15 percent a year world-wide. As one source 1 

has pointed out, this means that the increase in the demand for high fre¬ 
quency channels by 1965 will be about double the 1958 level of use. Since 
conditions from an interference standpoint are already extremely bad in 
the channels of the high frequency spectrum, it can be expected that these 
conditions will become considerably worse as the years go on. 

Coupled with the expectations for additional channel demands in 
the HF spectrum is another related problem. This is the problem of de¬ 
creasing spectrum space for long-distance radio communication in the 
HF region because of the downward trend in the sunspot cycle. By 1965 
it is expected that the HF region will be useful for long-distance radio 
communications only between 3 and 15 me rather than from 3 to 30 me. 
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Thia ia a reduction in the usable channels about 50 percent. We have, 
therefore, approximately a 400 percent expected increase in level of 
long »distance traffic in the usable part of the HF region. 1

Because of the tremendous amount of capital plant existing in 
the high frequency communications systems today, the future appears to 
be very grim indeed for some of the most important communication chan¬ 
nels that we have. There are indications that this relatively low sunspot 
activity and thus the reduction in long-distance HF frequencies will be 
with us almost until the year 2000. 

This example of the special problems existing in the high fre¬ 
quency spectrum has been chosen to illustrate the difficulties in relieving 
spectrum congestion. Each region of the spectrum has its individual 
problems. Even in the VHF and UHF parts of the spectrum which have 
been relatively uncrowded until recent years, we now find ionospheric 
and tropospheric scatter systems with global ranges. In addition, there 
are increasing requirements for frequencies for use in space communi¬ 
cations. 

4. SPACE COMMUNICATIONS 

Of increasing importance in any consideration of spectrum utili¬ 
zation are the fast-growing problems of space communications. At the 
present time, the basic design parameters pertaining to space communi¬ 
cations are: 

a. Very sensitive ground-based receivers equipped with 
large aperture antennas. 

High power ground-based transmitters. 

Receivers and transmitters of relatively low power for 
use in satellites and space vehicles. 

While it is not the purpose of this Chapter to present an analysis 
of the capabilities or characteristics of satellite and space communica¬ 
tions, nevertheless it must be pointed out that the use of satellites for 
communications purposes represents many possible advantages in extend¬ 
ing the use of the VHF, UHF, and microwave spectrum regions for long¬ 
distance channels. 

At the 1959 Geneva Meeting of the International Telecommunica¬ 
tions Union, it was agreed that various frequency bands would be set aside 
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on a shared basis for research and one frequency band exclusively for radio 
astronomy. These allocations are shown in Table 2-1.® An Extraordinary 
Session of the ITU is planned for 1963 at which new research data and opera 
tional needs for space use will be considered, and the 1959 agreements will 
be reviewed and modified, if necessary. 

Table 2-1 has a column for "status" remarks. The notes in this 
refer to "recommendations." "footnotes," and "allocations" contained in 
the ITU regulations. These various actions differ in the degree of protec¬ 
tion from interference which the conference is willing to give to the serv¬ 
ice. "Allocation" is the strongest protection. "Footnote" indicates treaty 
status with strength depending on the words contained in the footnote. 
"Recommendation" expresses concurrence that planning should take place 
for future action. 

On November 9. 1960. the Staff Director, Mr. Kenneth E. BeLieu, 
of the Senate Committee on Aeronautical and Space Science transmitted a 
report to the Committee Chairman. This report was entitled "Policy Plan¬ 
ning for Space Telecommunications." It dealt largely with allocation of 
frequencies for space use and effectively summarised the principal aspects 
of space telecommunications. The conclusions of the staff as presented in 
the report were as follows (in part): 3

a. Reliable communication between space vehicles and ground 
stations is critically necessary to the success of exploration and use of 
outer space. 

b. Protection against harmful interference appears best guar¬ 
anteed by existing processes of administrative control over the radio spec¬ 
trum through the international allocation and domestic assignment of fre¬ 
quencies. 

c. Most authorities state that under current technology, the 
only positive assurance of immediate progress in space research lies in 
the allocation of exclusive, unshared radio channels for earth-space serv¬ 
ice and for radio astronomy observation. 

d. Steps taken through the International Telecommunication 
Union at its 1959 Administrative Radio Conference represent an important 
first step toward this goal. 

e. Rapid advancements in space research point to very early 
practical applications in the form of artificial satellites for global commu¬ 
nication. devices to improve weather forecasting through observation of 
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Table 2-1. Allocation of Radio Spectrum for Space Communication and Radio 
Astronomy, Administrative Radio Conference. Geneva, December 1959 



metereological factors, for navigation and for surveillance. By virtue of 
the technology involved, virtually all of these services require wide bands 
of frequencies in order that they may transmit or relay to the ground mes¬ 
sages, speech, facsimile, or televisual images. 

f. Space relay stations appear to hold unusual promise for re¬ 
liable long-distance communication, thus to supplement existing long¬ 
distance radio circuits that are disrupted by sun spots and submarine 
cables which are vulnerable to cutting by fishing trawlers. Moreover, 
studies indicate that space relay stations will be economically competitive. 

g. In the use of artificial satellites for space relays, the case 
for exclusive frequencies without sharing is more controversial, and au¬ 
thorities do not agree on the degree of channel sharing possible without 
mutual interference. While sharing provides one means of accommodating 
all applicants for radio spectrum, the potential of space relays could con¬ 
ceivably be inhibited by premature assignment to other services of chan¬ 
nels most suitable for space use. Immediate research is needed to resolve 
this problem. 

h. The implications of the recent FCC decisions on availability 
of frequencies for space telecommunications should be immediately exam¬ 
ined. 

i. The study and development of communication satellites 
would not only serve to meet the increasing demand for overseas traffic 
and to provide an important redundancy of U. S. military standby circuits 
for overseas commitments, but might also serve to foster the technologi¬ 
cal growth of those new nations whose need for both domestic and interna¬ 
tional communication is unprecedented 

j. Thus, both to improve the protection of space experiments 
against harmful interference and to provide wider bands for practicable 
application, leadership should be exercised by the United States in ne¬ 
gotiating additional frequency channels for space service at the Extra¬ 
ordinary Administrative Radio Conference of the ITU proposed for 1963. 

k. The general problem of world-wide communications involves 
a complex and interrelated set of economic and political as well as techni¬ 
cal considerations. Thus, any plans for such an important step as space 
service requires réévaluation of broad national policies in the field of 
communications. 
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5. FUTUR! DEVELOPMENTS 

Ab in the past, it can be expected that continuing pressure for 
more communication channels and facilities will result in opening up new 
approaches to the overall communication problem. The expanding use of 
microwave relays, the use of tropospheric and ionospheric scatter tech¬ 
niques, the development of sophisticated communication techniques, the 
approaching use of satellite communication relays, and similar develop¬ 
ments are tending to show us directions m which we can proceed to reduce 
spectrum congestion. 

Among the more recent developments is the consideration of the 
optical maser (laser) for communication purposes. The optical maser 
has the property of producing a powerful, very sharply defined beam of 
light. With ruby lasers, pulses of the order of 10 kw can be obtained 
with a pulse duration of the order of one millisecond. Total energy per 
pulse, therefore, may be on the order of 10 joules. With the high inten¬ 
sity of the light and the extremely small beam due to the coherent prop¬ 
erties of the light emanation, power can be transmitted over considerable 
distances with very little loss. 

The problem with the laser is not one of spectrum congestion. 
but rather the capability to modulate the laser output. Lasers have been 
modulated at frequencies up to 10,000 megacycles, but this has required 
very large modulating powers. Much work remains to be done in this 
area. In the part of the light spectrum where the ruby laser operates, 
the frequency of light is approximately 4 x 10 14 cps. A one percent band 
of the spectrum at this frequency has a bandwidth of four million mega¬ 
cycles which would make possible a billion telephone conversations at 
the same time.* The basic formula for transmission loss in the optical 
region is the same as in the radio region: 

Xa

where:-

P 

= Transmitted power 

Ar 

X 

= Received power 

= Area of transmitting antenna 

= Area of receiving antenna 

= Wavelength 

= Distance between antennas 



Oliver* has shown that a laser with a 10 joule pulse could provide 
a 60 db signal-to-noise ratio circuit between earth and moon without any 
associated optics. A three-inch optical objective would be sufficient to 
provide a 40 db SNR channel to Mari, and a ten-inch objective would pro¬ 
vide a 30 db SNR across the solar system. 

With the huge channel capacity at optical frequencies, the high 
directivity, and the long-range capability, it may be that the laser will 
provide material assistance in improving our utilization of the electro¬ 
magnetic spectrum. 
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INTERNATIONAL FREQUENCY CHAPTER 3 
ALLOCATION PROCEDURES 

1. INTERNATIONAL ASPECTS OF RADIO SPECTRUM 
UTILIZATION 

Because of electromagnetic wave propagation characteristics and 
because of the use of many parts of the radio spectrum in shared and common 
services throughout the world, it is necessary to consider spectrum utili¬ 
zation on an international basis. Thus, since the early recognition of the 
necessity of world-wide coopération in the use of the radio spectrum, inter¬ 
national radio conferences have been held frequently for more than 50 years. 

In earlier years, these conferences concerned themselves largely 
with agreements as to frequencies for common usage. For example, it 
was recognized at an early date that it was important that there be inter¬ 
nationally-agreed channels for ship-to - shore communications. 

In more recent times, there has been a growing recognition that more 
thorough and deeper studies of spectrum usage must be made. We have be¬ 
come aware that effective use of the radio spectrum requires a dynamic 
rather than a passive management approach. Consideration must be given 
to new techniques of spectrum utilization and to new equipment design 
features which allow more channels in the same bandwidth. Because of 
the range of radio propagation and because each radio channel may not be 
used full time by an individual station, the definitive usage of the spectrum, 
and consequently management of the spectrum, must cover frequency, 
time, and geographic location. 

Two additional factors must receive consideration as well. One of 
these factors is the future availability of channels so as to allow new services 
to be developed. The other factor is the problem of obsolescence and re¬ 
search in opening new parts of the spectrum or in reallocating existing 
services from one part of the spectrum to another. 

Planning for future availability of spectrum space is important if 
maximum benefits are to be gained from the use of radio. If the radio 
spectrum becomes so completely utilized that no channels are available 
in the future for new services, not only is the general public not being bene-
fitted but individual potential users are being discriminated against. For 
example, if all available channels for taxicab communications are assigned 
and in use in a certain area, then new taxicab companies are being pre¬ 
vented from going into business since, in many cities, a radio dispatch 
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service ia an economic necessity to taxicab companies if they are to be 
competitive. Internationally, a station may transmit information over a 
high frequency channel for a relatively small part of the day and preempt 
the channel by transmission of test signals or other non-informative 
signals during the rest of the day. Thus, in this case, other countries 
may be prevented from adding services even on a shared frequency basis. 

In addition to managing the spectrum so that there are maximum 
benefits and minimum discrimination in frequency allocations, it is 
necessary to consider the economics of equipment development and obso¬ 
lescence as a consequence of improved planning for spectrum utilization 
and extension of the spectrum through research and study. Ideally, it 
is desirable that each type of radio service occupy a part of the spectrum 
suited to the service. For example, from a technical standpoint it might 
be desirable that very short range, point-to-point radio communications 
be confined to the microwave frequency bands. On the other hand, those 
organizations with a substantial capital investment in equipment operating 
on the VHF and UHF bands might find it economically unfeasible to re¬ 
place their equipment with microwave devices except on a long-term basis 
as the equipment becomes obsolescent. 

Although technical considerations may indicate that changes in spectrum 
allocations are desirable, such changes are dependent also upon economic 
and political considerations. Thus, management of the radio spectrum on 
a global basis requires cooperation and coordination internationally. 

2. THE INTERNATIONAL TELECOMMUNICATIONS 
UNION 

The International Telecommunications Union (originally known as the 
International Telegraph Union) was founded in 1865 to coordinate communi¬ 
cations matters between the European Countries. Through the years, it 
has been effective in obtaining cooperation between nations in matters of 
mutual concern pertaining to telegraph, telephone, and radio communica¬ 
tions. In 1947, the ITU became a specialized agency of the United Nations 
and now has a recognized responsibility for coordination of the use of all 
forms of telecommunications by landline, submarine cable, or radio means. 
The ITU is advised by two technical Committees, the International Tele¬ 
graph and Telephone Consultative Committee (CCITT) and the International 
Radio Consultative Committee (CCIR). An 11-member International Fre¬ 
quency Registration Board (IFRB) handles the details of radio frequency 
registrations which are published in the Table of Frequency Allocations. 
The IFRB also provides advice concerning general utilization of the radio 
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spectrum for frequency Allocation«. 

The ITU has approximately 100 full and associate members repre¬ 
senting most of the major powers, geographic, and political subdivisions. 
Permanent headquarters are located in Geneva. Switzerland. A Secretary-
General (with a full-time General Secretariat) is responsible for adminis¬ 
trative operations. Policy guidance is provided by an Administrative 
Council with representatives from 25 nations. The Administrative Council 
meets for approximately a month each year. 

Frequent international conferences are convened by the ITU to revise 
and up-date the International Radio Regulations including the Table of 
Frequency Allocations, and to agree on recommendations for technical 
standards. The basic purposes of the ITU are defined as follows: 

"To maintain and extend international cooperation for the 
improvement and rational use of telecommunications of all 
kinds; 

"To promote the development of technical facilities and their 
most efficient operation with a view to improving the effi¬ 
ciency of telecommunication services, increasing their use¬ 
fulness and making them, so far as possible, generally avail¬ 
able to the public; 

"To harmonize the actions of nations in the attainment of 
these common ends." 

It is important to note that the 1959 ITU Radio Regulations defines 
"telecommunications" as "any transmission, emission or reception of 
signs, signals, writing, images and sounds or intelligence of any nature 
by wire, radio, visual, or other electromagnetic systems." Thue the 
word "telecommunications" in this context covers broadcasting, radar, 
radionavigation, and most other uses of radio emissions. 

An ITU Conference on Space Telecommunications is scheduled for 
late 1963 and a Plenipotentiary Conference is scheduled for Geneva in 1965. 
A table showing previous ITU Conferences is shown in Figure 3-1. 
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YEAR 

¡906 

19 1 1 

1927 

1932 

1938 

1947 

1959 

MEETING 

Berlin Radio Conference 

London Radio Conference 

Washington Radio Conference 

Madrid Radio Conference 

Cairo Radio Conference 

Atlantic City Radio Conference 

Geneva Radio Conference 

RADIO 
SPECTRUM COVERAGE 

500 kc/s - 1,000 kc/s 

150 kc/s - 1,000 kc/s 

10 kc/s - 23,000 kc/s 

10 kc/s - 60,000 kc/s 

10 kc/s - 200 mc/s 

10 kc/s - 10 , 500 mc/s 

10 kc/s - 40.000 mc/s 

Figure 3-1 Meetings of the ITU 1906-1959 



At the ITU Radio Conference«, delegate« of member nation« submit 
their proposal« for frequency usage. Meeting« are then held to discuss the 
technical implications of such usage and to resolve conflicts in requirements 
for frequencies. Generally, proposals for changes in frequency allocations 
are circulated for review by all members of the conference. Occasionally 
proposals are also made from the floor. Final recommendations are made 
to the plenary body for formal vote after negotiation in subworking groups. 

Although the Radio Conferences allocate various bands of frequencies 
for use by different types of services, they do not assign frequencies to 
particular users. Licensing or authorization of transmissions by individual 
users is the responsibility of each member nation in accordance with the 
Tables of Frequency Allocation that represent the instrument of inter¬ 
national agreement on frequencies within the ITU. 

When agreement is reached on any matter at an ITU Radio Conference, 
the decision is embodied in ITU Radio Regulations. These Radio Regulations 
are then submitted to the ITU member nations for ratification as a multi¬ 
lateral treaty. 

3. THE INTERNATIONAL RADIO CONSULTATIVE 
COMMITTEE (CCIR) e

The International Radio Consultative Committee (CC1R) is an official 
advisory organization of ITU which is empowered to study and make recom¬ 
mendations on technical radio questions and operating procedures. The 
Study Groups of CC1R and CCITT (International Telephone and Telegraph 
Consultative Committee) have over 300 telecommunications problems 
presently under study. There are fourteen CC1R Study Groups as follows: 

I Transmitters 
11 Receivers 
III Fixed Systems 
IV Space Systems 
V Wave Propagation 
VI Ionospheric Propagation 
VII Standard Frequencies and Time Signals 
VIII International Monitoring 
IX Radio Relay Systems 
X Broadcasting 
XI Television 

• The initials CCIR are derived from the French title of the Committee. 
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XII Tropical Broadcasting 
XIII Mobile Services 
XIV Vocabulary 

The CCIR was founded in the late 1920's to provide an international 
meeting place for the exchange of technical information on radio matters. 
As an advisory group to ITU, its duties are stated as: 

"The duties of the International Radio Consultative Committee 
(CCIR) shall be to study technical and operating questions re¬ 
lating specifically to radio communication and to issue recom¬ 
mendations on them,” 

Each of the fourteen Study Groups of the CCIR is a self-contained 
organization. Each Group is composed of individuals who are generally 
internationally recognized experts in the field of interest of the Group. A 
large amount of the Study Group business is conducted by correspondence 
and an international meeting of each Group is usually held once each year. 
The CCIR meets in plenary assembly approximately every 3 years to 
consider the recommendations of the Study Groups and to transmit approved 
recommendations to the appropriate ITU Radio Conference. A formal CCIR 
meeting is scheduled for early 1963 in New Delhi. 

4. THE INTERNATIONAL FREQUENCY REGISTRATION 
BOARD (IFRB) 

The 11-member International Frequency Registration Board (IFRB) was 
established in 1947. Its powers were considerably strengthened at the 
Geneva Radio Conference in 1959. It presently is responsible for the orderly 
recording of frequency assignments made by the various countries to individ¬ 
ual stations, and acts as a clearing house for the reporting of interference. 
The International Monitoring System (established as a result of the ITU 
Atlantic City Meeting in 1947) assists the IFRB by detection and identification 
of interfering signals, and by observations of radio spectrum occupancy. 
The IFRB recommends frequency assignments, indicates incompatibilities 
in assignments, and coordinates adjustment of assignments and schedules 
for optimum international use of the spectrum. 

5. OTHER INTERNATIONAL ORGANIZATIONS 

Although the ITU is the international organization primarily concerned 
with frequency allocation matters, various other groups have an interest and 
a voice in allocation policies and frequency assignments. These include such 
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organization« *• the International Scientific Radio Union (URSI), the Inter¬ 
national Astronomical Union (LAU), and International Geophysical Year (IGY). 
There is a particular interest internationally in space telecommunications 
and the use of communications satellites. These matters have been dis¬ 
cussed in the United Nations Assembly. Other organizations with a specific 
interest in spectrum utilization and frequency allocation include the Inter¬ 
national Civil Aviation Organization (ICAO), the World Meteorological 
Organization (WMO), and the Inter-Governmental Maritime Consultative 
Organization (LMCO). 

6. THE U.S. STATE DEPARTMENT IN INTERNATIONAL 
TELECOMMUNICATIONS PLANNING 

The State Department is the focal point of United States cooperation 
in international telecommunications planning. It coordinates with other 
U.S. agencies to obtain agreed U.S. positions for international conferences. 
The process of registering frequencies and liaison with the International 
Frequency Registration Board has been delegated to the Federal Communi¬ 
cations Commission. To carry out U.S. responsibilities for participation 
in the CCIR, the Department of State has sponsored the United States 
National CCIR Organization. This consists of an Executive Committee, 
responsible for National Coordination of U.S. CCIR papers, and 14 Study 
Group Committees corresponding to the 14 international Study Groups. Each 
of the Study Group Committees studies and makes recommendations con¬ 
cerning problems assigned by the ITU to its corresponding CCIR Study 
Group. Papers prepared by the National Study Group Committees and ap¬ 
proved by the Executive Committee are transmitted through the Department 
of State to the Director of the CCIR at Geneva. 

U.S. participation in the other international organizations mentioned 
in Section 5 above is also under the general sponsorship of the State Depart¬ 
ment, 
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FREQUENCY ALLOCATION IN THE 
UNITED STATES CHAPTER 4 

1. THE GENERAL PROBLEM OF FREQUENCY 
ALLOCATION IN THE UNITED STATES 

One of the vital problem# in the management of our national 
affairs is that of determining policies for telecommunications planning and 
operations. The importance of telecommunications was emphasized in a 
study by the President's Communications Policy Board "Telecommunica¬ 
tions — A Program for Progress", March 1951. In the preface of this 
study, the essence of the importance of telecommunications is presented: 

"One of the bulwarks of a free society is freedom of 
communications. Its commerce, its education, its 
policies, its spiritual integrity, and its security depend 
upon an unimpeded and unsubservient exchange of in¬ 
formation and ideas. 

"One of the hopes for apeaceful world rests upon the 
ultimate possibility of extending this same freedom of 
communications beyond all barriers. War begins in 
the minds of men, and in the minds of men must be 
engendered the will for peace. We must, therefore, 
strive to facilitate a meeting of the minds of men 
everywhere, and through the liberating arts of com¬ 
munication to create the attitudes favorable to peace. ' 

The Communications Policy Board listed eight concepts relative 
to the formulation and foundation of a national policy on telecommunica¬ 
tions. Four of these concepts bear upon the utilization and conservation 
of the radio spectrum and are listed below: 

"(1) Radio frequency spectrum is a world resource 
in the public domain and measures to conserve 
and utilize the resource must be undertaken in 
the best interest both of this Nation and with 
due regard to the needs and rights of other 
nations. 
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"(2) The U.S. telecommunication system is essential 
to national security, to international relations, 
and to the business, social, educational, and 
political life in the country. Hence, the Govern¬ 
ment must remain alert to the problems of the 
system and be prepared to support measures 
necessary to insure the continued strength of 
the telecommunication system as a whole. 

"(3) The U.S. considers the International Telecom¬ 
munication Union to be the competent and appro¬ 
priate international forum for negotiating world¬ 
wide agreements. 

"(4) Specifically with regard to radio communication, 
the Board identified a set of more detailed 
policy actions: 

(a) Radio frequencies assigned for transmission 
purposes with a view toward avoidance of 
harmful interference. 

(b) Ix>ng-range radio frequencies for other 
than overseas circuits, normally shall be 
used only when other forms ot communica¬ 
tion, notably wire communication, are not 
adequate. Priorities in normal peacetime 
assignment shall be as follows, in the order 
named: 

i. Frequencies predominantly, primarily, 
and directly for national security and 
defense 

ii. Frequencies to safeguard life and property 
in conditions of distress 

iii. Frequencies used in services that have 
no other adequate means of rapid com¬ 
munication when such communication is 
in the national interest and the frequen¬ 
cies for all other purposes, judged upon 
the merits of individual need. " 
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It is obvious from the above that the President's Communications 
Policy Board felt strongly that emphasis must be placed on the conserva¬ 
tion and good management of radio spectrum resources. It also noted the 
priority requirements for long-range radio frequencies for national 
security and defense purposes. 

With a large population, a large geographical area, a large in¬ 
dustry, and a large military organization, the United States is faced with 
a complex situation in the utilization of the radio spectrum for minimum 
interference and optimum benefit in broadcasting, point-to-point services, 
national defense communications, and public and private services. To 
carry out planning and coordination for the use of the spectrum, principal 
responsibility falls on the State Department, the Interdepartment Radio 
Advisory Committee and the Federal Communications Commission. How¬ 
ever, these three organizations are but part of the national "communica¬ 
tions - electronics community. “ Almost all of the government agencies 
(representing various types of C-E users) have a strong concern with 
spectrum utilization. Since the spectrum has definite technical limita¬ 
tions, each of the government agencies has at least a minimum individual 
interest as a user. Some agencies have other interests, as, for example, 
the State Department, which is concerned with the overall international 
use of the spectrum and the representation of the United States interests 
in this regard. 

With a heavy program in air navigation devices, a military C-E 
activity using thousands upon thousands of equipments, and a public and 
private service requirement for large numbers of channels over large 
areas, the United States has a very basic and strong interest in ascertain¬ 
ing that the most beneficial use is made of the spectrum on an international 
basis. 

z THE COMMUNICATIONS-ELECTRONICS COMMUNITY 

Since many government agencies are interested in and concerned 
with communications and electronics matters, it follows that the national 
"communications - electronics community" is large and has many mem¬ 
bers. Most of these members are concerned in one way or another with 
radio frequency allocation and management. Figure 4 -1 shows the 
government agencies which are part of the "C-E Community. " Some 
agencies, such as the Bureau of the Budget, have a basic interest in the 
"C-E Community" from an overall national interest standpoint. Likewise, 
note the various Congressional committees which have held hearings 
related to C-E affairs. 
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Figure 4-!. U. S. Government Communication*-Electronics (C-E) Community 



The heavy use of C-E systems and equipment by the military 
organisations is reflected in the large number of military agencies 
shown in Figure 4-1. 

Ao previously mentioned, three of the moot important groups 
from a spectrum utilisation standpoint are the State Department, the 
Interdepartment Radio Advisory Committee, and the Federal Communica¬ 
tions Commission. Each of the groups has a basic frequency allocation 
responsibility in which it is often assisted or advised by other agencies. 

X THE STATE DEPARTMENT 

The position of the State Department as the U.S. focal point for 
coordination of spectrum utilisation internationally has been previously 
pointed out. Within the United States, the State Department, through its 
Telecommunications Division, serves to guide U.S. Agencies in establish¬ 
ing national positions with respect to various aspects of telecommunica¬ 
tions. It also acts as the agency which represents United States interests 
in cooperative approaches to the international use of the spectrum and the 
resolution of interference cases. In this work the State Department is 
assisted by the Interdepartment Radio Advisory Committee, the Federal 
Communications Commission, and government-industry advisory com¬ 
mittees. The State Department is advised by the Telecommunications 
Coordinating Committee which is made up of high level representatives 
of major government agencies, including the military. 

As an example of coordinated activities, since the 1959 Geneva 
Radio Conference the United States has been carefully preparing for the 
special Space Conference to be held in 1963. The military services, the 
Federal Communications Commission, and other government agencies, 
together with the communication industry, made a study of frequency re¬ 
quirements for space communications. The National Aeronautics and 
Space Administration, the Federal Aviation Agency, the U.S. Information 
Agency, the Weather Bureau, the Department of Defense, and other 
government agencies, then supplied to the Interdepartment Radio Advisory 
Committee (IRAC) all available data and information. At the same time, 
the Federal Communications Commission (FCC) conducted formal pro¬ 
ceedings and obtained technical material bearing on the problem from 
industrial organizations. The IRAC and FCC together arrived at prelimi¬ 
nary conclusions for space frequency allocations to be proposed by the 
United States at the 1963 Space Conference. The FCC then asked, in the 
spring of 1961, for public comment on the proposals. These proposals 
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were then revised and the final proposal document was transmitted to the 
State Department, where it was formally cleared on 7 September 1961. 
It has now been transmitted to the member nations of ITU for review. The 
title of the final document is Preliminary Views of the United States of 
America - Frequency Allocations for Space Radiocommunications. 

4. THE INTERDEPARTMENT RADIO ADVISORY 
COMMITTEE (IRAC) 

The Interdepartment Radio Advisory Committee (IRAC) has a 
membership consisting of representatives from the three military services. 
FAA, USIA, NASA, Department of Agriculture, Department of Commerce, 
Department of the Interior, Department of Justice, Department of State, 
and the Treasury. FCC furnishes a liaison representative. 

IRAC has in the past acted as an advisory group to the Director 
of OCDM and later to the Director of the Office of Emergency Planning 
(OEP). Since the establishment of the position of Director of Telecom¬ 
munications Management on 17 February 1962 within OEM, IRAC now 
provides advice to the new Director at his request. 

In the past, acting for the President, or for the Director of 
OCDM or OEP, IRAC has coordinated frequency usage for and has 
assigned frequencies to government agencies subject to Presidential 
approval. It has coordinated and cooperated with the Federal Com¬ 
munications Commission, which has the responsibility and authority 
for licensing and assignment of frequencies for non-Federal U.S. users 
of the radio spectrum. 

5. THE FEDERAL COMMUNICATIONS COMMISSION 
(FCC) 

The Federal Communications Commission (FCC) was established 
under the Communications Act of 1934. It has statutory authority to regu¬ 
late the interstate and foreign commerce in communications by wire and 
radio. Included in this jurisdiction is radio broadcasting, television, and 
communication activities of State and local governments. Licensing of 
satellites as relays for broadcasting, for private service, or for common 
carriers would thus fall under FCC jurisdiction. Rules and Regulations 
of the FCC are available through the Government Printing Office. They 
spell out specific requirements to be met by all classes of non-Federal 
telecommunications services. Basic to these regulations is the 
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interference-free operation of equipments and aysterna by licenaeea, and 
the observance of frequency, power, propagation, and operating procedures 
as established by the FCC in granting each licenae. 

Some devicea radiate electromagnetic energy but do not fall 
under the six criteria for licenaing of Section 301 of the Communicationa 
Act of 1934. For auch devicea, the FCC hat promulgated Part 15 
(Incidental and Restricted Radiation Devices) and Part 18 (Industrial, 
Scientific, and Medical Service) of its rules. The FCC has taken the 
position that operation of equipments covered by Parts 15 and 18 will 
not have interstate effects as long as they are kept within specified 
limitations and do not cause specific interference. Part 15 includes the 
requirement that devices causing harmful interference must be shut down 
or modified. In general, the devices covered under Part 15 include 
electric shavers, auto ignition systems, fluorescent lights, radio re¬ 
ceivers, carrier current systems, wireless microphones, garage door 
openers and similar items. 

Part 18 of the FCC Rules covering Industrial, Scientific and 
Medical equipment applies to such devices as industrial heaters, medical 
diathermy machines, ultrasonic equipment, RF stabilised arc welders, 
electronic ovens and RF excited neon signs. 

Garlan and Whipple* have summarized radiation limits of 
devices covered under Parts 15 and 18 of the FCC Rules. These limits 
are shown in Tables I through X. 

Further details concerning FCC Rules and Regulations, as well 
as FCC policies and procedures, are contained in Chapter 6 of this Volume. 
Appendix IV contains complete copies of Parts 15 and 18 of the FCC Rules. 

6. THE DIRECTOR OF TELECOMMUNICATIONS 
MANAGEMENT 

By Executive Order of the President there was established on 
February 17 the new position of Director of Telecommunications Manage¬ 
ment in the Office of Emergency Planning. In the preamble of the Execu¬ 
tive Order, emphasis is placed on several points--that "telecommunica¬ 
tions is vital to the security and welfare of the nation", that "the radio 
spectrum is a critical national resource which requires effective, efficient 
and prudent administration", and that "there is an immediate and urgent 
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TABLE I 

TABLE D 

FAIT 15 — RADIO RECEIVERS 

FREQUENCY 

(Mc) 

INTERFERENCE LIMIT 

TV ALL OTHERS 

o.e- 4 100 100 

CONDUCHO 
( uv 1 

4 - 10 100 100- 1000* 

10 -25 100 1000 

_25 -70 

~ 70 ~ 130 

1» - 174 

32 

50-150* 
, RADIATED 

1 uv/m at 100 R. 1 
174 • 240 150 

_260 - 470 

<70 -1000 

150 - 500* 

X»" 

* Linear Interpolation 

• Temporarily Increased to 1000 uv/m lor UHF TV receivers 

PART 15 — COMMUNITY ANTENNA TV SYSTEM 

FREQUENCY RADIATED LIMIT 

UP TO 54 Me 15 uv/m / 100 fed 

54 - 132 Me *20 uv/m at 10 fed 

132-216 Me •*50 uv/m at 10 led 

ABOVE 216 Me 15 uv/m at 100 led 

* 4M uv/m . ... 
- 1000 u./m ln W''1» '"”*'<«1 «a 
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TABLE m 

PART 15 — LOW POWER COMMUNICATION DEVICES 

FREQUENCY RADIATED LIMIT OTHER LIMIT 

160- 190 Ke 

190 - 490 Kc 

510- 1600 Kc 

26 47 - 27.27 Me 

ABOVE 70 Me 

1 WATT INPUT 

50 FOOT ANTENNA 

RADIATED LIMIT 

FOR RECEIVERS 

100 MILLIWATTS INPUT 

10 FOOT ANTENNA 

100 MILLIWATTS INPUT 

5 FOOT ANTENNA 

1 SECONO ON 

ONCE IN » SECONDS 

10- 160 Ke 

^y^ uv/m at 100 ft. 

2400 . . IZWW -
-y uv/m at 1000 ft. 

2400 
*y u*/m at 1000 ft. 

2400 
y uv/m at 1000 ft 
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TABLE V 

PART 11 — ISM FREQUENCIES 

UNTER 

FREQUENCY 
TOLERANCE BAND 

»MO Kc 6.71 Kc □553.22- 13566 71 Kc 

27120 Kc 160 Kc 26960 • 27?« KC 

«cao kc 70 Kc 40660 - 43700 Kc 

915 Ate 25 MC 190 - 9« Me 

2450 Mc 50 Me 2400 - 2500 Ate 

SCO Mc 75 Me 5775 - 5925 Me 

1 BOO Mc 150 Me 17150 - 10150 Me 

UNLIMITED RADIATION PERMITTED IN ISM BANDS 

TABLE VI 

PART 11 — MEDICAL DIATKRMY 

OPERATING 

FREQUENCY 
OUTOPBANO RADIATION 

□.56 Me 

27.12 
40.60 

25 uv/m It 1000 feet 

ANY OTHER 

UP TO 915 Me 
15 uv7m it 1000 (Hi 

915 Me rid 
TO GREATEST EXTENT PRACTICAL 

WITHIN STATf OF ART 

»HOM »CONTAOU O» RADIO FRCQUCNC» 
lNT(HF CRCMCC FROM NOMU'CCNSCO APFAAATU»" - Sit RtrOCMCt A I 
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TABLE VH 

PART 18 — INDUSTRIAL HEATERS 

I INCLUDES INDUCTION AND DIELECTRIC 1 

OPERATING 

FREQUENCY OUT-OF-BAND RADIATION 

UP TO 5775 Me 10 uv/m at 1 mile 

ABOVE 5775 Me 
TO GREATEST EXTENT PRACTICAL 

WITHIN STATE OF ART 

TABLE VID 

PART 18 — ULTRASONIC EQUIPMENT 

FREQUENCY 

OF 

RADIATION 

POWER 

( Watts > 

RADIATED LIMIT 

FIELD STRENGTH 

I uv/m 1 

DISTANCE 

I Fed 1 

UP TO 890 Ke 

UP TO 500 
2400 

F 
1000 

ABOVE 500 
2400 ,'GFN POWER* 

F \ 500 
1000 

490 - 1600 Ke ANY 
24XD 
F 

100 

ABOVE 1600 Ke 

- . 

ANY 15 100 

NOT TO EXCEED 10 uv/m M 1 mile 

- ) 
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TABLE DC 
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PART IB-- R.F STABILIZED ARC WELDERS 

OPERATING 

FREQUENCY 
OUT-OF-BAND RADIATION 

UP TO 5775 Me ID uv/m it 1 mile 

TABLE X 

PART 18 — MISCELLANEOUS EQUIPMENT 

NOT TO EXCEED 10 uv/m at 1 mile 

OPERATING 

FREQUENCY 
POWER 
< Watts 1 

OUT-OF-BAND RADIATION 

( uv/m at 1000 ) 

□.56 Me 

27.12 

0.68 

UP TO 500 25 

OVER 500 
~ fCENPQWER* 

n \¡ MO 

ANY OTHER 

UP TO 915 Me 

UP TO 500 15 

OVER 500 ,, /GEN. POWER* 

1 \ 500 

915 Me 

•nd above 
ANY TO GREATEST EXTENT PRACTICAL 

WITHIN STATE OF ART 



need for an examination of way« and means of improving the administra* 
tion and utilisation of the radio spectrum as a whole. " The Executive 
Order states that the Director of Telecommunications Management shall: 

"(a) Coordinate telecommunications activities of the 
executive branch of the Government and be responsible for 
the formulation, after consultation with appropriate agencies, 
of over-all policies and standards therefor. He shall 
promote and encourage the adoption of uniform policies and 
standards by agencies authorized to operate telecommunica¬ 
tions systems. Agencies shall consult with the Director 
of Telecommunications Management in the development 
of policies and standards for the conduct of their tele¬ 
communications activities within the over-all policies 
of the executive branch. 

"(b) Develop data with regard to United States 
Government frequency requirements. 

"(c) Encourage such research and development 
activities as he shall deem necessary and desirable for 
the attainment of the objectives set forth in section 6 
below. 

"(d) Contract for studies and reports related to 
any aspect of his responsibilities." 

Sections 3 through 10 of the Executive Order further define the 
responsibilities of the Director of Telec ommunications Management. 

"Section 3, The authority to assign radio fre¬ 
quencies to Government agencies, vested in the 
President by section 305 of the Communications Act 
of 1934, as amended (47 U. S. C. 305), including all 
functions heretofore vested in the Interdepartment 
Radio Advisory Committee, is hereby delegated to 
the Director of the Office of Emergency Planning, 
who may redelegate such authority to the Director 
of Telecommunications Management. Such authority 
shall include the power to amend, modify, or revoke 
frequency assignments. 



’’Section 4. The functions and responsibilities 
vested in the Director of the Office of Emergency 
Planning by Executive Order No. 10705 of April 17, 
1957, as amended, may be redelegated to the Direc¬ 
tor of Telecommunications Management. Executive 
Orders No. 10695A of January 16, 1957, and No. 
10705, as amended, are hereby further amended in¬ 
sofar as they are inconsistent with the present order. 
Executive Order No. 10460 of June 16, 1953, is 
hereby revoked. 

’’Section 5. The Director of Telecommunica¬ 
tions Management shall establish such interagency 
advisory committees and working groups composed 
of representatives of interested agencies and con¬ 
sult with such departments and agencies as may be 
necessary for the most effective performance of his 
functions. To the extent that he deems it necessary 
or advisable to continue the Interdepartment Radio 
Advisory Committee, it shall serve in an advisory 
capacity to the Director of Telecommunications 
Management. 

"Section 6. In carrying out functions under 
this order, the Director of Telecommunications 
Management shall consider the following objectives: 

(a) Full and efficient employment of 
telecommunications resources in carrying 
out national policies; 

(b) Development of telecommunications 
plans, policies, and programs under which full 
advantage of technological development will 
accrue to the Nation and the users of telecom¬ 
munications; and which will satisfactorily serve 
the national security; sustain and contribute 
to the full development of world trade and com¬ 
merce, strengthen the position and serve the 
best interests of the United States in negotia¬ 
tions with foreign nations; and permit maximum 
use of resources through better frequency man¬ 
agement; 
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(c) Utilization of the radio spectrum by 
the Federal Government in a manner which 
permits and encourages the mad beneficial use 
thereof in the public interest; 

(d) Implementation of the national policy 
of development and effective use of space satel¬ 
lites for international telecommunications 
services. 

“Section 7. Nothing contained in this order shall 
be deemed to impair any existing authority or jurisdic¬ 
tion of the Federal Communications Commission. 

’’Section 8. The Director of Telecommunications 
Management and the Federal Communications Commis¬ 
sion shall assist and give policy advice to the Department 
of State in the discharge of its functions in the field of 
international telecommunications policies, positions and 
negotiations. 

’’Section 9. The Director of Telecommunications 
Management shall issue such rules and regulations as may 
be necessary to carry out the duties and responsibilities 
vested in him by this order or delegated to him under this 
order. 

"Section 10. All executive departments and agencies 
of the Federal Government are authorized and directed to 
cooperate with the Director of Telecommunications Manage¬ 
ment and to furnish him such information, support and 
assistance, not inconsistent with the law, as he may re¬ 
quire in the performance of his duties. " 

The position of Director of Telecommunications Management was 
filled by the appointment of Dr. Irvin Stewart, who headed the President's 
Communications Policy Board in 1950-51 and who also served on the 
Special Advisory Committee on Telecommunications in 1958. 

7. OTHER AGENCIES 

As shown in Figure 4-1, many other agencies play a part in the 
’’communications - electronics community. Their responsibilities 
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and function« extend from policy preparation to frequency assignment. 
For example, each of the military services has an office responsible 
for assignment of operating frequencies for electromagnetic emitters. 
These assignments are coordinated through the Director, J-6, Com¬ 
munications - Electronics of the Joint Chiefs of Staff. Ln turn, IRAC 
exercises over-all coordination to include the Department of Defense 
as well as other government agencies. 

Such groups as the Joint Frequency Panel of Military Communi¬ 
cations - Electronics Board, the Telecommunications Planning Com¬ 
mittee, the Telecommunications Coordination Committee, and the 
various other panels of the Military C-E Board all serve to provide 
coordination, cooperation and liaison in the utilization of the radio 
spectrum. 
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GOVERNMENT PROGRAMS 

FOR INTERFERENCE-FREE 

SPECTRUM UTILIZATION CHAPTER 5 

1. REQUIRE MINTS FOR SPECIAL PROGRAMS 
FOR OPTIMUM SPECTRUM UTILIZATION 

Although the allocation and assignment of frequencies is a basic 
approach to effective spectrum utilization, it is nevertheless necessary 
that other steps be taken if the spectrum is to be properly managed. 
The large number of emitters and their power and proximity to each 
other requires that careful studies be made of their relationships and 
that these relationships be carefully controlled. There are six types of 
action which are desirable to accomplish this: 

A. Determination of spectrum signatures of all equipments--
this includes power and frequency characteristics of emis¬ 
sions of all devices, susceptibility characteristics of all 
receivers, and radiation patterns and propagation charac¬ 
teristics of all antennas. 

B. Prediction of inter-system and inter-equipment effects 
based on A. above. By appropriate prediction methods 
and use of mathematical models and computers, the effects 
of large numbers of equipments on each other can be deter¬ 
mined. 

C. Establishment of system and equipment spectrum data 
files to which reference can be made by designers and 
system planners for effective planning of spectrum usage. 

D. Coordination of system planning and operation through con¬ 
ferences and meetings of spectrum users. 

E. Establishment of standards, specifications, rules, and 
regulations regarding design and operation of radio equip¬ 
ment and systems for interference-free operation. 

F. Monitoring and measurement programs to ascertain that 
design and operation of equipment is carried out in accordance 
with specifications and regulations. 
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In order to accomplish the six actions discussed above, the 
Government has established a number of programs which are briefly 
described in this Chapter. 

X MONITORING BY THE FEDERAL COMMUNICATIONS 
COMMISSION 

To ascertain that licensed stations are operating on frequency and 
in accordance with the Rules of the FCC and that unlicensed emitters are 
not causing interference, the FCC operates a group of 18 monitoring 
stations. The stations are equipped with direction finding facilities so 
that unknown interference sources can be located by triangulation. 
When FCC measurement of frequency or other characteristics of a 
licensed transmitter shows that the station is operating in an unauthorized 
manner, the owner is notified to correct the condition. 

In addition to domestic monitoring, the FCC monitor stations, 
plus 15 monitor stations owned by private companies such as RCA, 
Mackay, ATkT, Tropical Radio, Press Wireless, and Globe Wireless, 
participate in the International Monitoring Service (see Chapter 3 of this 
Volume). The International Monitoring Service operates under Article 
13 of the Geneva, 19 59, Radio Regulations of the ITU. The State Depart¬ 
ment has designated the Field Engineering and Monitoring Bureau of the 
FCC as the U.S. Centralizing Office for International Monitoring. This 
agency gathers spectrum occupancy data from the 33 U.S. monitoring 
stations and sends it to the International Frequency Registration Board 
of the ITU for use in frequency allocation studies. 

3. RADIO INTERFERENCE AND TELEVISION 
INTERFERENCE COMMITTEES 

In order to encourage the voluntary participation of users of the 
radio spectrum in self-regulation, the FCC has worked with the local in¬ 
dustry and other groups in various localities to establish Radio Interference 
Committees. These Committees seek methods to prevent and eliminate 
interference among the radio spectrum users. They maintain an effective 
liaison among themselves and meet regularly to discuss interference con¬ 
ditions. The FCC assists in solution of the more difficult interference 
situations. 



In various areas of the country where interference has become an 
especially difficult problem, informal liaison is conducted and conferences 
are held from time to time to discuss specific interference cases. For 
example, the Regional Office of the Federal Aviation Agency in Los 
Angeles has held several meetings to resolve interference conditions be¬ 
tween the user agencies in the Los Angeles-San Diego area where there 
is a particularly heavy concentration of X, S, and L band pulse transmit¬ 
ters. Such meetings are particularly effective in finding solutions to 
interference problems which are or could become very troublesome. 

5. ARCA FREQUENCY COORDINATORS 

Because of the critical spectrum utilization problems existing in 
the area of certain military establishments. Area Frequency Coordinators 
perform joint radio frequency coordination in these particular areas. At 
the present time such Area Coordinators have been established at the Air 
Force Missile Test Center at Patrick Air Force Base in Florida (Cape 
Canaveral); at the U.S. Army Electronic Proving Ground at Fort Huachu-
ca, Arizona; at the White Sands Missile Range, Las Cruces, New Mexico; 
and at the Naval Air Missile Test Center at Point Mugu, California. 

The Area Frequency Coordinator in Florida accomplishes inter¬ 
service frequency coordination within a 200-mile radius of Patrick Air 
Force Base and within a 200-mile radius of Eglin Air Force Base. The 
Fort Huachuca Frequency Coordinator accomplishes the frequency co¬ 
ordination for the entire state of Arizona. The White Sands Area Fre¬ 
quency Coordinator accomplishes frequency coordination for the entire 
state of New Mexico and other areas within a 150-mile radius of the White 
Sands Missile Range. The Area Frequency Coordinator at Point Mugu 
accomplishes frequency coordination within a 200-mile radius of Point 
Mugu including frequency coordination for the Naval Ordnance Test Sta¬ 
tion at China Lake, California, and Edwards Air Force Base, California. 

The Area Frequency Coordinators maintain current records of 
frequencies which have been coordinated for use in their areas of cogni¬ 
zance. They also provide advice as to probability of harmful interference 
which might be caused to or from proposed operations. The Area Fre¬ 
quency Coordinators frequently arrange for time sharing and technical 
adjustments to minimize interference. 
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6. THE DEPARTMENT OF DEFENSE COMPATIBILITY 
PROGRAM 

On 19 July 1960, the Secretary of Defense approved a major pro¬ 
gram for electromagnetic compatibility in the military electronic systems 
and their environments. This program seeks to attain a high level of 
compatibility among the many thousands of military equipments which are 
required in modern military operations. 

A continuing enlargement and extension of military electronics 
programs means that not only are the numbers of equipments and systems 
in operation increasing but also there is a continuing increase in types of 
modulation and sophisticated signal propagation methods. All of these 
things mean further pressure on spectrum utilization and a continuing 
enlargement of the problem of obtaining compatibility among the equip¬ 
ments. Since the primary requirement of military systems in compari¬ 
son to civilian commercial systems is the operational effectiveness 
under combat conditions, economic factors which normally call for 
obsolescence and depreciation over a relatively long period of time 
play very little part. 

The objective of the electromagnetic compatibility program is to 
insure that each electronic system operates at design levels of perform¬ 
ance without causing or receiving unacceptable degradation in its opera¬ 
tional environment. Equipments and systems which are degraded to the 
point of rendering weapons systems inaccurate or ineffective through 
incompatibility are wasted and might as well not have been procured. 

One of the principal accomplishments of the compatibility program 
to date has been the preparation and publication of M1L-STD-449A, which 
was issued on 24 October 1961, entitled "Military Standard Radio Fre¬ 
quency Spectrum Characteristics, Measurement of. " This Standard 
clearly defines the requirements for minimum spectrum signature 
characteristics and their measurement. Additional manuals and standards 
will probably be issued under this same program. 

Of primary importance in the compatibility program is the build¬ 
up of a library of spectrum signatures. The collection plan was approved 
for this purpose on October 28, I960, and implementation by the military 
departments is now under way. In the Army, the work of collecting 
spectrum signatures has been assigned to the Army Electronic Proving 
Ground at Fort Huachuca, Arizona, as a task for the Electronic Environ¬ 
ment Test Facility. In the Navy, the Bureau of Ships is currently up¬ 
dating a spectrum signature collection program under the auspices of the 
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Bureau of Ships. The Air Force program is being conducted by the Rome 
Air Development Center. All of these collection programs are attempting 
to build a complete library of radio frequency spectrum characteristics 
of military electronic equipment. This library will be maintained at the 
Electromagnetic Compatibility Analysis Center operated by the Department 
of Defense at Annapolis, Maryland. When complete it will allow a more 
thorough approach to the problem of planning compatible electromagnetic 
systems for the future. 

Additional parts of the program include research into measure¬ 
ment techniques and test procedures. Much remains to be done in the 
study of measurement methods and procedures which will produce 
reliable and repeatable results. In addition, considerable work is re¬ 
quired to produce components and equipment which radiate less inter¬ 
ference and have a lower susceptibility to interfering signals. 

Related to the compatibility program is the work in the prepara¬ 
tion of military standards and specifications concerning the design of 
equipment and systems. These specifications can be expected to be 
tightened and more thoroughly enforced as time goes on. The 
most widely used military standards and specifications pertaining to 
radio frequency interference are contained in Appendix 5 of this Volume. 

As might be expected, the compatibility program of the Depart¬ 
ment of Defense has resulted in other similar programs being established 
within government agencies and even within industrial organizations. 
Toler and Norton4 have described the establishment of such a program 
at the George C. Marshall Space Flight Center at Huntsville, Alabama. 
This program is oriented toward space vehicles and space vehicle check¬ 
out facilities. At Huntsville the compatibility program has been initiated 
and is being implemented by the Electromagnetic Interference Unit of the 
Quality Assurance Division. The specifications of the over-all interfer¬ 
ence control program have been divided into five different major tasks: 

1) Establishment of philosophy; 
2) Education; 
3) Prediction; 
4) Testing suppression and reporting; and 
5) Specification development. 

It is to be expected that the compatibility and spectrum signature 
programs will have a considerable impact on equipment and test instru¬ 
ment design. Test instruments currently available are relatively 
unsatisfactory for the acquisition and recording of the large quantities 
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of measurement data required by the compatibility programs. The 
electronics equipments and systems themselves have, for the most part, 
been designed with built-in compatibility problems, particularly with 
respect to system interfaces. Standardization of design methods for 
compatibility of equipments and systems will require continuing atten¬ 
tion to design details which in the past have been ignored due to lack of 
specification requirements for minimum interference. 

7. THI EETF PROGRAM AT FORT HUACHUCA, 
ARIZONA 

The U.S. Army Electronic Proving Ground at Fort Huachuca has 
the responsibility for operating an Electromagnetic Environmental Test 
Facility (EETF) Program. This program concerns itself principally with 
interference problems encountered by tactically deployed units. The 
Facility is capable of detecting the presence of interference, determining 
the amount of degradation caused, determining the source, and making 
recommendations for reduction. The environment of the Facility allows 
these determinations to be made under the same conditions as in a com¬ 
bat situation. The objectives of the EETF* are: 

"a. To reveal and determine the incompatibilities 
of existing Army equipment and systems. 

"b. To suggest modifications to existing Army 
equipment to reduce interference. 

"c. To provide a firm basis for the establishment 
of realistic standards for new Army Equipment. 

"d. To test Army methods of frequency assign¬ 
ment. 

”e. To test newly developed Army equipment 
prior to its acceptance by the Army. " 

In meeting the above objectives, the following functions are 
performed: 

"(1) Generation of an environment equivalent 
to that which the equipment tested would experience 
if that equipment were deployed under battlefield 
conditions. 
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"(2) Control of the environment to facilitate 
rapid testing as well a* the provision of a frequency 
monitoring capability to insure accurate results 
without interfering with electromagnetic activity 
outside the test area. 

"(3) Testing of communication links in such 
a manner that the existence, extent, and cause of 
interference may be determined objectively. 

"(4) Evaluation of test results to enable 
accurate analysis of the situation as well as pro¬ 
vide the basis for corrective recommendation. " 

t. FUTURE PROGRAMS 

It is to be expected that the increasing emphasis on compatibility 
in communications-electronics systems will result in expanded programs 
in many areas. Manufacturing and production requirements will become 
more severe and, as is the case with reliability and quality control pro¬ 
grams. assurance of compatibility will be sought by increased testing 
activities, including enlarged spectrum signature measurements by manu¬ 
facturers as well as in the field. A continued upgrading and improvement 
of specifications, standards, and test procedures will be emphasized. 
Last but not least, an increased effort will take place to produce test in¬ 
struments and techniques better adapted to solving the massive problems 
of data acquisition, recording, and processing. 

Professional and technical organizations will provide increasing 
assistance to the government and to industry in studying and resolving 
compatibility and RFI problems. Prominent among such organizations 
are the Institute of Radio Engineers and the Electronic Industries Asso¬ 
ciation. Each of these has committees and special groups which are con¬ 
cerned with RFI problems. 

In the Institute of Radio Engineers, the Professional Group on 
Radio Frequency Interference sponsors annual symposiums and publishes 
its Transactions several times each year. IRE also has a Technical 
Committee on Radio Frequency Interference with several subcommittees 
dealing with RFI as it is related to basic measurements, radio and TV 
receivers, radio transmitters, industrial electronics, and mobile com¬ 
munications equipment. 
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Within the Electronic Industries Association, Committee M-5 
(Military Electronic Systems) has a Committee M-5. 8 which is concerned 
with REI. In general, the M-5. 8 Committee studies and develops tech¬ 
nical criteria and procedures which will guide electronic systems designers 
to insure electromagnetic compatibility of new systems and equipment. 
Electronic compatibility, as used here, means the compatibility of elec¬ 
tronic components or systems to be operated in the intended operational 
environment at designed levels of efficiency without degradation due to 
unintentional interference. The group also studies and coordinates com¬ 
ments on existing and proposed Military Specifications and other docu¬ 
ments concerned with electromagnetic interference reduction and control. 
Electromagnetic interference specification documents are proposed to the 
Military where deemed required. Educational activity regarding electro¬ 
magnetic interference is promoted by the dissemination of information to 
industry through reports and papers. A system designers' guide for sys¬ 
tem compatibility is being developed. The group also fosters industry-
DOD cooperation with respect to the data collection and implementation of 
the electromagnetic compatibility plan. 

Future years should see an expanding program of cooperation be¬ 
tween the government, industrial groups, and professional organizations 
in working toward a goal of complete communication-electronic system 
compatibility. 
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SPECIFICATIONS AND STANDARDS CHAPTER 6 

1. THE NEED FOR STANDARDIZATION OF 
INTERFERENCE MEASUREMENT 

In order to obtain realistic result* in interference measurement 
and suppression, to allow exchange of ideas and information among inter¬ 
ested parties, and to achieve results which give significant information 
concerning the ultimate effect of the interference, standard methods of 
measuring interference must be established. To meet this requirement, 
the military services have set forth a number of military specifications 
establishing standard test equipment and teat procedures, with the ulti¬ 
mate end of realizing interference-free performance of all military 
electric and electronic installations. 

This achievement can be considered only as an ultimate goal at 
present due to the obvious fact that the problem is far from eliminated, 
however, RFI is being reduced significantly by new suppression technol¬ 
ogy which is developing at an impressive rate. The result is that any 
specification dealing in a quantitative way with the measurement of RFI 
can reflect only the state-of-the-art on its issue date. 

In any event, RFI test procedures must continue to be stipulated, 
even though their expected period of usefulness may be short. Simultane¬ 
ously, these procedures need to be continuously reviewed in the light of 
new developments. The need for this two-fold approach is best explained 
by considering the problems of RFI measurement inherent in those tech¬ 
niques, generally accepted and in development. 

In an inexact science such as RFI control, measurement tech¬ 
niques developed by independent agents must be constantly compared to 
previously accepted criteria and at the same time be evaluated with a 
view toward expanding their limited application to the forming of new or 
revised criteria. Effective standardization, preferably in the form of 
government specifications, can accomplish this. The measurement of the 
interfering signals themselves is the level at which standardization is best 
applied. Consideration of the various types oí signals will help define the 
problem and suggest the need for establishing standards. 

In general, the nature of an interfering signal is such that no 
single parameter completely describes it. A comprehensive description 
can be given in either one of two equivalent forms: (1) a plot of signal 
amplitude as a function of time, or, (2) a plot of signal power density as 
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a function of frequency. The first is well known by the term wave form, 
the second, the term frequency distribution. For interference of a ran¬ 
dom, intermittent or impulsive nature, neither of these forms is suitable 
for the quick and easy determination of interference characteristics, 
since each requires a very large number (theoretically an infinite number) 
of individual measurements. If the interfering signal consists of a single 
transient, there is, indeed, no simple method available of obtaining sig¬ 
nificant information about it by means of a single or a very small number 
of measurements. Most interfering signals encountered in practice are 
either roughly periodic, or such that the small differences between samples 
of the signal taken at different times is not significant (that is, their sta¬ 
tistical description is stationary). In either case, information about the 
signal at all times is not required, and attention may be focused on just a 
short space of time, either a cycle or an arbitrary interval. Furthermore, 
properties may be defined which can be measured by means of a single 
measurement, and these properties may be used to characterise the signal. 
The properties most commonly used are the true average, (rarely used be¬ 
cause it is usually aero); the half-cycle average, usually simply called 
’average"; the root-mean-square, and the peak values of the interfering 
current or voltage taken either over a period or over an arbitrary time 
inter val. 

For purposes of analysis, all interfering signals may be said to 
consist of a series of pulses. In practice, many signals may be classi¬ 
fied as one of two types: the impulsive type, in which the individual pulses 
are very short as compared to their average repetition rate, so that a 
comparatively long period of silence exists between successive pulses, 
and the random type, often called "white noise, '* in which the pulses fol¬ 
low one another so closely that the character of the individual pulse is 
completely lost. There is no sharp boundary between the two, and all 
intermediate stages are possible. Yet, a large group of interfering sig¬ 
nals encountered in practice can definitely be placed in one or the other. 

Interference of the impulsive type will show very high peak values 
and very low average or root-mcan-square values In fact, on some types 
of meters reading average or root-mean-square values, an impulsive 
type of interference may indicate near zero and yet the interference may 
be seriously degrading system performance. Random interference, on 
the other hand, is best measured by its average or root-mean-square 
value, while its peak value, which may be only slightly larger than the 
average and may be subject to considerable random variation, is of no 
great significance. Thus, it is seen that a meter, or its mode of opera¬ 
tion. must be chosen intelligently according to the type of interference 
to be measured. 



Just as the type oí meter to be used in measuring generated in¬ 
terference must be chosen according to the type of interference to be 
measured, so the generator used in susceptibility tests must be chosen 
according to the type of response of the receiver. Since any type of in¬ 
terference may be present, the susceptibility of a receiver should be 
tested with a signal of the type which causes the greatest response. 

Since all receivers terminals in some kind of output device 
capable of responding to interference, the simplest and most direct 
means of detecting the presence of interference is by using the output 
equipment normally installed. 

If all the electrical components of a system are of proper de¬ 
sign and have been correctly installed, inter-system interference should 
be below an acceptable level for all susceptible components. The "Gen¬ 
eral Acceptance Tests" set forth in military specifications cover much 
of this area. Equipments which do not meet these requirements must go 
back for re-work and then be subjected to detailed tests of a quantitative 
nature. The general acceptance tests have the additional advantage of 
testing both the efficacy of the sources and the susceptibility of the re¬ 
ceivers during the same measuring process. 

The procedures just described are of little help to the manu¬ 
facturer who wants information about a single component before it is in¬ 
stalled. Hence, test instruments have been constructed and procedures 
have been set up to enable the manufacturer to evaluate his product in a 
way which, as much as possible, insures satisfactory performance. The 
best guarantee is for those in charge of design to become familiar with 
the latest issues of military specifications. 

X THi ROLE OF SPECIFICATIONS 
AND STANDARDS IN RFI REDUCTION 

The basic objective of all RFI specifications and standards of the 
military services is to insure the operational compatibility of components, 
communications systems, weapons systems, etc., through measurement 
and control. 

The introduction of military specification MIL-I-26600 and others 
dealing with acceptable levels of conducted interference, radiation, and 
susceptibility, has done much to make systems engineers and design en¬ 
gineers aware of the consequences of RFI. Unfortunately, in many in¬ 
stances, the system is designed and constructed without any thought being 
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given to the applicable RFI specification until after the system is com¬ 
pleted and its functional requirements have been met. Usually when the 
finalized equipment is tested, it fails to meet the RFI specification, and 
subsequently requires expensive modification. 

The design engineer must keep in mind that the limits set by the 
military specifications are reasonable and necessary. In all cases, actual 
limits were imposed only after careful study and the accumulation of a 
vast amount of experience. It is usually found that, as soon as deviations 
are granted, the final product is again unsatisfactory, and much time and 
money is again wasted in order to make the necessary "fixes. " Frequent¬ 
ly, it is found that more time is lost by this procedure than was gained 
by granting the deviations; and the final product is never as satisfactory 
as a design that met the specifications from the beginning. 

The most complicated problem in carrying out an effective in¬ 
terference control program is making the various echelons of subcon¬ 
tractors and suppliers aware of interference problems and their govern¬ 
ing specifications. Strict and persevering control must be exercised in 
procurement of subassemblies and components which, when mated into 
the assembly, can give rise to sometimes unpredictable sources of in¬ 
terference. The prime contractor has the dual task of orienting his sup¬ 
pliers toward RFI-proof design and fabrication practices, and of becom¬ 
ing thoroughly cognizant himself of the relationship of interference arisin 
in the basic subassemblies and the subsequent propagation of this inter¬ 
ference through his equipment. He should give as much attention to 
specifications stating limits of RFI as he does to those setting forth re¬ 
strictions on other interconnecting factors such as reliability, tempera¬ 
ture, and vibration. 

2. 1 MILITARY SPECIFICATIONS 

Along with the expanding scope of RFI control technology over 
the past decade has come a corresponding increase in military specifica¬ 
tions on RFI. Where early specifications concerned themselves only with 
outgoing interference from an equipment, currently released specifica¬ 
tions include restrictions in regard to other aspects of RFI, such as 
susceptibility of equipment, antenna-conducted interference, and inter¬ 
modulation. Even present day regulations lean much more heavily on the 
outgoing aspects of RFI than on susceptibility. This is because the state-
of-the-art in radiation measurements is more advanced than that of sus¬ 
ceptibility measurements 
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Additionally, military specifications have sought to keep pace 
with the "spectrum explosion" and therefore have embraced the wider 
frequency spectrum now in use. This has produced a ten-fold increase 
in the high end of the frequency bands from that heretofore encompassed 
by military specifications. 

2.2 FEDERAL COMMUNICATIONS COMMISSION REGULATIONS 

The Federal Communications Commission Regulations differ 
from military specifications in many areas. Most important of these is 
that the FCC has enforcing power, to the extent that cases of RFI in ex¬ 
cess of FCC stated restrictions can result in the shut-down of the offend¬ 
ing source. It has the legal responsibility for RFI control. Additional 
power is granted in that it is able to step in for regulatory action in those 
areas where specific FCC rules have not yet been evolved, and it enjoys 
discretional capability in all areas of interest with respect to RFI con¬ 
trol. 

Unlike the control effect of military specifications, the FCC 
rarely has power over a manufacturer who is developing what may re¬ 
sult in a potential source of RFI; but rather its rules apply only to the 
user. Therefore, in military equipment, the use of RFl-free techniques 
for development and fabrication is required by the military specification, 
but when the equipment is in operation, the FCC is primarily responsible 
for the perpetuation of interference-free practices through its monitoring 
and enforcing functions. 

It can be seen that the control of the commercial manufacturer 
is quite different from the military one. Other than following FCC 
recommendations concerning RFI-proof design, he is subject to no RFI 
control requirements. Only when the individual user violates good in¬ 
terference control practice can the FCC utilise its regulatory powers 

Finally, FCC control cannot, by nature, extend into the aspects 
of equipment susceptibility; rather its regulations cover outgoing radia¬ 
tion only. This, when coupled with the presently incomplete control over 
equipment susceptibility in the design phase by military specification, 
causes a lack of effective control which places a significant obstacle in 
the road to obtaining electromagnetic compatibility. 

The comprehensiveness of the FCC« role in RFI control is best 
demonstrated by citing some examples of the area in which it performs 
its functions. Besides its routine control over licensed operations, the 
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FCC takes measurements and sets limits in three general categories: 
incidental radiation devices, restricted radiation devices, and ISM 
(Industrial, Scientific and Medical) equipment. 

Control over incidental radiation devices, that is, those whose 
RF radiation is unintentional, varies, necessarily, from case to case. 
Such mechanisms as electric motor«, auto ignition systems, fluorescent 
lights, and electric razors can be regulated only on a complaint basis, 
and the FCC has the right to enforce modification or shut-down when 
their RFI problem is serious. 

Restricted radiation devices are those unlicensed sources that 
make use of RF energy intentionally but which may permit its escape 
through radiation or conduction along wires. Radio receivers, carrier 
current systems (such as community TV antennas and campus radio), 
and low power communications (like garage door openers) are examples 
of this category. More strict regulation is possible here; all three types 
are subject to stringent output limitations. In addition, TV and FM re¬ 
ceivers are being provided with FCC certifying seals to help the public 
avoid receivers that are apt to have an RFI problem. Overriding these 
regulations is the general requirement that output from devices of this 
type shall not exceed 15 microvolts per meter at a distance of \/Z* 
meters. 

The operation of ISM equipment, which is defined as any device 
that uses electromagnetic waves for industrial, scientific, or medical 
purposes, is also unlicensed but closely controlled by the FCC. There 
are general conditions of operation for all ISM-type gear and additional 
restrictions on individual source types. The four major devices under 
this heading are diathermy equipment, induction and dielectric heaters, 
ultrasonic apparatus, and RF stabilized arc welders. 

The general regulations allocate specific frequency bands for 
ISM use with no radiation limits, additionally, radiation is permitted out¬ 
side these bands, but with strictly regulated limitations. 

Control over diathermy, industrial heaters, and ultrasonic ap¬ 
paratus have been specified and in operation for many years, but the 
problems of regulating RF stabilized arc welding are still unresolved 
by the FCC. This energy is broadband and subject to wide fluctuations 
in load conditions. The wide use of portable arc welders adds the vari¬ 
able of operating environment, and makes standardization difficult 
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Pending the adoption oí permanent rule» governing this type oí radiation, 
arc welders are temporarily subject to the limits now applied to industrial 
heating equipment. 

3. DEFICIENCIES IN MILITARY SPECIFICATIONS 
AND STANDARDS 

3.1 MILITARY SPECIFICATION MIL-1- 26600 

Deficiencies in specifications dealing with the measurement of 
both radiation and susceptibility may be a source of difficulty to the system 
engineer seriously interested in preventing RFI by proper original design, 
rather than by remedial measures. 

As an indication of the extent of the problem, consider the follow¬ 
ing two paragraphs from MIL-I-26600. 

The first paragraph is (4. 3. 2) Radiated Interference; it states: 

"Radiated interference fields in excess of the values given in 
figures 6, 7, 8 and 9 shall not radiate from any unit, cable (including 
control, pulse, IF, video, antenna transmission and power cables) or 
interconnecting wiring over the frequency range oí 0. 15 to 10,000 me for 
CW and pulsed CW interference and 0. 15 to 400 me for broadband impul¬ 
sive interference. This requirement includes the transmitter fundamental, 
spurious radiation, oscillator radiation, other spurious emanations and 
broadband interference. This does not include radiation from antennas. " 

Paragraph (4. 3. 4. 2) on Radiated Susceptibility states: 

"No change in indications, malfunctions or degradations of per¬ 
formance shall be produced when the equipment is subjected to a radio 
frequency field. This field shall be established with a signal generator 
driving the antenna listed below. Care shall be taken to use matching 
networks when required. The voltages specified are those calculated to 
exist across the antenna terminals. The test setup is shown in Figure 
26 for the rod antenna and is similar to Figures 16 and 17 for the other 
antennas, with the signal source replacing the interference meter. 

Frequency 

0. 10 to 25 me 
25 to 35 me 
35 to 1000 me 

1000 to 10, 000 me 

Mic revolts 

100,000 
100.000 
100,000 
100,000 

Antenna 

4 1 inch rod 
35 me dipole 
tuned dipole 
non-directive antennas" 
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First, consider the implications oí the paragraph on radiated 
interference, (4. 3. 2) which, incidentally, uses the same antenna setup 
as required by paragraph (4 3. 4. 2). It should be noted that the drawings 
which show how these radiated fields are to be measured indicate a stan¬ 
dardized arrangement which is used regardless of the configuration be¬ 
ing tested. No consideration is given to the fact that the RFI polarization 
might be different from the antenna polarization for some equipments but 
not for others. This means there could exist two equipments that both 
meet the specification and yet one of them could radiate much more 
energy than the other. A careful examination of all the conditions for 
the measurement of radiated interference shows additional cases where 
similar situations could result. This is not to be construed as a condem¬ 
nation of the specification, however. The problem of spurious and leak¬ 
age radiations from all classes of equipments is a very complex one and 
to be solved exactly would require a different measurement setup for each 
different type of equipment, which, of course, would be undesirable. The 
present specification has evolved as a means of standardizing all radiated 
interference measurements so that measurements made on an equipment 
at one facility can be compared with those made at another. Admittedly, 
there is a certain degree of arbitrariness inherent in these setups, but 
until a better arrangement can be established, this method of measurement 
must be employed. An intensified study into economical means by which 
measurements can be carried out without these limitations would yield 
great benefit. 

The fact that standardization is yet to be applied to the sus¬ 
ceptibility aspect of RFI control, especially in its broadband aspect, is 
itself complicated by these sarm arguments. It should be noted that this 
situation is due less to any oversight than to a definite limitation in the 
state-of-the-art of acceptable signal generators. High-powered, broad¬ 
band noise or impulse generators do not exist which have the precision 
requisite for repeatable, standardized measurements. The only possible 
way to test susceptibility at the present time is to apply the highest prac¬ 
tical CW signal to the antennas specified and noting any degradation in 
performance. The adaptation of high-powered noise and pulse generators 
for incorporation into a military specification to allow broadband suscepti¬ 
bility measurement would be an important step in filling this lack. 

The lack of any definition in MIL-I-26600 of the relationship be¬ 
tween the amount of radiated interference that one equipment generates 
and the susceptibility of another equipment to this same radiation is the 
result of many other factors in addition to those noted above. Among them 
are the following: 
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a. a lack of knowledge of the incident field strength on the 
susceptible equipment, since the specification defines only the voltage 
that should exist across the antenna terminals. 

b. the lack of knowledge of the exact part of the susceptible 
equipment that responds to the incident energy, 

C. the lack of knowledge of the mechanism and location ol 
the radiated interfering energy. 

Because of these factors, it is necessary, when designing a system that 
will not interfere with itself, to make more specific tests than are out¬ 
lined in the specification. For any specific equipment, all these factors 
are determinable, but they require measurements far beyond MIL-I-26600. 

3.2 MILITARY SPECIFICATIONS IN GENERAL 

Recent detailed analyses of the military specification aspect of 
RFI control have yielded a wide spectrum of constructive criticisms and 
suggestions in addition to those already noted concerning amplification of 
susceptibility measurement and control. The following four ideas stand 
out as most important: 

a. Augmenting of Test Procedures 

Existing specifications on RFI suppression are based on 
the point-by-point method of measurement, which involves nothing more 
than searching and measuring, incrementally, the frequencies and modu¬ 
lations of interest. This method is valuable for measuring CW interfer¬ 
ence and also, but to a lesser degree, for measuring broadband inter¬ 
ference, provided that each frequency is analyzed separately. The advan¬ 
tages in augmenting this approach with the use of a broadband VTVM 
peak-type detector circuit are worth attention; a single readout such as 
this would be an instantaneous check-out of an applied RFI reduction 
method. Another addition to the current procedure could make use of a 
frequency sweep presentation; this would obviate the large number of 
point-by-point measurements now required over an extensive frequency 
range. 

b. Classification of Test Equipment and Procedures 

Presently, military specifications are not detailed enough 
to clarify which test equipment is the most effective for measuring which 
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source of RFI. Thus, systems requiring high reliability are tested in 
the same manner as low-reliability commercial items not involved in 
very strict RFI control environments. One of two possibilities exist 
in these cases: expensive over-design if the tolerances are strict, or 
malfunctions, if they are not. 

c Compliance Criteria 

There is, at present, a distinct gray area between abso¬ 
lute acceptance of an item and absolute rejection, based on existing RFI 
specification limits. Into this region fall many systems and components 
which, in general, meet the requirements but which exceed interference 
tolerances at isolated spots by a small value. Under the existing speci¬ 
fications they should be rejected entirely; however, in practice waivers 
of the specifications are granted because of urgency or the estimated 
added expense of further RFI suppression measures. Criteria are re¬ 
quired which would establish general, as well as specific, guide-lines 
by which systems or components could be accepted or rejected depend¬ 
ing on the relative importance of the offending parameter. 

d. Field Measurements 

A de-emphasis on RFI measurements in the field, with 
an emphasis on making these same measurements in a shielded room, 
is a current trend. It is true that many equipments do not lend them¬ 
selves to shielded-room measurement; for example, those which are 
very large or whose operational characteristics dictate a certain field 
environment. However, the blanket specification requiring field 
measurements can be supplanted, in a great many cases, by a clarifi¬ 
cation of the exact needs of the operational and testing environment. 
If this were done, the great advantages inherent in shielded enclosures 
could be realized. The two most important factors are: (1) that the 
screen room provides, in many cases, a more realistic physical en¬ 
vironment; e. g. , the metal structure to be expected in missiles and air¬ 
craft, and (2) that the enclosure serves to confine the area of measure¬ 
ment, both physical and electrical, and excludes outside interference, 
thus yielding a quicker and more positive identification of the RFI source. 

4. INTERFERENCE SPECIFICATION COMPARISON 

4.1 GENERAL 

In this section a brief discussion is presented of the specifica¬ 
tions that are in effect for controlling the measurement and suppression 
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oí interference in communications-electronics (C-E) equipments from 
other C-E equipments and electrical equipments. Special emphasis is 
given to the more comprehensive specifications utilized by the military 
services and the FCC. (See Appendix V for a reprint of all specifica¬ 
tions and standards discussed in this section). 

Figure 4-1 is a listing in tabular form of the specifications that 
cover measurements, suppression, and shielded enclosures. This figure 
is intended to provide a quick comparison of the specifications that a 
contractor may be required to meet when manufacturing a component or 
system for the government. The measurements required by each speci¬ 
fication were generalized for inclusion on the chart. 

4.2 MIL-I-418ID 

MIL-I-618ID (which superseded MIL-I-006181C) was originated 
in November 1959. This specification is mandatory for use by the Depart¬ 
ment of the Army, Navy, and Air Force; the Signal Corps is custodian of 
the specification. The specification covers the design requirements, test 
procedures, and limits of interference for electrical and electronic equip¬ 
ment to be installed or closely associated with aeronautical equipment in 
the frequency range of 150 kc to 10,000 m:. 

Four categories of military test equipments and their commercial 
equivalents are included in the specification. Test setups are shown in 
pictorial form for each general measurement to be performed and the ac¬ 
ceptance limits are included in graphical form. The specification does 
not include the suppression procedures to be undertaken if the equipment(s) 
under test fails to meet the acceptable limits. In addition, a sample out¬ 
line is included for preparing a test plan and test report. 

The measurements to be performed under this specification in¬ 
clude conducted, radiated, antenna conducted, and susceptibility measure¬ 
ments. The conducted interference measurements are performed in the 
frequency range of 150 kc to 25 me. The conducted interference level is 
measured on all power leads and any other connecting leads between equip¬ 
ments under test. 

Radiated interference measurements are made in the frequency 
range of 150 kc to 10,000 me for CW and pulsed CW interference, and 
from 150 kc to 400 me for broadband interference. Measurements are 
made at all cables, antenna leads, power cords, cases, etc. The measure¬ 
ments must include radiations at the fundamental and harmonic frequencies, 
oscillator frequencies, and other spurious frequencies that may be en¬ 
countered. 
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Antenna conducted interference is any interfering signal that 
can be measured at the antenna terminal. Transmitter key-up and re¬ 
ceiver measurements are conducted in the frequency range 150 kc to 
10, 000 me. Measurements are usually made up to the 20th harmonic 
or 1000 me, whichever is higher, but not above 10,000 me. These 
measurements include both receiver local oscillator radiations and 
other transmitter radiations under key-up conditions. 

Transmitter key-down measurements are conducted under 
normal operations except the transmitter is operated into a dummy load. 
These measurements are made in the frequency range of 150 kc to 
10, 000 me and include checking oscillator fundamental and harmonic 
frequencies, frequency multiplier outputs, BFO outputs, crystal saver 
circuits, etc. Normal measurements are made through the 10th har¬ 
monic or 1000 me, whichever is higher, but not to exceed 10,000 me. 
The second and third harmonics must be 60 db below the fundamental 
output power, and all other harmonics and spurious outputs 80 db be¬ 
low fundamental power output. 

Interference susceptibility measurements are performed on 
equipments under this specification. RF conducted susceptibility is 
measured in the frequency range of 150 kc to 10,000 me. no degradation 
in performance may be noted when a 100, 000 ^v signal is applied to the 
test sample over the entire frequency range. AF conducted susceptibility 
is measured in the frequency range of 50 to 15, 000 cps; no degradation 
in performance may be noted when a 3-volt rms signal is applied to the 
test sample over the frequency range. No degradation in performance 
is permitted when a 100, 000 pv RF signal is radiated over the frequency 
range of 150 kc to 10,000 me from a signal generator, the input and out¬ 
put of the equipment under the test are shielded. 

Receiver intermodulation tests are performed over the entire 
frequency range. Two signal generators are used that have a dynamic 
range of 100 db (Ipv into 50Q) and separated by a frequency that corres¬ 
ponds to the test frequency. Receiver front end rejection measurements 
are made by tuning a signa', generator set at 80 db above mds over the 
frequency range of 150 kc to 10. 000 me and monitoring the output for any 
undesirable response. 

4.3 MIL-I-26600 

MIL-I-26600 was originated in June 1958 and the latest amend¬ 
ment is dated 9 May 1960; this specification is used by the Department 
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of the Air Force. The specification covert the design requirement«, in¬ 
terference test procedure«, and limits for electrical and electronic aero¬ 
nautical equipment including ignition systems, to be installed in or associ¬ 
ated with weapon systems or support systems. The amendments to the 
specification include limits and requirements for machine tools and 
electrically powered portable hand tools. This specification contains the 
same limits, measurements, equipment layout, etc. as discussed under 
MIL-I-6181D, with the exception that no military measuring equipments 
are specified for performing the tests. 

4.4 MJL-I-16910A 

MIL-I-16910A was originated in August 1954 and the latest amend¬ 
ment is dated November 1957. This specification is used by the Depart¬ 
ment of the Navy and covers methods for use in the measurement of in¬ 
terference produced by electrical, electronic, and mechanical equipment 
in the frequency range of 14 kc to 1000 me. The specification includes 
the maximum allowable limits that may be conducted, radiated, or antenna 
conducted from C-E equipments and radiated and conducted interference 
levels from engines and other rotating machinery. 

The radiated, conducted, and antenna conducted measurements 
are similar to the measurements that were discussed under MIL-I-6181D 
Interference must be measured on the inside and outside of vehicles to 
determine the radiated and conducted interference level« Engines and 
rotating machinery included in this specification are tanks, armored cars, 
half-track vehicles, tractors, motor transport vehicles, and motorcycles. 

The interference levels are specified in levels of pv/m/kc of 
bandwidth. The measurement setup« are shown in pictorial form for 
each general measurement. Military interference measuring equipment 
is specified and the performance characteristics of the measuring equip¬ 
ment are included. 

Amendment 2, the most recent supplement of MIL-I-16910A, re¬ 
quires measurements on the equipment spectrum signature. The test 
must be performed for all equipment operating functions over the fre¬ 
quency range of 14 kc to 1000 me. 

4.5 MIL-I-11748B 

MIL-I-11748B was originated in November 1958 and amended 
in June 1959; this specification is used by the Department of the Army. 
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This specification covers the interference limits, tests, and design re¬ 
quirements for the reduction of interference emanation, and suscepti¬ 
bility to such emanation, over the frequency range of 14 kc to 36,000 me, 
for all electrical and electronic systems of ground vehicles, engines, 
engine driven equipments, railroad rolling stock, water craft, and air 
vehicles. 

The specification delineates acceptance limits of the interfer¬ 
ence levels, and general test hookups are shown in block diagrams. 
Interference tests conducted under control of this specification include: 
case radiated, conducted for power source and load lines, antenna termin¬ 
al conducted, powerline conducted susceptibility, receiver front end re¬ 
jection. susceptibility to case radiation, harmonic and spurious outputs 
of transmitter, transmitter sideband splatter, transmitter key-up radia¬ 
tions, radiated and conducted interference from equipments not designed 
to radiate power, and the necessary suppression items that may be used 
to eliminate interference. Measuring equipments are specified, and a 
general discussion is included for the general equipment specified. The 
selection of test frequencies is discussed, and additional data is included 
on the general test conditions. 

4.6 MIL-E-4957A 

MIL-E-4957A (which supersedes M1L-E-4957 and MIL-E-8669) 
was originated in November 1954 and amended in February 1956. This 
specification has been approved by the Department of the Air Force and 
the former Naval Bureau of Aeronautics. The specification covers 
shielding enclosures (screen rooms) which are to provide a minimum of 
100 db of attenuation to electromagnetic fields within the frequency range 
of 100 kc to 10,000 me. 

The specification describes the materials, parts design, and 
construction required of the screen room. Detailed requirements are 
included for inspecting and testing and screened enclosure. Pictorial 
diagrams are included that show the test setups with respect to the 
screened enclosure. Additional data is provided to enable the contractor 
to build power sources required to test the screened enclosure. 

The shielded enclosure provided by this specification is intended 
to provide an interference-free enclosure for the operation, testing, and 
alignment of electronic equipment. The completed assembled enclosure 
is intended to attenuate electromagnetic fields from internal or external 
sources that cause undesirable interference with the test and alignment 
or operation of all types of electronic equipment. 
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4.7 MIL-STD-285 

MIL-STD-285 (which supersedes MIL-A-18123) was originated 
in June 1956. This standard is mandatory for use by the Departments 
of the Army, Navy, and Air Force. This standard covers a method of 
measuring the attenuation characteristics of electromagnetic shielding 
enclosures used for electronic test purposes over the frequency range 
100 kilocycles to 10,000 megacycles. This standard covers the same 
tests and limits as discussed under MIL-E-4957A, with the exception 
of construction details which are not specified. 

4 8 MIL-STD-449A 

MIL-STD-449A (which supersedes MIL-STD-449 and MIL-STD-
752) was originated in October 1961. This standard has been approved 
by the Department of Defense and is mandatory for use by the Depart¬ 
ments of the Army, Navy, and Air Force. This technical standard es¬ 
tablishes uniform measurement techniques that are applicable to the de¬ 
termination of the spectral characteristics of radio-frequency transmit¬ 
ters and receivers The utlimate goal is to insure the compatibility of 
present and future systems. The data obtained from the measurements 
described in the standard will be utilized to predict the performance of 
equipment and systems in an operational electromagnetic environment 
and the effect of a particular equipment or system on the electromagnetic 
environment of other equipments and systems. This standard applies to 
equipment and systems designed to either emit or respond to electro¬ 
magnetic energy from 0. 01 to 12, 000 me. 

The general spectrum characteristics measurements specified 
in this standard are: (1) Radio frequency output at equipment terminals, 
(2) Antenna radiated RF output, (3) Receiver susceptibility, and (4) The 
environmental operational level. 

The standard specifies characteristics and accuracies of the 
equipments to be used in testing. Block diagrams are included for the 
various test setups. The standard requires that the following data be ob¬ 
tained on transmitters: power output, spurious emissions, emission 
spectrum, modulation characteristics, intermodulation, modulator 
bandwidth, and carrier frequency stability. The data to be obtained on 
receivers includes the following: sensitivity, selectivity, spurious 
responses, overall susceptibility, intermodulation, adjacent signal in¬ 
terference, pulse desensitization, CW desensitization, dynamic range, 
and oscillator radiation. In addition to the transmitter and receiver 
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testa, the antenna patterns must be obtained at the fundamental and all 
harmonic frequencies (up to 12 gc) of the antenna in the azimuthal and 
vertical planes. 

4.9 MIL-S-5786 

MIL-S-5786 (which supersedes USAF No. 32331-A) was origin¬ 
ated in June 1950. This specification is used by the Department of the 
Air Force and describes the requirements for one type of radio frequen¬ 
cy noise suppressor, designed to provide a minimum of 40 db of voltage 
attenuation from 200 kc to 20 me. The specification describes the mech¬ 
anical and electrical test limits that the suppressor will be required to 
meet. 

The suppressor covered by this specification is intended for 
use in aircraft to attenuate the radio frequency noise influence voltage 
throughout the electrical system. 

4.10 MIL-I-9622 

MIL-I-9622 was originated in February 1958 and is used by 
the Department of the Air Force. This specification covers one type 
of mutual radar interference blanker, designed as Interference Blanker 
Group AN/GPA-28( ). The AN/GPA-28 Blanker Group is used with 
normal and MTI radar sets to eliminate radar interference from one 
radar set to another by blanking out the interfered-with set during the 
time interference would be received. 

This specification is essentially a design spec for the blanker, 
and operating requirements are detailed for the various subassemblies. 
Also included in the specification are the system operational tests, en¬ 
vironmental tests, and mechanical tests required for inspection and ac¬ 
ceptance of the end item. 

4.11 MIL-S-10379A 

MIL-S-10379A (which supersedes MIL-S-10379) was originated 
in July 1951 and amended in July 1952. This specification was approved 
by the Departments of the Army, Navy, and Air Force for use of the pro¬ 
curement services of the respective departments. This specification 
covers the requirements for radio interference suppression within the 
frequency range of 0. 15 to 1000 me, for all internal combustion engine-
driven vehicles, tactical and nontactical procured by the Ordnance Corps 
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for all the service« to permit satisfactory reception of intelligence with 
high sensitivity C-E equipment installed in or adjacent to a vehicle. 

The following types of vehicles shall conform to this specifica¬ 
tion: self-propelled vehicles which receive C-E equipment, tanks, 
armored care, self-propelled cannons, half-tracks, motor transport 
vehicles, high-speed tractors, and motorcycles. Additional vehicles 
may be required to meet the specification if required by the contract. 
These vehicles include excavators, road graders, fork-lift trucks, 
slow-speed tractors, railroad equipment, etc. 

Radiated measurements (inside and outside the vehicle) are re¬ 
quired under this specification. In addition, interference levels that 
may be measured between any pair of terminals supplying power to 
C-E equipment are specified. Interference limits are given in tabular 
form for each frequency range covered by the specified military sets 
of RFI measuring equipment. Test setups arc shown in pictorial views 
for various vehicles. This specification discusses the various suppres¬ 
sion methods that must be followed in reducing the interference to the 
specified levels. 

The contractor is required to submit a pilot model of each 
vehicle for inspection and test of the suppression system to the procur¬ 
ing activity. 

4.12 MIL-I-116838 

M1L-1-11683B (which supersedes MIL-1 - 1 1683A) was originated 
in January 1956 as a Limited Coordination Military Specification by the 
Department of the Army (Sig C). The specification covers the require¬ 
ment for radio interference reduction in the frequency range of 0. 15 to 
1000 me for all internal combustion engine-driven generators, and all 
miscellaneous internal combustion engine-driven equipment (except 
equipments covered by Military Specification MIL-S- 10379A) to permit 
satisfactory reception of intelligence with high sensitivity C-E equipment 
located adjacent thereto or electrically powered thereby. 

Radiated and conducted interference measurements must be per¬ 
formed on the following equipments: All engine-driven generators and 
associated electrical equipment and all types of engines used to power or 
drive such miscellaneous equipments as bulldozers, cranes, graders, 
rollers, fork-lift trucks, compressors, laundry unit pumps, etc., in¬ 
cluding the electrical equipment associated with these units. 
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Interference limits and measurements vary for the various types 
of equipment. The RFI measuring equipments are specified, and sketches 
show the required antenna location and position for the various tests. The 
types of suppression that may be utilized to reduce the interference levels 
are also included in the specification. The manufacturer of the equipment 
is required to submit pilot models to the government for testing. Typical 
suppression systems are shown that may be used to reduce the interfer¬ 
ence levels on various types of engines. 

4.13 MIL-E-6051C 

MIL-E-6051C (which supersedes MIL-I-006051 B) was originated 
in June 1960 and has been approved by the Department of Defense and is 
mandatory for use by the Departments of the Army, Navy, and Air Force. 
Thia specification outlines design requirements and test procedures 
necessary to control the electronic interference environment of weapon 
systems, associated electronic and electrical subsystems, and aircraft. 

Interference produced by the weapons system shall be controlled 
to eliminate undesired interaction and malfunctioning of all electronic and 
electrical subsystems regardless whether the ultimate output of the sub¬ 
system is electrical, aural, video, or mechanical. This requirement 
applies to the entire frequency range of the installed subsystem and those 
for which complete installation provisions have been made. 

The contractor is required to submit, within 90 days after ap¬ 
proval of the weapons system by the procuring activity, a detailed plan 
outlining his interference control program, the engineering design pro¬ 
cedures, and techniques that will be used in complying with this specifi¬ 
cation. All support systems and subsystems shall incorporate interfer¬ 
ence control requirements in accordance with the applicable sections of 
either MIL-I-6181D or MIL-I-26600. 

This specification includes requirements for bonding, shield¬ 
ing. and interference control components. Test locations and measur¬ 
ing equipment requirements are specified. Additional details include 
data on the electrical-electronic compatibility test of the system, specifi¬ 
cation compliance test system, general acceptance test, and levels of un¬ 
acceptable response. 

4.14 MIL-F-15733D 

MIL-F-15733D (which supersedes MIL-F-15733C and MIL-F-
18344A) was originated in March 1960 and amended in April 1961. 
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The specification ha* been approved by the Department of Defense and 
is mandatory for use by the Departments of the Army, Navy, and Air 
Force. The specification covers the general requirements for current¬ 
carrying filter (ac and de), for use primarily in the reduction of broad¬ 
band radio interference. 

The specification contains design and construction details, 
qualification inspection requirements, acceptance inspection require¬ 
ments, teat methods, and delivery instructions. The detailed test re¬ 
quired for qualification and acceptance inspection include the following: 
flashpoint of impregnant, visual and mechanical examination, seal, 
capacitance to ground, temperature rise, dielectric breakdown, insula¬ 
tion resistance, voltage drop, insertion loss, overload, terminal strength, 
vibration, moisture resistance, life, effect of soldering, salt spray, and 
temperature and immersion cycling. 

Supplement I to MIL-F-15733D was dated March 1960 and con¬ 
tains detailed design and construction data on 8 styles of filters. 

4.15 MIL-I-16165D 

MIL-I-16165D (which supersedes M1L-R- 16165C) was originated 
in August 1961. This specification is used by the Department of the Navy, 
Bureau of Ships. The specification covers requirements for interference 
shielding items and shielded harnesses for engine electrical systems 
aboard Naval vessels, at advanced bases, and in the vicinity of electronic 
installations. It includes the allowable interference limits for such items 
and the permissible limits for auxiliary devices normally installed on 
electrical wiring systems associated with these engines. 

Interference shielding items furnished under this specification 
have passed the following qualification tests: torque, vibration, inter¬ 
ference, temperature tests, corrosion resistance, salt spray, interfer¬ 
ence check, cable terminal assembly temper ature test, and interference 
tests at the plant of the equipment builder. Interference tests are per¬ 
formed in accordance with the applicable sections of MIL-I- 16910A, and 
the limits of the interference check test are also referenced to MIL-I-
16910A. Information is included on requirements of the individual items 
comprising the shielded items and harnesses including cables, connectors, 
gaskets, fittings, fastening devices, etc. 

4 16 Mll-l-17623 

This specification was originated in September 19S3. with the 
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latest amendment dated July 1957, and was adapted for use by all in¬ 
terested Bureaus of the Navy Department and the Marine Corps. This 
specification covers the radio interference requirements associated with 
electric office machines, printing, and lithographic equipment. 

Conducted interference measurements are required over the 
frequency range of 150 kc to 20 me, and radiated interference measure¬ 
ments are required over the frequency range of 14 kc to 1000 me. Con¬ 
ducted interference limits are specified for any radio interference volt¬ 
age appearing on the external power conductors or on any external sys¬ 
tem connection. Interference radiated from any unit, cable (including 
control and input power cables) or interconnecting wiring of the equip¬ 
ment shall not exceed the specified limits. 

The operating conditions that must be tn effect when the measure¬ 
ments are conducted are specified. The equipment interconnections are 
shown in pictorial form for various teste. Equipments and antenna orien¬ 
tation and positioning are also specified. The following is a partial list 
of equipments that are covered by this specification: 

accounting machines 
adding machines 
calculating machines 
cash registers 
folding machines 
multilith equipment 

4.17 MIL-I-25171 

postage meters 
dictating machines 
stapling machines 
time recorders 
typewriters 
varitypes 

MIL-I-25171 was originated in March 1955 and is used by the 
Department of the Air Force. This specification covers interference 
limits applicable to aircraft being modified or reconditioned. The speci¬ 
fication requires that there shall be no undesired response from electron¬ 
ic receivers above the area noise level, or malfunctioning of other elec¬ 
tronic equipment, due to radio interference produced by any or all 
electrical, electronic, and other equipment of the aircraft, when tested 
as specified. This requirement applies to the entire frequency range of 
all installed electronic equipment and to the entire frequency range of 
all electronic equipment for which complete installation provisions have 
been made. 

The measuring equipment is the same as the equipment in use 
in the aircraft, or its equivalent. Methode and materials are specified 
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for suppressing or eliminating the interference. The teat conditions and 
procedures that must be followed while performing the test are specified. 

4 18 MIL-STD-220A 

MIL-STD-220A (which supersedes MIL-STD-220) was originated 
in December 1959. Thia atandard haa been approved by the Department 
of Defense and is mandatory for use by the Departments of the Army, 
Navy, and Air Force. The standard describes a method of measuring, 
in a 50-ohm system, the insertion loss of feed-through suppression 
capacitors, and of single- and multiple-circuit, radio-frequenc y filters 
at frequencies up to 1, 000 me. 

The test circuit required for measuring the insertion lose is 
specified, also, the RF-dc-insertion-loss-measuring equipment is shown 
in detailed plans. All test equipment must be well shielded and filtered 
to the extent that leakage, either conducted or radiated, from the signal 
generator or any portion of the signal source circuitry shall not affect 
the output of the receiver when operating at the output level and sensi¬ 
tivity needed to make the measurement. 

4.19 MIL-B-5087A 

MIL-B-5087A (which supersedes MIL-B-5087) was originated 
in July 1954 and amended in January 1958. This specification has been 
approved by the Department of the Air Force and the former Naval 
Bureau of Aeronautics. This specification provides requirements for 
the application and testing of electrical bonding on all-metal aircraft. 
For aircraft which are not of all-metal construction, the bonding re¬ 
quirement will be determined by the procuring activity. 

The specification specifies the material and parts required 
to provide a satisfactory bond. The purposes of bonding, the applica¬ 
tion of bonding, and the extent of bonding required in particular applica¬ 
tions are discussed. Detailed requirements are specified for bonding 
in the following applications: Bonding for lightning protection, bonding 
to provide power-current return paths, bonding of antenna installations, 
bonding to prevent the development of RF potentials, bonding to prevent 
shock hazards resulting from equipment internally power faulted, and 
bonding to prevent the accumulation of static charge. Examples are 
given for objects that require bonding; the requirement and reason for 
the bond is also specified. 
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4.20 FCC PART 15 

FCC Part 15 governs the restricted and incidental radiation de¬ 
vices that emit RF energy on frequencies within the radio spectrum and 
constitute a source of harmful interference to authorized communica¬ 
tions services. This part contains rules that specify under which con¬ 
ditions the operation of incidental and restricted devices may operate 
without a license. No incidental or restricted radiation device that fails 
to conform to FCC Part 15 or which causes harmful interference may be 
operated without a station license. This part defines the radio spectrum 
as existing between 10 kc and 3.000.000 me. Items governed by this 
rule include incidental radiation devices (a device not intentionally de¬ 
signed to generate RF energy), radio receivers, community antenna 
television systems, and low power communication devices such as wire¬ 
less microphones, phonograph oscillators, radio controlled garage 
door openers and models. Measurement procedures and interference 
limits are specified for the various items governed by this specification. 

4.21 FCC PART 18 

FCC Part 18 contains the requirements whereby any medical 
diathermy equipment, industrial heating equipment, or miscellaneous 
equipment may operate without a license. Medical diathermy equipments 
include any apparatus which transmits RF energy for use as therapeutic 
purposes, and industrial heating equipment includes any apparatus which 
transmits RF energy for use in industrial heating operations utilized in 
a manufacturing or production process. Miscellaneous equipments in¬ 
clude those equipments where RF energy is applied to materials to pro¬ 
duce physical, biological, or chemical effects such as heating ionization 
of gases, mechanical vibrations, and hair removal. Additional equip¬ 
ments governed by this rule include, electronic ovens. RF neon signs, 
ultrasonic equipment, arc welders, epilators, etc. 

Detailed measurement requirements are specified for the 
various equipment categories, including operating condition of the 
equipment while the tests are being conducted. The interference 
levels that determine whether or not a station license is required are 
also included. The frequency range governed by this rule extends from 
10 kc to 30. 000 me. Although a station license is not normally required 
under all circumstances, a certificate of compliance may be required 
by the Commission. 
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SYMBOLS APPENDIX I 

A Amplifier gain 
A Effective area 
A Emissive surface 
A Propagation factor for other than free apace line-of-sight 
A Penetration or absorption loss in db inside the barrier 
A Effective aperture cf antenna 

A Amplification occurring between the point where the interference 
is introduced and the output, with feedback 

A(f) Receiver response function 
A Amplification occurring between the point where the interference 
° is introduced and the output, with no feedback 

A Aperture physical size 
P 

Aß Feedback factor 
AGC Automatic gain control 
AM Amplitude modulation 
AVNL Automatic video noise limiting 
AZ Azimuth 
Aa  Antenna effective aperture 

a Average coil diameter 
Sj Aperture dimension in wavelengths 

B Beam area in (radians)* at half-power points 
B Magnetic flux density 
B Positive or negative correction term which need not be taken 

into account when penetration loss (A) is more than 15 db 
BB Broadband 
BFO Beat frequency oscillator 
BTU/hr British thermal units per hour 
BW Beamwidth 
B Receiver bandwidth 
r 

b Core width in inches 
b Length of coil winding 
bw Bandwidth 

C Constant dependent upon material 
C Thermal capacity of the active element 
C Capacitance 



C-E Communication electronic 
Co Distributed capacitance of a single layer coil 
CRT Cathode ray tube 
CW Continuous wave 

Coupling reactance to mixer grid 

C Mixer grid plate capacitance 
KP 

C.^ Input capacitance of mixer 

Cq Mixer output capacitance 

•C Degrees centigrade 
cm Centimeters 
cos Cosine 
cps Cycles per second 
cu. ft. Cubic feet 

D Divergence factor 
D Maximum dimensions of largest antenna aperture 
D Distance in meters 
D Maximum antenna dimension 
D Amplifier output distortion 
Da Distance from origin in miles 
D’/X Far field 
d Length of waveguide 
d Differential element of solid angle 
d Distortion generated in the amplifier 
dA Elemental aperture area 
db Decibels 
dbm Decibels above a milliwatt 
d Ep Differential electric field at point "p" 
dj Distance from antenna in wavelengths 
d^ Line-of-sight distance between antennas 

dw Distance between Rx and Tx in miles 
d 

Operator for differentiation with respect to time 

da nation in the amplitude of transmission expressed in decibels 
du lange in transmission for an octave change in frequency 

E Electromotive force 
E Energy 
E Generator voltage (de) 
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EBW Exploding bridge wire 
EED Electroexplosive devices 
EL Elevation 
ERP Effective radiated power 
Ej Field intensity after passing through a shield 
Ea Field intensity before passing through a shield 
E Maximum safe field strength 
max 

E Maximum field intensity at the aperture 
o 

E Total electric field at point "p" 
P 

E* Electric field intensity 

e Absolute charge on an electron 
e Dielectric constant of a coaxial transmission line 

2.718 
Open circuit local oscillator voltage 

Supplied signal 

F Characteristic constant of the emissive surface 
F Electric or magnetic field intensity at a known distance from 

surface 
F Force 
FI Field intensity 
F IM Field intensity meter 
FM Frequency modulation 
F( p) Field distribution over the aperture surface 
FSK Frequency shift keying 
FST Fast time constant 
F^ Correction factor depending on ”h" direction aperture illumination 

F^ Correction factor (illumination in horizontal direction) 

F.^ Intermediate frequency 

F, Local oscillator frequency 
L.O 

F Frequency in megacycles per second 
m 

F Electric or magnetic field intensity at the surface 
o 

F^ Spurious frequency 

F* Transmission factor 

F Correction factor (illumination in vertical direction) 
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F Correction factor depending on "V" direction aperture illumination 
V 

Í Radiation frequency 

f Carrier frequency 

f^ Cutoff frequency 

f Receiver tuned frequency 
o 
f* Frequency of infinite attenuation 

G Power gain (isotropic source) 
GCA Ground control approach 
G( 8. 0) Gain function of the antenna relative to an isotropic radiator 
G^ Composite antenna gain 

G Transmitter gain at frequency fn 

G 
o 

C R 
G 
ro 

gt 
c t 

C to 
g 
gal/hr 
gcs 

Maximum gain 

Gain of RX antenna 

Far-field gain of receiver 

Gain of TX antenna 

Antenna gain 

Far-field gain of transmitter 

Conductivity 
Gallons per hour 
Gigacycles per second 

h Departure in feet from a level tangent 
h Height 
h Plank's constant 
H Horizontal dimension of rectangular aperture 
H Magnetization 
H(F, 9,0) Spectrum signature of the transmitter 
Ho ) Hankel functions of first and second order and of the first and 
Ho ) second kind. The subscripts refer to the order of the Hankel 
Hx ) function; the unprimed symbols are Hankel functions of the 
H] ) first kind, and the primed symbols are Hankel functions of the 

second kind. 
H ( Ö. 0 f)Transfer function of receiver section 

Magnetic field intensity 
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X
 
X
 

I Current(de) 
I External interfering signal 
I Mean current 
I Total flux for a unit length of wire 
IAGC Instantaneous automatic gain control 
IF Intermediate frequency 
I , Maximum no-fire value 
nf 
i Current 

j V77

Efficiency 
Number of coil turns per inch 

°K Degrees Kelvin 
k Boltzmann constant 
Id) Kilohm 
k & T$ Empirical constants for each window 

kva Kilovoltamps 
kw Kilowatt 

L Inductance 
L Distance between maxima and minima in the cyclic variations 

in field intensity along a radial line from the antenna aperture 
L Total length of test cable 

Receiver line loss in db 

L>T Transmitter line loss in db 

I Effective length of conductor perpendicular to field 
1 Largest linear dimension of antenna 
1 Length of bridge wire 
lbs. Pounds 
1 Inductive internal impedance of the generator 

'n Log . 
1 Insertion loss of filter 
P 



M M&m 

MDS Minimum discernible signal 
MPMVS Mid-pulse minimum visible signal 
MSL Mean sea level 

N Number of turns in the loop 
N Radar system noise 
N .. Number oí decibels 
do 
n Number 

P Power 
P Pressure 

P Mean power 
PD Pulse duration 
P^ Power density at distance D from transmitter 

P(f) Spectral density power 
P^ Power received 

Prr Power density due to reflection 
P^_ Power peak 

P__ Power within the RX bandwidth 
TR 
P{ Transmitter power 

PPI Planned position indicator 
PRF Pulse repetition frequency 
P_., Power at the harmonic 
TN 

P_.. Actual power fed to antenna from the transmitter TN 
P^n Power density 

Transmitted power at frequency F fed to the antenna 

p Multiple positive integer of the LO frequency 
p Polarisation mismatch in db 

Q Ratio of the inductive reactance to the resistance 
Q Quantity of electricity 
q Order of the input signal 

1ERÆ1 



R 
R 

R 
g 

R in 

R lo 

Ro 

Ri 

Resistance 
Total reflection loss in db from both surfaces of the shelf 
Bridge wire resistance 

Internal resistance of the generator 

Input resistance of mixer circuit and tube 

External damping on local oscillator 

Resistive part of intrinsic medium 
Fresnel region 

RF Radio frequency 
RFI Radio frequency interference 
RX Receiver 
RLOS Radio line-of-sight 
RMS Root mean square 
r Radius 
r Mean radius 
m 
rpm Revolutions per minute 

S Shielding effectiveness in db 
S Switch 
S Target signal 
S , Depth of penetration 
d 

S(0 
(S/I) 
S/N 

Power spectral density 
Signal-to-interference 
Signal -to-noiae 
Power level received through test antenna 

SSB Single sideband 
STC Sensitivity time control 
S Signal generator power fed to the antenna 
tn 

s Surface density 
s Surface density of charge 

T Average transmission of a window 
T Pulse width at 50% points 
T Antenna temperature presented by the source 

T^ Radiator temperature 

T Effective temperature of a source emitting energy to the nth lobe 
an 



T* Effective noise temperature of the sky 

TASO Television Allocations Study Organization 
TSI Threshold signal-to-inter fe r ence ratio 
TV Television 
TX Transmitter 
tr 0-100% rise and fall time 

UHF Ultrahigh frequency 

V Peripheral velocity 
V Vertical dimension of rectangular aperture 
VHF Very high frequency 
VSWR Voltage standing wave ratio 
VTVM Vacuum tube voltmeter 
v Open circuit voltage 

W Weight 
W Water vapor concentration of the transmission data 
W max Maximum allowable power density at the EED circuitry 

W^ Power density at the aperture 

Wp Power density at point "p" 

Inductive reactance 

X Reactive part of intrinsic medium 
o 

X Distance along a radial line from antenna aperture 

y Admittance 
y Desired signal 

Z Impedance 
z^ Antenna impedance 

z Intrinsic impedance oí the medium 
o 
z^ Impedance oí the load 

z^ Impedance of the source 
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a Attenuation constant of the medium 

g Phase constant of the medium 
ß circuit Feedback circuit 
BE Fractional part of the output voltage which is added to the 

external input signal 

• âf Difference between generator frequency and receiver frequency 

< Permittivity of air 
Intrinsic impedance of the medium 

Q Elevation angle to receiver site 
* Phase of surface reflection coefficient 

Vertical beamwidth in radians at the half-power point 

y Propagation constant of the medium 
Y Propagation loss that provides loss in excess of the free-space 

loss 

X Wavelength 
X Cutoff wavelength 

X Cutoff wavelength of the waveguide 

p Permeability 
pp Micromicro ( 10 
p, Average incremental permeability 
d 

ph Microhenry ( 10 *) 

p. Given mean 

pv Microvolt ( 10 6) 

u> Angular frequency in radians per second 
Q Ohm 
□ Solid angle representing effective antenna beam 

n J.142 
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p Magnitude of surface reflection coefficient 
p Resistivity of the material 

o Steian-Boltaman constant 
c Conductivity 

Relative conductivity 

oo Scattering cross section of the obstacle 

o’ Variance 

T Mean carrier lifetime 
e. Horizontal beamwidth in radians at half-power point 
6radians Electrical length of transmission line 
0 Azimuth angle to receiver site 
0 The plane of the loop 
9 Phase lag due to path length difference 

¿ Output of detection system 
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DEFINITION OF TERMS APPENDIX II 

Ambient Interference - The background level of electromagnetic energy 
resulting from atmospheric noise, internal noise of the equip¬ 
ment, and inescapable man-made noise. 

Antenna - A device employed as a means for radiating or receiving radio 
frequency energy, 

ARC - Low voltage, high current discharge; as in contrast to a spark. 

Atmospheric Noise - Electromagnetic energy caused by the natural dis¬ 
turbances in the atmosphere. 

Attenuation - The process of decreasing the power level of RE and audio 
frequency energy. The change in power level is expressed in db. 

Break Transient - Transients produced by the opening of a switch. 

Broadband Radiated Interference (microvolts per meter per kilocycle 
of bandwidth)-Interference having a spectrum broad compared 
with the nominal bandwidth of the receiver; for example, inter¬ 
ference from a fluorescent lamp. 

By-Passing - The technique of providing low shunt impedance for RE and 
AF current in electronic circuits by means of a capacitor. 

Calibration - The process by which measuring equipment indication is 
adjusted for optimum conformance with that of standard. 

Case Penetration - Radiated RF energy which enters electronic equip¬ 
ment through discontinuities in its enclosure. 

Characteristic Impedance - The natural or surge impedance of a circuit 
or transmission line, determined by its physical dimensions and 
the properties of the medium surrounding the conductors. 

Conducted Interference - Any interference transmitted through metallic 
leads. 

Corona Discharge - The discharge brought about by the ionization of gas 
surrounding a conductor. It occurs when the potential gradient 
exceeds a certain value but is not sufficient to cause sparking. 
It is evident as a bluish glow and, in air, produces ozone. 
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Coupling Factor (referring to receiver«) - The ratio of antenna input 
voltage to the voltage input required at the variou« coupling 
path* to produce the same output. 

Cross Modulation - Modulation of a desired signal by an undesired signal. 

Cycle - One complete sequence of a regularly recurring event. 

Decibel - A measure of the ratio of two powers. Power ratio (decibels) 
is equal to 10 logio Pi /P« . 

dbm (decibels relative to 1 milliwatt) - Decibels relative to 1 milliwatt 
= 10 logic P, where P is the power in milliwatts. 

dbm/m? (decibels relative to 1 milliwatt per square meter) - Decibels 
relative to 1. 0 milliwatt/meter’ = 10 logio-^> where P is 
the power in milliwatts and A is the effective area in square 
meters over which P is measured. 

dbm/m’/mc or dbm/m’/kc (decibels relative to 1 milliwatt per square 
meter per megacycle or per kilocycle bandwidth) - Decibels 
relative to J- 0 milliwatt/meter8/mc or 1. 0 mill iwatt/mete ra/kc 
■ 10 logic , where P is the power in milliwatts and A is the 
effective area in square meters over which P is measured, and 
8 is the measurement system bandwidth in megacycles or kilo¬ 
cycles, respectively. 

Decoupling - Re-routing of unwanted energy to less harmful paths; usually 
ground. 

Depth of Penetration - The distance from the surface of a metal at which 
an electromagnetic wave or current has decreased to 1/e times 
its value at the surface. 

Desensitization - CW desensitization is that change in sensitivity of a re¬ 
ceiver in the presence of on-frequency CW interference signals. 
It is caused by an adverse change in the bias levels of the re¬ 
ceiver's amplifier stages due to the presence of the interfering 
CW signal. Pulse desensitization is the transient change in the 
receiver characteristics due to an interrupted interfering signal. 
It is usually measured as a function of sensitivity versus delay 
time between the desired and undesired pulse. 
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Dielectric Strength - The ratio of breakdown voltage to the thickness of 
the dielectric between contacts. 

Dynamic Range - The response difference between the standard response 
level and the output limiting level. The AGC system, if one 
exists, is in full operating condition. 

Effective Bandwidth - The frequency difference between the two points 
6 db down on the response curve of an amplifier or receiver. 

Effective Height - This is a measure of effective length of the antenna. 
It is determined by dividing the voltage delivered from the an¬ 
tenna by the known field strength intercepted by the antenna. 

Electrostatic (Faraday) Shield - A device to reduce capacitive coupling 
between circuits. 

Elevatable Antennas - Antennas designed to elevate through an angle of 
80* or greater, and which can be fixed at any desired elevation 
angle. (The intention of this definition is to preclude the re¬ 
quirement of more than routine efforts to provide maneuverability 
in the vertical plane. If a servo mechanism or manual drive are 
available to provide this capability, for example, the antenna is 
said to be elevatable. If the antenna configuration requires 
adjustment by removal and replacement of bolts, for example, 
it is said to have fixed elevation capabilities. ) 

Emission Spectrum • The power versus frequency distribution of a signal 
about its fundamental frequency which includes the fundamental 
frequency, the associated modulation sidebands, as well as non¬ 
harmonic and harmonic spurious emissions and their associated 
sidebands. 

Far-Field Distance - That distance between two antennas equal to D’/X, 
where D is the maximum aperture dimension of the largest an¬ 
tenna, and X is the wavelength of measurement. In no case shall 
this distance be less than JX. 

Ferrites (Ferrospinels) - Mixtures of crystalline iron oxides of ceramic¬ 
like structure. 

Field Fixes - The modification of existing equipment and installations to 
insure comparative freedom from radio interference. 
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Field Intensity - The magnitude of an electromagnetic field, usually ex¬ 
pressed in terms oí microvolts per meter. 

Field Tests - Tests conducted in an "open space" under actual operating 
and load conditions. Tests of conducted interference performed 
at the actual site of permanent installation meet the require¬ 
ments of Field Tests. 

Filter - A network designed to either pass or attenuate energy within a 
specific frequency or band of frequencies. 

Floating Ground - The common return conductor is an electronic chassis 
from which electric measurements are referenced. 

Frequency Coverage - That range (or those ranges) of frequencies over 
which the equipment is designed to operate, e. g. , the frequency 
coverage of the AN/URM-XX may be 0. 15 to 0. 4 me and 1. 5 to 
1000 me, etc. 

Frequency-Selective Voltmeter - A frequency-selective radio receiver as 
a two terminal voltmeter, for example, a field-intensity meter. 

Frequency Translation - The production of new frequencies in a nonlinear 
element. 

Fundamental - The lowest component frequency in a complex wave or 
vibration. 

Ground -
1. Earth - Some plane or volume within the surface of the earth, 

used as a reference plane or point. 
2. System - A specially constructed pattern of conductors which 

is buried under the surface of the earth. The ground 
bus connects electrical or electronic equipment to 
the center of the system. 

5. Bus - A conductor by which electronic systems are connected 
to earth. 

4. Chassis or Frame - The common reference return point in 
electronic circuits. A point of "zero" or "reference" 
electrical potential, often used in the following sense: 
(1) to connect to the aircraft structure through a low 
impedance path, and (2) to make equipotential with all 
other "ground points" in the system. 
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Harmonic - An integral multiple of a fundamental frequency. 

Impedance (referring to networks) - The ratio of voltage to current. 

Impedance (referring to media) - The ratio of electric to the magnetic 
field intensity. 

Impedance Concept - Consideration of impedance as the ratio of cause to 
effect leads to the idea which regards the entire system as a 
single network. 

Improvement Threshold - The minimum signal-to-interference ratio 
necessary at the input to produce an intelligible signal at the 
output. 

Impulsive Bandwidth - That bandwidth which is a function of the pulse 
repetition rate, pulse width, charge time of weighting circuits, 
and the overload factor. No definite conversion factor to the 
normal concept of bandwidth can be given in general. 

Impulsive Radiated Interference > Interference characterized by non¬ 
overlapping transient disturbances, for example, pulse energy 
from a radar. 

Indicated Microvolts - A measurement in microvolts indicate by the “in¬ 
terference" measuring equipment before conversion to standard 
units. 

Insertion Loss - The attenuation introduced by a device inserted into an 
electrical circuit usually expressed in db. 

Isolation - Physical and electrical separation of circuit elements to avoid 
undesired transfers of energy. 

Insulator - A nonconductor of electrical current used to separate or sup¬ 
port conductors without providing a conducting path through itself. 

Interference - Interference is the product of undesired conducted or 
radiated electrical disturbances, with desired conducted or 
radiated energy which results in degraded intelligibility. 

Interference-Free Measurement Area - An area sufficiently free from 
interference and site reflections so that measurement results 
are not adversely affected. 
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Interference Voltage Reduction Factor - The ratio of the signal-to-
interference ratio at the output to that at the input of a receiver. 

Internal Noise - Electromagnetic disturbances originating in the circuitry 
of electronic equipment, i. e. . shot noise, thermal agitation, and 
hum. 

Intrinsic Impedance - The ratio of electric to magnetic field intensity in 
a medium in which no reflected wave is present. 

Laboratory Test - Radiated or conducted measurements of a test item 
in a screened enclosure or other area of low ambient level under 
controlled conditions 

Line Impedance Stabilization Network - A network which provides a stand-
ard'impedance across which conducted interference is measured. 
Abbreviated LISN. 

Major Unit - An assembly of parts, connected mechanically or electrically 
such as a radar transmitter or a power pack, to perform a 
specific function. 

Microvolts per kc - Interference intensity in microvolts per kc is equal 
to the number of rms sine wave microvolts (unmodulated), applied 
to the input of the measuring circuit at its center frequency, which 
will result in peak response in the circuit equal to that resulting 
from the interference pulse being measured, divided by the effec¬ 
tive bandwidth of the circuit in kilocycles. The effective band¬ 
width is the area divided by the height, of the voltage-response -
versus- radio-frequency selectivity curve, from antenna to peak 
detector. 

Microvolts per Meter - The standard unit of intensity of an electromagnetic 
field. 

Microvolt per Meter per Kilocycle - Same as microvolts per meter except 
correct to one kilocycle bandwidth; microvolts per meter dividea 
by the bandwidth of the measuring instrument in kilocycles. 

Mid-Pulse-Minimum Visible Signal (MPMVS) - The minimum input pulse 
signal power level which permits visibility of the center of the 
output pulse. This level is obtained in the same manner as the 
MVS level, with the center of the pulse being the point of refer¬ 
ence. 
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Minimum Visible Signal (MVS) - The minimum input pulse signal power 
level which permits visibility oí any portion of the output signal. 
Thia level is obtained by initially setting the input signal above 
the detection threshold, and then slowly decreasing the ampli¬ 
tude. 

Mismatch Ratio - The ratio of impedances looking to the right and to the 
left of a pair of terminals. 

Mutual Interference - That condition which exists when operation of one 
electronics equipment produces a malfunctioning in another and 
vice versa. 

Narrow Band Radiated Interference - Interference having a spectrum 
exhibiting one or more sharp peaks narrow in width compared 
to the nominal bandwidth of the receiver, for example a CW 
signal. 

Necessary Bandwidth - For a given class of emission, the minimum value 
of the occupied bandwidth sufficient to ensure the transmission 
or reception of intelligence at the rate and with the quality re¬ 
quired for the system employed, under specified conditions. 
Emissions useful for the good functioning of the receiving equip¬ 
ment as, for example, the emission corresponding to the carrier 
of reduced carrier systems, shall be included in the necessary 
bandwidth. 

Nonlinear Impedance - An impedance that varies with the voltage or cur¬ 
rent applied. 

Occupied Bandwidth - The frequency bandwidth such that, below its lower 
and above its upper frequency limits, the mean powers radiated 
are each equal to 0. 5% of the total mean power radiated by a 
given emission. In some cases, for example multichannel fre¬ 
quency division systems, the percentage of 0. 5% may lead to 
certain difficulties in the practical application of the definitions 
of occupied and necessary bandwidth, in such cases a different 
percentage may prove useful. 

Octave - The range from a particular frequency to twice that frequency: 
f to 2 f, 2f to 4f. 4Í to 8f. 

Open Space - A site on flat terrain with no physical obstructions within 
100 feet, and having low ambient level of radiation within the 
testing spectrum. 
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Orient - To turn or place in a certain position relative to a direction or 
point of reference. 

Oscillator Interference - Spurious energy from a local oscillator, also 
called ’’receiver oscillator interference." 

Parasitic Oscillations - Undesired self-sustained oscillations produced 
by an electronic circuit, at other than the operating frequency 
or its harmonics. 

Plane of Reference - An arbitrary reference point in a transmission line 
or waveguide between an antenna and its associated transmitter 
or receiver such that the portion of the equipment on the an¬ 
tenna and the portion of the equipment on the other side of the 
plane is appropriately designated either the transmitter or re¬ 
ceiver. It is at this reference plane that equipment separation 
takes place when necessary for measurements. 

Precipitation Static - Noise produced by electrically charged atmospheric 
particles; rain static. 

Propagation - The continuing generation of electromagnetic waves passing 
through a medium. 

Quasi-Peak Measurement (QP) - A voltage proportional to the type of 
signal measured, obtained through the use of an arbitrarily 
weighted detector circuit having a charging time of 1 * 0. 5 
milliseconds and a discharging time of 600 * 120 milliseconds. 
A sine wave signal is indicated at its appropriate FI value, 
while that of an impulse signal may be indicated as nearly to 
peak value. When the QP indication is equal to 2 x Fl or greater, 
it is regarded as broadband. 

Radiation - The phenomenon of electromagnetic waves spreading out in 
space from a source according to the laws of wave propagation. 

Radiator - An antenna or conductor used for propagation or reception of 
radio signals and spurious energy. 

Radiated Interference - Propagated energy which produces malfunctioning 
of electronic equipment 

Radio Interference - Any electrical disturbance which causes an undesir¬ 
able response or malfunctioning in any electronic equipment. 
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Random Interference - An electrical disturbance without regularity of 
occurrence, which causes malfunctioning of electronic equipment. 

Random Noise - An electrical disturbance that is completely without 
regularity in its detailed properties. 

Receiver - Any electronic equipment in which unwanted signals may cause 
an undesirable response. 

Receiver Input Coupler - A shielded network whose insertion loss is known 
at the measurement frequency and whose input properly terminates 
the signal source. 

Rectification - The process of changing alternating current into pulsating 
direct current. 

Rotatable Antennas - Antennas designed to rotate through 360*. 

Selectivity - A measure of a receiver's ability to discriminate against 
off-channel radiations; that is. a measure of the receiver's band¬ 
pass characteristics. The selectivity is adequately defined by a 
few measurements, for example, the 3, 6, 20, 40, and 60 db 
response frequencies. 

Semi-elcvatable Antennas - Antennas designed to elevate through an angle 
less than 80*. or stepped in increments in the elevation plane. 

Shield - A partition between two regions of space such that the electric 
and magnetic fields of interest are attenuated in passing from one 
region to the other. 

Shielded Enclosures - An area enclosed by metallic panels or screening 
to act as a barrier to electromagnetic radiations. 

Shock Excitation - The phenomena which occurs when a complex waveform 
is impressed upon a resonant circuit. If the complex waveform 
contains components at the center frequency of the resonant cir¬ 
cuit. ringing (damped oscillations) will occur. 

Shot Effect - The irregularity of plate current in a vacuum tube due to 
variations in cathode emission. 

Sideband Splatter - Those emissions that appear outside of the necessary 
bandwidth and which are a result of intermodulation products of 
the modulation spectrum. 
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Skin Effect - The crowding of current toward the surface, or skin, of a 
conductor. 

Spectrum Analyzer - A narrow band superheterodyne receiver which is 
repeatedly swept in frequency over a selected portion of the 
radio frequency band. At the same time, the horizontal deflec¬ 
tion of the spot on a cathode ray tube moves in synchronism with 
the sweep. The vertical deflection of the spot is proportional to 
the output voltage of the receiver. The resultant display is a 
plot of amplitude versus frequency. 

Spectrum Signature - The package of data which describes the electro¬ 
magnetic radiating and receiving characteristics of the equipment. 

Spurious Emissions - Emission on a frequency or frequencies which are 
outside the necessary bandwidth, and the level of which may be 
reduced without affecting the corresponding transmission of 
intelligence. Spurious emissions include harmonics, parasitic 
emissions, and intermodulation products, but exclude unneces¬ 
sary modulation sidebands of the fundamental frequency. 

Spurious Response - The response of a receiver due to its circuitry and 
construction which causes it to react to off-frequency signals. 
Spurious responses are often functions of the internal fre¬ 
quencies inherent within the receiver combining with an external 
signal to produce an undesired response. 

Standard Response - A response observed at a selected point in a receiver 
where normal operation will be observed. The input signal to 
the receiver is adjusted so that the ratio of the output signal 
plus noise to noise is 6 db when communication receivers are 
used. The standard response for radar receivers is when the 
input required to give the minimum visible signal is present. 

Standard Test Frequencies - That group of frequencies to which trans¬ 
mitters or receivers are tuned during the test procedure. Three 
such frequencies exist in each equipment tuning band, located at 
approximately the 5%, 50%, and 95% points in each band, and 
called the low, mean, and high test frequencies respectively. 
In some transmitters, frequency is selected by employing one 
of a series of output tubes. For this type of equipment tests 
shall be run with lowest, mean, and highest frequency tubes 
installed. 
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Surface Contact Transient« - Transient« resulting from the variation in 
contact resistances across sliding surfaces of rotating electrical 
machines. 

Surface Transfer Impedance - The ratio of longitudinal voltage drop along 
the outside of a tubular shield to the current carried by the shield. 

Susceptibility - That sensitivity of electronic equipment to electromagnetic 
energy not required for its normal operation. 

System - Contains two or more sets or major units located at different 
points but accomplishing their objective through interdependent 
or interrelated operations, as for example a Propeller Control 
System. 

Test Antenna - The antenna associated with the measurement equipment. 

Thermal Agitation - The thermal motion of the conduction electrons in a 
resistor causing minute interfering currents. 

To Bond - To connect between two points through a low impedance path. 

Transmission Factor (referring to networks) - The ratio of the voltage 
in the transmitted wave to that in the incident wave at a point of 
discontinuity. 

Transmission Factor (referring to media) - The ratio of the electric field 
intensity in the transmitted wave to that of the incident wave at a 
surface of discontinuity. 

Transmit-Receive (TR) Box - A device used in radar sets to prevent the 
transmitted pulse from entering the receiver. 

Transmitter - An equipment or system which generates radio frequency 
energy whether by design or not. 

Transmitter Signal Sampling Device - A device to measure the output 
level of each frequency emitted. This device may be a voltage 
divider, power attenuator, directional coupler, probe, or a 
suitable band rejection filter. Its coupling loss should be known 
to within 1 db at each measurement frequency. 
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Tuning Band - That partial range of the tuning frequency range over which 
a particular configuration of equipment operates with a given 
bandswitch setting, e. g. , one head of the AN/URM-XX may have 
the following tuning bands: 

Band 1: 0. 15 to 0. 4 me 
Band 2: 0. 35 to 0. 92 me 
Band 3: 0.9 to 2. 45 me 
Band 4: 2. 4 to 6. 3 me 
Band 5: 6. 0 to 15. 4 me 
Band 6: 15. 0 to 30. 0 me 

Tuning Frequency Range - That partial range of the frequency coverage 
over which a particular configuration of equipment operates, 
e. g. , the AN/URM-XX may have the following tuning frequency 
range: 

0. 15 to 30 me with head T-l Installed 
20 to 220 me with head T-2 Installed 

200 to 410 me with head T-3 Installed 
400 to 1000 me with head T-4 Installed 

Undesirable Response - Any audible, visible, or otherwise measurable 
response of a receiver not produced by a desired signal provided 
that either its duration is longer than one second or its highest 
recurrence rate during normal operation of the system is greater 
than once every three minutes. 

Unnecessary Modulation Sidebands - Modulation sidebands refer to the 
spectral distribution of energy about the fundamental frequency 
which are a result of the modulation process for the transmission 
of intelligence. Unnecessary modulation sidebands are the side¬ 
bands which fall outside of the necessary bandwidth. 

Wave Trap - A circuit designed to attenuate a selected frequency while 
passing, without appreciable attenuation, other frequencies. A 
band rejection filter. 

White Noise - Random noise such as shot noise and thermal noise, which 
has constant energy per unit bandwidth. 
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SELECTED REFERENCES APPENDIX III 

The references in thia Appendix are for use with all four Volumes 
of the RFI Handbook. Each reference will be found in one or more sections 
in the Appendix in accordance with its subject matter. 
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2. MIT, Radiation Lab. : A Method of Shielding for Filter In¬ 
sertion Loss Measurement , Rad. Lab. Report No. 786, PB 
2784. 

3. Signal Corps: Measurement of Filter Insertion Loss at High 
and Ultra-High Frequencies , Eng. Lab. , Tech Memo M-1328. 
September 22, 1950. 

4. U S N E L : Discussion of Problems Relating to Insertion Loss 
Measurement and Standardization , Report No. 84, September 
21, 1948. 

MEASUREMENT OF INTERFERING SIGNALS 

I. Bond, F. E. : Measurements of Noise, Crosstalk, Volume and 
Related Quantities in Communication Systems, AMC, USAF, 
Wright Field, Signal Corps Proj. No. 2051-18, February 24. 
1949. 

ENT, , Measurements of High Frequency Interference, Vol. 
18, No, 6, pp. 126-133, June. 1941. 
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3. Eva na, J. ; Measurement and Suppression of Radio Interfer¬ 
ence, British Institution of Radio Engineers, February, 1949. 

4. Fletcher, H. : Noise Measurements, Elec. Engineering, 
V. 52, p. 744, November, 1933. 

5. Franks, C, J. : The Measurement of Radio Noise Interference , 
RMAEngr., Vol. 3. p. 7-10, November, 1938. 

6. Hamburger, B. L. : Interference Measurement, Wireless 
Engineer, v, 25, 293 and 294, p. 44-54 and 89-97, February 
and March, 1948. 

7. Kaye, G. W. C. : Measurement of Noise, Phys. Soc. Reports, 
v. 3, p. 130 (1936). 

8. Na day, G, : Noise Measurements in High Frequency Receivers , 
Annales de Radioélectricité, July, 1949, pp. 257-260. 

9. OS RD: Investigations of the Measurements of Noise. Final 
report. PB 19657. 10/31/45, ÕSRD-6358. 

10. Dean: Measurements of the Subjective Effects of Interference 
in TV Reception . Proceedings of the IRE. June, 1960. p. 1035. 

11. Dosier, J. J. , Jr. , Sullivan, A. H. . Jr. , and Savage, J. W : 
Notes on Spectrum Signature Measurement Problems , Washington 
Chapter PGRFI, October 17, 1961. 

12. Aggers, C. V. , Foster, D. E. , and Young, C. S. : Instruments and 
Methods of Measuring Radio Noise , A1EE Transactions, Vol. 59, 
pp. 178-192, March. 1940. 

13. Burrill, C. M. : New Equipment to Measure Intensity of Radio 
Noise . Broadcast News No. 32. pp. 6-7, March, 1940. 

14. Daniel. L. H. : Apparatus for the Measurement of Interference 
at UHF . ERA Report M/T 64. 1939. Also, IEE Journal, Vol. 88, 
Part III, pp 41-49, March, 1941. 

15. Davis, A. H. : An Objective Noise Meter for the Measurement of 
Moderate and Loud, Steady and Impulsive Noises , Journal IEE, 
Voi.’ 8Í, pp. 249-260, August, 1938. 
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16. OSRD: Standard Radio Noise Signal Generator , OSRD-5284. 

17, Frederick Research Corporation: Teat Equipment Data Handbook , 
Vol. No. 5. 

MODULATORS 

1. Claview, A. G. : Signal-To-Noise Radio Improvement in a Pulee-
Count-Modulation System , FTL, Elec. Communication, 
pp. 257-262, September, 1949. 

2. DeLoraine, E. M. : Pulse Modulation, Electrical Communication 
26, pp. 222-227, September. 1949. 

3. Mallach, L. W. : Reduction of Radar-Radio Interference from 
Modulators , Radiation Laba. , MIT, August 3, 194 3. 

MUTUAL INDUCTANCE BETWEEN TWO SETS OF INFINITELY LONG 
PARALLEL PAIRS OF STRAIGHT WIRES 

1. Grover, F. W. : Inductance Calculations, D. Van Nostrand & 
Co.. 1946. 

NATIONAL COMMUNICATIONS 

1. Pochyla, B. H. : The National Communications - Electronics 
Community (including Chart showing National Communications -
Electronics (C-E) Community, Signal, Vol. XVI, No. 9, May 
1962. 

NATURE OF INTERFERENCE 

1. Brouki, Harvey. Theory of Random and Modulated Noise , NDRC 
147. 

2. Frane, K. : Amplitude of Noise Voltages , Wireless Eng. , v. 20, 
p. 397 (1943). 

3. Freberg, C. R. : Noise, Its Character and Measurement , Refrig. 
Eng. , v. 53, p. 119 (1947). 
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4. Gardner. M. F. . and Harnea, J. L. : Transiente in Linear Sys¬ 
teme , John Wiley 6 Sona, (1942). 

5, Johnson, Walter C : Transmission Lines and Networks. McGraw. 
Hill. 1950. --

6. Landon. V. D. : A Study of the Characteristics oí Noise , Proc. 
Inst Radio Engineers. (1936), 24. 1514 - 1521. 

7. Rita, W. A. : Analysis of Radio Interference Sources . Electron 
5:1-13, October, (1949). 

8. Surdin, M. : Distribution in Time of Spontaneous Fluctuations 
Voltage , Phil. Mag. , 1943. 34 - 716 - 722. 

9. Gerson, N. C. : Noise Levels in the American Sub-Arctic , Proc. 
IRE, August . 1950. 

10. Crichlow, W. Q. : Noise Investigations at VLF by the National 
Bureau of Standards , Proc. IRE, June. 1957. 

11. Ko. H. C. : Amplitude Scintillation of Extraterrestrial Radio 
Waves at Ultra High Frequencies . Proc. IRE, November. 1958 

12. Watt. A. D. . Coon, R. M. , Maxwell, E L. . and Plush, R. W. . 
Performance of Some Radio Systems in the Presence of Thermal 
and Atmospheric Noise , Proc. IRE, December, 1958 

13. Bullington, Kenneth Radio Propagation at Frequencies Above 30 
Megacycles , Proc. IRE. October, 1947. 

14. Air Forces Manual; No. 40, p. 6. December, 1944. 

15. George, R. H. : Tech Report C. A. A. . No 29, April. 1940, 
p. 2. 

16. Gunn, R. ; Proc. IRE, p. 177, April. 1946. 

17. Gott, J. P. ; Charge on Water Drops Falling Through a Cloud 
of Charged Particles in a Vertical Field . Proc. Royal Soc. . 
Vol. 151. p. 665-684, 1935. 

18. Nukiyama, D. : On the Accumulation of Electric Charges on 
Th unde rclouds . Japanese Jour. Astron, and Geophysics. Vol. 
VI. No 1. 1928 
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19. Nukiyama, D. , and Noto, H. : On the Electrification of Water 
Drops , Japanese Jour. Astron, and Geophysics, Vol. VI, No. 
1. 1928. 

20. Zeleny, John: Current-Voltage Characteristics of High-
Potential, Direct Current Brush and Glow Discharges in Air 
at Atmospheric Pressure , Jour. Franklin Institute, p. 685-
699, 1934. 

21. Humphreys, W. J. , and Lippincott; Physics of the Air , p. 314. 

22. Morgan, H. K. : Rain Static , Proc. IRE, Vol. 25, p 959-963, 
1936. 

2 3. Swarup, G. , Maxwell, A. , and Thompson, A. R. . The Radio 
Spectrum of Solar Activity , Proc. IRE, January, 1958. 

24. Reed and Russell: Ultra High Frequency Propagation, p. 95, 
Curves of Reflection Coefficients and Phase Shifts Versus Angles 
of Incidence, John Wiley & Sons, Inc. 

25. Appleton, E. V. , Watson-Watt. R. A. , andHerd, J. F. : On the 
Nature of Atmospherics, II and III. Proc. Royal Soc. . 1926. 
p. 615-77. 

2 6. Appleton. E. V. , and Chapman, F. W. : On the Nature of Atmos¬ 
pherics, IV , Proc. Royal Soc , v. 158, p. 1-22, 1937. 

27. Gunn, R. , and Parker, J. P. ; The High-Voltage Characteristics 
of Aircraft in Flight, Proc. IRE, Vol. 34, No. 5, p. 241-247, 
May, 1946. 

2 8. Lutkin, F. E. ; The Nature of Atmospherics VI, Proc. Royal Soc. , 
Vol. 171, p. 285-313, 1939. 

29. Morgan: Proc. IRE, p. 969, 1936. 

30. Munro, G. H. , and Webster H. C.: Nature of Atmospherics , 
Proc. Royal Soc. , v. 134, p. 850 and 987, 1934. 

31. OSRD; Precipitation Static Research, OSRD-1807, August 31, 
1943. 
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32. ATSC: Radio Interfertncta by Electrical Charges and Their 
Removal, AAF Trans. , PB27606. 

3 3. OS RD : Precipitation Sta t ic Exploration C-70 , OSRD - 3595. 
February 15. 1944. 

34. Malan. D J. , and Schonland. B. . The Distribution of Electrici¬ 
ty in Thunderclouds, Proc. Royal Soc. A, p. 158-177, 1951. 

3 5. Schottland. B : The Flight of Thunderbolts. Clarendon Press. 
Oxford. 1950. 

3 6. Simpson. G. C. : The Electricity of Atmospheric Precipitation , 
Phil. Mag V. 30. p 1-12, 1951. 

37. Stimmel, R. G. , Rogers, E. H. , Waterfall, F. E. , and Gunn, R. ; 
Electrification of Aircraft Flying in Precipitation Areas , Proc. 
IRE, Vol. 34. No 4. p 167P-177P, April. 1946. 

38. Farr el, O. P. : New Concepts on the Causes of Radio Inter¬ 
ference, Radio 29; 27-28 Dec. , 1945, Radio 30; 25 Jan., 
1946, Radio 30; 23-24; Feb., 1946. 

NAVIGATIONAL RADAR SET 

1. Roberts, A. : Radar Beacons , Chapter 4, Vol. 3, Rad. Lab. 
Series, McGraw-Hill, 1947. 

NON-LINEAR IMPEDANCE 

1. Bunimovich, V. I. : Effect of the Fluctuations and Signal Volt¬ 
ages on a Non-Linear System . J. Phy., USSR v. 10, n 1. p. 35-
48 (1946). 

2. Everitt, W.L. ; Communi cation Engineering. McGraw-Hill, 
1937. 

3. Middleton, D. : Some General Results in the Theory of Noise 
Through Non-Linear Devices . Quart, of Appl. Math., 5. 4, 
1948, p. 445. 
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NUISANCE VALUE OF INTERFERING SIGNALS 

1. Goldman, Stanford: Frequency Analyeia, Modulation, and Noiae , 
McGraw-Hill, 1948 

OPTICAL LASERS 

1. Oliver, B. M. : Some Potentialities of Optical Laaers, Proc. 
IRE, Vol. 50, No. 2, p. 135, February 1962. 

PARASITIC OSCILLATIONS 

1. Hultbert, C. A. : Neutralization of Screen Grid Tubes to Improve 
the Stability of Intermediate - Frequency Amplifiera, Proc. I RE, 
Vol. 31, pp. 663-665, December, 1943. 

PRECIPITATION STATIC 

1. AN: Aircraft Treatment for the Elimination of Precipitation 
Static , AN-P Stat. Proj. , Report A955A. 

2. OSRD; Precipitation Static Reduction C-21 . OSRD-1907, 
March 31, 1943. 

3. Kinser, G. D. : Investigation« of Methode for Reducing Precipi¬ 
tation Static Radio Interference . Proc. IRE. Vol. 34. No. 5, 
p. 234-240, May. 1946. 

PROPAGATION - See ANTENNAS AND PROPAGATION 

RADAR RECEIVERS 

I. AT SC: Notes on Design of Radar Systems Which Do Not Cause 
Radio Interference , April 2 5, 1945. 

2. Beard, E. G. : Reduction of Noise at U. H F. in Triode Valves 
and Grounded Grid Amplifiers , Philips Tech. Commun. , p. 20-
3. March. 1947 
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3. Bell System Technical Journal: Radar Systems and Components . 
p. 364-740, Van Nostrand. 1947. 

4. Goldman. Stanford: Reduction Radar Noise , Proc. IRE 36, 
p. 584-594. 1950. 

5. Levy, M. : Signal/Noise Ratio in Radar , Wireless Engineer, 
Vol. 24, n. 291, p. 349-52. December, 1947, Wireless Engineer. 
Vol. 25. n. 298, p. 236-7. July, 1948. 

6. MIT: Principles oí Radar , Radar School Staff. 2nd Edition. 
McGraw-Hill Book Company. 

7. Pollard, Ernest, and Sturtevant, Julian: Microwaves and Radar 
Electronics . Chapter 5 - Circuit Bandwidth, Chapter 8 - I-F 
Amplifiers, Receiving Gating. Anti-Jamming, and Anti-Clutter 
Circuits. Chapter 10 - Receiver Gating, Wiley - 1948. 

8. Ridenour; Radar Systems Engineering , MIT Series, Vol. I. 

9. Royal Aircraft Establishment: Interference in Communication 
Receivers from Radar D C, Pulses . I - Outline of Fourier 
Analysis, II - Application of Theory of Part I, III - Relationship 
between Spectral Density Curves and the Interference Curves, 
IV - Experiment Which Verifies the Experimental Result. 
December, 1945. 

10. Wireless Engineer: Signal-Noise Ratio in Radar , p. 399-352. 
December, 1947. 

11. Garner, W. R. , and Hamburger. F. : Detectability and Disc rimin¬ 
ability of Targets on a_Remote Projection Plan-Position Indicator . 
Proceedings of the IRE. November, 1947, p. 1221. 

12. Haeff, A. V. ; Minimum Detectable Radar Signal and Its Dependence 
Upon Parameters of Radar Systems , Proceedings of the IRE, 
November. 1946, p. 857 

RADIATION 

1. Air Technical Services Command: Direction of Currents on 
an Airplane Excited by Radiation, AAF Translation. 
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2. Chatterjee, S. K. : Absorption and Reflection of U. H. F. Waves 
(300-500 mc/s) by Seawater , Ind. Journal of Phya. , June, 1949 
(23-6 monthly), pp. 273-279. 

3. Jordan, E. C. ï Electromagnetic Wave» and Radiating Systeme , 
Prentice-fcall, 1950 

RADIATION HAZARDS 

1. Mumford, W. W. : Radiation Hazards , Proc. IRE, February 1961. 

2. Midwest Research Institute, Summary Report: Survey of Radio 
Frequency Radiation Hazards . June 14. I960. 

3. Mumford, W. W. : Some Technical Aspects of Microwave Radiation 
Hazards, Proc. IRE, Vol. 49, p. 427, February, 1961. 

4. Schwan, H. P. , and Li, K. : Hazards Due to Total Body Irradiation 
by Radar , Proc. IRE. Vol. 44. p. 1572, 1956. 

5. Weinbaum, B. : Susceptibility of Pyrotechnic Devices to Electro¬ 
magnetic Energy . Fifth Conference on RFI Reduction and Electro¬ 
magnetic Compatibility (Proceedings), October, 1959, p. 4 3. 

6. Knapp. K. W. , and Lambdin. W. S. : An Instrument for Measure¬ 
ment of High RF Power Density , Sixth Conference on RFI Reduction 
and Electromagnetic Compatibility (Proceedings). October, 1960, 
p. 406. 

RADIO FREQUENCY INTERFERENCE 

1. Bibliography on Radio Frequency Interference , IRE Trans¬ 
actions on Radio Frequency Interference, Vol. RFI-4, 
No. 1, February, 1962. 

2. Jacobs, C. : Radio Interference - Suicide or Challenge. IRE 
Transactions on Radio Frequency Interference, Vol. RFI-4, 
No. 2. May 1962. 

3. Garlan, H. . and Whipple, L. G. t Control of Radio Frequency 
Interference from Nonlicensed Apparatus . Report No. TR-6104, 
Federal Communications Commission, Office of the Chief 
Engineer, 1 September 1961, Washington 25, D. C. 
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4. Brady, R. F. ; Dean. W. . Jr. ; Randall, ¡¿.¡Schulte, O. J. : 
The Progress of the Department of Defense Electromagnetic 
Compatibility Program, Conference Proceeding«. 5th National 
Convention on Military Electronic«, June 26. 27. 28, 1961. 
Washington. D. C., page 191. 

5. Toler. J. C., and Norton, C. M. : Establishment of an Electro ¬ 
magnetic Compatibility Program , Symposium Digest, Fourth 
National Symposium on Radio Frequency Interference, June 
28-29, 1962, San Francisco. 

6. Brosius, C. D. : The Army's Electromagnetic Environmental 
Te«t Facility, op. cit. 

7. Hoehn, A. J. . and Michalk, E. R. : Use of the EMETF Field 
Facility for Validation of Interference Prediction Model, op. cit. 

8. Woolwine, C. C. : The Mission and Operating Philosophy of 
the Analysis Center, Proceedings of the 7th Conference on 
Radio Interference Reduction and Electronic Compatibility 
sponsored by the Army, Navy and Air Force, conducted by 
Armour Research Foundation. Chicago. Illinois, 7, 8. 9 
November 1961, 

9. Cohn, S. I. : The Technical Program of the Analysis Center , 
op. cit. 

10. Babcock, L. F. : A Facility for the Investigation of Radio-
Interference Problem« , op. cit. 

RADIO RECEIVERS 

1. Admiralty Signal Establishment: Interference-Free Trans¬ 
mitters and Interference Immune Receivers , Section B, July. 
1945. 

2. Burgess, R. E. ; Receiver Input Circuits. Design Considera¬ 
tions for Optimum Signal/Noise Ratio , Wireless Engineer, 
V. 20. p 66, 1943. 

3. Friis: Noise Figures of Radio Receivers . Proc. IRE, p. 419, 
July. 1944. 
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4. Fubini and Johnson: Signal to Noise Ratio in A. M. Receivers . 
Proc. IRE, p. 1461, December, 1948. 

5. Goldman, Stanford: Some Final Consideration Concerning Noise 
Reduction and Range in Radar and Communication, Proc. I RE. 
p. 554-594, May, 1948. 

6. Millman, Jacob, and Seeley, Samuel: Chapter XIX, Sec 19-10, 
Electronics, McGraw-Hill. 

7. Reich, H.J. : Interference Suppression in AM and FM, Com¬ 
munications , vol. 22, No. 8, p. 7, 16, 19-20, August, 1942. 

8. Rogers. D. C. : Suppressing Impulse Noise , Wireless World 55: 
489-492, December. 1949. 

9. Zinn, M. K. : Transient Response of an F-M Receiver, Bell 
System Technical Journal, Vol. 27, p. 714-731, October, 1948. 

10. A. H. Sullivan, Jr. : Problems in Aircraft Radio, LAS, Dayton, 
Ohio, 1950. 

RELAYS 

1. Dallas, J. P. , and McCully, T. M. : Sensitive Relay Contact 
Protection , Trans. AJEE, p. 1204-7, 1948. 

2. Lightning 4* Transients Research Lab. : Radio Interference 
Transients Investigation. Technical Report No. 2. p. 1-32. 
March 15, 1946. 

3. Lightning t Transients Research L.ab : Radio ¡nterfere_p.ee 
Transients in Aircraft - I , Technical Report, 1949. 

4. Packard, Charles A. : Relay Engineering . Struthers-Dunn, Inc., 
Philadelphia. 1945. 

ROTATING MACHINERY 

1. Mott er, D. P, : Commutation of DC Machines and Its Influence on 
Radio-Interference Voltage Generation, Trans. AIEE, p. 491-5 
and 495, 1949. 
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Z. Hoye*. Pitman: Current-Collecting Brushes in Electrical 
Machine! , Sir Isaac Pitman, London, 1947. 

3. Kloeffler. R. G. , Kerchner, R. M., Brenneman, J. L. : Direct 
Current Machinery, The Macmillan Company, 1948. 

4. Langsdorf, A. L. : Theory of Alternating Current Machinery, 
McGraw-Hill, 1947. 

5 Erick It Motter: Investigation of Radio Noise Generation in Air¬ 
craft Electrical Machinery, G. E. Terminal Report, Contract 
W28-099-ac-83. 

6. Signal Corps. : Suppression of Radio Interference Created by 
Engine-Generator Units , Manual SIG-461-1, August, 194 5. 

7. Naval Air Material Center, Philadelphia, Pa. , Radio Inter -
ference Correctives for 800-1 Series Motor Alternators , 
Project TED NAM EL-406. Report No. ARRL 511-47. 

8. Hoyes, and Pitman: Current-Collecting Brushes in Electrical 
Machines , Sir Isaac Pitman, London, 1947. 

9. Kloeffler, R G. , Kerchner, R. M. , and Brenneman, J. L. 
Direct Current Machinery , The Macmillan Company, 1948. 

10. Langsdorf, A. L. : Theory of Alternating Current Machinery , 
McGraw-Hill, 1947. 

SENSORY COMMUNICATION 

1. Rosenblith, W. A. : Sensory Communication, MIT Press and John 
Wiley Ac Sons, Inc. , Interactive Processes in Visual Perception, 
by D M. MacKay, p. 339. 

SHIELDING 

1. Air Technical Services Command: Shielding Effect of Inter¬ 
ference, Eliminating Flexible Tubes, A A F Translation, 
April 1946. 

2. Air Technical Services Command1 Examination of Lincs Var¬ 
iously Shielded to Avoid Radio Interference. AAF Translation. 

111-22 



3. Breeze Corporation! Investigation of Shielding Efficiency 
Theoretical and Practical Investigation of Shielding Efficiency 
with Separate Measurements of E and A, Terminal Report. 

4. Levy, S. ! Electromagnetic Shielding Effect, Proc. I. R. E. , 
V. 24, No. 6:923 - 941, June. 1936. 

5. Naval Research Lab. : Shielding Efficiency of Shielded Enclo¬ 
sures, January 10, 1951. 

6. Schelkunoff, S. E. : Electromagnetic Waves, D. Van Nostrand 
Co. , Inc. , 1943, p. 303 - 315. 

7. A MC. : Radio Shielding of Aircraft Engine Ignition Systems , 
A. A. F. , Engineering Division, Technical Note TN-92-1. 

8. Anderson, Alton R. : Cylindrical Shielding and Its Measure¬ 
ment at Radio Frequencies, Proceed, of the IRE and Waves 
and Electronics, Vol. 34, No. 5, May, 1946. 

9. A T S C : Shielding Effect of Interference Eliminating Flexible 
Tubes, A. A. F. Translation No. 518, April 22, 1946. 

10. Lightning 6 Transients Lab.: Aircraft Interference Fields, 
Report No. 174, January, 1951, p. 11-12-17-23-24. 

11. Roston, B. : Shielding at VHF, Wireless Engineer, July, 1948. 
Vol. 25. No. 298, p. 221-230. 

12. Schaefer: The Effect of Different Types of Electromagnetic 
Shields, Translation by Univ, of Cincinnati, Edited by Leibiger 
Research Lab,, Inc., August 27, )947. 

13. Tcchnicraft Lab.: Study of Tubular Shielding, Final Report 
Vol. I, June 28, 1948; Vol. II, June 29, 1949. 

14. Zepler, E. E. : The Technique of Radio Design, John Wiley 
and Sons, Inc., Chap. 8, The Principles of Screening, 1943. 

15. Diamond, H. . and Gardner, F. G. : Engine-Ignition Shielding for 
Radio Reception in Aircraft . Proc. IRE, v. 18, No. 5, 840-861, 
May. 1930. 
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16- Schelkunoff, S. A. : A Theory of Shielding , Bell Lab. Record 14, 
p. 229-232, March, 1936. 

17. Lyons: Electromagnetic Shielding , Proc. IRE. 

18. Coles Signal Lab. : Development of Magnetic Field Probe , Tech. 
Memo M-1082. June 10, 1947. 

19. Coles Signal Lab. : Development of Procedure for Testing R-F 
Leakage in Shielding Conduit , (0. 15-156 me), October 21, 1946. 

20. Schelkunoff, S. A. : The Impedance Concept and Ite Application 
to Problems of Reflection, Refraction, Shielding, and Power 
Absorption , Bell System Technical Journal, Vol. 17, January, 
1938 

21. Signal Corps: Development of Procedure for Testing R-F Leak¬ 
age in Shielding Conduit (0. 15-156 me) , Tech. Memo No. M-1019, 
October, 1946, Sig. Corps Engineering Laboratories. 

SIGNAL ACCEPTABILITY CRITERIA 

1. Schwartz, R. F. : Signal Acceptability Criteria , IRE Transactions. 
Professional Group on RFI, May, 1961, p. 11. 

2. Pearlston: Interference Acceptance Ratios in Electronic Communi¬ 
cation Equipments . Fourth Conference on Radio Interference Reduc¬ 
tion, Armour Research Foundation. Illinois Institute of Technology, 
Chicago, Illinois, 1958. 

SPACE COMMUNICATIONS 

1. Pierce, J. R., Cutler, C. C. : Interplanetary Communications 
from Advances in Space Science, Academic Press, New York, 
Volume I. 1959. 

2. IRE-RTMA Joint Technical Advisory Committee: Radio Spec¬ 
trum Conservation, McGraw-Hill, New York, 1952. 

3. Policy Planning for Space Telecommunications , a Staff Report 
prepared for the Committee on Aeronautical and Space Sciences, 
U.S. Senate, Government Printing Office, 4 December 1960. 
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4. Hacke, J. E., Jr. ; The Future Natural, Technological, and 
Social Environment of Global Communication» , 2nd Annual 
Symposium on Global Communication», St. Petersburg, Florida, 
December 3, 1958. 

S. Firestone, W. L. ; Lutz, S. G. ; and Smith. J. : Control of Inter ¬ 
ference Between Surface Microwave and Satellite Communication 
System» , IPE Transactions on Padio Frequency Interference, 
Vol. RFI-4, No. 2, May 1962, 

6. Mapes, C. M. : A Need for International Cooperation, Signal, 
Volume XIV, No. 7. March 1962. 

7. Raish, L. R. : International Agreement: Key to Military Global 
Telecommunications , Signal, Vol. XVI, No. 7, March 1962. 

8. Loeber, C. W. : The CCIR and International Telecommunication» 
Developments , Signal, Vol. XVI, No. 7, March 1962. 

SPECTRUM SIGNATURES 

1. J. J. Dozier, A. H. Sullivan, Jr., H. D. Zink: The Impact of 
Spectrum Signature Programs on Equipment and Test Instru¬ 
ment Design. 4th Symposium on Radio Frequency Interference, 
San Francisco, 28-29 June 1962. 

2. H. D. Zink, A. H. Sullivan, Jr.: Spectrum Signatures and RFI 
Prediction, paper presented at Wright Patterson Air Force 
Base, Dayton, Ohio, November, 1961. 

STATISTICAL ANALYSIS 

1. Ballantine, S. : Shot Effect in High-Frequency Circuits , JFI, 
v.206, p. 159-167 (1928). 

2. Bell. D. A. : Shot Noise and Valve Equivalent Circuits, Wire¬ 
less Eng. V. 20. p. 538 (1943). 

3. Carson, J. R. : The Statistical Energy-Frequency Spectrum 
of Random Disturbances, Bell System Technical Journal, 
Vol. 10. pp. 374-381. July, 1931. 
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4. Glas, E. T.: Frequency Änalyaia in the Investigation oí Radio 
Interference, Teknisk Tidskrift, Vol. 66 No. 10, Sup. p. 41-
46, March, 1936. 

5. Goldman, Stanford: Frequency Analysis, Modulation, and 
Noise. McGraw-Hill, 1948. 

6. Lawson and Uhlenbeck: Threshold Signals, MIT-Radiation 
Laboratory Series, Vol. 24, McGraw-Hill, 1950. 

7. Lee and Stutt: Statistical Prediction of Noise , TR 129, MIT 
July 12. 1949. 

8. MacDonald, D. K. C. : Some Statistical Properties of Random 
Noise, Proc. Cambridge Philo. Soc., pp. 369 - 372, July, 
1949. 

9. Radio News: Analysis of Radio Interference Phenomena . 
Vol. 35, p. 54. June. 1946. 

10. Rice. S. I. : Mathematical Analysis of Random Noise, Bell 
System Technical Journal, 23 - 282 - 232 (July. 1944), 24 -
47 - 156 (Jan., 1945), 621 - 35: 530. 162. 

SWITCHING AND COMMUTATION 

1. Pfann, W. G. : Bridge Erosion in Electrical Contacts and Its 
Prevention . Trans. A1EE, p. 1528-33. Bell Telephone System 
Monograph B-1621. 

2. Foerlag, Gebers: Electrical Contacts, Ragnar Holm, Stock¬ 
holm, Sweden, 1946. 

3. P. R. Mallory & Co. , Mallory Electrical Contacts Data Book, 
Indianapolis, 1945. 

4. Olney, F. D. : Resistance Commutation, Trans. AIEE, 1950. 

TELEVISION SYSTEMS 

1. Fink. D. : Television Engineering .'landbook. First Edition, 
McGraw-Hill Book Co. , Inc., 1957, pp. 3-16, 3-17. 
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SELECTED FCC REGULATIONS 
(PARTS 15 AND IB) 

APPENDIX IV 

The Federal Communications Rules and Regulations included in 
this Appendix were current at the time this Appendix was prepared for 
printing. However, the FCC from time to time issues changes to its 
Rules and Regulation*. If the reader has a requirement for the most 
current and up-to-date version of Part 15 or Part 18. he should direct 
his inquiry for current information to the FCC. 
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BULBS AND BBGULAT10N8 1114 

SURFAIT A—GENERAL 

I Iki Basto of This Part. 

Section 801 of th» Communications Act of 1984. s» 
amended. provide» for the control by the federal Gov¬ 
ernment over all the channels of InteraUte and foroign 
radio communication tod further peo» Idee, tn pert, 
that no person shall nee or operate apparatus for the 
transmlMiou of enero, comm única ti one or signals by 
radio when the effect» of ouch operation extend beyond 
etate linee or canee interference with the transmission 
or reception of enero, communications, or signala of 
any intentât» or foreign character by radio, except 
coder and In accordance with the Oonunu nica ti ona Act 
and a license granted under the provisions of that act. 
Restricted and incidental radiation devices emit radio 
frequency energy on frequencies within the radio »pec 
trun» end constitute a source of harmful interference 
to authorised radio communication aervlcee operating 
upon the channel» of Inte rat ate and foreign communi¬ 
cation unleaa precaution» are taken which will prevent 
the creation of any subetsutial amount of auch 
interference. 

|1M Scope of This Part. 

(a) Thia pert coo ta Ina ralee that net forth th» con¬ 
dition» under which the operation of incidental and 
restricted radiation device» la considered to fan out 
aide the purview of section SOI of the Communications 
Act which spécifié» when a station license la required 
as a condition for lawful operation. 

(b) No incidental or restricted radiation device 
which falla to conform to the peovtatona of this part, 
or which cauMw harmful Interference, may be operated 
without a station license. Unie«» such devier» may be 
operated In accordance with the provisions of some 
other part of this chapter (see particularly Pen 19. 
Cltliens Radio Service), persons wishing to operate 
ouch device* In a manner Inconsistent with this part 
will be required to first secure an amendment of the 
Commission's rules to establish a licensed service pro 
tiding for such operation and setting forth the tech¬ 
nical and other limitations thereof ; ProvUed, That in 
appropriate circumstances, wbeo such a petition for 
rule making has been filed, the Commission may con¬ 
sider. prior to final action thereon, applications for 
Special Temporary Authorisations to operate stations 
on a developmental basis where It can be shown that 
such temporary operation would be In aid of a final 
determluattou aa to whether tbe proposed rule should 
be adopted, and that such temporary operation would 
otherwise be In the public Interest ; and Pro* tit 4 for 
tier. That the Commission will. In exceptional situa¬ 
tions, consider Individus! applications tor licenses to 
operate Incidental or restricted radiation devices, □« 
conforming to tbe provisions of thia part, where It can 
be shown that tbe proposed operation would be In the 
public Interest, that It is for a unique type of station 
or for a type of operation which Is Incapable of estab-

Uahmant as a regular service, and that the proposed 
operattoo cannot feasibly b» conducted ander this part. 

I IM Gawaral Cendltioa et Operation. 
Persona operating restrictod or Incidental radiation 

devices ahall not be deemed to have any vested or 
-vcwnlaable right to the continued use of any given 
frequency. by virtu» of prior registration or certifies 
tian af equipment. Operation of thews devices I» sub¬ 
ject to tbe conditions that no harmful Interference la 
caused and that interference moat be accepted that 
may b» caused by other incidental or restricted radia¬ 
tion devices, Industrial. scientific or medical equip 
ment, or from any authorised radio service 

I IM General DelnHtoa^ 

(S) Radio frrqsmcy energy Electromagnetic en¬ 
ergy at any frequency in Che radio spectrum between 
10 kc/s and 3.000.000 Mc/a 

(b) Narmfsl Merfereacr. Any ami est on, radiation 
or induction which endangers th» functioning of a 
radionavigation servie» or of other safety services or 
seriously degrades, obstructs or repeatedly interrupts 
a radiocommunication service operating in accordant* 
with this chapter. 

(c) /æMratsI radio tios device A dévie» that ra¬ 
dia to» radio frequency energy daring tbe coarse of 
its operation although tbe device to not intentionally 
designed to generate radio frequency energy. 

(d> RettHctoi radiation device A device in which 
tbs generation of radio frequency energy to inten¬ 
tionally Incorporated into the design and tn which 
tbe radio frequency energy to conducted along wires 
or Is radiated, exclusive of transmitters which require 
licensing under other parts of this chapter and *x-
düstre of devices In which tbe radio frequency anergy 
1s used to produce physical chemical or biological 
effects In materials and which are regulated under 
the provisions of Part 18 of thia chapter. 

(e) Community antenna leltvUion «y» tern. A re¬ 
stricted radiation device designed and used for the 
purpose of distributing television signs to by means of 
conducted or guided radio frequency surreale to a 
multiplicity of receivers outside the confines of a »Ingis 
building. 

not« Tb» tvlavtstsa »tgsal» that ar» dlttrlbetod are mod 
»I» ted radio tr»»u«»cy algesia a ad way be 

(a) Broadcast slgcala that Sava beta rvevfved aaa aw 
pllfled. 

<») Broadcast atgaato that have been revolved and eoo 
verted to another frvaoeoey. 

(c Any other wodelatvd radio fra»u»aey signals fed Into 
th« sysoia. 

(f) Low power communication device. A low 
power communication device to a restricted radiation 
device, exclusive of those employing conducted or 
guided radio frequency techniques, used for tbe tren»-
nilMlon of signa, signal» (including control signals), 
writing, linages and sound» or Intelligence of any 
nature by radiation of electromagnetic energy. 

KtaMPL»» • Wirsleaa microphone, pbooogrark ooelllstor. 
radio coa trolled garage door opeaer and radio controlled 
IP0>lo. 

i Bd. 12/81) 
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• ISA Equipment ArellaMe for [aspect ken. 
Any equipment or device subject to Ue provteloo» 

nt this part together will any Ucena< certificate. oo-
tic* ot registration or any téchale» I «ata required to 
be kept oa file by the operator of the derice aball be 
made avallab)» for inspection by Coaim I sal on repre-
MotaUvea opon reeaonable request 

|IM Information Required by the Cemmiaeiom 
The owner or operator of any device subject to thia 

part aball promptly furnish to the Commission or Ita 
representative auch Information as may be rmjureted 
concerning the operation of the device Including a 
copy of any field »trengtb m««»ureu>eou made by or 
for the operator of the device 

111.7 General Requirement for Restricted lUdlatloa 
Do ricen. 

Unless regulated under aoa>e other aubpart of thl» 
part, any apperatua which genera tea a radio frequency 
electromagnetic field functionally uUltslAg a »mall 
pert of noch field in the operation of associated ap¬ 
paratus not physically connected thereto and at a die 

Unce not greater than f*et ( equivalent to ) 

need not be Ucenaod provided : 
(s) That auch apparatus »ball be operated wltb the 

minimum power possible to accosnpiteb the desired 
purpose 

(b) That the beet engineering principle» aha 11 t»> 
utilised tn the geo era Hoe of radio frequency cúr¬ 
renla so as te guard against Interference to established 
radio service», particularly on the fonda menu I and 
harmonic frequencies 

(c) That In any »vent the toUl electromagnetic field 

produced at any point a distance of feH (equiva¬ 

lent from the apparatus aball not eicved 15 mi¬ 

crovolts per meter. 
(d) That the apparatus aball conform to auch en¬ 

gineering standard» sa may from time to time be 
promulgated by the Commission 
<e) That In the event harmful interference Is 

caused the operator of the apparatus shall prompt'y 
take step« to eliminate the harmful Interference 

SUBPART B—INCIDENTAL RADIATION 
DEVICES 

115JI Operating Requirements. 

An Incidental radiation device shall be operated so 
that the radio frequency energy that la redialed does 
not raune harmful Interference In the event that 
harmful Interference la caused, the operator of the de¬ 
vice aball promptly taka steps to eliminate the harm¬ 
ful Interference. 

(W. J2/«X) 

SUBPART C—RADIO RECHVHtS 

|1M1 Senga W This Bebpart. 
Radio receivers cocos within ths scope of thia sub¬ 

part insofar as they are restricted redis doe devices 
and generate and radiate radio frequency enwgy 
Typically, thane rules apply to su per be tarodyne re¬ 
ceiver» la which the oscillator may produce harmful 
Interference. As another stemple, these rules alas 
regulate television broadcast recel vero with reaps rt 
to the radio frequency energy which ia genera tad by 
tho borisontal sweep circuits and which may canas 
in terfarenca. 

I ISA: Radist iso Interference Limits. 
(a) Tbs radiation from all radio receivers that op¬ 

ereta (tone) In the rengo 30 to 800 Mc/a, including 
frequency modulation broadcast receivers and tele¬ 
vision broadcast rece)vera, manufacturered after the 
effective date specified Id | IB 88 shall not eiceod the 
following field strength limita at a distance of 100 
feet or more from the receiver : 

(h) Pending the development of sol table measure¬ 
ment techniques for measuring the actual radiation 
In the band 0.48 to 20 Mc/a. the Interference capabili¬ 
ties of a receiver tn this band will bo determined by the 
measurement of radio frequency voltage between each 
power Une and ground at the power terminate of the 
receiver. This requirement appUee only to radio re-
reivers Intended to be connected to power Unas of 
public utility systems For televisión broadcast re¬ 
ce! vero the voltage so measured shall not eiceod 100 
uv at any frequency between 400 hc/e and 20 Mc/e 
inclusive. For all other receivers the voltage shall 
sot eicred 100 uv at any frequency between 400 kc/o 
and 0 Mc/e Inclusive. 1000 ov for frequencies between 
10 Me/» and 25 Mr/s end linear Increase from 100 uv 
to 1000 uv for frequencies between 0 Mc/a and 10 Mc/a 

115M Measurement Procedure. 

(a) Any nmaairrenient procedure • crept a hl e tn the 
Commission may be used to abow compliance with 
tbe requirements of this subpart. A detailed deocrlp-
tlon of tbe proposed measurement procedure. Including 
a list of the test equipment to be used, shall be sub¬ 
mitted to tbs Commission when requesting ■ determi¬ 
nation regarding th» acceptability of the proposed 
measurement procedure 

(b) Tbs following methods of measurement are con¬ 
sidered acceptable procedures for certification of re¬ 
ceivers pursuant to | 13 64 : 

4 



BÜLM AND BBGÜLATION« 115.88 

(1) Institute of Radio Engineers Btandard 81 IBE 
1781 for radiation mearureBieota 

(3) Institute of Radio Engineers Standard 81 IRK 
2781 for conducted tnterferenre mea raren en ta from 
frequency modulated and teleriaiou broadcast receivers 
In the range SOO kr/a to 2S Mc/a 

(e) In ths cane of measurements In ths field, radia-
don tn eicoaa of 15 uv/m at any frsqueecy between 
400 kc/s and 25 Me/a at the border of the property and 
more than 15 feet fron any power Une cressing thia 
border ander tha control and ex cl naira use of the 
pareen operating or authorijdng the operation of the 
receiver will bo considered an Indication of noncom* 
pilmes with the radiation requirements of thia anb-
part. 

|1M4 Certification ef Badlo Recovera. 
(a) No radio receiver manufacturad after the ef¬ 

fective dates of this subpart that operatan in the range 
80 to 800 Me/», including frequency modulation broad 
coat rocetvara and telovlatoa broad coat receiver«, ahail 
be operated without a atation tícense unieae It has 
been certificated to demonstrate compliance with tha 
radiation Interference Umita in thin rabpart. 

(b) The owner or operator need not certificate bin 
own receiver, if It baa been certificated by the mana 
facturer or tha distributor. 
(c) Certification made by a manufacturer or the 

distributor «ball be baaed oo tret» made on receiver« 
actually produced for oalo. Treta shall be performed 
on a sufficient number of production unite to assure 
that all production unite comply with the radiation 
limitations of thia rabpart. 

(d) The certificate may be executed by an engineer 
skilled in making and Interpreting field strength mee» 
oremrata. 

(•) The certificate ahail contain the following in¬ 
formation : 

(1) Name of manufacturer or distributor of re 
cel ver, 

(31 Model number, 
(8) Biief description vf receiver, including tuning 

range, type of circuit, purpose for which used (as 
broa des at. aircraft, etc. >, 

(4) Brief atatement of the measurement procedure 
ored. 

(5) Date the measurement« were made. 
(•) A summary of the date obtained, 
(7) A atatement certifying that on the basis of meea-

orementa made, the radio receiver Is capable of com¬ 
plying with the raqui rementa of tbia part under normal 
operation with tbe usual maintenance, 

(8) Tbe name and address of tbe certifying engineer, 
and name and address of his employer. If any. and 

(9) Data of tbe certificate. 
(f) Tbe certificate shall be retained by tbe owner, 

manufacturer or the distributor for a period of five 
years, and shall be made avsllable. upon reasonable 
request, to an authorised Commission representative. 

or pbotoMat fnrulahsd by malL (Boo | IBM for filing 
requirement with FCC). 

11M6 Infonaatloa Te Bo Filed With Camsnlashm. 
(a) inch manufacturar, distributor or other cer¬ 

tifying agency that incoes cortlAcatiooa pursuant to 
thia mi bpart shall file with the Commission a descrip¬ 
tion of its me« rarem ent facilities used for eertifieatiem 

(b) A copy of «ach certificate prepared by a manu¬ 
facturer. distributor or certifying agency ehall be filed 
with the Commlaaloa at tbe time tbe certificate La 
(»reparad 

I 13X4 Identification of Certificat«! Receivers. 

Kacb certificated receiver ehall bo Identified by a dis¬ 
tinctive seal or label, which may be a part of the name 
plate and which shall state that the receiver has been 
ierttflestod for compliance with the requirements of 
this subpart Tbe seel or label shall bo permanently 
attached to the receiver and ahail be readily visible tor 
inspect loo by prospective purchaser«. 

I 11X7 Operalte« ef Radio Reaatver« Aboard a Ship. 

In addition to meeting tbe requirements of thia part. 
e radio receiver operated shoe rd a ship shall also moot 
the requirements of Part 8 of this chapter. 

11548 Date Wham Certification la Required. 

THF television broadcast receivers manufactured 
gfter May 1. 1958, aba 11 comply with tbs certification 
requirements of this subpart except that compliance 
with the power line Interference limita for frequencies 
between 3 Mc/s and 25 Mc/s la required for rack 
recel vera meoufsetured after December 31. 1957 All 
other radio receivers that operate (tune) in the rangs 
30 to 890 Mc/s manufactured after October 1. 1908 
shall comply with the certification requirements of 
thia rabpart except aa follower 
(a) FM broadcast receivers manufactured after 

Devrtnber 31. 1958. shall comply with tbe certification 
requirements with respect to frequencies above 25 Me 
All each receivers manufactured after December Si. 
1957, ahail comply with the certification requirements 
with respect to all frequencies 

<b) CHF television brosdeast rece!vera manufac¬ 
tured after December 1957 shall comply with the cer¬ 
tification requirements of this subpart: Provided. 
Aoicrver. That the limit of 500 uv/m appearing tn the 
table contained tn | 15.82 la temporarily Increased to 
1.000 «>/■ far ell UBF televteloa rae^var« «util D« 
cwmber 31. 1982. 

(e) Tbe radletioc Interference limits and tbe cer¬ 
tifica lion requirement with respect thereto shall be 
met by all pocket type super-regeueratlre receivers uaed 
In the one-wsy signalling service« as defined in Part 8 
of thia chapter whlcb are manufactured after Decem¬ 
ber 31. 1958 

(d ) Super regenerative receivers manufactured after 
October 1, 1958, for use by Claaa B «tâtions in the C1U-

(Bd. 12/81) 
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|15«» FEDERAL COMMUNICATIONS COMMISSION 
seos Radio Servie« abali comply with tbe certification 
requirements of thia aubpart ; except that, until Novem¬ 
ber 1. 1M3. radiation need not be limited wltbln the 
band 402-526-407 475 Mc/a. 

115^1 Inlsrferaace From a Radio Receiver. 
The operator of a radio receiver, regard! mu of tuning 

rang«, dace of manufacture, or of certification, which 
causes bermful interference abali promptly take »tepe 
to eliminate the harmful Interference. 

SUBPAIT D—COMMUNITY ANTENNA 
TELEVISION SYSTEMS 

115.111 Radiati©« From a Community Antenna Tele-riaioa Sy a tom. 
Radiation from a community antenna television sys¬ 

tem »ball be limited sa follows 

1 Vor Ite pu/poar st this arclion. a epwwly Inh»kiu4 um u I hot v»» 
vlthu 1.000 l»l of • corowunlly snunns IrlerlMen >ytlr<n whrw W-
• Sion N wd au I HmaU are. la fact, not brine rwsivrj <1 irret I v fro«, a 
Ubruioo broadawt Kaitos 

115.102 Demenstratiea sf Compliance. 

The operator of each CATV ayatem «ball be reepw 
alble for loaorlng that each auch ayatem la designed, 
loatalled and operated In a manner which fully com¬ 
pile« with the provielona of thia aubpart. Bach aystnn 
operator abali be prepared to ebow. upon rea nona ble de¬ 
mand by an authorized repreaeoUitlve of the Commis 
elon. that the ayatem doe«. In fact, comply with the 
rule« 

115.IM Interference From a (Community Antenna 
Televiaioa System. 

In the event that tbe operation of a community an¬ 
tenna televlaion ayatem causes harmful Interference to 
reception of authorised radio stations the operator of 
the ayatem abali Immediately take whatever step« are 
necessary to remedy the interference 

115 IM Responsibility for Receiver Generated Inter¬ 
ference. 

Interference originating Io a radio receiver aboli be 
the responsibility of tbe receiver operator In accordance 
with tbe prorlatona of Subpart C of tbla pert Provided, 
hoteever. That the operator of the cowiunnlty antenna 
television system to which the receiver la connMtni 
abali be responsible for the suppression of receiver gen¬ 
erated Interference that Is distributed by tbe ayatem 

(Dd 12/01) 

when thia Interference la rood or ted into tbe ayatem 
at the receiver. 

114.1M Measurement ef Field Strength. 
Measurements to determine the field strength of ra¬ 

dio frequency energy generated by community antacma 
television eystente shall be made lo accordance with 
atandard engineering procedures Measurements made 
above 25 megacycles shall include tbe following : 

(a) A field strength meter uing a horlxootal dipole 
antenna abali be employed. 

Ib) Field strength shall be expressed in terms of the 
BM8 value of synchronising peak 

Ie) Tbe dipole antenna shall be pieced 12 feet above 
tbe ground and positioned directly below tbe system 
components. Where such placement resulta In a sépa¬ 
ration of leas than 10 feel between tbe center of the 
dipole antenna and tbe system components, the dipole 
shall be repositioned to provide a separation of 10 feet. 

(d) Tbe borl*oDial dipole antenna abali be rotated 
about a vertical ails and tbe maximum meter reading 
abali be used. 

(e) Measurements abali be made where other con¬ 
ductors are 10 or more feet away from the toes an ring 
antenna. 

I 15.166 Effective Date of RadUtio« Limits la Thia 
Subpart. 

(a) Tbe radiation limits for community antenna 
televtalon eyatetua abali be met by all new systems 
whiwe construction began on or afler October L I960, 
end by all new sec Ilona added to exiatlng systems 
who»« construction begins on or after October 1. IBM. 
<b) Community antenne televlaion systems In eilet-

ence on September 30. 1950, abali comply with tbe rt* 
dlatlnn limits io ibis aubpart not later than December 
3). MB: Provided. That any barmful Interference to 
the reception of authorised radio stations caused by 
am b systems shall be promptly remedied during this 
period by the operator of theCATV system. 

SUB PART E—WW POWER COMMUNI¬ 
CATION DEVICES 

B 15.201 Frequencies of Operation. 

(a) A low power communication device may be op¬ 
erated on any frequency In the banda 1O-40O kc/a 
510-1000 kc/s and 20 »7 27 27 Mc/u. 

( b) Other frequencies above 70 Mc/a may be used 
fur operations of short duration in accordance with 
the requirements set forth In | 15206 

I 15702 Radiation Limitation Below 1600 kc/s. 

A low power communication device which operate« 
on any frequency between 10 and 400 kc/a or between 
510 and 1600 kc/a shall limit tbe radiation so that the 
field strength doea not eaceed tbe value specified in 
the following table: 
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BÜLEB AND REGULATIONS I 16.208 

115JOI Alterativa Requirement for Operation on 
Frequencies Between IM ke/s and 188 ke/a 

In Heu of mooting the radiation limitation, stated in I 16-202, a low power communication device operating 
on a freqnenry between 180 and 190 kc/a need only 
meet the following requirements : 

(a) The power Input to the final radio frequency 
lUft (exclu«Ive of filament or beater power) doea not 
exceed one watt (b) All emiaelona below 160 kc/e or above 190 ke/e 
are rupprenard 20 db or more below the unmodulated 
carrier. 

(e) The total length of the transmission Uno plus 
the antenna does not exceed 50 feet. 
|15284 Alternative Requirement for Operation on Frequencies Between 510 and IMO ke/a. 

In lien of meeting the radiation limitation ata ted in 
I 15.202, a low power communication device operating 
on a frequency between 510 and 1800 kc/a inclusive 
need only meet the following requirements : 

(a) The power input to the final radio atage (exclu-
alve of filament or heater power) doee not exceed 100 
milliwatt* 

(b) The emissions below 510 kc/a or above 1800kc/a 
are suppressed 20 db or more below the unmodulated 
carrier. 
(e) The total length of the transmission line plue 

the antenna doea not exceed 10 feet. 
(d) Low power communication dev I cea obtaining 

their power from the Unee of public utility systems 
shall limit the radio frequency voltage appearing on 
each power Une to 200 microvolts or leas on any fre¬ 
quency from 510 kc/a to 1800 kc/a. Measurements 
eball be made from each power line to ground both 
with the equipment grounded and with the equipment 
ungrounded. 
Not» : Oe« method of determining radio frequency veltag« 

•a the power Ue« I« described In "Military SpeciScatloL for 
Interfervoee Mmturemeot" MIL-I-16910 (HRIPR) dated 
Janoary 14, 1*52, available fro® the Co® ma nd log OBeti 
Naval Supply Depot Scotia 2. New Tert. Note that thia 
proeedarv ealla for gronadlng the equipment ander teat, 
wbaren ■ the Coamlaeloo • rule« call far mea au remen t« both 
with th« equipment grounder* and with th« equipment ua-
grouaded 

115205 Oporation Within Che Frequency Bond 26.97-
2727 Mc/s. 

A low power communication device may operate 
within the band 28.97-2727 Mc/s (27.12 Mc/sx 150 

kc/s) provided it compile® with all of the following 
requirements : (a) The carrier of the device shall be maintained 
within the band 28.97-2727 Me/a 

(b) All emissions. including modulation products, 
below 28.97 Mc/s or above 27-27 Me/a shall ba sup¬ 
pressed 20 db or more below the unmodulated carrier. 

(c) The power inpot to the finai radio etage (exclu¬ 
sive of filament or boater power) shall not exceed 100 
milliwatts. 

<d) The antenna shall consist of a single »lament 
that doea not exceed 5 feet In length. 
115286 Operation Above 70 Me/a. 

A low power communication device may be operated 
on any frequency above 70 Mc/a, provided it compilée 
with all of the following conditions : 

(a) Operation Is limited to one second duration and 
to occur not more than once in SO seconds. 

(b) The radiated field on any frequency from 70 
Mc/s to 1000 Mc/s doee not exceed the limits specified 
for receivers in | 15.82 

(c) The radiated field on any frequency above 1000 
Mc/s doea not exceed 500 microvolts por motor at a die 
lance of 100 feet. 

(d) The device la provided with means for automati¬ 
cally limiting operation within the time restrictions 
specified tn this section. 
8 15287 Claas B Emission Prohibited. 
Operation of low power communication devices that 

produce Class B emissions (damped waves) is pro¬ 
hibited. 
Q 15286 Certification Requirements 

(a) No low power communication device manufac¬ 
tured after the dates set forth in 115211 shall be op¬ 
erated without a station license unless It has been çeitificsted to demourtrste compliance with th» re¬ 
quirements in thia part 

(b) The owner or operator need not certificate his 
own low power communication device, if it baa been 
certificated by the manufacturer or distributor. 

(C) Where certification 1s based on measurement of 
s prototype, a aufflclent number of units shall be tested 
to assure that all production units comply with the 
technical requirements of thia au bpart. 

(d) The certificate may be executed by a technician 
shilled In making and Interpreting the measurements 
that are required to assure comHiance with the re-
qutrementa of thia part. 

(») The certificate aball contain the following In¬ 
formation . 

(1) The operating conditions under which the device 
la Intended to be used 

(2) The antenna to be used with the device. 
(S) A statement certifying that the device can be 

expected to comply with the requirements of thia sub¬ 
part under the operating conditions «pee I fled in the 
certificate. 



I 1« M ntDÍRAL COMMUNICATION« COMMTMION 

(4) Tb« muutb and year In wbieb lb« d«vtce wm 
manufactured. 

• 1UW Location of Certificate. 

The certificate «ball be permanently attached to the 
device and shall be readily risible for Inapactloa. 

I MJM I a 1er far «ace Fraas Lew Paver Commanka-
Uob Devices. 

Notwithstanding the other requirements of this part, 
tbs operator of a low power communlcatloa device, re¬ 
gardless of date of manufacture, which causae harmful 
Interference to an authorised radio service, shall 

promptly stop operating tbs device until tbs harmful 
interference baa bees elimina tad. 

115.211 DaU Wh« Certificaltee la Required. 
AU low power commualcatioe devices which operate 

on frequencies of 70 Me/« or above, manufactured after 
June SO. IBM, aball comply with the certification re¬ 
quirements of tbla subpart. All low power communica¬ 
tion devkwa which operate on frequencies below 70 
Mc/a, manufactured after December Bl, 1867, shall 
comply with tbs certificaron requirements of this 
sub part 

Dd 12/B1» 
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BULBS AND REGULATIONS I IBS 

SUBPAIT A-—GENERA! 

118.1 Sut«aeat of Basto and Purpe**. 

(e) Section *01 of tb* Coomunicatloiu Act of 1934. 
a* iMcdtd. provide* for tb* control by the Federal 
Oovernment over all tb* channel* of toteraUt* and 
foreign radio communication and further provide*. In 
part, that bo person shall oa* or operate apparatus for 
the iranamlaaloo of energy. communications, or signals 
by radio when tb* effects of ouch operation esleod be¬ 
yond alate Iinan or cause Interference with the trans-
nJMloe o» »eceptuo of energy. com man ira ti one or alg¬ 
asia. of any Interstat* or foreign character by radio, 
except under and Id accordance with th* Com manic a 
lions Act and a llcanae granted under the provisions of 
that act The operation la the Industrial, arlen Ube and 
medical service of medical diathermy equipment. In¬ 
dustrial beating equipment sod mioraUaoeoos equip¬ 
ment of a type which emits radio frequency energy 
upon frequencies within the radio spectrum consti¬ 
tutes a serious source of Interference to authorised 
radio coBUDnnlcalloo aervlcee operating upon the chan¬ 
nels of lateratsta and foreign communication unie** 
precaution* ar* Uken which will prevent the crest loo 
of any eubauotlal amount of such Interference. 

<b) The following rule* and regulations ar* designed 
to have a twofold effect : 

(1) They set forth the conditions under which the 
operation of the equipment In question Is not regarded 
ss a cause of Interference to the authorised radio com¬ 
munication servie«« and Ie therefore not required to 
be operated pursuant to license under th* Communies 
tions Act 

(2) They provide a procedure for the licensing of 
medlcsl diathermy. Industrial beating and miscella-
neooe equipment which in operation constitute a source 
of Interference to authorised communication service*, 
directly effect the control of the Federal Government 
over the channels of interstate and foreign radio com¬ 
munication. and are therefore required to be licensed. 

11A2 Dednitioua. 

For purpose« of the provision* of this part the fol¬ 
lowing deAnltlons in the Industrial, scientific, and médi¬ 
rai service shall be applicable 

(a) "Badlo frequency energy" aball Include elec¬ 
tromagnetic energy generated at any frequency In the 
radio spectrum between 10 kilocycles and 30.000 megs 
cycles. 
(b) "Medical diathermy equipment" shall Include any 

apparatus (other than surgical dlothermy apparatus 
designed for Intermittent operation with low power) 
which utIMaes a radio frequency oscillator or any other 
type of radio frequency generator end transmits radio 
frequency energy used for therapeutic purpose* 

(c) ''Industrial heating equipment" aball include 
any apparatus which utilize* a radio frequency oscil¬ 
lator or any other type of radio frequency generator 
and transmits radio frequency energy used for or In 

connection with Industrial basting opsratlona utlUawd 
la a manufactariog oc production process. 

(d) Miscellaneous equipment aball Inclods sppars 
tua other than that deffnad to or aicepced by para¬ 
graphs (b) and (c) of ibis section Ln which radio 
frequency energy la applied to ma ter Into to produce 
physical, biological or ebemlral effects auch as boat¬ 
ing. Ionisation of gaae*. mechanical vibration*, hair re¬ 
moval and acceleration of charged part idea, which do 
not involve communications or the us* of radio ro-
calving equipment. 

<•) Ultrasonic «qulpmant to a apodal cyp* of ml» 
cwllaneoos equipment which Include« any apparatus 
which generates radio frequency energy on frequencies 
above 20 kc/a and utilise* that energy to nett* or drive 
an electro-mechanical transducer for the production 
and tranamlaalon of ultrasonic energy for Industrial, 
scientific, med i ral or other purpose*. 

(f) "Industrial, aclsntlflc and medical equipment" 
(IBM equipment). Devlcee which use radio wav*« 
for industrial, aclentlhc. medical or any other purpose* 
Including the transfer of energy by radio and which 
are neither used nor Intended to b* used for radio¬ 
communication. 

(g) "Harmful interferanc* " Any em I salon, radia-
Uon or Induction which endang«r* tb* functioning of 
a radionavigation servie* or of other safety servi css 
or aeriouely degrade*, obstructs or rapes led I y Inter¬ 
rupts a radiocommunication service operating in 
accordance with thin chapter 

(b) “18M frequency " A frequency aaalgMd by tbte 
part for th* use of ISM equlpmeoL A epecified toter-
anee Ie eaaoclated with eecb IBM frequency. (Bee 
I 18 8 ) 

I IM When License Ie Required. 

Any medical diathermy equipment. Industrial heat¬ 
ing equipment or mlncellaoeous equipment which com¬ 
pile* with the provision* of this part may be operated 
without a st at loo license. A license le required for any 
auch equipment operated otherwise. 

• 18 A Full Informatlawt Ie osecitos by Commi«sl«is 
Representatives. 

Upon request by the Commission the owner or oper¬ 
ator of any medical diathermy equipment, industrial 
bratlug equipment, or miscellaneous equipment aball 
promptly furnish the Commlaaioa with such Informa¬ 
tion aa may be requested concerning th* opération of 
aueb equipment Th* premises Id which medic*I dia¬ 
thermy, Industrial beating, or lularallaoeous equljx 
ment are operated, and any liceos* or curtidos Don 
required hereby, shall be available for Inspection by 
representatives of the Commission at all raasooabl* 
hours 

|18A Radio Frequency Stabilised Arc Welders. 
(a) The requirements of tbla part wltb respect to 

electric arc wehllog devices using radio frequency 
energy la suspended until action la completed Ld the 

(Dd. 1X81) 
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1184 FEDERAL COMMUNICATIONS COMMISSION 
Docket No 11447 proceeding with reaped to these da-
vice*: Provided. That, tn tbe event of Interférence from 
electric ere welding derice« using radio frequency 
energy to any authorised radio service. steps to remedy 
net Interference «ball promptly be Uken (except 
that Id caae of Interference to receivers arising from 
direct Intermediate frequency pickup by such recele-
era of the fundamenul frequency emissions of certified 
electric arc welding equipment using radio frequency 
energy, thia provision with reaped to Interference shall 
not apply) : Aad farther provided, kewever. That 
equipment manofactored after September 1. 1962 shall 
be subject to the same technical limitations end stand-
arda as ae« forth for Industrial beating equipment In 
II 18101 to 18.104. inclusive, eacept that aueb equip¬ 
ment need not bo operated within s ab I elded room or 
space but In Heu thereof shall be operated with «u®-
dent shielding to limit the radiation to the value 
proscribed la 118.102: Aad forikrr provided. That 
radio frequency atabllised electric arc welding equip 
ment designed for operation oa IBM frequencies may be 
typo approved and operated In accordance with the 
provlalona of | 1831(c) : And fariker provided. That 
broad band type of emlaatoua from arc welding equip 
ment shall be measured by an Instrument having per¬ 
formance characteristics simitar to the “Proposed 
American Standards Specification for a Radio Noise 
Mater—0 1b to 26 Megacyclee/aecond" dated March 
I960, published by tbe American Standards Aaaoclatloo 
Committee on Radio Electrical Coordination C83 
Quasi peak value« of Seid strength shall be measured 
and used In determining compliance with | 18 102. In 
etruments Dot having characteristics similar to the 
above-tneodooed standards may be used provided suit¬ 
able correlation factor« are uaed to adjuat the field 
strength reading« to values which would be obtained 
with on Instrument having tbe desired characteristics. 

(b) Tbe certification required by | 18.101 may be 
baaed upon field strength measurements made by tbe 
manufacturer of the equipment at locations other than 
tbe one where the equipment la In use provided such 
certification Includes a statement by tbe operator of 
tbe equipment that the equipment covered thereby has 
been Installed sod is being operated In conformity to 
tbe Inatructlona Issued by the manufacturer. 

(c) Tbe certificate required for rf stabilised arc 
welders shall be executed by an engineer skilled in 
making and Interpreting field strength measurements 
Tbe Commlaalon may require aueb engineer to provide 
proof of bls qualifications 

(d) The certificate for an rf stabilised arc welder 
measured at tbe location where It 1s In use shall con¬ 
tain tbe following information : 

(1) Type and aerial number, or other positive Iden¬ 
tification. of tbe welder being certificated. 

(2) Conditions under which the welder «ball be 
operated and maintained 

(S) Brief description of (be engineering tests and 
a nummary of the measured data upon which tbe cer¬ 
tificate la based. 

(Ed 12/81) 

(4) Date tbe mewsurementa were sude 
(8) A ata temen t certifying that the welder do«* 

meet and may reasonably be expected to continue to 
meet th« requirements of this part 

(8) Date of certification. 
(7) fil gnat are of certifying engineer. 
(8) Name and addreaa of employer of certifying 

engineer, if any 
(0) If the certifient* la baaed on meaaurement of 

a prototypa at some other location: 
(!) Detailed Installation Instructions which will la 

sure that tbe welder msy reasonably ba expected to 
comply with the radiation limits in | 18102. and 

(II) A statement signed by tbe peraon responsible 
for the operation of th* welder, attesting that it has 
been Installed In accordance with the Installation in¬ 
structions attached to thia certificats. 

(•) Id geoerul the certificate shall be attached to 
the equipment. Alternatively tbe certificats may be 
placed at any location where It will be conveniently 
avallab)« for Inspection by authorised repraaeotstlvee 
of tbe Commlasioa, provided there is attached to the 
equipment a notice eta ting where tbe certificats la 
located. 

I IM ISM Freqaeade« aad Frequency Tolerance*. 

Tbe following frequencies are allocated for use by 
ISM equipment with tbe toleraocq limita specified: 

118.7 Operation on Mierewave Frequencies. 

Except for industrial beating equipment which La 
regulated by || 18101 through 18122. Inclusive. ISM 
equipment may be operated on tbe microwave ISM 
frequencies <915 Mc/s. 2450 Mc/a SHOO Mc/a and 
22.125 Mc/a) subject to tbe following conditions: 

(a) The ernt esl<>n of radio frequency energy result¬ 
ing from such operation shall be on the particular fre¬ 
quency and must not exceed tolerance limits associated 
with ea< h such frequency as set forth Id | 18 8 

(b) The energy radiated and the bandwidth of 
emission« «bull be reduced to the greatest extent 
practicable. 

(c) No harmful Interference shall be caused to au¬ 
thorised communication Servicen from spurious or har¬ 
monic radiation. Io the event of such harmful Inter¬ 
ference. operation of the ISM equipment causing aueb 
harmful interference shall cense and shall not be 
resumed until steps öwtoiry to eliminate such Inter¬ 
ference have been taken 
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I IM Interfere*«» Frew IBM Equipment. 

(a) Subject to lb* axceptlona In paragraphs (b) 
and (C) of this aectloo and Irrespective of whether the 
equipment other wie« compUee with the raica In this 
part, the operator of IBM equipment that cause« harm¬ 
ful Interference to any authorised radio service ehall 
promptly tale steps as may bo Docenas ry to remedy the 
Interference. 

(b) The provisions of paragraph (a) of thia sec 
Cion shall Dot apply In the caae of interference to ao 
authorised radio station operating on an IBM frequency 
t inciudULg tolerance ). 

(c) The provisions of paragraph (a) of thia section 
ahall not apply Ln the case of Interference to a receiver 
arising from direct loCermedlate frequency plchop by 
the receiver of the fundamental frequency emissions 
of I8M equipment operating on an IBM frequency (In¬ 
cluding tolerance) and otherwise complying with the 
requirements of this part 

SUBPAHT B—MEDICAL DIATHHtMY 
EQUIPMENT 

(11.11 Operation en Assigned F req sen das. 

A station license Is not required for the operation of 
medical diathermy equipment oo assigned frequencies 
provided auch operation meets the following condition» : 

(a) 8ucb operation must conform to the general 
condition set ont in ths guarantee or certificats re¬ 
quired by paragraphs (c) and (d) of this section 
Operation must be confined to one or more of the 
frequencies : 

Freewecy 
IBM freeosaey : toteren«« 

l».6«0 kc/s.....—.— ±« Ï» be/e 
27,120 ke/B. tlW0»r/l 
40 ano Se/e—____- ♦» 0 kr/» 
aiBMe/s'.-.... ±26 0 Me/» 
1400 Me/e '.. 1*0.0 Mc/s 
B BOO Me/s*.... î’«0 Me/s 
22,126 Me/«*. ±125 0 Me,. 

• The use of this frequeoey la subject is tbs coadltlesa 
la I IM. 

(b) Such operation may be without regard to the 
type or power of emission» being radiated. Spurious 
and harmonic radiations on frequencies other than 
those specified above shall be suppressed so that such 
radiations do not exceed a strength of 25 microvolts 
per meter at a distance of 1,000 feet or more from the 
medical diathermy equipment causing such radiations. 

(c) With respect to equipment for «hieb type ap¬ 
proval baa been received from the Commission In ac¬ 
cordance with II 18.14 to 18 16, inclusive, there shall 
be affixed to each unit of equipment operated In accord¬ 
ance with paragraphs (a) and lb) of thia section, or 
posted In the room tn which auch operation occurs, a 
dated certificate of a competent engineer, or a dated 
certificate or name plate of the manufacturer of the 
equipment aettlng forth the FC.C. type approval num¬ 
ber for auch equipment, the general conditions under 

which such equipment should be operated. and certify 
Ing that the equipment in volved may reasonably be 
expected to meet the requirements of this section under 
the described conditions of operation for a period at 
at least three years. The certification required tn this 
section shall describe with certainty the apparatus 
covered thereby. 

(d) The owners or apere to re of equipment which has 
not received typo approval bat which la manufactured 
for operation without a Ucease and designed to meet 
the technical requirements set forth under paragraphs 
(a) and (b) of this section thsll have posted in the 
room In which such equipment la operated a dated cer¬ 
tificate of a competent engineer, or a dated car« 
tifióte or name plate of the manufacturer of the equip¬ 
ment. setting forth the general conditions under which 
such equipment should be operated and certifying that 
the equipment Involved may reasonably be exportad tn 
meet the requirements of thia section for a period of 
at least three yearn under the drecribod conditions of 
operation. The certification required by this eoctics 
shall describe with certainty the Bppars Cue covered 
thereby, and shall include a brief statement of the «»-
gtneering testa upon which such certification Is based 
and the results thereof. Field Ln tensity measnrementa 
In auch treta shall be made la accordance with | 1618 

(a) No regular renewal of certification la required 
for equipment covered In paragraph (c) of thia section. 
The certification required Ln paragraph (d) of this sec¬ 
tion shall be renewed at intervalo of three years. Not¬ 
withstanding the above provisions with respect to re¬ 
newal of certification, the certification required by 
paragraph (c) or (d) of thio «action «ball bo renewed 
for particular equipment by such data as tho Commis¬ 
sion may specify If the Commission bao reason to be¬ 
lieve that the operation of such equipment may be In-
eonaletsnt with provisions of this part or the source 
of Interference to radio communication 

I 18.12 Operation on L'aaaalgned Frequesdea. 

A station 11er nor Is not required for the operation at 
medical diathermy equipment oo frequencies other than 
tboae specified in 11M1 (n) provided eoch operation 
in In accordance with the general conditions of opera¬ 
tion net out In the certification required Id paragraph 
(b) of thia aectioa, and meets the following conditions : 

(a) The equipment used In aueb operation ahall be 
provided with a rectified aud filtered plate power rop-
ply. power lice filtere and ahall be provided with suf 
Arlen' ahleldlng sa that the emlasloa of radio frequency 
energy generated by such operation. Including spurious 
and barmonlc emissions, shall not exceed a strength of 
fifteen microvolts per meter at a distance of 1,000 feet 
or more from the medical diathermy equipment oo fre¬ 
quencies other than those specified In I 18.11 fa > under 
any conditions of operation. 

(b) There »ball be affixed to each unit of equipment 
so operated, or posted in the room In whtcb such opera¬ 
tion occurs, a dated certification of a competent en¬ 
gineer, or a dated certificate or name plate of the manu-

(Kd. 11/61) 
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facturer of the equipment Netting forth the general 
condition« under which auch equipment should be 
operated and certifying that under the described con¬ 
ditions of operation tbe requirement« of this aectloa 
may reasonably be expected to be met for a period of 
at least three year« Tbe certification required by thia 
seclloo ahall describe with certainty tbe equipment 
covered thereby, and ahall Include a brief statement 
of the engineering testa upon which the certification la 
boned and the resulta thereof. Field Intenatty measure-
menta In «ucb tests ahull be made In accordance wltb 
the provision« of | 18.13 

<cl The certification required Io pur* graph (b) of 
thia section «hall be renewed every three year«: pro¬ 
vided. That auch certification ahall be renewed for 
particular equipment by auch earlier date a« tbe Com¬ 
mission may specify If the Commission baa reason to 
believe that the o|>eratloo of such equipment may be 
Inconsistent with the provisions of tbls part or a 
source of ioterfereuce to radio communication. 

I 18.11 Measurement of Field Intenatty. 

Measurements to determine the field Intenalty of 
radio frequency energy generated by medical dia¬ 
thermy equipment shall be mnde io accordance with 
standard engineering procedures and shall Include the 
following : 

(a) An approved type of field Intensity meter using 
loop pickup shall be used for measurementa on fre¬ 
quencies below and Including 18 Mc/a.snd such a meter 
wltb a doublet antenna shall be used for uivenureojeute 
for freqnenclea above 18 Mc/a. Appropriate techniques 
«ball be resorted to for measurements In tbe microwave 
region of the spectrum 

< b> Tbe field Intensity at 1.000 feet from tbe medi¬ 
cal diathermy equipment, or at any other point at 
which It becomes necessary to determine such Intensity 
"hall be determined by measurement« al approximately 
lUO-toot Intervals along 5 radials approximately 72* 
■l*rt, provided that additional measurement« shall be 
taken when neceanary In particular caaes. An average 
curve shall be drawn through the points obtained for 
each radial and then either < 1 > the field intensity at 
1,000 feet taken from the curve or (2) the curve ex 
tended to tbe 1.000-foot point to obtain the field In¬ 
tensity at that point If points of measurement along 
a radial are auch that marked changes of field Intensity 
over short distances sre noted because of standing 
waves, multipath», etc., continuous measurements shall 
be mnde along any such radial at pointe 100 feet apart 
In order to oiitnln average values for such pointa. 

(Cl Tbe field Intensities specified In this section refer 
to the maximum field Intenalty regardless of polariza¬ 
tion. measured st a height of 12 feet shore the Imme 
diste terrain or at such lower height st which the field 
intensity mny exeed that at 12 feet 

(d) If due to the locution of equipment In a large 
city, or for tome other reason, measurements as out¬ 
lined above are Impractical because of shadows or 
shielding of large buildings or other objects. every 
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effort should be made to obtain necessary measure* 
rnrnta at clear locations such ss atop adjacent build¬ 
ing". etc., with the nieaMuremrnts corrected to the 
height specified In paragraib (c) of tbls section In ae-
t ordunce with bt—t available engineering Information. 

I 18.14 Procedure for Type Approval. 

(a) Manufacturers of méditai diathermy equipment 
designed to oiwrate on the frequencies specified in 
I Im. 11 (a ) may submit units of such equipment to tbls 
ComiuiMNloo fur type approval upon tbe grant of re-
qurst therefor made In writing by tbe manufacturer 
to the Secretary of the Commission. Such a request 
will not be granted uniese at least S unlta of the model 
to be submitted are æhr>lul*d for manufacture and tbe 
manufacturer agrees lo bear all forwarding and return 
charges In connection wltb the shipment of the unit to 
be tested between tbe Federal Communications Com¬ 
mission. Laboratory Division. Laurel. Maryland, and 
the manufacturer 

(b) Any such equipment which Is submitted will be 
tented and a certificate of type approval will be tasued 
to tbe manufacturer for each type of equipment which 
meets tbe following tents 

(1) Tbe frequency at ail times during tbe tests 
below ahall be maintained within 70% of tbe tolerance 
• pec in rd id I 18.11(a). 

(i| From a cold atart the machine will be operated 
continuously al full load for 8 boura, except that ma 
chines classified as portable will be subject to a 2 hour 
teat. 

(II) From a cold start the machine will be operated 
at no load tnr 5 minuten and then the frequency devia¬ 
tion determined over a normal treatment cycle. A 
treatment cycle will be simulated by artificial varying 
londs and varying settings of the resonance and other 
'•peral Ing controls. Rlmllnr treat ment cycle tesla will 
be conducted after pcri d« of continuoua full load 
operations up to six hours (2 hours for portable opera-
tl'.o) to determine the msxlnmm deviation. Tbe 
number of such tests normally will be determined by 
the results of test (I) : Pnridtd, h turner, That equip¬ 
ment designed to operate on the frequencies set forth 
In I IK 11(a) may be granted tyje approval regardless 
of frequency stability, provided such equipment meets 
the other requirements hereof and contain« a power 
cut-idf mechanism which In effective In rendering the 
machine ln<i|«rative when the deviation from tbe as-
slgnevl frequency exceeds 1* percent of ibe tolerance 
provided for. 

(2) The equipment mu«t be designed to prevent the 
end^htn of spurious sihI harmonic radiations to tbe 
exlent required 'n I IK 11th). 

I'D The electrical and mechanical cnenponeots of 
the machine and their Installation mu«t be such as to 
give reasonable as«urnnce of romitllnnce with the re-
•pilroun-nf a of jwnnHdble frequency tolerance for at 
least ft years. 

Noro Medical diathermy eqolpaicpi n|>erat«d on SIS Me/«. 
MS© Me/«. &»o0 Me/» er SRI.ISS Me/a will be rilglSle for 
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typ« approva) apon « deurwiaaUoa by Ut Cblvf «afta»»» 
of compllascv with tbe rroolrr»»Dia of the Com ta* los» 
psbltc oottca and order of LXtœbar M. lt4S. whleb reeotre-
mesta oro set forth 1* I 1ST. 

• 18.18 Effect of Certificats of Type Approval. 
A certificate of type approval coast! ratee a recogni¬ 

tion that on tbe basis of the tests made lhe equipment 
appear* to have the capability of functloalng Id accord¬ 
ance with tbe prvvlelous of 11811 (a) and (b) pro¬ 
vided auch equipment la properly constructed, malo 
talned and operated, and uo change wbataoever la made 
Id tbe coastruction at equipment eold under the Cer¬ 
tificate of Type Approval Issued by tbe Commlaaioc 
except on apeclfic approval by the CommIasion to any 
changes made. 

• 18.18 Withdrawal of Certificate of Type Approval. 
(a) A certificate of type approval may be withdrawn 

If tbe type of equipment for which It waa laaued provea 
defective In servi e» and under usual condltlona of 
maintenance and operation auch equipment cannot bo 
relied on to meet tbe condltlona aet forth In this part 
for tbe operation of tbe type of equipment Involved, or 
If any change wbauoever la made tn tbe contraction 
of equipment sold under the certificate o' type approval 
Issued by the Commission. without the apeclfic prior 
approval of the Commlaaloo. 

(b) The procedure for withdrawal of a certificate 
of type approval aball be the aame ae that preecribed 
for revocation of a radio station license pursuant to tbe 
provisions of the Communications Act of 1834, ae 
amended. 

(c) In tbe case of withdrawal of a certificate of 
type approval the manufacturer eball make no further 
aale of equipment under euch certificate. 

(d) When a certificate of type approval baa been 
withdrawn for unauthorised changes or for failure to 
comply with technical requirements, tbe Commission 
will consider that fact In determining whether the 
manufacturer In question la eligible to receive any 
new certificate of type approval 

SUBPART C—MISCELLANEOUS 
EQUIPMENT 

118JI Miscellaneous Equipment. 

(a) Tbe operation witbout a Uceóse of miscellaneous 
equipment, aa defined In 1182(d), generating radio¬ 
frequency power of 500 watts or lees, shall be In com-
pilanca with tbe provisions of this pert for medical 
diathermy apparatus 

(b) Operation of such equipment generating radio 
frequency power In excess of 500 watts shall be In com¬ 
pliance with tbe requirements for medical diathermy 
apparatus except that tbe maximum radiated field 
permitted «ball be Increased as tbe square root of tbe 
ratio of tbe generated power to 5Ù0 wans: Provided. 
That tbo radiated field shall in no case exceed the fields 

permitted Industrial beating apparatus: 4*4 provided 
furtAer, That equipment used In predominantly resi¬ 
dential areas and operating on frequencies below 1.000 
lic/a aball not be permitted the Increase in field with 
power as Indicated In this paragraph, but aball be sub¬ 
ject to the restrictions contained in thia paragraph foe 
diathermy equipment. 

(e) Mlacellaneona equipment, as defined in | 18.2(d), 
may be type approved under procedures similar to 
that for diathermy equipment with euch changas Id 
tbe above procedure as may be required because of the 
nature of tbe particular equipment Involved. 

(d) For the purpose of field intensity measurements, 
tbe location of the miscellaneous equipment may be 
considered to be the actual physical location of auch 
equipment or, where several such on Ha era grouped 
within a circle of 200 feet radian or lean, the several 
units may. at the election of tbe certifying engineer, 
be considered aa a al ogle unit, tbe location of which 
will be the center of tbe sms I loot enclosing circle : Fro. 
uWed, Aowetcr, Tbat if tbe certification Includes more 
then one unit, tbo distance of 1,000 foot st whlob the 
maximum permissible radiation Is determined shall be 
decreased by an amount equivalent to tbe radius of 
tbe circle encompassing tbe several units 

(e) It shall be the rospouslblllty of the operator to 
have the equipment recertified when changes bave 
been made that might Increase tbe radiation beyond 
tbe specified limits. 

SUBPART D— OPERATION FOR WHICH A 
LICENSE IS REQUIRED 

9 18.41 When a License la Required. 
(a) No medical diathermy equipment. Industrial 

besting equipment or miscellaneous equipment which 
does not comply with this part eball be operated 
except pursuant to a »Lat loo license laaued by the 
Commission authorising such operation. 

(b) Whenever tbs CoatmlMleo on eomplolot or on Its 
own motion determines tbat medico! diathermy equip¬ 
ment, industrial heating equipment or miscellaneous 
equipment !" not In fact operating In compliance with 
the provisions of this part sod m  advises the operator 
of such equipment, further operation of such equipment 
without a station llcvnae shell be unlawful unless 
within 10 days of the reeelpt of such notice, nr within 
such further time as tbe Commission may for good 
cause sllow, tbe operator of rjeb equipment shall file 
wltb tbe Commission a certificate of a competent en¬ 
gineer stating tbat the equipment Ie now capable of 
complying with tbe requirements of tbe rules. 

118.42 Showing Required. 

A station license for the operation of medical dia¬ 
thermy equipment. Industrial heating equipment or 
miscellaneous equipment will be granted upon proper 

(IM. 1V8D 
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appilcst Ion therefor in accordance with the provisions 
of this part and a «bowing that In the light of the fol¬ 
lowing conslderstlons rhe public Interest, convenience, 
and necessity would be served by «neb a grant (a) 
The purpose for «bleb the equipment sought to be 
licensed will be used ; (hi the reasons why the equip¬ 
ment Involved may not be operated In compliance with 
the provisions of ibis part for the operation of auch 
equipment without a license, and (c) tbe nature and 
extent of interference that may be caused to authorised 
coui municat Ion service« by the operation of auch 
equipment 

I 14 43 A ppi lent ion a for Station Licenses. 

Each applicant for a station license authorising the 
operation of medical diathermy, Industrial he«ting 
equipment, or miscellaneous equipment, or requesting 
tbe modification or renewal of such a license, «ball file 
with tbe Commission tn Washington, D.C., three copies 
of each application on the appropriate form designated 
by tbe Coiuiulsalon and a like number of any exhibits 
and otber papers Incorporated therein and made a part 
thereof. Only the original copy need be sworn to. 
A ppi teat loo for a license shall be made up on tbe ap¬ 
propriate form prescribed by the Commission, and sep¬ 
arate application should be made for each unit of 
equipment for which a license is sought. Application 
for modification or renewal of a license shall also be 
upon appropriate form prescribed by tbe Commission. 

I IS44 Full tafermMion. 

Esch application for a license authorising the opera¬ 
tion of medical diathermy, industrial beating equip¬ 
ment or miscellaneous equipment shall contain full 
and complete Information concerning all matters and 
things required to be disclosed by tbe application form. 

111.4* Lies nee Period. 

Each station license authorising tbe operation of 
medical diathermy, industrial equipment or miscella¬ 
neous equipment will expire at the hour of 3 am. and 
will be lasued for a normal license period of five years 
or such other period as tbe Commission may specify 
upon consideration of the facts In a particular case. 
Each auch license shall be nontransferable 

1)8.44 Renewal of Lice nao. 

Unless otherwise directed or permitted by tbe Com¬ 
mission, applications for renewal of a station license 
for tbe operation of medical diathermy. Industrial heat¬ 
ing equipment or miscellaneous equipment shall be filed 
with tbe Commission upon prescribed forms at least M 
daya prior to tbe expiration date of such license 

118.47 Station License, Posting of. 

Tbe original of euch station license eball be posted 
In the room in which the equipment is operated. Ll-
cenaen covering equipment nut used In a fixed place 
shall be attached to tbe equipment itself 

118.48 Operator Requirements. 

Equipment for which a station license is issued pur¬ 
suant to the provisions of ibis part may be operated by 
persons who do not bold an operator license or permit 
Issued by thia agency. 

I 1*4» Cessation of Operatio« Porasaat to Ucsnas. 

If any equipment for which a license has been issued 
hereunder shall cease to be operated pursuant to such 
license, or la transferred, sold, assigned, leased, loaned, 
stolen, destroyed, or otherwise removed from the poa-
aeaalon of tbe licensee, the licensee shall within five 
days of such occurrence notify tbe Commission thereof 
and, where possible, include In such notification tbe 
name and address of the recipient of such equipment. 

t 18-51 Existing Equipment. 

Tbe provisions of tbls part shall not be applicable 
until June 30. lt»54 to epilation equipment, which uses 
radio frequency energy, manufactured before Decem¬ 
ber 31. 19'0. and ahall not be applicable until Decem¬ 
ber 31. 1955 for such equipment manufactured between 
December 31. 1900 and June 30. 1053 : provided. That 
tbe foregoing provlsiona of tbla section ahall be appli¬ 
cable only If auch etepe aa may be necessary are 
promptly taken to eliminate Interference to authorized 
radio services resulting from tbe operation of equip¬ 
ment manufactured prior to tbe respective dates set 
forth In tbla section. 

SUBPART E—ULTRASONIC EQUIPMENT 

118.78 Operation Without a License 

Ultrasonic equipment may be operated witboat a 
license: Provided. Tbe design and operation compiles 
with the technical limitations for such equipment ; And 
provided further. That tbs equipment has been typo 
approved by tbe Commission or bas been certified pur¬ 
suant to tbe requirements of || 18.70 to 18.84 and the 
certificate la attached to the equipment or Is promi¬ 
nently posted In tbe room In which tbe equipment la 
being oiwraied; except that ultrasonic equipment 
operating on frequencies below 90 kc/a and generating 
leva thon SOU watts of radio frequency power may be 
o| ere ted without llcenee. tyi* approval or certification, 
if such equipment compiles with all otber applicable 
provlsiona of || 18 70 to 18 A4 

I 18.71 Technical UmitatioM. 

(a) Ultrasonic equipmeot shall be designed and 
iv»natrueted io accordsuce with good engineering prac¬ 
tice with sutfi* lent shielding snd fitirring to provide 
adequate suppression of emissions on frequencies out¬ 
side tbe ISM frequency bands. 

(b) Except for ultrasonic messurement equipment 
thut operate« over s continuous bond of frequencies, 
the fundaments! frequency of operation sbstl fsll 
outside tbe frequency bands 490-510 kc/a, 2170-2194 
kc/a, and 83^4-44374 kc/a 

(Ed 12/01) 
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(e) Tb« varying conditions ander which Ultrasonic 

equipment la operated eball not reealt tn radiation 
eicvedlng th« following limita : 
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(d) The operation of ultraaoalc equipment on fre¬ 
quencies below «90 kc/a using radio frequency power In 
eicvss of 500 walla ahall be In compliance with the 
rvquirements of thia aectloa except that the maximum 
radiated Seid permitted may b« Increased aa the square 
root of the ratio of the geoerated radio frequency 
power to 500 watta Proetded. That th« radiated Seid 
«ball tn no case exceed the Seid permitted Industrial 
heating equipment: dad provided farther, That equip¬ 
ment used In predominantly residential areas shall 
not be permitted the Increase tn Seid with power aa 
Indicated tn thia paragraph 

(e) On any frequency above «00 kc/a the radio fra-
queocy voltage appearing on each power line ehal! not 
exceed 200 microvolts. On any frequency below «90 
ke/a the radio frequency voltage appearing on «ach 
power line ahall not eiceed 1000 microvolte. Meas¬ 
urement eball be made from each power line to 
ground with the equipment itaelf both grounded and 
ungrounded 

Nora Ooe method of making eondarted Interference 
meaearemeau la deocrlbed la "Military 8 pec Heat lea far la 
terfereace Meaeoremeat" Mlb-1->SS10 (SHIPS) dated Jeou 
ary 1«. IMS. available from the Commanding OScee. Naval 
• apply Depot. Scotia 2, New Torh. Note tbat thia proce-
Oura eaUa far grounding the e«alpmeot under teat, whereaa 
tbeae ralee call foe meaaurameau with the e«ut|>weot both 
grauadad and angreuoded. 

Illtt Typ« Approval 
(a) Manufacturers of ultrsaonlc equipment desiring 

to obtain typ« approval for their equipment may re-
qoMt permission to submit such equipment to the Com¬ 
mission for testing by following the procedure Mt out 
in Part 2 of thia chapter. The request ahall include a 
etstement that at leaat 5 units of the model to be sub¬ 
mitted are scheduled for manufacture. 

(b) To be acceptable for type approval, ultraaonte 
equipment mu at meet tbe following requirements : 

(1) Tbe equipment must comply with tbe technical 
limitations for ultrasonic equipment 

(2) Tbe design end construction of tbe equipment 
must give reasonable assura nee of compila nee with 
tbe rules io this part for at least 5 years under normal 
operatloo and wltb average maintenance 

(e) Additional rules relative to type approval will 
be found In Part 2 of thia chapter. 

118.71 Identification of Type Approved EqoipoMoL 

(a) Equipment for which a certifies is of type ap-
proval baa been Issued ahall be Idendflad by tbe 
iDMrtlon of the F’OC Type Approval Number on th« 
nameplate of the equipment. 

(b) In addition to tbe namepiste, the manufacturer 
ahall furnish each user of type approved equipment 
a certificate setting forth tbe conditions ander which 
aueh equipment shall be operated 

* 18.74 Effect of Certificate of Type Approval 

A certificate of type epproval laaned by the Commis¬ 
sion conatftutee a recognition that, on the basis of th« 
teats made, the equipment appears to be capable of com¬ 
plying with tbe technical limitation« In tbe rale« In this 
part, provided such equipment Is properly Installed, 
maintained and operated, and no change whatsoever 
is made In tbe construction of equipment sold under ths 
certificate of type approval except oo specific prior ap¬ 
proval by tbe ComtulMlon to any cbaugas made. 

11A 75 Oangae la Type Approved Equipment. 

No changes whatsoever may be made Id ultrasonic 
equipment for which a certificate of type approval has 
been Issued except oa specific prior approval by th« 
Commlaelon 

1117« Withdrawal of Certificat« «f Type Approval 

(a) A certificate of type epproval may be withdrawn 
if tbe type of equipment for which It was Issued 
proves defective In service snd under usual conditions 
of maintenance end operatloo ouch equipment cannot 
be relied ou to meet the conditions set forth In thia 
part for tbe operatloo of the type of equipment in¬ 
volved, or if any change whatsoever Is made in tbe con¬ 
struction of equipment sold under the certificate of 
type approval Issued by the Commlseion. without th« 
specific prior approval of tbe Commission. 

(b) The procedure for withdrawal of tbe certificate 
of type approval shall be tbe same ae that prescribed 
for revocation of a radio station license pursuant to 
the provisions of the Communlcatloas Act of 1M4. as 
«mended 

<c) In the case of withdrawal of a certificate of 
typ« approval tbe manufacturer ahall make no further 
aale of equipment under such certificate. 

(d) When a certificate of type approval has been 

withdrawn for unauthorised change« or for failure to 
comply wltb technical requirements, the Com ml salon 
win consider that fact In determining whether tbe man¬ 
ufacturer In question Is eligible to receive any new 
certificate of type approval. 

I 11.77 Measurement of Field Intensity. 

Measurements to determine tbe field intensity of 
radio frequency energy Including both fundamental 
and spurious (Including harmonic) emission«, gener¬ 
ated by tbe ultrasonic equipment shell be made In 
accordance wltb standard engineering procedure« and 
«ball Include tbe following: 

(Bd 12/81) 
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(■) A field Intensity meter using loop pickup shall 
be used tor tneaaurements on frequencies up to and 
Including IS Mc/a and auch a meter with a doublet 
antenna «ball be used for meaaurementa on frequencies 
above 18 Mc/a 

(b) Tbe radiation shall be determined along at leant 
5 radíala approximately 72* apart A smooth curve 
ahull be drawn through tbe meaMurwuenta when plotted 
and the value of field Intensity determined from these 
curvee. 

I 18.78 Location of Eqnlpmant. 

For the purpose of measurements required In order 
to execute a certification of compliance, tbe location of 
tbe ultrasonic equipment may be considered to be tbe 
actual physical location of tbe equipment, or. where 
several auch units are grouped within a circle of 200 
feet radiua or less, tbe several unite may at the elec 
Hon of the certifying engineer be considered as a single 
unit located al the center of tbe amalleat enclosing 
circle. If ibe certification includes several units 
treated as one equipment, tbe distance of 1 000 feet at 
which tbe maximum permissible radiation Is deter¬ 
mined shall be decreased by tbe radius of the amalleat 
circle that enclose» tbe several units. 

6 IS75 (Reserved] 

118-80 Certification Attesting Compliance With 
Rules. 

la I A certthcailon attesting compliance with tbe 
rules la tbia part may be affixed or pouted for any ultra¬ 
sonic equipment. 

• bl Tbe certification aba il be based on an inspection 
of che equipment aud measurements taken at tbe place 
of use after tbe ultraaonic equipment has been a«sem-
Ned and is ready for uperatlon: PrarMeff hurcrrr, 
That the certifying engineer may. In lieu of meaaur-
Ing tbe radio frequency voltage on the |>uwer linee, 
buse tbe certlficution on specifications for tbe power 
line filter and test data regarding the radio frequency 
voltage on tbe power lines furnished by tbe manufac¬ 
turer of tbe ultrasonic equipment 

(c) Tbe certification tuny be executed by any engi¬ 
neer .«killed In making and Interpreting field Intensity 
measurements. The Commission may require auch 
engineer to present proof of bls qualifications to moke 
such tnensureinents 

id) Tbe certificution shall contutn the following 
lufuruiutluo ; 

(1) T>|w and aerial number, or other positive Iden¬ 
tificativa of the ultrasonic equipment being certificated 

(2) Conditions under which tbe certificated equip¬ 
ment »ball be operated 

(3) Brief description of tbe engineering testa aud a 
summary of tbe measured data upon which tbe certifi¬ 
cation Is based. 

(♦) If tbe radio frequency coltnge on the power line 
Is not measured, a étalement that, based on an Inspec¬ 
tion of tbe equipment aud study of such test data aud 

specificstIona as may be furnished by tbe manufacturer. 
ti>e equipment can rrauonnbly t* eiiwcted to meet the 
requirements for radio frequency voltuge on tbe power 
lines. 

(5) A atatement certifying that under tbe described 
condition of <q<eration. tbe certificated equipment may 
rv-MM-nubly be ei|*ecled to meet the requirement* of the 
rulea In thia part. Thia statement shall Include tbe 
period of time over which the equipment may reason¬ 
ably be expected to comply with ihe rules In this port 

(8) Date tbe measurements were made. 
(7) Date of certification. 
(8) Signature of certifying engineer 
10) Name ana address of employer of certifying 

engineer, if any. 

g 18.81 Renewal of Certification. 

Tbe certific ation required by || 18.70 to 18.84 does not 
require renewal However, when tbe Commission has 
reason tu believe that operation of tbe equipment con¬ 
cerned may be Inconsistent with If 18 70 to 18.84, it 
may require a new certification based on a new net of 
measurements. 

I 18.82 Certification After Maintenance Work. 

It shall be tbe rrqiooxiMllty of tbe operator of the 
ultrasonic equipment to bave euch equipment recertifi¬ 
ée t rd when changes have been made that might tn-
creese tbe radlnted or conducted interference beyond 
the Umile specified in || 18 70 to 18.1M 

6 18A4 Effective Dots 

(a) All ultrasonic equipment manufactured on or 
after duly 1, 11)55. must comply with tbe rules In 
II 18 70 tu 18M 

lb) Ultrasonic equipment manufactured prior to 
July 1. 1055. may be utilised until July 1, 10«. provid¬ 
ing it complies either wilb tbe rules In || 18 70 to 18 M 
or with tbe rules for miscellaneous equipment In 
I 1H 31 After July 1. IMS. all such equipment must 
l uniply with the rules in || 18 70 to 18 84. 

SUBPART F—INDUSTRIAL HEATING 
EQUIPMENT 

§ 18.101 Operation Without a Lítense 

Industrial beating equipment may be operated with¬ 
out a lire use Provided. Tbe design and operation of 
the equipment compiles with the technical llmtuttona 
in ibis part lor auch equipment : And provided farther, 
That tbe equipment baa been certificated pursuant to 
tbe requirements of thia part. 

118 102 Technical Limitations. 

1*1 Industrial heatlog equipment shall be designed 
and <->»nstrucfrd In accordance with g<«»d engineering 
practice with sufficient ahie'.ding and filtering to meet 
tbe requirements of this part. 
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(b) Industrial besting equipment may be operated 
on any frequency except frequencies la the bands ITO 
BiO kc/a, 2170-21« kc/s, and 8354-8874 kc/s Kqol^ 
meat operating on an IBM frequency nay be operated 
with nnllmlted radiation on that frequency. Equip 
meat operated on other frequencies muet supp ree« 
radiation on the fundamental carrier frequency an 
well aa other frtqnenclea as required by thia part. 

(C) Industrial beating equipment designed for op 
era 11 on on an IBM frequency shall be adjusted to 
operate aa done to that ISM frequency ae practicable. 

(d) Radiation of radio frequency energy from any 
Industrial beating equipment on any frequency below 
6725 Mc/A except ¡8M frequencies, abell be euf^eeshed 
so that the radiated field strength does not exceed 10 
microvolts per meter at a distance of one mile or more 
from the equlpeaent 

(e) Radiation of radio frequency energy from any 
Industrial beatlog equipment cm any frequency above 
6725 Mc/a. eacept ISM frequencies, shall be reduced to 
the gres test extent practicable 

Noro Tbs Cow miedos will taub list deleite rsdlstlon 
limits for three frrqtvnclev so soon as Information regarding 
equipment operating on these frequencies becomes available 

(f) Filtering between tbs Industrial beating equip¬ 
ment and power Unes must be provided to the extent 
necessary to prevent the radiation of energy from 
power lines on frequencies other than ISM frequencies 
with a field strength In excess of 10 microvolts |wt 
meter st a distance of one mile or more from tbs in¬ 
dustrial beating equipment and at a dldfance of 50 
feet from the power line 

118.101 (Reservad) 

1181« (Reserved) 
118.106 Inspection of Induatrial Heating Equipment. 

(a) Industrial heating equipment aha 11 be periodi¬ 
cally Inspected In order to reaffirm the validity of tbe 
certificate required by thia part 

(b) Inspection shall be mails at sufficiently fre¬ 
quent Intervals to insure tbot each Ibdustrinl heettug 
equipment Is Installed, maintained, and operated In 
a manner that provides compliance with tbe provisions 
of thia part. 

(c) A log shall be maintained of tbe inapectlona 
made. Tbe inaiwctor aball enter a brief note of bis 
findings and aha 11 date and sign each entry. 

(d) The log aball be maintained at tbe aame loca¬ 
tion aa tbe certificate. 

(e) Tbe Inspector shall require tbe equipment to be 
recertificated pursuant to tbe requirements of this 
part if he determines, as a result of bls inspection, 
that sucb action la necessary In order to assure com 
pllance with thia part 

118.104 Renewal of Certificate. 

(a) Tbe certificate required to be exhibited by thia 
part shall be renewed : 

(1) When changes have been made that might In¬ 
crease tbe radiated Interference beyond the Limits 
specified in this part 

(2) When the Inspector baa determined that such 
action M necessary to assure compliance with the re¬ 
quirements of thia part 

(3) When required by the Commission because It 
has reason to believe that opera a on of the equipment 
concerned may be Inconsistent with the requirements 
of this part 

(b) Tbe renewal of tbe certificate shall be based on 
mewruremeots made at tbe point of installation. 

(c) After April 30. 1M1, the renewal certificate 
«ball be executed on FCC Form 724. 

118.107 Measurement of Field Strength. 

Measurements to determine tbe field strength of 
radio frequency energy generated by induatrial beat 
Ing equipment shell be made In accordance with stand¬ 
ard engineering procedures and shall Include tbe 
following : 

(a) A loop antenna shall be used for measureroenta 
on frequencies below 18 Mc/a, and a doublet antenna 
«hall be used for mea sure men ta on frequencies above 
30 Mc/a. Either a loop or doublet antenna aball be 
need on frequencies between 18 Mc/a and 30 Mc/a 
Appropriate techniques shall be resorted to for meas¬ 
urements In tbe microwave region of tbe spectrum. 

<bl Prior to tbe determination of ths maximum field 
strength at one mile, a sufficient number of measure¬ 
ments aball be made In tbe vicinity of the Industrial 
beating equipment to enable plotting of the polar radia¬ 
tion pattern and to assure tbe correct determination 
of the major lobes Where condicione permit these 
meaaurements aball be made at Intervale of not moro 
than 20 degrees In sxitnuth directions and at distances 
not exceeding 1,000 feet from tbe location of the equip¬ 
ment Tbe measurements so obtained aball be reduced 
to equivalent field strength at 1.000 feet. 

(cl Tbe field strength measurements for tbe maxi¬ 
mum field strength at one mile shall be made along tbe 
radial corresponding to the lobe of maximum radiation 
as determined from the polar radiation pattern. Suffi¬ 
cient measurements shall be made along radiale ex¬ 
tending through ell lobes which are within 16 db of 
tbe apparent maximum lobe, as determined io para-
graph (b) of thia section to assure that tbe assumed 
lobe of greatest field strength is In fact the maximum 
lobe If two or more lobes of radiation of approxi¬ 
mately tbe aame strength are present, measurements 
to determine field strength shall be made along tbe 
several radials for such lobes Where possible, field 
strength measurements sha» be mode along each radial 
at Intervals of not greater than 500 feet and an average 
curve drawn for measured field strength in microvolts 
per meter verane distance In feet. Where necessary, 
tbe average «irre aball be extended to show tbe ex¬ 
trapolated field strength at one mile In these esses 
where It la Impractical to conduct meosurements along 
tbe radial of maximum radiation a sufficient number 
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of Seid strength measuremeots »ball be made to rlcarly 
Lad ica te tbe magnitude of the radiation Seid la the 
sector containing tbe lobo of maximum radiation 

(d ) Where there la evidence of radiation from power 
Hdw, field strength measurements shall be made at not 
lean than three polola along the power Hoe located ap 
proximately I mile from tbe location of tbe Industrial 
hastio g equipment causing web radiation and to tn-
rinde a length of power Hoe not lew than MO feet. 
Ono point of meaaurement shall lie within tbe 1-mlle 
distance aad tbe others beyond. At web of thew 
pointa al leant three meaaoremeote of field strength 
ahali be me da along a line normal to tba power Uno 
and out to a díala ace from tbe power line not exceed¬ 
ing 60 feet meaaured horlaontally along tbe ground 
from a point directly below tbe outermost conductor. 

(a) Tbe field strengths specified herein refer to the 
max I mo tn field atreogtba, regard lew of polarisation, 
mwsured at e height of 12 feet above tbe Immediate 
terrain or at noch lower height at which tbe field 
strengths may exceed that at 12 feet. Measurement* 
made at froquencleo below 18 Me/s may be made at 
any convenient height. 

(f) Tbe spectrum ahali be Investigated from the 
lowest frequency geoerated 1n tbe equipment up Io 
tbe tenth harmonic of tbe fundamental frequency or 
to 6720 Mc/e whichever la lower. 

IIL1M Location of Eqalpment. 

For tbe porpoae of menso ramenta required In order 
to execute a certification of compliance, the location of 
tbe industrial heating equipment may be considered to 
bo tbe actual physical location of the equlpnwnL or. 
where several such units are grouped witbin a circle 
of 600 feet radius or lew. tbe several units may, at tbe 
election of tbe certifying engineer, be considered as a 
single unit, located at the center of tbe smallwt enclos¬ 
ing circle. If the certification Includes aeveral units 
treated as one equipment, tbe distance of one mile at 
which tbe maximum permissible radiation la deter¬ 
mined ahali be reduced by tbe radine of the emailest 
circle that encloses the aeveral única. 

I 11.188 Report of radiation measurements. 

Tbe report of radiation mwauremeota ahali contain 
tbe following information : 

(a) A description of ibe equipment that was meas¬ 
ured for radiation. Including: manufacturer, type 
number, nominal operating frequency, and nominal 
power rating. 

(b) A Hating of the measuring equipment used. In¬ 
cluding tbe wrlal numbers. 
(c) A statement of tbe dste when tbe measuring 

equipment was last calibrated. 
(d) Tbe data tbe measurements were made. 
(a) The frequency range that waa Investigated 
<f) A list of all frequencies at which measurements 

were made and tbe magnitude of tbe field that was 
meaaured. 

<Dd 12/fil) 

(g) If tba raqnlrad range of Investigation inciudw 
the following frequencies. Indicate tbe magnitude of 
ibe field meaaured on tbeae fraqoaoclw or In thew 
frequency bands. 

Mc/t 
74.« to 75.4 

108.0 Ü» 118.0 
121.0 
IM 8 
343 0 

328 • to 836.4 
4200 to 480.0 

<b) A plot of field strength va. frequency show¬ 
ing tbe level of all signals mwaurad. Tba pl« shall 
also show the ambient noise level. 

<I) A pl« of the polar radiation pattern ta required 
by I 18107(b). 

(j) A pl« of field st rao gib va distance along tba 
radial of maximum radiation In tbe polar pl« aa re¬ 
quired by I lAI07(e). 

(b) A statement of tbe operating conditions that 
must be obwrved to ensure that radiation daring rou¬ 
tine operation does n« exceed, within reasonable lim¬ 
its. tbe radiation that was mwsured and la reported 
heroin. 

• 18.118 (Rwarvad) 

• 18.111 Form of wrtifiwta. 

fa) Certificates Issued after April 30. 1M1. for In¬ 
dustrial heating equipment shall be executed on FCC 
Form 724 except aa provided in paragraph (b) of 
this section. 

<b) Where tbe Industrial beating equplment la Iden¬ 
tical to a prol«ype wblcb bad been tested foe radia¬ 
tion prior to April 30. 1M1. the manufacturer a certi¬ 
fication manual heretofore laaued for such equipment 
may be aubet Ilutad for Part Ill of FCC Form 724. 

I 12112 Certification regarding operation. 

Tbe certification required In Part 1 of FOC Form 
724 ehail be executed by tbe owner or lessee of tbe 
equipment, tn the cane of proprietorship; by one of tbs 
partners. In tbe case of a partuerabip; or by an officer 
or authorised employee In tbe case of a corporation. 
If Part I la signed by an authorised employee, an 
officer shall execute l’art II of the certificate. 

• 18.113 Certification regarding radiation. 

Tbe rertlfiraMnn required In Part HI of FCC Form 
724 eball be executed by an engineer akllled In making 
and Interpreting field strength measurementa Tbe 
Commission may require such engineer to furnish 
proof of bls qualifications 

• 18.114 Prototype certification permitted. 

The certification required In Part 111 of FCC Form 
724 may be issued on the basis of field strength meas¬ 
urements mude at the place where tbe Industrial beat¬ 
ing equipment has been Installed for operation or on 
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th* b««U of field strength meaeuremsoto made on a 
prototype. 

111.1 15 Compliance with inatallatton instruction*. 

Where tbe certification regarding radiation (Part 
III of FOC Form 734) la baaed on measurement* << a 
prototype, the equipment ab all bo Installed In accord¬ 
ance with the Um tract Ions which the engineer certify 
1^4 to Part III of FCC Form 724 baa certified aa being 
adequate to ensure reasonabl* erpoctation of compli¬ 
ance with the radlatlan Umita tn | IS 102 

118.11« Certificate ta be filed with Commission. 

The certificate required by || 18.101 and 18.111 abaU 
bo filed with the Secretary, Federal Communications 
Cummiaaiou, Waahlngton 23, DC. The copy of FCC 
Form 724 filed with the Commission eball Include : 

(•) The original of Part I properly completed and 
signed ; 

(b) When required. the original of Part II properly 
signed ; 

(e) The original or a facsimile copy of Part Ill 
properly completed and signed : Provided, That the 
manufacturer's certification manual may be anbetltuted 
for Part III ae provided by 118.111(b). 

118.117 Copy of certificate with equipment. 
A copy of the certificate filed with the Commission 

pursuant to 118.118 shall be retained by the operator 
and shall be attached to the equipment Alterna 
tlvely, the copy of the certificate may be placed at 
any location where it wtu bo conveniently available 
for Inspection by authorised respvesen ta tires of the 
Commission. provided there la attached to the equip¬ 
ment a notice eta ting where the copy of the certificate 
is located 

118.118 Rejection of certificate. 

(a) A certificate that la Incomplete or otherwise 
does not meet the requirements of Subpart F of this 
pert may be rejected. 

(b) The certificate aba II be considered accepted un 
leoa rejected In writing witbin 80 daya of receipt by 
tho Commlaetoa 

(c) In tho event a certificate la rejected but with 
no harmful Interference Involved, tbe equipment may 
bo operated for a period of 20 daya from tbe date of 
tho rejection notice pending tbe oubmiaaloo of au ac¬ 
ceptable certificate. 

(d) It the certificate la rejected after the second 
submission thereof, tbe equipment may not be operated 
until a certificate baa been filed with and accepted by 
the Commlaaloo. 

118.119 Procedure in tbe event of harmful inter¬ 
ference. 

(a) Tbe operator of Industrial beating equipment 
that causes harmful Interference to radio CMuiumunl-
cations ahull take prompt ctepo to eliminate the barm 
ful Interference (aee || 18.2(g) and 18.8) and aball 
make an adequate Investigation in tbe vicinity of tbe 

Industrial beating equipment to ensure that tho harm¬ 
ful Interference baa been eliminated. 

(b) Tbe Investigation shall be made by an engineer 
skilled In interference control techniques Tbe Com¬ 
mission may require such engineer to furnish proof 
of hl* qualification*. 

111120 Interference to a radionavigation or safety 
servies. 

If tbe operator la notified by tbe Commission that 
th* harmful interference la endangering tbe function¬ 
ing of a radionavigation or a safety service, to snail 
Immediately cease operating tbe equipment. Opera¬ 
tion on a temporary ba al a may bo resumed, with tbe 
permlMloa of tbe Commiaeioc'e Engineer tn Charge, 
for tbe purpose of eliminating tbe harmful tnterfer-
ooce and obtaining certification. Operation on a reg¬ 
ular basis msy be res timed after ths harmful Inter¬ 
ference has been eliminated, the equipment has been 
properly certificated, and the final interference report 
required by I 18.122 has been sobmlUed. 

118.121 laterferewee t* other radio servie**. 

If the operator la notified by tbe Commission that 
tbe harmful Interference la obstructing or repeatedly 
Interrupting an authorised radio aervlce other than a 
radionavigation or safety service, be shall take prompt 
steps to eliminate tbe interference. He need not cease 
operatic« unless specifically ordered to do so by the 
Commission. If ordered to cease operation, be may 
resume operation on a temporary basta with tbe ¡>*r 
mission of th* Commlaalon'a Engineer tn Charge for 
the purpose of eliminating th* harmful Interference and 
obtaining certification Operation on a regular heals 
may be resumed after th* harmful Interference baa 
been eliminated, tbe equipment baa been properly cer¬ 
tificated and the final lot*rferenc* report required 
by I 18122 baa been aubmltted. 

118.122 Report of interference Investiga* ioa¬ 

la) An interim report on tbe Investigation and of 
•be corrective mes a urea that were taken shall be filed 
wilt ths Euglaaer In Charge of tbe local FCC ofllc* 
within 30 daya of notification of harmful interference. 
The final report ahall be filed with th* Engineer la 
(.‘barge w Itbln 80 daya of notification. 

(b) The date for filing tbe final report may be ex¬ 
tended for 3« daya by th* Engineer In Charge when 
tbe operator baa shown that be baa been diligent In bl* 
efforts and that additional time to required to put into 
efivet tbe correctivo nresaures or to complete th* In¬ 
vestigation Tbe request fur extension of time aball 
be accouijianled by a progresa report showing what has 
been accomplished to date 

(c) Tbe final report of tbe Interference investigation 
«ball Hat th* location of each receiver that was checked 
and tbe name(a) of tbe receiver own«r(a). aball de¬ 
scribe the steps taken to eliminate tbe harmful Inter¬ 
ference. and aball ai*clfy the dal* and time th* 
receiver (a) waa rechecked to ensure that tbe harmful 
Interference baa been eliminated. 

(Dd. 12/81) 
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SELECTED MILITARY STANDARDS 
AND SPECIFICATIONS PERTAINING TO 
RADIO FREQUENCY INTERFERENCE APPENDIX V 

Thia Appendix contains selected military standards and specifi¬ 
cations pertaining to radio frequency interference, compatibility, and 
spectrum signatures. Each group is arranged in numerical order. 

Military specifications and standards are subject to amendment 
and revision to meet changing needs of the military departments brought 
on by an advancing technology. The military specifications and standards, 
included in this Appendix, were current at the time this Appendix was 
prepared for printing. However, changes and modifications may be made 
to these documents from time to time by the Government. Therefore, if 
it is required to know the exact technical requirements of a military speci¬ 
fication or standard contained in the Appendix, the most recent issue of 
the document should be obtained from the appropriate Department of De¬ 
fense activity. 

NOTICE 

When Government drawings, specifications, or other data are 
used for any purpose other than in connection with a definitely related 
Government procurement operation, the United States Government thereby 
incurs no responsibility nor any obligation whatsoever; and the fact that 
the Government may have formulated, furnished, or in any way supplied 
the said drawings, specifications, or other data is not to be regarded by 
implication or otherwise as in any manner licensing the holder or any 
other person or corporation, or conveying any rights or permission to 
manufacture, use, or sell any patented invention that may in any way be 
related thereto. 
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1. SCOPE 

IJ This standard coven a method of mea-
suring, in a 60-ohm system, the insertion 
loss of feed-through suppression capacitors. 

and of single- and multiple-circuit, radio-fre¬ 
quency (RF) filters at frequencies up tc 
1,000 megacycles (me). 

2. REFERENCED DOCUMENTS 

2J The following specifications and stand¬ 
ards, of the issue in effect on date of invita¬ 
tion for bids, form a part of this standard : 

SPECIFICATIONS 

Fkdxxal 

QQ-S-671 — Solder : Lead Alloy ; 
Tin Lead Alloy, 
and Tin Alloy; 
Flux Cored Ribbon 
and Wire, and Solid 
Form. 

Miutast 

MIL-C-17 — Cables, Radio Fre-
q u e n e y ; Coaxial, 
Dual Coaxial, Twin-
Conductor, and 
Twin Lead. 

MIL-C-71 — Connectors, “N”, for 
Radio Frequency 
Cables. 

MIL-I-631 — Insulation, Electrical, 
Synthetic -Resin 
Composition, Non-
rigid. 

MIL-C-11693 — Capacitors, Feed 
Through, Radio-

STANDARDS 

MnJTABT 

MS3514O 

MS35229 

MS35271 

MS36289 

Interference Reduc¬ 
tion, Paper Dielec¬ 
tric, AC and DC 
(Hermetically Seal¬ 
ed in Metallic 
Casse). 

— Strap, Retaining, 
Single Hole, Open 
End Type. 

— Screw, Machine, Pan 
Head, Slotted, 
Brass, Plain Fin¬ 
ish. NC-2A and 
UNC-2A. 

— Screw, Machine, 
Drilled, FUUster-
Head. Slotted. 
Brass, Plain Fin¬ 
ish, NC-2A and 
UNC-2A. 

— Screw, Cap, Hexagon 
Head (Finish¬ 
ed Hexagon Bolt), 
Low Carbon Steel, 
Plain Finish, UNC-
2A. 
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MS35333 

MS36337 

MS35446 

— Waaher, Lock, Flat, 
Internal Tooth. 

— Washer, Lock, Split, 
Helical, Light 
Serie«. 

— Terminal, Lug Solder 
Type, Copper Tub¬ 
ing, One Hole. 

Au Fobce-Navy Aebonautical 
AN931 — Grommet—Elastic. 
AN3102 — Connectors — E 1 a e-

trical, Receptacles, 
Box Mounting. 

AN3106 —Connectors — Elec¬ 
trical. Plugs, 
Straight. 

(Copla* of «pacification« and «tandard« required 
by contractor* in connection with apeofic procure¬ 
ment function* should be obtained from the procur¬ 
ing agtney or aa directed by the contracting officer.) 

3. DEFINITIONS 

3.1 Insertion k»» At a given frequency, 
the insertion loss of a feed-through suppres¬ 
sion capacitor or a filter connected into a 
given transmission system is defined as the 
ratio of voltages appearing across the line 
immediately beyond the point of insertion, 
before and after insertion. As measured 
herein, insertion loss is represented as the 
ratio of input voltage required to obtain con¬ 
stant output voltage, with and without the 
component, in the specified 60-ohm system. 

This ratio is expressed in decibles (db) as 
follows : 

E, 
Insertion loss = 20 log-

E* 
Where : 

Ex » The output voltage of the signal 
generator with the component in 
the circuit 

E2 = TTie output voltage of the signal 
generator with the component 
not in the circuit 

4. GENERAL REQUIREMENTS 

4.1 Test setup. The test circuit shall be ar¬ 
ranged as shown on figure 1, 2, 3, 4, 5, or 6. 
Using the RF-dc-insertion-loss-measuring-
equipment assembly shown on figure 7, the 
test setup shall be capable of indicating a 
constant value of insertion loss within ±1.0 
db over the required frequency range, when 
the standard attenuator (see 4.2.6) is mea¬ 
sured by the method specified in 5.2.2. AH 
test equipment shall be well shielded, and 
shall be filtered to the extent that leakage, 
either conducted or radiated, from the sig¬ 

nal generator or any portion of the signal-
source circuitry shall not affect the output 
of the receiver when the generator and re¬ 
ceiver are operating at the output level and 
sensitivity, respectively, needed to make the 
required maximum insertion-loss measure¬ 
ment. The test setup shall be in accordance 
with 4.1.1 for each frequency at which an 
insertion-loss measurement is to be made. 

Caution: The direct-current (de) source 
used in making insertion-lot« mea.surementa 
with full load applied shall be a floating de 
source and shall not be connected to ground. 

2 



M1USTO-220A 
IS DMMnbw 195* 

Figur» 2 T»it circuit for ropld m»o»ur»m»M 

Figur» 3 Altornat« toot circuit for rapid m«oour»m»nt 
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Ham >U. ar 
Pm »M n MaMal Q— 

1 Plate 

- Braes 
(e Enana plated) 

S 
s Bar 9 
I 1 
4 Track 2 
SA Right plate 2 
SB Left plate 2 
4 Bunner 2 
7 Bar 4 
8 Eye 2 
• Tube 2 
10 Knob 1 
11 Shaft Steal 

(chrome plated) 1 

11 Front block 

. Brass 
(chroma plated) 

1 
IS Rear block 1 

ï 14 Block 
IS Block 1 
IS Coupler 2 
17 Coupler 2 
IS Coupler 2 
19 Coupler 2 
20 Coupler 2 
21 Coupler 2 
22 Coupler 2 
24 Connector 2 
24 Coil form Plastie 2 
26 Bracket Brass 8 
28 Corer 

Copper 
(1 side tinned) 

2 
28 Case 2 
29 Bottom panal 2 
80 Adapter body Braes (chrome plated) 

2 

Figub* 7. RF-Do^na«rti9n — Zoee^maaevrmg>a<ru*pmant atwmily.—CootiBued 
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lus No. oc 
M3 port No. 

DaacripUon MaUrUJ Quantity 

31 Conductor Copper 
(silver plated) 

2 
32 Conductor 2 
33 Insulator J. Acrylic plastic 2 
34 Insulator 2 
35 Set screw, cup point No. 8-32 

NC-2A, H 1g. 
Steel 1 

36 Screw, RHMS, No. 10-32 
NF-2Á, iy4 Ig. 

Brass (sine or 
cadmium plated) 

4 

37 Screw, FHMS, No. 8-32 
NC-2A, % 1g. 

► Brass (xinc or 
cadmium plated) 

8 

38 Screw, FHMS, No. 10-32 
NF-2A. 1g. 

20 

39 Screw, FHMS, No. 10-32 
NF-2A, % 1g. 

10 

40 Screw, FIL H MS. No. 10-32 
NF-2A, % 1g. 

6 

41 Screw, FHMS, No. 10-32 
NF-2A, % 1g. 

20 

42 . Screw, thumb shoulder, No. 
10-24 NC-2A, 1g. 

24 

46 Receptacle, per AN31O2A- j 
18-8S. 

► 

2 

50 Hex nut. No. 5-32 NC-2B 8 
51 Nut, per U—4864—3B 

Titeflex Metal Hose Co., or 
equiv. j 

2 

54 Hex nut. No. 18 UNC-2B Steel 4 
56 Hex nut. No. 10-24 NC-2B Brass 16 
57 Connector, per AN3106A-18-

6S. 
L . 

2 

58 Conduit shielding, per No. 
152—48 Titeflrx Metal Hose 
Co., or equiv. 8% Ig. 

2 

Figure 7. RF-Dcrwertian — lo 9 f-'VMajyLring-equipment aittmbly.—Continued 
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taw >U. at 
MS part Na Dwturtua MeteW Q—my 

59 Gremmet, par AN931B6-9 

... ... 

1 
60 Capacitor, feed throufh, CZ 

34 par Spec. MIL-C-11898. 
2 

61 Cable, 6 tw, 600 aalt Aa reqd 
62 Terminal, per MS3544A-5 4 
63 Coil, No. 6 rectangular form¬ 

as wire( wound 2 layare 
for total of 48 turna 

Aa rvqd 

64 Kraft paper Aa rwqd 
(nae optional) 

67 Hex not. No. 8-32 NC-2B 
i Brant 

8 
68 Bax nut. No. 6-32 NC-2B 16 

69 Terminal, per No. 6040 Pat-
ton-MacGuyer Co., or aquiv 

Copper (hoVtin 
dipped) 2 

70 Cable, * braided, 2 pc 5ft 
1C, 2 pc 16H 1«. 

Copp« 

71 Ineulatlon, per Spee. MIL-I-
631, 2 pc 5% If. 2 pc 16H 
1C-

\1uyl 

72 Terminal, per No. 3007 Pat-
ton-MacGuyer Co., or equiv. 

Copper 4 

74 Screw, eelf tapping. FIL H, 
No. 6 type B, % If. 1 St—1 

24 

MS3514O-1 Strap, retalnlnf 8 
MS36222-14 Screw 

• Bra» 

1 
M335229-30 Screw 16 
MS35229-42 Screw 1 
MS35229-43 Screw 2 

M335229-46 Screw 4 
M 335271-45 Screw 8 
MS35271-60 Screw 16 
M336289-29 Screw 4 
MS35333-24 Lockwaaher 

Steel 
4 

>1335333-38 Lockwaaher 1 
If335337-4 Lockwaaher 8 

Fiovmc 7. RF-D^r^^tvon — loee-meanirM^-eoMipraenl áurnbly.— Continued 
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4,14 Shielding test. With the equipment 
completely set up for the filter-out condition 
of insertion-loss mea sure ment (see 5.24), 
the signal generator shall be disconnected 
from the powerline, and the receiver gain 
shall be adjusted to provide a convenient out¬ 
put indication of receiver fluctuation noise. 
The generator shall then be connected to the 
powerline, and its output voltage ( E,) shall 
be adjusted to provide a receiver output in¬ 
dication of 1.0 db above that obtained for re¬ 
ceiver fluctuation noise. The receiver output 
indication shall be capable of being adjusted 
completely down to fluctuation noise by 
means of the generator output control, that 
is, In decreasing the generator output, a 
point shall not be reached at which lowering 
the output has no further effect on receiver 
indication while the receiver indication is 
perceptibly above fluctuation noise. Using 
the RF-dc-insertion-loss-measuring-e q u I p-
ment assembly specified in 4.2.5 with the 
coupler as shown on figure 7 (see detail 
drawings 16 to 22, Inclusive), the test setup 
shall then be connected for the filter-in con¬ 
dition by substituting for the component a 
solid brass or copper plate at least % inch 
thick with plane face« at least 2% Inches 
wide in al) directions. This plate shall be 
placed across the coupler and center conduc¬ 
tor of the RF-dc-insertion-loss-measuring-
equipment assembly so that the signal source 
and load are completely short circuited by 
the faces of the plate. The output of the gen¬ 
erator shall then be raised to the voltage 
(Et) which causes a receiver-output indica¬ 
tion of 1 db above receiver fluctuation noise. 
The insertion Joss then obtained from the 

E,” 
formula “Insertion loss = 20 log -

E, 
shall be at least 10 db greater than the in¬ 
sertion loes to be measured. 

4.2 Test equipment. 
4.2.1 Signal generator. After a 30-minute 

warmup period, the signal generator shall 

be capable of maintaining, within ±1.0 per¬ 
cent, any frequency to which it may be set, 
and the output voltage of the generator 
shall remain constant over any 2-minute 
test period within ±1.0 percent of any value 
to which it may be set. The generator shall 
be equipped, either internaly or externally, 
with an attenuator calibrated in terms of 
output-voltage increments and continuously 
variable from minimum to maximum: cali¬ 
bration shall be accurate within ± 5.0 per¬ 
cent in db when the geneartor is terminated 
with an impedance of 50 ohms. The output 
of the generator shall be fitted with or 
adapted to a coaxial connector in accordance 
with 4.2.3. When two or more generators 
are required to cover the specified frequency 
range, a coaxial switch in accordance with 
4.2.3 may be used on the generator side of 
the isolation attenuator to facilitate chang¬ 
ing of generators. 

44.2 Receiver. After a 30-minute warmup 
period, the receiver shall be capable of main¬ 
taining, within ±1.0 percent, any frequency 
to which it may be tuned, and the overall 
gain of the receiver shall remain constant 
over any 2-minute test perior, maintaining 
an output voltage within ±1.0 percent of 
any value to which it may be set. The sen¬ 
sitivity shall be great enough and the level 
of circuit noise low enough to allow clear 
reception of the signal required for the mea¬ 
surement. The receiver automatic gain-con¬ 
trol circuit shall be disabled during measure¬ 
ments, and an output meter shall be used to 
indicate relative voltage. The input to the 
receiver shall be fitted with or adapted to a 
coaxial connector in accordance with 4.2.3. 
When two or more receivers are required to 
cover the specified frequency range, a coax¬ 
ial switch in accordance with 4.2.3 may be 
used on the receiver side of the isolation at¬ 
tenuator to facilitate changing of receivers. 

4.2.3 Coazial lines, connectors, and switch¬ 
es. All coaxial lines shall be Radio Frequency 
Cable RG-214/U, or equal, and shall con-
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form to Specification MIL-C-17. It in essen¬ 
tial that cable with the characteristic impe¬ 
dance of type RG-214/U be used to connect 
the isolation attenuators together for the fil¬ 
er-out condition and to connect the compon¬ 
ent to the isolation attenuators for the filter¬ 
in condition. The length of cable connecting 
the isolation attenuators for the filter-oat 
condition shall be within ^6 inches of the 
combined length of the two cables connect¬ 
ing the component to the isolation attenua¬ 
tors for the filter-in condition. Type N 50-
ohm coaxial connectors conforming to Speci¬ 
fication MIL-C-71 shall be used where ap¬ 
plicable. When coaxial switches are used, 
they shall have a 50-ohm characteristic im¬ 
pedance, and a maximum voltage standing 
wave ratio (VSWR) of 1.1 to 1 at the fre¬ 
quency of measurement. 

4.2.4 Isolation attenuators. The isolation 
attenuators shall be appropriate resistive 
networks having 50-ohm-input and BOohm-
output impedances. The attenuators shall 
have a minimum insertion loss of 10 db mea¬ 
sured in a 50-ohm system. Looking Into 
either end of each attenuator with the other 
end terminated in 50 ohms, the VSWR shall 
be a maximum of 1.1 to 1 up to 400 me, and 
a maximum of 1.2 to 1 from 400 to 1,000 me, 
inclusive. The characteristics of the at¬ 
tenuators shall show no significant change 
when the system is subjected to the maxi¬ 
mum signal-generator power required for 
measurement. The input and output of each 
attenuator shall be fitted with coaxial con¬ 
nectors in accordance with 4.2.3. These at¬ 
tenuators are for the purpose of obtaining 
a standard 60-ohm termination for all at¬ 
tenuation measurements. 

4.2.5 RF - De-tnserfton-Zoss-measunng-
equipment assembly. When the component 
under test has no provision for coaxial con¬ 
nections, the RF-dc-insertion-loss-measur-
ing-equipment assembly shown on figure 7 
shall be used to insert the component into 
the line, unless otherwise specified in the in¬ 

dividual component specification. When a 
component has auch a shape that it cannot 
be satisfactorily clamped in this assembly, 
other adequate flamping means ahaH be 
used. 

42.5.1 Buff er-network assembly and RF-
de adapter. 

42.5.1.1 FuUAoad insertionAoss measure¬ 
ments. The buffer-network assembly and RF-
dc adapter shown on figure 7 shall be used 
for providing coaxial connections when per¬ 
forming insertion-loss measurements with 
rated current (de ratings or equivalent) ap¬ 
plied. The complete RF-dc-insertion-loea-
meaauring-oquipment assembly shall be used 
for test measurements over the frequency 
range of 100 kilocycles (kc) to 20 me, in¬ 
clusive. The buffer network shown on figure 
7 Is suitable for continuous use with cur¬ 
rents up to 100 amperes. 
42.5.12 NoAoad insertionAoss measure¬ 

ments. The buffer-network assembly shown 
on figure 7 shall not be used when perform¬ 
ing no-load insertion-loss measurements. The 
RF-dc adapter shown on figure 7 may be 
used at all frequencies for providing coaxial 
connections during no-load insertion -loes 
measurements. 

4245 Standard attenuator. A standard at¬ 
tenuator shall be provided with the follow¬ 
ing characteristics: 

(a) Attenuation of 50 at 0.5 db over 
the frequency range of 150 kc to 
1,000 me, inclusive. 

(b) Maximum VSWR of 12 to 1 over 
the frequency range of 150 kc to 
1.000 me, inclusive. 

(c) Input and output impedance of 50 
ohms. 

The standard attenuator shall be inserted 
into the system in place of a component, to 
test for proper operation as specified in 4.1. 
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4X7 Output mtUr. An output meter, or 
•imiter indicating device, which will provide 
a readable indication of the magnitude of 
signal ahall be used. The indicating device 

may be a part of the receiver or may be a 
•eparate instrument connected to the re¬ 
ceiver. 
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5. METHOD OF TEST 

5.1 Teat condition«. Unless otherwise sped 
fled in the individual component specifica¬ 
tion, all measurements shall be made at room 
ambient temperature, atmospheric pressure, 
and relative humidity. 

5.2 Test procedure. 

5.2.1 Preliminary operation. To insure 
stability, each signal generator and receiver 
shall be operated for a period of at least 30 
minutes immediately before measurement. 

5.2.2 Method of measurement. The test 
equipment shall be set up as shown on figure 
1, 2, 3, 4, 5, or 6, except that a cable of the 
type and length specified in 4.2.3 for the 
filter-out condition shall be inserted between 
the attenuators to replace the component 
and its connecting cablea. The signal genera¬ 
tor shall be adjusted to the desired fre¬ 
quency, with the attenuator set for the low¬ 
est convenient value of output voltage. The 
receiver shall be tuned to resonance at the 
frequency of the generator, and the gain 
controls shall be set so that the sensitivity 
will be great enough and the level of circuit 
noise low enough to allow clear reception of 
the signal required for the measurements. 
The output of the generator (E2) shall be 
adjusted to give the lowest possible stable 
and readable indication on the output meter, 
care being taken not to saturate or overload 
the receiver. The cable used for the filter-
out condition shall then be removed, and the 
component and its connecting cables shall 
be inserted between the isolation attenua¬ 
tors, with the component connected to the 
cables as specified in 4.2.5. The receiver shall 
be returned to resonance, and the output of 
the generator (Et) adjusted until the out¬ 
put meter gives the same indication as that 
obtained for the filter-out condition. The in¬ 
sertion loss of the component under the 
specified conditions and at the frequency of 

measurement may then be expressed in db 
Ei 

as 20 log- (see 3.1). 
Eu 

5.2.2.1 Multiple-circuit componente. The 
insertion loas of each circuit of a multiple-
circuit component shall be measured* with 
each of the other circuits open and also with 
each of the other circuits short circuited; 
the short-circuit connections shall be as 
short and direct as possible. The insertion 
loss of the circuit at the frequency of the 
test shall be considered to be equal to the 
lesser of the two measurements. 

5.2.2J Test circuit for rapid measure¬ 
ment. The test circuit for rapid measure¬ 
ment as shown on figure 2, 3, 5, or 6 may be 
used to facilitate the change from the filter-
out condition to the filter-in condition. The 
coaxial switches shall be in accordance with 
4.2.3. 

5.2J.3 Full-load insertion-loss measure¬ 
ments. Full-load insertion-loss measurements 
shall be performed as shown on figure 4. 5, 
or 6 over the frequency range of 100 kc to 
20 me, inclusive. The equipment specified in 
4.2.5.1.1 shall be used for coaxial connec¬ 
tions. The nominal de rated current of de 
components, or the de equivalent of the peak 
alternating-current (ac) rated current of ac 
components shall be applied during these 
tests. 

5.2.2.4 No-load insertion-loss measure¬ 
ments. No-load insertion-loss measurements 
shall be performed as shown on figure 1, 2, 
or 3. The equipment specified in 4.2.5.1.2 
shall be used for coaxial connections. 

Copies of specifications, standards, drawings, and publications required by contractors in connection 
with specific procurement functions should be ob-

24 



MJU57D-220A 
IS D^nUr IM» 

teJned from ths procuring agency or as directed by the contracting officer. 
Copies of thia standard far military un may ba obtained as Indicated In the forwwurd to the Index 

of Military Specifications and 3tan darda 
Coplea of this standard may bo obtained for other 

than official use by individuals, firma and contrac¬ tors from the Superintendant of Documenta, Ü. 8. CoaerTWMBt Prtnting Office, Washington U, D. C. 
Both ths title and Identifying symbol number 

should bo rti pula ted whan requesting copies of mili¬ tary at a nd arda 
Notice. When Government drawings, apaHAow-

Uona, or other data are used for any purpose other than Id connection with a definitely related Gov-
enunant procurement operative, the United States 

Gownunart thereby tueurs no responsibility nor any obligation whatsoever; and the feet that the Gov¬ ernment may have formulated, furnished. or la any way nppllsd the said drawings, spectfiealiana, ar other data la not to be regarded by implication or 
otharwiso as in any manner Ikansing ths bolder or any other person or corporation, or conveying 
any rights or permlasion to manufacture, use, or sell any patented lavention that may in say way be related thereto. 
Preparing activity: 

Ámy—Signal Carps 

Other emtodiam: 
Arm j—Hlgnal Corp« 
Navy—Bureau of Ships 
Air Fores 

e u a «ovieeetei aaitrfms ernci it’iee—i»«s— <4M) 

25 





MIL-STD-285 
25 Jun« 1956 

uirwwiNo 
MIUA-HI131MIWI 
1 1tS4 

MILITARY STANDARD 
ATTENUATION MEASUREMENTS FOR 
ENCLOSURES, ELECTROMAGNETIC 
SHIELDING, FOR ELECTRONIC TEST 

PURPOSES, METHOD OF 

imino HATH 

GOVtlNMiNT niWTINO «na 

WAJMIMOTOMi 1*SA 

Far Mb by Uo BuporiBiMdMi of DocummU V 8 Gowuomoi Pm Um OAm, 
Wubixfio« ». D. C . Pnco 1} wu 



MIL-STD-285 
25 June 1956 

OFACE OF THE ASSISTANT SECRETARY 

OF DEFENSE 

WASHINGTON 25, D. C. 

25 June 1956 
Supply and Logistics 
ATTENUATION MEASUREMENTS FOR ENCLOSURES, ELECTROMAGNETIC 
SHIELDING, FOR ELECTRONIC TEST PURPOSES, METHOD OF 

MIL STD-285 
1. Thia standard has been approved by the Department of Defense and is mandatory 

for use of the Departments of the Army, the Navy, and the Air Force. 
2. In accordance with established procedure, the Standardization Division has designated 

the Signal Corps, the Bureau of Ships, and the Air Force, respectively, as Anny-Navy-Air Force 
custodians of this standard. 

3. This standard is mandatory for use effective 25 June 1956 by the Departments of the 
Army, the Navy, and the Air Force. 

4. Recommended corrections, additions, or deletions should be addressed to the Standardiza¬ 
tion Division, Office of the Assistant Secretary of Defense (Supply and Logistics), Washington 25, 
D. C. 

ii 



MIL—STD-285 
15 Jene 1954 

CONTENTS 

1. SCOPE 
2. APPLICABLE DOCUMENTS 
3. DEFINITIONS 
3.1 Attenuation 
3.2 Voltage venue power ratio 
4. REQUIREMENTS 
4.1 Teat set-up 
4.1.1 Measurement of attenuation of low impedance (magnetic) fields 
4.1.2 Measurement of attenuation to high impedance (electric) fields 
4.1.3 Measurement of attenuation to plane waves 

Figures 
1. Attenuation measurement low impedance magnetic field 
2. Source of intense peak power magnetic field 
8. Attenuation measurement high impedance electric field 
4. Source for intense peak power electric field 
6. Attenuation test for plane waves (wave impedance = 377 ohms) 
6. Signal source for plane waves at 400 me. 





MIL-STD-285 
25 Jun« 195« 

ATTENUATION MEASUREMENTS FOR ENCLOSURES, 

ELECTROMAGNETIC SHIELDING, FOR ELECTRONIC TEST 

PURPOSES, METHOD OF 

1. SCOPE 
1.1 This standard covers a method of meas¬ 

uring the attenuation characteristics of elec¬ 
tromagnetic shielding enclosures used for elec¬ 
tronic test purposes over the frequency range 
100 kilocycles to 10,000 megacycles. 

2. APPLICABLE DOCUMENTS 

3. DEFINITIONS 

3.1 Attenuation.—Attenuation is the ratio, 
expressed in decibels (db), of the received pow¬ 
ers on opposite sides of a shield when the shield 
is illuminated by electromagnetic radiation; 
and as used in this standard, is the figure of 
merit to designate the shielding effectiveness 
of electromagnetic enclosures. 

3.2 Valtaga versus power ratio.—In ac¬ 
cordance with 3.1, measurement should be 
made of powers associated with the incident 
wave, and the ratio of these measurements 
should be expressed in decibels. It is acceptable 
instead, when the wave impedance is identical 
for E! and E, to measure only the electric field 
intensities, Ei and E, and to use the expression: 

Ei Attenuation (db) «20 log — 

It is assumed that the wave impedance will 
be identical and that this method is used for 
the sake of convenience. 
4. REQUIREMENTS 
4.1 Teat set-up.—The arrangement of 

signal sources, measuring equipments, pick-up 

devices, and shielded enclosures shall be in ac¬ 
cordance with the following paragraphs and 
figures 1 thrtugh 6. All power lines, RF cables, 
and other utilities entering the shielded en¬ 
closure shall be in place when tests are con¬ 
ducted. Special care shall be taken to make 
measurements in the vicinity of utility en¬ 
trances, doors, and access panels. 

4.1.1 Measurement of attenuation low impe¬ 
dante {magnetic) field». 

4.1.1.1 Attenuator.—When an attenuator, 
the calibration of which is used as a basis for the 
desired measurements, is employed between 
either the receiver or the transmitter and its 
antenna, the antenna shall “look back'* into an 
impedance which is independent of the setting 
of the attenuator. The attenuator A may be a 
50 or 72 ohm transmission line, low input im¬ 
pedance, step attenuator. A signal generator 
shall be used to calibrate the attenuator. The 
attenuator shall be capable of measuring an 
insertion loss of over 70 db. 

4.1.1.2 Detector.—The detector may be any 
receiver such as the DZ-2 or the BC-348-Q or 
a field strength meter provided with a low im¬ 
pedance input such as the Radio Test Set 
AN/PRM-1. AN/PRM-14, and Empire De¬ 
vices, Incorporated, NF 114. A matching de¬ 
vice may be used with high input impedance 
receivers or field strength meters. 

4.1.1.3 Signal source. 
4.1.1.3.1 Signal source S may be a signa) 

generator or power oscillator of sufficient CW, 
MCW or Pulsed CW output. In case loop Li is 
connected to the output of a signal generator 
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or power oscillator, a tuning capacitor may be 
connected in aeries with Li to obtain resonance 
at the test frequency used. 

4.1.1.3.2 If the signal generator has a reli¬ 
able output attenuator, it may be used, instead 
of the attenuator A, to obtain an equivalent 
ratio of E|/Et for the calculation of the atten¬ 
uation of the shielding enclosure by using the 
detector D at the same reference level when 
the shielding enclosure wall is removed. In 
this case, no precaution has to be taken to 
guard against case leakage at the detector. 

4.1.1.3.3 A signal source shall be constructed 
as shown on figure 2. 
4.1.1.4 Measurement of db aUenuaLwn.— 

Measurement of db attenuation to low imped¬ 
ance magnetic fields shall be performed in ac¬ 
cordance with figure 1. 

4.1.1.4.1 The attenuation of the enclosure is 
the increase in the db setting of the attenuator 
A necessary to obtain the same reference read¬ 
ing level in detector D, when the shielding en¬ 
closure wall, Si Sa is removed, without chang¬ 
ing the relative positions of L» and Li. (The 
attenuation in db is also essentially equal to 
20 log Et/Ea, where E, and E> are the voltages 
induced in the receiving loop, with the en¬ 
closure wall in and with the enclosure wall re¬ 
moved, respectively, without changing the 
relative positions of Li and L,.) The equip¬ 
ment as a whole shall be capable of measuring 
a shielded enclosure attenuation of at least 
100 db. 

4.1.1.4.2 The position of L( with respect to 
the enclosure shall be anywhere around the 
enclosure and in any orientation to the section 
seams and access panel seams. A reading shall 
be taken on all four sides of the enclosure, and 
the minimum attenuation recorded. This shall 
be a minimum of 70 db. 

4.1.1.4.3 When it becomes impractical to 
remove the shielding enclosure wall S„ Stl the 
loops Li and La shall be set outside the en¬ 
closure in an exactly similar position with no 
obstruction. Because the strong magnetic field 
generated by Li can penetrate the metal case 
of detector D and attenuator A, these two 

equipments shall be left inside the enclosure 
and the loop L» brought out of the enclosure 
through a transmission line connector. The 
connector shall be grounded circumferentially 
where it passes through each wall of the shielded 
enclosure. Shielded enclosure doors shall be 
dosed during testa. 

4.1.1.4.4 A test shall be made to insure that 
no case leakage exists at D and A. The detec¬ 
tor should show no indication whatever above 
the inherent background when cable Ci or Ci 
is disconnected. 

4.1.2 Measurement of attenuation to high ira-
pedante (electric) field» (ue faun 3)-

4.1.2.1 Attenuator.—The attenuator used 
may be a high impedance capacity type atten¬ 
uator, similar to the external attenuator used 
with the Ferris Model 32A(TS-432/U) or con¬ 
structed similarly to the one used internally 
on the AN/PRM-1. A signal generator shall 
be used to calibrate this attenuator. The atten¬ 
uator shall be able to measure an insertion loss 
of over 100 db. 

4.1.2.2 Detector —The detector may be a field 
strength meter such as the Ferris 32A(TS-
432/U), the AN/PRM-1, the AN/PRM-14, 
and Empire Devices, Incorporated, NF-114. 
In this case, attenuator A may be deleted as 
these instruments can measure induced volt¬ 
ages in the receiving antenna Rt, and are able 
to record levels 100 db apart. The readings ob¬ 
tained on these instruments shall be checked 
against a signal generator. 

4.1.2.2.1 When the receiver is used as other 
than a fixed reference level indicator, and the 
signal source is a broadband device such as de¬ 
scribed on figures 2 and 4, the output indica¬ 
tion of the receiver shall drop at least 30 db: 
(a) when the local oscillator is disabled, (b) 
while in the strongest field, and (c) at the high¬ 
est input level to the first tube to be used during 
the test of the shielded enclosure. Also, the 
image rejection shall be at least 30 db, and the 
IF rejection shall be at least 40 db, when 
broadband signals are used. The case leakage 
and power-line filtering of the receiver-atten¬ 
uator combination shall be such that when 
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operating in the strongest field required to be 
measured, removing the antenna and substi¬ 
tuting a shielded dummy antenna simulating 
the actual antenna impedance will result in at 
least a 30 db reduction of output indication. 

4.1.2.3 A receiver such as the BC-348-Q 
may be used. In this case, they art used only 
as reference level indicators. The attenuation 
may be read on attenuator A. The equal refer¬ 
ence level chosen shall be low enough as not to 
represent any overloading or saturation of the 
receiver. If necessary, a matching device may 
be used with low input impedance receivers. 

4.1.2,4 Signal tour ce. 
4.1.2.4.1 Signal source S may be a signal 

generator or power oscillator of sufficient CW, 
MCW or pulsed CW output. The termination 
of cable Ci may be matched to the signal 
source S if desired. 

4.1.2.4.2 If the signal generator has a reli¬ 
able output attenuator, it may be used instead 
of the attenuator A, to obtain an equivalent 
ratio of Ei/E* for the calculation of the db 
attenuation of the enclosure by operating the 
detector D at the same reference level when 
the shielding enclosure wall is removed. In 
this cane, no precaution has to be taken to 
guard against case leakage at the detector. 

4.1.2.4.3 If a large output signal generator 
or power oscillator is not available, a pulse sig¬ 
nal source may be easily constructed as shown 
on the three set-ups on figure 4. 

4.1.23 AfezMurrmcrU o/ db attenuation, (see 
figure 3)-

4.1.2.S.1 The attenuation of the enclosure 
is the increase in the db setting of the atten¬ 
uator A necessary to obtain the same reference 
reading level in detector D when the shielding 
enclosure wall Si and S, is removed, without 
changing the relative position of R¡ and R(. 
The attenuation in db is also essentially equal 
to 20 log 10 Ei/Et, where E> and E, are the 
voltages induced in receiving rod with the en¬ 
closure wall in and with the enclosure wall re¬ 
moved, respectively. 

4.1.2.5.2 The positioning of Rl with respect 
to the shielding enclosure walls shall be any¬ 
where around the enclosure, in any orientation 
to the section seams and access-panel seams. 
A reading shall be taken at each side of the 
shielding enclosure and the minimum attenua¬ 
tion recorded. This minimum shall be over 
100 db. 
4.1.2.5.3 When it becomes impractical to 

remove the shielding enclosure walls, S1 and 
S,, both rods Ri and R( shall be set outside 
the enclosure in the exact similar position, 
with no obstruction. Because the strong elec¬ 
tric fields generated by R, can penetrate the 
metal case of detector D and attenuator A, these 
two equipments shall be left inside the enclo¬ 
sure and the rod R» brought out of the enclo¬ 
sure through a transmission line connector 
The cable used shall be as short as possible. 
The connector shall be grounded circumferen¬ 
tially where it passes through each wall of the 
shielded enclosure. Shielded enclosure doors 
shall be dosed during the test. 

4.1.2.5.4 A test shall be made to insure that 
no case leakage exists at D or A. The detector 
should show no indication whatsoever above 
inherent background when cable Ct or C« is 
disz-onnected. 

4.1.3 Measurement of attenuatum to plane 
roatu (tu figure 5). 

4.1.3.1 Attenuator —The attenuator shall be 
as specified in 4.1.1.1. 

4.1.3.2 Deudor.—The detector may be a re¬ 
ceiver such as Receiving Equipment AN/APR-
4, RF Interference Test Set AN/URM-28, 
RF Interference Test Set AN/URM-29, Radio 
Set AN/ARC-27, or a field strength meter 
such as the Noise Field Intensity Meter TS-
587/U, Radio Test Set AN/URM-17, AN/ 
URM 7 or Empire Devices, Incorporated, 
NF-105. Detectors which cannot readily give 
peak indications may be used with an oscillo¬ 
scope connected to their output. 

4.1.3.3 Signal source 
4.1.3.3.1 Signal source S may be a signal 

generator or power oscillator of sufficient CW, 

3 
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MCW, or pulied CW output. The terminal of 
cable Ci may be matched to the signal source 
when necessary. 

4.1.3.3.2 If the signa! generator has a re¬ 
liable output attenuator, it may be used in¬ 
stead of attenuator A, to obtain an equivalent 
ratio of E|/Ei for the calculation of the at¬ 
tenuation of the enclosure by using the detec¬ 
tor D at the same reference level. In this case, 
no precaution may have to be taken to guard 
against leakage at the detector. 

4.1.3.3.3 The signal source may be an AN/ 
ARC-27 transmitter, a high frequency Rollin 
Signal generator Model 30(TS608/U), or equal, 
or Radar Set AN/APT-5 radar transmitter. 
An oscillator, tuned to the frequency of test 
may be constructed, using a high voltage plate 
supply and then pulsed, to obtain high peak 
power. A signal source may be constructed as 
shown on figure 6. 

4.1.3.4 Mtaaurtmtnl oj db attenuation 
fiffurt 5). 

4.1.3.4.1 The attenuation of the enclosure 
in db is equal to the increase in the db setting 
of attenuator A necessary to obtain the same 
reference reading level in detector D when the 
receiving antenna is switched from position R, 
to R», without changing the position of R ( 
(The attenuation in db is also essentially equal 
to 20 log 10 E^Ei, where E|/E» are the volt¬ 
ages induced in R, and R», respectively.) 

4.1.3.4.2 The position of R> with respect to 
the shielding enclosure walls shall be anywhere 
around the enclosure in any orientation with 

respect to tbs section seams and access-panel 
seams. Several readings shall be taken, and the 
minimum attenuation recorded. This minimum 
shall be over 100 db. 

4.1.3.4.3 A test shall be made to insure that 
no case leakage exists at D or A. The detector 
D should show no indication whatsoever above 
inherent background when cable Ci or C» is 
disconnected. 

Copies of specifications, standards, draw¬ 
ings, and publications required by contractors 
in connection with specific procurement func¬ 
tions should be obtained from the procuring 
agency or as directed by the contracting officer. 

Copies of this standard for military use may 
be obtained as indicated in the forward to the 
index of Military Specifications and Standards. 

Copies of this standard may be obtained for 
other than official use by individuals, firms, 
and contractors from the Superintendent of 
Documents, U. S. Government Printing Office, 
Washington 25, D. C. 

Both the title and identifying symbol num¬ 
ber should be stipulated when requesting 
copies of military standards. 
(.'■mmUmmi 

Army—S«<naJ Corpa 
Nary—Burvao of Ship« 
Air Forr« 
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P1QÜM 1.—AtteauaKoe »wamf»w»l low mpedaaoe wage «Hr /Ud. 

d,-12tnche*. 
d.-eeparation between inn* and out* abielda. 
d, -12 Inch*. 
(L-25 inchw-Hd.+d.+d.-d.), 
Bi—Out* term. 
Bi-Inn* arreen. 
8 -Low Impadanca dtual courte to obtain adequate output at tbs frequency of teat 
D| —12 inebm. 
Frequency of teat -Ona frequency In the IM to 200 be range 
Lt -Transmitting loop radiator; low Impedance. Ona turn of No. • AWO eopp* wire Orientad at any angle In a pl*»« 

perpendículo to the ehiekUog endoaurt wall 
D —Detector of adequate aendtivity tuned to frequency of taet Uaad only aa a rWcrunoe lerei Indicator. 
L, - Reedvin< loop antenna, portioned In the aama plane aa L(. 
A-DB attenuator of low Impedance Input, calibrated at the frrquancy of teat. 
Ci, Ci, Ct-Shielded trananladon line cablea Aa abort aa pcwdble and uaed only if DeOMwry. 

Note—The code letter« uerd on thia figure should not be omfuaed with electrical and electronic reference dangua-
tiona (ate MIL-flTD-ldl. 
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Lu Di «8m figure 1. 
C-1.0 mid. paper, 600 volte. 
R -10,000 ohma, 6 watte. 
B «Dry cell. 8 to 45 volte. 
P «800 volte d. e Battery or rectifier power supply. 
Ci - Contact Interruptor aborting out capad tor C at a rate of 20 to 100 púlate per second. Operated by C, but not 

electrically connected to it. 
V-Vibrator. 
lu le 1» -Leads; abai! bo m abort srpoeafblc 

Note.—The code letters used on this figure should not be confused with electrical and electronic reference 
üone (aee MIL-8TD-16). 
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Figure 3.— AUmuailon mtanrmnl high imptfianct electric field. 

d> »12 inches. d,» 12 inches. 
d, »Separation between inner and outer shields. d,»26 inches-(dt+dl+dt-d«). 
8i »Outer screen. 
Si »Inner aereen. 
8 -High impedance signal source to obtain adequate output at the frequency of test. 
Frequencies of teat »200 kc.. 1.0 me and 18.0 me. 
Ri »Transmitting rod radiator. 41 inches long. High impedance oriented in any position parallel to the shielding en¬ 

closure wall. 
Ci, Ct and Ct »Shielded transmission Une cables. As short as possible and used only if necessary. 
A -Capacity type db attenuator. High input impedance. 
CP - Counterpoise. 
R, » Receiving rod antenna, 41 inches long. High impedance, positioned parallel to Rt and in the same plane. 
D »Detector of adequate sensitivity. Tuned to frequency of test Used only as an equal reference level indicator. 

Note.—The code letters used on this figure should not be confused with electrical and electronic reference designa¬ 
tions (see MIL-STD-18). 
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Ri - Radiator (fir. S). 
Mt - Motor drive. 
C - Ignition coil. 
CP -Counterpoise. 

T - Ground metal table. 
F - Ford coil (ignition). 
Mg — Magneto. 
B - Battery. 

D - Ignition distributor. 
SG - Spark gap. 

Note.—The code letters used on this figure should not be confused with electrical and electronic reference designa¬ tions (see MIL^BTD-IO) 
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Flow 6. — AOtnuaiton Utt for plant waott (waot impedanet — 377 ohms). 
d, -72 Inches minimum. Distance shall be as great m possible and limited only by the output of S. However, always 

hold more than two times the wave length from Si, St. 
di-Distance between shields. 
d» —2 inches Two inches is the minimum value. R, is positioned anywhere inaide the enclosure and oriented for maxi¬ mum indication on detector D, In order to minimize the effect of reflections. 
d« — Not less than 2 inches, and not more than 24 inches—R» is positioned anywhere outside the enclosure and oriented 

for maximum indication on detector D, In order to minimize the effect of reflections. The entire region, from 
2 to 8 inches shall be explored for maximum indication. R, shall never be closer than 2 inches to St or S», in 
order to prevent capadty coupling. 

Si, S(-Outer and inner shields, respectively. 
N - Transmission line connector. 
3 -Signa) source, to obtain adequate output at the test frequency. 
Frequency of test -400 megacycles. 
Ri - Transmitting radiator. Dipole, tuned to 400 me If a tuned dipole is used with a angle coaxial Une, it shall be a 

balanced dipole, similar to the Antenna AT-275/URM-28. Other suitable antenna types are: Antenna AT 
141A/ARC, used with the Radio Set AN/ARC-27, Antenna AT 292/URM 29 used with Radio Interference 
Measurement Equipment AN/URM-29. and Antenna AT-90/AP used with Radar Set AN/APT-6. The radi¬ 
ator shall be positioned to obtain maximum field Intensity at the shielding enclosure. 

Ri -R( -Receiving antenna. May be similar to Rb
Ci, C* Ci -Shielded transmission Une cables. As short as possible, and used only If necessary. 
A - Attenuator, calibrated at the frequency of test. 
D —Detector of adequate sensitivity, tuned to the frequency of test. Used only as an equal reference level Indicator 
Note.—The code letters used on this figure should not be confused with electrical and electronic reference designa¬ 

tions (see MIL-STD-1®). 
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FICOU fl —Signai atmrte Jo r plant vanea al 400 «e. 

A -Dipole antenna. Each rod Inch diameter. 7 lachea k»m, borlaontal. 
Ri - K Inch oolld copper roda. K Inch apart, 2 inchea from ineulatlnf board. 
I -Porcelain insulator«, 2 inches high 
Ci -Chokes, BO turna No. 18 wire, K Inch diameter, appended In air. 
Ci-Choke, 40 turna No. 28 wire. % Inch diameter, euapended In air. 
Ri-16.000 ohma, 10 watt S-Fuae di pe B -Insulatint board. 
T-Filament transformer, 2K volt aeccndary. center tapped, or two 1 H volt dry colle with proper HmJdn< resistor 
V.T.—Vacuum tube W.E 818A, Ep-460 volt. Ip-80 MA, El-2.0 volt. If-8 <6 emperna, If-12 MA, output-7.i 

watts. 
B •> - Plata volta««, 460 volta direct current from any dry sila or rectified aJtematinf current powv supply; or 1000 

volta alternatlxif currant r.ma, 00-cyde from hifb voltage tmnafermer. 

Nota.—Similar circuita may be need oainf an RCA 8012A or 802SA tub« or equivalent. 

Nota.—The code letter« uaed on thia figure should not be confuaed with electrical and electrocuc reference drmgoa* 
none (eee MIIz-STIXl«). 
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The successful operation of moat military systems dependa upon the uso of information received through electromagnetic radiations. &jch operation la degraded if the equipment la interfered with by the preaence of the almcat innumerable radlationa that will exist in every normal environment. In order to predict the mutual interference effects of electronic equipment—both in existence and planned—more quantitative Infor* mation ia needed than now exlata. The entíre transmitter emission spectra needs to be known as well ae the susceptibility of receivers to the variais frequencies, powers, and modulations that may occur in their operational environments. 
Spectrum characteristics are needed both for existing transmitters and receivers and for developmental and planned equipments. 
The purpose of this standard Is to provide standard techniques for the measurement of radlo-frequency-spectrum characteristics of military electronic equipment to ensure the usefulness of all such data col¬ lected. These data will be used to assist in determining whether equipment, subsystems, and systems will be compatible with their electromagnetic environments. The data will also permit Improvements In the methode of assigning frequencies and in the design of new electronic devices. 
The measurement techniques outlined in this standard are in conformance to the existir^ state of the art As the state of the art advances, improvements in the testing methods and techniques will be presented in revised standards. 
Eggest ions as to Improvement of the methods of collection of spectrum characteristics should be di¬ rected to Chief, tareau of Shlpe. Department ot the Navy. Washington 25. D C 
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EQUIPMENT SPECTRUM SIGNATURES, COLLECTION STANDARD FOR 

1. SCOPE 
L 1 PURPOSE. - This technical standard establishes uniform measurement techniques that are applicable to the determination of the spectra! characteristics of radio-frequency transmitters and receivers. The ul¬ timate goal is to ensure the compatibility of present and future systems. 
1.1.1 The data obtained from the measurements described m this standard will comprise one oí the prin¬ cipal aids for (a) predicting the performance of equipment and systems in an operational electromagnetic environment, and (b) predicting the effect of a particular equipment or system on the electromagnetic envi¬ ronment of other equipments or systems. These data will also be used as aids lor establishing the charac¬ teristics required of new equipment for compatible operation tn present and future electromagnetic environments. 
1.1.2 The measurement standards have been selected on the basis of their practicability and applicability. Insofar as possible, all measurements will be stated in absolute rather than in relative terms. The units of measurement should require little mathematical manipulation. The description of the measurement should be in sufficient detail, however, to permit the use of the data in any pertinent application. 
1.2 APPLICATION. - This radio-frequency-measurement standard shall apply to all equipments and sys¬ tems that are designed to emit or will respond to electromagnetic energy in the radio-frequency range of from 0.01 to 12,000 megacycles. 
1.3 CLASSIFICATION- -

1.3.1 The general spectrum characteristics measurements specified in this standard are. 
I. 3. i. I Radio-frequency output at equipment terminals (closed-system). • These measurements are in¬ tended to disclose the radiation spectrum characteristics at the antenna terminals of equipments designed either to transmit or receive radio-frequency energy. 
1.3.1.2 Antenna-radiated radio-frequency output (open-field). - These measurements are Intended to dis¬ close the radio-frequency spectrum characteristics of ã complete equipment, including the effects of the transmission line and antenna. 
1. 3.1. 3 Receiver susceptibility. - These measurements are designed to determine the susceptibility of receiving equipment to radial ion‘at other than the desired operating frequency. Such measurements are cur¬ 

rently employed to determine the spurious-response characteristics of receivers and are referred to in such 
terms as ’ unwanted response," "receiver susceptibility," "receiver vulnerability," "image rejection," "spurious-response rejection ratio,” "intermediate-frequency rejection ratio," and "off-frequency sensitiv¬ ity." A knowledge of these effects is necessary io all Interference control activity. 

1. 3. 2 Environmental operational level. - These measurements are designed to determine the effects of the electromagnetic environment upon the electronic equipment in terms of degradation and failure as the electronic environment becomes more severe. 
2. REFERENCED DOCUMENTS 

2.1 Not applicable. 
3. DEFINITIONS 

3.1 Frequency coverage. - That range (or those ranges) of frequencies over which the equipment is designed to operate; for example, the frequency coverage of the AN/URM-XX may be 0.15 to 0. 4 me and 1. 5 to 1000 me. 
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3.1.1 Tuning band - That partial range of the tuning frequency range over which a particular configura¬ tion of equipment operates with a given band-switch setting; for example, one head of the AN. URM-XX may 
have the following tuning bands 

Band I: 0.15 Band 2 : 035 Band 3 0 9 Band 4: 2.4 Band 5: 6. 0 
Band 6 15.0 

to 0.4 me to 0 92 me 
to 2. 45 me to 6.3 me to 15.4 me to 30.0 me 

3. 1.2 Tuning frequency rar<e - That partial range of the frequency coverage over which a particular configuration of equipment operates; for example, the AN/URM-XX may have the following tuning frequency 
range 

0. 15 to 30 
20 to 220 200 to 410 400 to 1000 

me with bead T- 1 Installed 
me with head T-2 installed me with head T-3 installed me with head T-4 installed 

3. 2 Standard test frequenc ies. - That group of frequencies to which transmitters or receivers are tuned 
during the teat procedure. Three such frequencies exist in each equipment tuning band, located at approx¬ 
imately the 5 percent, 50 percent and 95 percent pointa in each band, and called the low, mean, and high 
test frequencies respectively. Ln some transmitiera, frequency ta selected by employing one of a series of output tubes For this type of equipment tests shall be run with lowest, mean, and highest frequency tubes 
installed 

3. 3 Receiver. • An equipment or system specifically designed to respond selectively to radio-frequency 
energy. 

3. 4 Transmitter. - An equipment or system specifically designed to generate radio-frequency energy. 
3.5 Antenna. - A device employed as a means for radiating or receiving radio-frequency energy 
3. 6 Emission spectrum - The power versus frequency distritxitlon of a signal about its fundamental 

frequency which includes the fundamental frequency, the associated modulation sidebands, as well as non-
harmonlc and harmonic spurious emissions and their associated sidebands. 

3. 6 I Spurious emissions. - Emissionona frequency or frequencies which are outside the necessary 
Nindwidth, and ths level of which may be reduced without affecting the corresponding transmission of intel¬ ligence. Spurious emissions Include harmonics, parasitic emissions, and intermodulation products, tait 
exclude unnecessary modulation sidebands of the fundamental frequency. 

3. 6. 2 Necessary bandwidth. - For a given class of emission, the minimum value of the occupied band¬ width sufficient to ensure the transmission or reception of Intelligence at the rate and with the quality required for the system employed, under specified conditions. Emissions useful for the good functioning of 
the receiving equipment as, for example, the emission corresponding to the carrier of reduced carrier sys¬ 
tems, shall be included in the necessary bandwidth. 

3. 6. 3 Occupied bandwidth. - Thefrequency bandwidth such that, below Its lower and above its upper fre¬ quency limits, the mean powers radiated are each equal to 0. 5 percent of the total mean power radiated by a given emission. In some cases, for example multichannel frequency-division systems, the percentage of 
0 5 percent may lead to certain difficulties in the practical application of the definitions of occupied and 
necessary bandwidth. in such cases a different percentage may prove useful. 

3. 6 4 Unnecessary modulation sidebands. - Modulation sldebaods refer to the spectral distribution of energy abouTthe fundameritanrequency which are a result of the modulation process for the transmission of 
intelligence. Unnecessary modulation sidebands are the sidebands which fall outside of the necessary band¬ 
width. 

2 
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5 ». S Sideband .»totter. - Those emission, that sppew oulalde ot lhe neces.^y bandwidth and which arc a result oHnlermoduIallon products of the modulation spectrum ' 
wl< 7̂ Spurious responds. - Any respoiwe of a receiver to energy ouUlde the receiver necessary band-

3. 8 Power level». -
P. ». ». 1 dbjpeclbeU).- db - 10 log )0 —. , where P, and ?2 are the power, compared. 
*2 

»•« » dbm (Decibels relative to 1 milliwatt). - Decibel, relative to 1 milliwatt ■ 10 lo»,. P. where P to 
the power in milliwatts. 10

X 82 * (Declbelajelauye jo I milliwatt per Square Meter). - Decibel, relative to 1.0 milliwatt/ 
meter • 10 log10 J , where P 1. as defined In J. 8.2 and A is the effective area In square meler. over 
which P I» measured. 

*• * jbf/tna/mc or dbm/m2/ltc (Decibels relative to 1 milliwatt per square meter per megacycle or 
per bllocycle bandwidth). - Decibel. r.Utlve to 1.0 mUllwatt/m.i.r2/mc or 1.0 mlUlwen/m.ier /kc -

*°»10 ’here P and A are as defined tn 3.8. 2 and 3. 8. 3, and 0 I. the measurement system bandwidth 
in megacycle» or kilocycle», respectively. 

Frequency-selective voltmeter. - A frequency-»elective radio receiver calibrated as a two terminal voltmeter; for example, a field-intensity meter. 
3.10 Minimum visible »ignai (MV3). - The minimum input pulse signal power level which permits visi¬ bility of any portion of the outjmt signal This level is obtained by initially sett if« the input signal above the detection threshold, and then slowly decreasing the amplitude. 
S’ 11 Mld-pulse-minimum visible signal (MPMVS). - The minimum Input pulse signal power level which permits visibility of the center ot the output pilse. this level la obtained tn the »ame manner as the MVS level, with the center of the pulse being the point of reference. 
3.12 f^r- fleld dtotonce. ■ Thal dUtance between two tin™, equal to D2/ À , where D I. the maximum aperture dimension of the largest antenna, and À is the wavelength oí measurement. In no case shall this distance be less than 3 à 

S- 13 System antenna . - The antenna whose characteristic» are being measured. 
3.14 Test antenna. - The antenna associated with the measurement equipment. 
3.15 Rotatable antennas. - Antennas designed to rotate through 360*. 
3.16 Elevatable antennas. - Antennas designed to elevate through an ar«le of 80* or greater, and which can be fixed at any desired elevation angle. (The intention of this definition is to preclude the requirement of more than routine efforts to provide maneuverability in the vertical plane. U a servo mechanism or man. ual drive are available to provide this capability, for example, the antenna is said to be elevatable if the antenna configuration requires adjustment by removal and replacement of bolts, for example, it is said to have fixed elevation capabilities. ) 
3.17 Semi-elevatable antennas. - Antennas designed to elevate through an angle less than 80*, or stepped in Increments in the elevation^Tauie. 
3.18 Reference is made to the IRE standard definitions for all definitions not Included in this document. 
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4. GENERAL REQUIREMENTS 
4.1 Measurement setup. - The equipment to be measured shall, In general, be set up so that M closely 

approx limâtes the mtendecToperating electrical condition and physical configuration. 
4.2 Prima ry power-supply voltages. - The primary power-supply voltage shall be maintained within 5 

percent of the mean of the rated operating voltage range of the equipment being tested. 
4.3 interference-free measurement areas. - All field measurements shall be conducted, insofar as 

practicable, In areas sufficiently tree from interference and reflections, and under conditions that will not 
adversely affect the results. 

4. 4 Preparation of equipment.- Before any measurements are performed, the equipment shall be in proper operating condition. “The steps specified in the operation and maintenance sections of the pertinent 
Instruction manual shall be performed, and any operating discrepancies shall be corrected before measuring 
is started. The equipment shall be aligned, if necessary, as specified in the pertinent operating instructions 
to ensure that, insofar as possible, it represents an average equipment in normal operating condition. Un¬ der no circumstances will the equipment be optimized with regard to alignment at the test frequencies. It 
is important that the readings represent field conditions of operation. 

4. 5 Modulation. - The modulation used in the measurements shall be as specified in the individual pro¬ 
cedures described In Section 5. 

4. 8 Physical distinction between receiver, transmitter, and antenna. - When tests are to be performed on a receiver or transmitter with an integrated antenna system, it will be necessary to establish a "plane of reference" such that the portion of the equipment on the antenna structure side of the plane is designated the 
antenna, and that portion of the equipment on the other side of the plane is appropriately designated eliher the transmitter or receiver. It is at thia reference plane that equipment separation will take place, when 
necessary. The plane of reference shall remain fixed for an entire aeries of equipment tests. In the proc¬ ess of esubllshu< the reference plane, no portion of the system under test shall be electrically removed from the system, nor shall extra electrical circuitry be added except as indicated in the measurement 
procedure. 

4.7 Equipment terminations. -
4.7.1 Transmitter dummy loads. - Dummy loads shall be of adequate power handling capacity to termi¬ 

nate the transmitters (for detailed requirements for dummy loads, see 5.1.2.1). 
4. 7.1.1 For unbalanced systems with operating frequencies above 20 roc, the resistance of the dummy 

load shall be 50 ohms, resistive. 
4.7.1.2 For unbalanced systems with operating frequencies of 20 me and below, the load shall be either 50 or 300 ohms, resistive, to whichever load the transmitter is capable of delivering greater power when it 

is adjusted as prescribed in 4. 4. 
41,1.3 For balanced systems, the loads shall be an in 4.7. 1.1 or 4. 7.1. 2, except that one dummy load 

shall be applied from each output line to the ground. 
4.7.2 Receiver input coupler. - The receiver input coupler shall be a shielded network whose insertion loss is known at the measurement frequency and whose input properly terminates the signal source (see 

5.1.2.2). 
4 7.21 Output impedance. -
4. 7.2.1.1 For unbalanced systems with fundamental above 20 me: 50 ohm, resistive 
4. 7.2 1.2 For unbalanced systems with fundamental frequencies of 20 me and below: 50 or 300 ohms, 

resistive, whichever more closely matches the nominal impedance of the receiver injait. 
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€ 7.2.1.3 For balanced systems as in 4. 7.2.1.1 or 4. 7.2. 1.2, except that the source resistance shall be that specified In 4. 7. 2.1.1 or 4. 7. 2. 12 from each line to ground-
4. 8 Measurement equipment. - All measured quantities in this procedure shall be referred to the fre¬ 

quency, voltage, and power indications of (1) laboratory-type signal generators, and (2) calibrated atten¬ uators. 
4.9 Other measurement variables. - Initial testing conditions other than those Indicated in this plan may 

be spec died. These variations might include reruns of specific tests following selected equipment detuning and retuning operations, test reruns following replacement of selected system components. 
4. 10 Reported data. - Reported information is not to be restricted to the data specified for each test in Section 5“ Additional information must be provided in order that measurement results can be effectively evaluated. 
4.10.1 General data. -
4.10. 1.1 Detailed identification of measurement and calibration instruments, and pertinent auxiliary equipment used in the performance of these tests. 
4.10.1. 2 Descriptions of all laboratory test layouts, and all field test deployments, including plana, drawings, and photographs, where applicable. Dimensions not conveniently obtainable shall be estimated. 
4.10.1. 3 Description of measurement location terrain, with emphasis on any features (mountains, build¬ ings, etc.) which may influence the measured data, and the geographical location of the measurement site. 
4.10. Î. 4 All initially recorded test data, plus sample calculations to show how derived data was obtained. 
4.10.1. 5 A list of all failures that occurred to the equipment involved In the measurement program dur¬ ing the test period, and a description of checks made to determine the condition of equipment performance following repairs. 
4.10.1. 6 A list of interference reduction features associated with the equipment under test, such as noise suppression circuitry, modulation discrimination capabilities. 
4.10.1. 7 Other information relevant to the test program, such as peculiarities encountered in equip¬ ment performance, difficulties in performing tests, meteorological characteristics, description of measure¬ ment procedures (if at variance with those procedures outlined herein). 
4.10.2 General system information. - (For transmitters, receivers, and antennas). 
4.10.2.1 Equipment. - Model and serial number 
4.10. 2. 2 Bands. - Initial and final frequencies. 
4. 10 2 3 Month and year of measurement. -
4.10.2. 4 Source and observer. -
4.10. 2. 5 Plane of reference. - Defined In 3. 6. 
4.10. 3 Specific transmitter information. -
4 10. 3.1 Function. - Communications, navigational aids, air search, surface search and fire control. 
4.10. 3. 2 Other operational characteristics. - Frequency diversity and chirp. 
4.10. 3. 3 Emission type and bandwidth. - 6A3, 0. 1A1, 30F9 and P0. 
4.10. 3. 4 Pulse repetition rates. -

5 
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4.10. S. 5 Pulse widths -
4.10. 3. 8 Power. • Both nominal peak power (KW) and nominal average power (KW) 
4.10. 4 Specific receiver information. -
4.10. 4.1 Function. - Communication«, navtgafional aid, air search, surface search and fire control 
410.4.2 Other operational characteristic s. - Monopulse, doppler, frequency and diversity. 
4.10.4.3 Types oí signals designed to receive AM. FM, SSB and pulse. 
4- >0. 4. 4 Type receiver. - Crystal video. TRF, «ingle superheterodyne and double super-heterodyne 
4.10. 4. 5 Nominal «ensltlvlty. -
4.10. 4. 8 Nominal receiver bandwidth. - (3 db) 
4.10. 4. 7 IF frequencies. -
*• 10- 4. 8 local oscillator frequencies. - Also, note if the local oscillator la tunable above or below the signal or both. 
4.10. 5 Specific antenna information. -
4.10. 5.1 Polarisation. -
4.10. 5.2 Nominal gain (db). • 
4.10.S. 3 Scan characteristic«. - For example, rotation rates, noddingrates, scan limitation«, provi¬ sion tor sector scan, conical or rotating scan details 
4.10. 5. 4 Number of beam« and description. - This should include nomenclature of beams, tilt armies, 3 db beamwidth«, frequency range per beam if applicable. 

5. DETAILED REQUIREMENTS 
5.1 Instrumentation. -
5.1.1 Signal generators. -
5 I-1 1 Frequency accuracy. - The frequency accuracy of signal generators shall be within 1 percent. The signal generator frequency shall be measured before and during the procedures with a frequency meter or counter capable of assuring the desired degree of accuracy. 
5.1.1.2 Output accuracy. - The overall output calibration of the signal generator shall be correct to within 2 db at any attenuator setting. Where greater accuracy is required, the output should be calibrated with an external device of the required accuracy. 
5. I. 1.3 Output Impedance. - The signal generator output Impedance shall be unbalanced 50 ohms, resis¬ tive, with a VSWR not to exceed 1. 3;1. For this purpose, the generator may be adjusted with a matching network of known loss at the measurement frequency 
5« 1« !• 4 Modulation and deviation. - For measurements where modulation is required, all quantities shall be within 5 percent, unless otherwise specified for the individual test. 
5-1.1.5 Harmonic content. - Signal-generator outputs contain harmonics of the fundamental frequency. Care should be taken that these harmonic outputs are attenuated sufficiently tn order that false receiver re¬ sponses will not be produced. In particular, low-pan« or band-pass filters of known Insertion loss at the 

fundamental frequency should be used when spurious responses are beir^ measured at frequencies well below 
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the receiver-tuned frequency. Thin technique is used to attenuate all generator harmonics to level* below 
the receiver's threshold sensitivity. 

5.1.1. • Leakage. - Most signal-generators exhibit some leakage that la particularly noticeable when the 
attenuator is near its maximum attenuation setting. Low-leakage signal generators shall be used to perform the measurement under this procedure; adequate shielding, separation, and power Une filtering shall be employed to eliminate the possibility of erroneous resulta caused by Improper coupling of the signal genera¬ 
tor to the receiver. 

5.1.3 Equipment terminations. - The requirements for equipment termination are given in 4.7. 
5.1.3.1 Dummy loads. - The Aim my loads specified in 4. 7.1 shall have a low VSWR not to exceed 1. 5:1 

at any test frequency. 
5.1.2.3 Receiver-inputcoupler. - Th* rec e Iver-input coupler described in 4.7.2 shall have an input 

impedance of 50 ohms (vSWR less than 1.3:1) when its output la terminated by a V8WR greater than 3:1. The impedance, looking Into the output terminals of the receiver-input coupler, shall be the specified nom¬ 
inal value (VSWR less than 1.5:1). The insertion loss shall be known to within 1 db over the frequency range of the device when it is terminated tn the nominal impedance. 

5.1.3 Frequency-selective voltmeters. -
S. 1.3.1 Calibration. - Frequency-selective voltmeters shall be calibrated as two-term Inal voltmeters at 

all frequencies with an accuracy of 2 db of the Indicated value. These values are to be maintained throughout the measurements by reference to standard signal generators. 
5,1. 3.2 Indi cal ions. - Frequency-selective voltmeters used in these measurements shall be monitored 

by aural as well as visual indicators. 
5.1.3. 3 Bandwidth. - When making measurements requiring recovery of the pulse envelope, the instru¬ mentation 3 db bandwidth shall be sufficient to permit a low distortion recovery. For example, for a fixed frequency pulse the bandwidth in megacycles shall be at least 2/W where W is the nominal pilse width, in microseconds- For a pulse compression system, this bandwidth should be at least 2d/W where d Is the pulse compression ratio. If the instrumentation Is to be used to obtain fine grain spectrum details such as 

determining the shape of the main lobe or peaks of the side lobes, it should have a bandwidth of less than 
Tw 

5.1.4 Attenuators. - The calibration of attenuators shall be known within 1 db at each measuring fre¬ 
quency. ” 

5.1.5 Transmitter signal sampling device. - For transmitter testing, a sampling device shall be used, 
where needed, to measure the output leve) of each frequency emitted. This device may be a voltage divider, power attenuator, directional coupler, probe, or a suitable band-rejection filter, or combination thereof. The choice of sampling device is to be determined by its availability, the frequency oí the transmitter, the power-output level, the minimum level at which spurious responses can be detected, and knowledge of the impedance characteristics of the transmitter output termination. The coupling lose of the device shall be 
known within 1 db at each measurement frequency. 

5.1. 5 Spectrum analyzers. - The spectrum analyzer shall be used with a signai generator for calibration purposes, and the resultan! amplitude accuracy shall be within 3 db. For bandwidth considerations refer to 
5.1.3. 3. 

5.1.7 Frequency accuracy. - When a frequency is stated in a test, test tabulation, test report, etc. , it 
shall be taken to mean the stated frequency with an accuracy of 1 part in 1000 except where otherwise noted 
with the statement of the frequency accuracy; for example, 10 me * 50 cycles; 4.5 t 0.1 me and 156 me * 2 
percent. 

5.3 Transmitter measurements. - The following measurements shall be performed on all transmitters, 
unless otherwise indicated. 
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(a) Power output 
(b) Spurious emissions 
(c) Emission spectrum (d) Modulation characteristics (e) Inte rmoctolat ion 
(f) Modulator bandwidth (g) Carrier frequency stability 

Since this measurement procedure la dedicated to an absolute rather than a relative system of measurement, use of uniform units of measurements becomes obligatory. In this procedure all data taken on transmitter emission are to be in dbm wherever practicable. Voltage measurements alone provide inadequate informa¬ tion for the establishment of mutual interference relationships between different equipments. Where ratios are required, they shall be expressed in db tkiring each test, transmitter power output shall be monitored, and the range of variation recorded and presented with the test data Where a system is designed to operate 
Into one or two specific antennas, and only such antennas, those antennas shall be employed in lieu of any other output termination. 

5.2.1 Modulation. -
5. 2. 1.1 AM and FM transmitters. - The output of AM and EM transmitters for (a) and (b) of 5. 2 shall be AO or FO. For (c), (d), (e) and (f) of 5.2, the modulation shall be as specified in the individual procedures. 
*• 212 Siryle-eideband transmitters. • For single sideband transmitters, the modulation frequency for tests (a) and (b) of 5.2 shall be two tones of 400 and 2500 cycles per second at the level required to give the transmitter-rated output. For test (c), (d), (e) and (f), the modulation shall be as specified in the individual tests. 
5-2.1.3 Pulsed transmitters. - Tests (a), (b), (c), (d) and (g) shall be performed under conditions of minimum and maximum duty cycle at each standard test frequency. Additionally, these same tests shall be performed at the mean standard test frequency using the mean pulse width and repetition rate of the system under test. 
5.2.2 Power-outfit. -
5.2. 2.1 General requiremerd. - Since the fundamental power output of a transmitter may vary consid¬ erably over the frequency coverage and, in multiband transmitters, may also vary from tuning band to tuning band, the power output should be measured at several frequencies spaced throughout the frequency coverage, for example, at least the standard lest frequencies of each tuning band. 
5.2.2.2 Measurement setup. - The setup shall be as shown in Figure 1 except the fundamental frequency rejection network is not required for the power output test. Measuring equipment shall be adequately shielded for protection from transmitter leakage. 
5 2.2.3 Procedure tor power output measureme nt. - (For power measurement in single-sideband trans¬ mitters, refer to 5.2.2. 3.1); The procedure for power output measurement shall be as follows: 

(a) Tune the transmitter to be measured to a standard test frequency. With the coaxial switch in 
position one, tune the frequency-selective voltmeter to the transmitter-output frequency. Adjust the outfit of the sampled signal to provide a convenient reading by varying the signal-samplir^-network-attenuation, the adjustable-attenuator-loss, or the frequency selective voltmeter con¬ trols, the meter must not be in overload. With the coaxial switch in position 2, tune the signal 
generator to the same test frequency, adjust the output attenuator of the generator (unmodulated) to give the same reading on the frequency-selective voltmeter, and record the generator-output reading in dbm. 

(b) Alternatively, thermal type power indicators may be used in place of the frequency-selective volt¬ meter for measurement of average power. (c) Repeat this test for each standard test frequency. 

5 2 2. 3.1 Measurement of peak envelope power (PEP). - (This paragraph applies to single-sideband transmitters only. ) The PEP is determined by the measurement on an oscilloscope of waveform amplitude 
8 
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obtained from a pickup situated adjacent to the transmitter feeder. With the carrier suppressed, the trans¬ mitter ia aet up with a 400 cycle tone input auch thaï the power outfit approximates the designed CW level. Two equal tones (400 and 2500 cycles) are then applied to the transmitter. The tone levels are increased 
simultaneously until the transmitter is emitting its full power outjut as indicated by the third order inter¬ 
modulation products being 25 db below the two tones. The amplitude of the waveform shown on the oscillo¬ 
scope is recorded. The 2500 cycle tone Is then removed and the 400 cycle tone amplitude is noted on the oscilloscope and recorded. The CW power into the load is measured and recorded. The power rating is then given by: 

PEP « continuous CW power x (A/B)^ where B • waveform amplitude under CW conditions and A » 
waveform amplitude under 2 tone conditions. 

The test is repeated for each standard test frequency. 
5.2.2.3.2 Balanced system- If the transmitter has a balanced-output system, repeat these steps with 

the signal-sampling network In the other line. 
5.2.2.3.3 Frequency-selective voltmeter function. - For pulsed transmitters, the meter shall read the peak function. For non-pulaed transmitters the meter shall measure the average or CW function. 
5.2.2.4 Data to be recorded. -
5.2.2. 4.1 Power output determination. - If the transmitter has a balanced outfxit, convert the two power readings at each frequency to watts, adtTthe two values thus obtained and convert the sum to dbm, then pro¬ 

ceed with the steps described In 5.2.2. 4.1.1. If the transmitter does not have a balanced output, proceed directly with the steps described in 5.2.2. 4.1.1. 
5.2.2.4.1.1 To the signal-generator output reading in dbm (or the corrected outpjt of 5.2.2. 4.1) at each 

frequency, add: 
(a) The adjustable-attenuator attenuation in db, and, (b) The insertion loss of the signal-sampling network, Ln db, at the test frequency. 

The sum is the power outjxit, in dbm, at the measured frequency. 
5.2.2. 4.2 Presentation of test data. - Transmitter data shall be presented by frequency and power out¬ put, under the following headings: 

Tuning Band 
Frequency Power Output 
(Mc/s) (dbm) 

Ln the power output column, show whether the output la peak, average, or peak envelope. For pulsed trans¬ mitters, record the pulse width and repetition rate at each measured frequency. 
5.2.3 Spurious emission. - The purpose of the tests is to scan the spectrum, locate, measure, and re¬ 

cord the spurious outputs oFthe transmitters under test. Two types of tests, involving different test meth¬ ods, are required to evaluate the spurious emissions of the large variety of transmitter types. One method, exemplified by Figure 1, is a closed-system method and the other, exemplified by Figure 2 involves an open-field method of measurement. Each type of transmitter under test shall be evaluated by the method specified for Lt tn 5.2. 3.1. Care must be taken Ln tliese tests to avoid recording measurement equipment 
spurious responses as transmitter outputs. Fundamental frequency rejection networks or filters will prob¬ 
ably be required to enable the frequency-selectIve voltmeter to measure small spurious outputs in the pres¬ ence of the larger fundamental. The Insertion loss of this network shall be known at the frequencies of the spurious outputs being measured to * 1 db. 

5. 2. 3.1 Types. - Transmitters with one or more of the following characteristics shall be tested by the open-field method exemplified by Figure 2. All other transmitters shall be tested by the closed-system 
method as illustrated by Figure 1. 
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(a) Equipment designed to operate into no more than two specific antennae A test shall be performed utilizing each antenna. 
(b) Equipment whose antenna to transmitter transmission system employs waveguide or coaxial cable that can support multiple-mode propagation below 12 kmc. 

5.1.3.2 Closed-system measurement setup. - The closed-system measurement setup is illustrated by Figure 1. 
1.3.3.3 Procedure for serious emission measurement (closed system). - The procedure for the spuri¬ ous emission measurement (closed system) shall be as follows: 

(a) Tune the transmitter to a standard test frequency. With the coaxial switch of Figure I in position 1, and the fundamental-frequency rejection network bypassed, tune the frequency-selective volt¬ 
meter to the transmitter frequency. Adjust the slgnal-sampling-network attenuation, the adjust¬ able attenuator and the voltmeter cont rols for a convenient reading on the meter. Record all settles. (b) Using the transmitter settings of 3.2.3.3(a) insert the fundamental-frequency rejection network, 
and tune It to reject the transmitter fundamental frequency. With minimum system attenuation and maximum instrument sensitivity, tune the frequency-selective voltmeter through the fre¬ quency spectrum to detect all responses. The frequency range shall be 10 kilocycles to 12kilo-megacycles, unless otherwise specified. 

(c) Each time a opirlous transmitter output is found, adjust the voltmeter sensitivity to give a con¬ 
venient reading. Set the coaxial switch to position 2 and determine the signal level of the response as described in 5.2. 2. 3. Record these values. When determining the level of the responses, the attenuation of the signal-sampling network at the spurious frequency shall be known. (d) Repeat the foregoing steps at each transmitter standard test frequency. 

5.2. 3. 4 Data presentation. - The data on the sjxirlous and harmonic emissions test shall be presented in the following tabular form: 
Transmitter Spurious Frequency 

Fundamental Tuning Band Frequency Origin Power Output 
(¡si Iki — — 

In the "Power Outçxit" column, indicate whether the output la "peak" or "average". Under the "origin" col¬ umn, indicate the suspected source of the spurious frequency, if possible, for example. "3rd harmonic of fundamental For pulsed transmitters, record the pulse width and repetition rate at each measured fre¬ quency. 
5.2. 3.5 Open-field measurement setup. - The open-field measurement setup is illustrated by Figure 2. 

The separation between transmitter antenna and the test antenna shall be approximately the far-fieid rits-tance at the test transmitter fundamental frequency of teat, unless otherwise indicated. 
5.2.3.5.1 Antenna positioning. - The following sequence shall be used for the orientation of the trans¬ mitter and test antennas. 

(a) For transmitters with scanning antennas, the scanning elements shall be in such a position that 
the radiated energy will be maximized as close to the geometric axis of the antenna as is practi¬ cal. 

(b) Where azimuth and elevation of the system antenna can be varied, this shall be done to produce the maximum signal at each test frequency at the test antenna. The test antenna shall be positioned 
for maximum received energy at each frequency at which a spurious emission Is detected. The azimuth (0) and elevation (JO angles between the antenna boresight axis of the system and the test antenna shall be recorded after the signal is maximized. 

(c) Ths test antenna shall be rotated to find the polarization of maximum response at each frequency at which a spurious emission is detected. 
All positioning information snail be recorded together with the test results. 

10 
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5.2. S. 5.2 Measurement sensitivity. - The measurement system shall have a calibrated sensitivity 
better than 

(a) at frequency up to 300 me- -M dbm/m2
(b) above 300 to 1000 me- -80 dbm/m2(c) above 1000 to 3000 me- -70 dbm/m2
(d) above 3000 to 10,000 me- -60 dbm/m2(e) above 10,000 me- -50 dbm/m2

5.2. 3. 5. 3 Procedure for spurious emission measurement (open- field). - The procetoire for the open 
field spurious emission measurement shall be as follows: 

(a) Tune the transmitter to a standard test frequency with the fundamental rejection network by¬ passed; tune the frequency-selective voltmeter to this frequency. Position the antennas as outlined In 5.2.3. 5.1. Determine the power density of the fundamental frequency signal In 
accordance with the procedures of the frequency ■ selective voltmeter Instruction manual. (b) With the fundamental frequency rejection network tuned to reject the transmitter fundamental 
frequency and the test equipment at maximum sensitivity, tune the frequency-selective voltmeter through the spectrum and note all responses. Determine and discard those responses 
that are test equipment spurious responses. (c) At each transmitter spurious output, determine the received power density. (d) Repeat the foregoing steps at each transmitter standard test frequency. 

5.2. 3. 8 Data presentation. • The data on the spurious and harmonic emissions test shall be presented 
In the following tabular form: 

Transmitter Antenna Orientation Bparious Frequency 
Fundamental Tuning Band 0 0 Frequency Origin Power Penalty 
-- - - ■ (dbm/mi) 

In the "Power Density" column, indicate whether the output is "peak" or "average”. If the outfit to 'peak' . record the bandwidth of the measuring instrument. Under the "Origin" column, indicate the suspected source of the spurious frequency, if possible. For pulsed transmitters, record the jwlse width and repetition rate 
at each measured frequency. 

5.2. 4 Emission spectrum measurement. - Emission spectra measurements fall into two classes. The 
sideband-splatter test shall be used on non-pulsed equipment such ns AM, FM, and suppressed-carrier transmitters. The power vs frequency test shall be used on pulsed transmitters. 

5.2. 4.1 Sideband- splatter test. -
5.2.4.1.1 General requirement. - The sideband splatter measurement consists of a two-tone test and a 

dynamic noise-loaded test. The measurement setup shall be as shown in Figure 3. In the dynamic noise-loaded test, however, the two audio signal generators of the figure are replaced by a random noise genera¬ tor whose bandwidth is equal to or greater than the transmitter modulator bandwidth. 
5.2.4.1- 2 Procedure. - The procedure for the sideband-splatter test shall be as follows: 

(a) Tune the transmitter to a frequency near the center of the lowest operating band, and adjust the output to provide a useable deflection on a spectrum analyzer. Adjust the spectrum analyzer to position the carrier In mid-position on a narrow sweep presentation (approximately 10 kc). (b) Tune one audio signal generator to 400 cycles and the other to 2500 cycles and connect the outfits to the transmitter-modulator input. Maintain the output levels equal and adjust them to obtain 
successively a 30-, 60-, and 90-perceni modulation or deviation (for SSB adjust the injxit to pro¬ 
duce 1/2, 1. and 1-1/2 times rated power output). In each case, photograph the spectrum ana¬ lyzer presentation and record the test details Adjust the camera so that the exposure time will 
Include at least three sweeps. (c) Repeat (a) and (b) for wider sweep widths if necessary to give a clearer Indication of out-of-band 
characteristics. 

11 
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(d) Disconnect the audio signal generator and connect the noise generator. Adjust the RMS output of the noise g e ne.it or to the same RMS voltages as that of the two tones in (b) and photograph the resultant presentations on the spectrum analyser. 
(e) Repeat the foregoing procedure in each transmitter operatic band. 

5- 2 . 4.1. 3 Presentation of test data. - The data to be presented for the sideband-splatter test will Include the photographs taken in the procedure described in 5 2. 4.1.2(b) as well as the following data obtained from the photographs: 
Fundamental Tuning Band 
Frequency No. _ Sweep Width Power Output 
unci TkiT (dbm) 

5.2. 4.2 Power vs frequency test. -
5.2. 4.2.1 General requirement. - The sepctrum of a pulse signal Is the power versus frequency distri-tutlon of a ¡xilse about some nominal frequency. For the purpose of this document, the nominal frequency is intended to mean the fundamental or spurious frequencies of the transmitter. The measurement technique consists of measuring the general amplitude distribution of the spectral components of the signal. As a minimum requirement, the envelope of the peaks of the lobe structure of the signal shall be determined. Figure 4 shows a typical pulse signal spectral distribution, and illustrates this minimum requirement. A 

system capable of providing a minimum of SO db range of measurement shall be employed. The measurement system sensitivity shall be at least -80 dbmAc/m2. The measurement setup shall be as shown tn Figure 2 except that a spectrum analyser shall be used in place of the frequency-selective voltmeter. 
5.2. 4.2.2 Procedure for emission spectra measurement. - The open-field meaurement setup tn para¬ 

graphs 5. 2. 3. 5 and 5. 2. 3 5. inform the basis for this têstmie procedure for emission spectra measurement shall be as follows: 
(a) Tune the transmitter to be measured to a standard test frequency. Remove or bypass the funda¬ mental frequency rejection network. With the coaxial switch in position 1, tune the spectrum analyzer to the transmitter output frequency. Adjust the output of the sampled signal by varyir< 

the signal coupling network attenuation, the variable attenuator, and the spectrum analyzer gain 
so that no overload condition exists, and a convenient amplitude reference is established. 

(b) With the coaxial switch in position 2, tune the signal generator to the same frequency as-that at 
which the reference amplitude was established, and adjust the generator output attenuator to give the same reference amplitude on the spectrum analyzer. Record the generator output in dbm. Tune the spectrum analyzer successively to other frequencies throughout the fundamental emis¬ sion spectrum and repeat the above procedure. 

(c) Repeat this test with the spectrum analyzer tuned successively across each of the spurious signals 
recorded under 5.2. 3 and with the fundamental frequency rejection network inserted and tuned to reject the transmitter fundamental frequency. 

S. 2. 4.2. 3 Data to be recorded. -
(a) If spectral data are obtained by the above point-by-point process, the previous procedure shall be repeated at sufficient frequency increments to define adequately the region of the main energy lobe, and the envelope of the sidelobes. To the signal generator output reading tn dbm at each frequency, add the variable attenuator attenuation in db and the insertion loss of the signal-sampling network in db, at the test frequency. 
(b) If spectral data Is obtained initially by photographic means, select points suitable for describing the desired envelope, and tabulate in the format shown below. Submit photographs. 

5.2. 4. 2. 4 Presentation of test data. - Transmitter data shall be presented under the followtr* headings: 
Fundamental or Transmitter Tuned Spurious Signal Spectral Power 

Frequency Band being Analyzed « f Density 
(me) (me) (me) (dbm/kc/m2) 
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The sign of the terms under the 'ôf" heading shall Indicate whether the measured frequency la above or be* low the transmitter fundamental or spurious frequency. Record the pulse width and repetition rate at each measured frequency. 
5. 2. 5 Modulation characteristics. - Modulation characteristics measurements fall Into two classes, non¬ pulsed and pulsed. 
5.2. 5.1 Non-fMiised -
5.2. 5.1.1 General requirement. - This test is a check oí the modulator power supply capability for AM 

transmitters anï SSB transmitters, and the deviation linearity for FM transmitters, as well as the inter-
moAilatlon characteristics oí these transmitters with respect to the modulator. If the modulator input volt¬ 
age versus the percentage modulation (frequency deviation for FM, or peak-envelope-power for SSB) is not linear, the output of the transmitter will he degraded Ilie denlred modulation will be distorted and unwanted adjacent channel emission will probably occur (modulation splatter). 

5. 2- 5.1.2 Measurement setup. - The setup shall be as shown in Figure 1, except that no rejection net¬ 
work is used, and a moAilation or deviation monitor is used for AM and FM equipments. 

5. 2. 5.1. 3 Procedure. - The procedure for measuring non-pulsed modulation characteristics shall be as follows: 
(a) TUne the transmitter for AM, FM, or SSB operation at a test frequency near the center of the low¬ 

est operating band, in accordance with the tuning procedure outlined in the Equipment Technical 
Manual. Tune the monitor to the transmitter frequency. Set the audio generator frequency to 1000 cps (for SSB, use two generators adjusted to 400 and 2500 cps), and with the output control set to minimum, connect the audio generator to the modulator input. Slowly increase the audio signal generator output and observe the monitor. Record sufficient values of audio voltage input and percentage modulation (or deviation) to plot a smooth curve. 

(b) Repeat the test in each operating band of the transmitter. 
5.2. 5.1. 4 Presentation of test data. - These data will be presented In tabular form: 

Deviation in Percent; or 
Fundamental Modulation in Percent; or 
Frequency Peak Envelope Power in dbm (Audio Input) Cm clI  (dbm) 

5.2. 5. 2 Pulsed. -
5.2. 5.2.1 General requirements. - The purpose of thia test is to recover information on the amplitude versus time characteristics of system radiated output. 
5. 2. 5.2. 2 Measurement setup. - The setup shall be as shown in Figure 2, except that an oscilloscope shall be connected to the second detector output of the frequency-selective voltmeter. The signal generator shown in the figure is not required for this test. 
5.2. 5.2. 3 Procedure. - The open-field measurement setup In 5 2. 3 5 and 5.2. 3.5.1 form the basis for thia test. The procedure for measuring pulsed modulation characteristics shall be as follows: 

(a) TUne the transmitter and frequency-selective voltmeter to be measured to a standard test fre¬ quency. Remove or bypass the fundamental frequency rejection network. Photograph this dis¬ play, recording oscilloscope sweep calibration. 
(b) Repeat this test with the frequency-selective voltmeter to each of the spurious signals recorded 

under 5. 2. 3 and with the fundamental frequency relection network inserted and tuned to the trans¬ mitter fundamental frequency. (c) Repeat the above series of teste at each standard test frequency. 
5. 2. 5. 2. 4 Presentation of test data. - These data will consist of the photographed waveforms and cali¬ bration data. Record the transmitter pulse width and pulse repetition rate used lor this test. 

13 
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5 18 Intermodulation (Non-pu Ise transmitter). -
5.2 8.1 General requirement. - This teat evaluates the intermodulation-gensrating properties of the out* fait stage of a transmitter. ’ft* level of intermodulation products obtained when an external signal is coupled into a transmitter outlet circuit depends on the selectivity of the coupling circuit, level of Uterferb< signal, 

and the nonlinearity of the output stage. Spurious frequencies may be generated in accordance with the equalion: fg • nfo tm/j where fa • spurious frequency generated; • frequency of transmitter wder test; f| • frequency of Interfering signal: and m, n > 0, 1, 2, 3,... 
8.2. 6. 2 Measurement. - The setup shall be as shown in Figure 5. 
5.2. 6. 3 Inter modulai Ion test procedure. - Ihe procedure for intermodulation test shall be as follows: 

(a) Tune the Interfering transmitter toa frequency f|, approximately one percent higher than Cq. With the switch in position 1, note the frequency selective voltmeter readitg. Put the switch in posi¬ 
tion 2 to measure the signal generator outpit. Adjust the signal generator frequency and output level to duplicate the reading obtained with the transmitter. Record the gerwraior frequency and output in dbm. 

(b) Add the attenuation in decibels of the attenuator to the signal generator output readD« in dbm to 
obtain the power output at fp Insert an attenuator in the coupling unit so that the ratio of the power coupled from the output at fj to the output at f0 is approximately 20 decibels. Tune the frequency-selective voltmeter in steps of ¿f above fj and in steps of nf below (q. Repeat the above steps for couplings of 40 and 60 db. (c) Repeat for ft approximately 5 and 10 percent of (q. 

5.2.6. 4 Presentation of test data. - These data will be presented in the following form: 
Frequency a! Frequency Output Identification Coupling Spacing 

(me) (dbm) (db) (me) 
5.2.7 Modulator Bandwidth (Non-pulae transm itters). -
5.2.7.1 General requirement. - This test Is designed to determine whether the modulator has excessive bandwidth which can cause sidebands outside the assigned channel. This type of Interference Is usually adjace nt-channel in nature and drops off rapidly with fj. Because of this, the bandwidth of the modulator should be no greater than one-half of the channel spacings, and at the frequency equal to one-half at the channel spacing the response should be down at least 20 decibels. 
5.2.7.2 Test setup. - See Figure 8. 
5.2.7.3 Test procedure. - The procedure for modulator band width (non-puls rd transmitters) shall be as follows: 

(a) Adjust the audio signal generator output to obtain 30 percent modulation or 30 percent of rated de¬ 
viation or one-half the rated peak-envelope-power. Increase the output of the audio signal gen¬ 
erator by three decibels. Increase the signal generator frequency until the percentage modula¬ tion or deviation decreases to 30 percent or the peak-envelope-power decreases to one-half rated. Record this frequency. Decrease the signal generator until the percentage moAilation or percentage of rated deviation decreases to 30 percent or peak-envelope-power decreases to one-half rated. 

(b) Repeat for audio increases of 8, 12, 18 and 24 decibels. 
5 2.7. 4 Presentation of test data. - These data will be presented in the followU< tabular form: 

Modulation Frequency Response_ 
(me)i (db relative to maximum) 

5.2. 8 Carrier frequency stability test. -
5.2. 8.1 General requirement. - The purpose of this test 1s to determine transmitter frequency stability. 
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5. 2.9. 2 Measurement setup - Equipment configuration shall be as shown in Figure 7. The transmitter 
shall be tuned to the mean frequency in each band. Pulse transmitters shall be operated at the nominal repetition rate and pulse width which shall be recorded. 

5. 2. 8. 3 Procedure for stability measurement. - The procedure stability measurement shall be as fol¬ lows: 
(a) A frequency readout ehall be obtained 15 minutes after the transmitter is turned on and at 

15 minute intervals thereafter up to 4 hours, or umil a definite trend in data is established, 
whichever time is less. Frequency accuracy of at least one part per million is required. 

5. 2.9. 4 Presentation of test data . -
Tlme_ Frequency 
(minutes) (me) 

5. 3 Receiver Meaguremcntg, * The following tests shall be performed on all receivers unless otherwise indicated. 
(a) Sensitivity (b) Selectivity (c) Spurious responses 
(d) Overall susceptibility (e) Intermodulation 
(f) Adjacent signal interference (g) Pulse desensitization (h) CW deeensitlzatlon (i) Dynamic range (J) Oscillator radiation 

5. 3.1 General requirement. - Since thio measurement procedure is dedicated to an absolute rather than 
a relative system of measurement, use of uniform units of measurement becomes obligatory. In this pro-
ceAjre all data taken on transmitter emission are tn dbm, wherever practicable Therefore, all receiver measurements must be reported in dbm In order that the mutual interference relationships may be estab¬ 
lished for different equipment. Voltage sensitivity measurements alone provide inadequate common ground for such comparison 

5. 3. 2 Modulation. - For receiver tests, standard modulation or deviation shall be 30 percent at 400 and 
1000 cps, except that if the test sample 1s designed to operate with a particular audio frequency, pulse repe¬ 
tition rate, waveform, or type of modulation, the modulation shall be that particular type of signal, unless otherwise indicated. 

5. 3. 3 Standard response. - The standard response is defined as a 6 db (S ♦ N)/N output ratio for AM and 
single side band receivers, or the output level necessary to provide 20 db quieting for FM receivers, both measured at the rated outfit power or voltage in communication receivers, or minimum visible signal (or 
mld-fMlse minimum visible signal, when applicable) in radar receivers To measure the standard response, locate a suitable measurement point unless such a measuring point has been previously specified Based on 
the design of the receiver to be tested, determine where any special purpose circuits intercept the path of 
intelligence-bearing signals; select a point for a carrier level indication to avoid the effects on signal level 
of any such special jxirpose circuits for observing standard responses. Establish a method of observing the signal at the selected point so that the signal strength at the test point will represent normal operation of the system. Instrumentation for this purpose will vary for different equipments. It may be as simple as a volt¬ 
meter or as complex as another receiver tuned to an IF frequency. Examples of setups are given In Fig¬ ures 8, 9, 10, and 11. 

5. 3. 4 Sensitivity test. -
5. 3. 4.1 General requirement. - Since the sensitivity of a receiver may vary considerably over the fre¬ quency coverage, and may also vary from tunii< band to tuning band in multl-band receivers, the sensitivity is to be measured at the standard test frequencies of each tuning band unless otherwise specified 
5. 3. 4. 2 Measurement setup - The measurement setup shall be as in Figure 12. The measuring equip¬ ment shall be adequately shielded to protect the receiver from extraneous signal paths 
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5. 3. 4.3 Procedure for receiver sensitivity meMurtmtni. - The procedure for receiver sensitivity meas¬ 
urement shall be sjTfoiiows: 

(a) The receiver shall be tuned to a standard test frequency. Using normal operating manual proce¬ dures, adjust the receiver gain to produce the maximum usable sensitivity. The reported data should indicate special considerations which affect the sensitivity required for normal operations. Tune the signal generator to the receiver tuned frequency, and vary the signal level until a stand¬ 
ard response is obtained. Record the signal generator output level and the frequency. 

(b) Repeat measurements at the other standard test frequencies. 
5. 3. 4. 4 Data to be recorded. - The power level in dbm necessary to cause a standard response should be the value recorâeï. This is the level delivered to the receiver antenna terminal from the signal generator, corrected as necessary by such factors as the insertion loss of the receiver input coupler. 
5. 3. 4.5 Presentation of data. - The sensitivity test data of the receiver shall be presented in tabular 

form. 
Frequency Band Power Input (me) (dbm) 

5.3.5 Selectivity. -
5. 3. 5.1 General requirement. - The selectivity as measured by this test gives an Indication of the over¬ all gain and sensitivity at the receiver center tuned frequency, as well as the response at frequencies slightly removed from the tuned frequency. This response, for the most part, is determined by the IF amplifier-tuned circuits and should be fairly symmetrical about the center frequency. The selectivity is a measure of the receiver's ability to discriminate against off-channel radiations, and in reality is a measure of the 

receiver's bandpass characteristics. The overall selectivity of the receiver should vary little with tuned frequency because this selectivity is 
mainly provided by fixed-tuned stages. This may not be true for some VLF or LF sets, where the r-f selectivity is narrower than the IF selectivity. If the receiver Is provided with a manual selectivity control, the selectivity should be measured in the 
positions of maximum and minimum bandwidth, and for intermediate positions of the control if practicable. 

The selectivity la adequately defined by a few measurements, lor example, the 3-, 6-, 20-, 40-, and 60-decibel response frequencies. For non-jxilse receivers obtain the adjacent, first and second alternate 
channel rejection as part of this test 

5. 3.5.2 Modulation. - For non-pulsed systems, the standard modulation as specified in 5.3.2 shall be 
used. The receiver AVC and AFC should be turned off during the lest. For pulsed systems, it is desirable to know the selectivity of the system to CW signals. From this 
information it Is possible to deduce the system pulse response to any pulse width. !n order to obtain a selectivity curve of a pulsed system indicative of Its CW selectivity, a pulsed sig¬ nal sufficiently wide to provide a narrow energy spectrum in comparison with the receiver bandwidth, tait narrow enough to avoid erroneous bus buildup in the receiver's gain control circuits shall be used. This pulse width is such that an increase or decrease in width by a factor of two will not appreciably change the receiver selectivity measurement A rule of thumb for preliminary testing might be a pulse width of ten 
times the nominal system pulse width. In pulsed systems Incorporating instantaneous automatic gain control, such circuits must be disabled prior to the performance of a selectivity test. Where a pulsed receiver doce not employ automatic gain con¬ trol, or where such circuitry must be disabled and replaced by fixed bias, a CW in^xit signal may alterna¬ 
tively be used for the test The value of fixed bias shall be established on the basis of generated bias levels 
under normal system operation. The pulse repetition rate used for this test shall be the nominal rate which the receiver is designed to accept. 

5. 3. 5.3 Measurement setup. - The test setup is the same as that for the sensitivity test (Figure 12) ex¬ cept that a frequency'meter with a precision of al least one part per million is also used. This frequency 
meter is coupled to the signal generator by means of a resistive pad or attenuator, or through an appropriate swttchirç device so that the signal generator can be switched to either the receiver or the frequency meter. Care must be taken to insure that the frequency meter does not couple unwanted frequencies and power into 
the receiver. 
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5. 3. 5. 4 Procedure for »declivity measurement. - The procedure for selectivity measurement shall be as follows: 
(a) Perform the receiver sensitivity test as described under S. 3. 4. 
(b) Next, increase the signal generator output 3 db above the sensitivity test input Tune the generator below the receiver tuned frequency until the output is the same as the sensitivity test output. The change in signal generator frequency (-/if) shall be recorded. 
(c) Tune the signal generator to the frequency above the receiver tuned frequency at which the output again drops to the sensitivity test output Record the signal generator frequency (»aí). (d) The above steps shall be repeated for at least 6, 20, 40, and 60 decibel increases above the sensi¬ tivity test Input. 

5. 3. 5. 5 Presentation of test data. - Hie test data are presented Ln tabular form as shown below. The response level shalT be with respect to the sensitivity test input levql. 
Band_ 

Receiver Tuned Frequency (me) . _ _ 
Relative 
Response ♦ ¿f -Af Bandwidth?/ (dbj (kc) Ike) (kej 

5. ». 6 Spurious Response. -
5. 3. 6.1 General requirement. - Spurious responses occur when a receiver, due to Its circuitry and con¬ struction, reacts to off-Frequency signals. Spurious responses are often functions of internal frequencies inherent within the receiver, combining with an external signal in such a manner as to cause a response As such, they constitute families of responses, varying with the frequency to which the receiver is tuned. Ex¬ amples of spurious responses Include those signals which can be Identified by the relationship 

PfLO t fIF 
rsp “ q 

where p is an integer or zero denoting the harmonic order of the local oscillator; where q is an integer (not zero) that denotes the harmonic order of the input signal; and where I^q, and ftp, and fsp denote the local oscillator frequency, intermediate frequency, and the spurious response frequency, respectively, in a single conversion receiver. 
5.3.6.2 Measurement setup. - The measurement setup shall be the same as in Figure 11. 
5.3.6. 3 Procedure for spurious response measurement. - The procedure for spurious response measure¬ ment shall be as follows 

(a) The receiver shall first be tuned to one of the standard test frequencies. The conditions of the receiver must be the same as it was tn 5. 3. 4. 3. 
(b) Starting at 10 kilncycles, or as othjrwise directed, adjust the signal generator output to the maxi¬ mum setting (at least 0 dbm). Increase the frequency of the signal generator until a response la noted, using sufficient care so as not to pass over weak signals. The receiver sensitivity at this frequency shall be measured in the same manner as for on-frequency sensitivity. (c) With the receiver still tuned to the same tuned frequency, again adjust the signal generator output to the previous maximum setting, and advance the frequency of the generator until another response is noted. Measure the receiver sensitivity at this frequency. Continue this procedure until the signal generator frequency reaches its maximum value which, unless otherwise specified, shall be 12 kilomegacycles. 

1/Bandwidth is defined as | «¿Í | * | - ¿f | at the 3 db power points. 
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(ri) The receiver «hall next be tuned to another standard teat frequency, and the signal generator scan¬ 
ning procedure shall be repeated. All responses found shall be explored in the manner previously 
described. The same test shall be repeated at the third standard test frequency of the band. 

(e) The above procedure shall be repeated for each receiver operating band. 
5. 9. 6. 4 Data to be recorded. - The recorded data shall show tuned frequency of the receiver, frequency 

of each spurious signal noted, and amplitude of the in^it signal level necessary to produce a standard output 
at each spurious frequency. 

5. 9. 8. 5 Presentation of data. - The sensitivity of each serious response shall be presented as shown below. Each response shall be Identified with regard to Ite p and q values and sign in the equation in B. 3. 6. 1, or with respect to similar constants in multiple conversion equations. The tabular form will be: 
Band_ 

Receiver Tuned Frequency (me)_ 
Spurious Frequency Identification Power Input (me) (p, q and sign) (dbm) 

5.3.7 Overall susceptibility . -
5. 3. 7.1 General requirement. - The purpose of the test is to determine overall equipment susceptibility at representative spirious response frequencies in order to establish antenna gain functions across the spec¬ trum. Thia test is similar to the spurious response test, except that the signals shall be generated In the 

far-field. The receiver overall susceptibility shall be evaluated at a number of receiver spurious responses. The teats shall be performed at the mid-band standard test frequencies. For each receiver tuned frequency, at least one test shall be performed in each octave band, if possible at frequencies where significant receiver spurious responses exist. 
The open-field method, exemplified by Figure 13, shall be used for these tests. The separation be¬ 

tween the test antenna and the system antenna shall be approximately the far field distance at the receiver 
fundamental frequency oí test unless otherwise specified. The test antenna, and system antenna if possible, shall be oriented for maximum received energy at each spurious response frequency. The test antenna must be matched to the signal generator. 

5. 9. 7.1.1 Types. - This test applies only to those receivers which are designed to operate with no more than two specific types of antennas or where a transmission line is employed, such as waveguide or coaxial 
cable, that can support multiple mode propagation below 12 kmc. 

5. 9. 7.2 Procedure. - The procedure for the overall susceptibility measurement shall be as follows: 
(a) The receiver shall be tuned to the mid-band standard test frequency. The condition of the receiver must be the same as it was in 5. 3. 4. 3. 
(b) Adjust the signal generator output to maximum setting. Select a suitable receiver sfxirious re¬ sponse frequency (from the sfxirious response test data) and tune the signal generator to this fre¬ quency. Adjust the signal generator output to produce a standard outjxit at the receiver and record the signal generator output and test antenna gain. 
(c) Compute the received power density at the system antenna. 
(d) Repeat the test at representative spurious response frequencies spaced at approximately octave 

inlervals, if possible. 
5. 3. 7. 9 Data to be recorded - The recorded data shall show ths tuned frequency of the receiver, the frequency of each spurious response measured, the power output of the signal generator, the gain of the test 

antenna and the calculated power density received at the system antenna. 
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5. 3.7. 4 Presentation of data. - The tabular form will be: 
Band_ 

Receiver Tuned Frequency (me)_ 
Measurement Distance (Meters)_ 

Spurious Signal Generator Test Antenna Power Density 
Frequency Power Output Gain at System AMenna 
(me) (dbm) (db) (dbm/m*) 

3.3.1 Intermodulation test . -
5. 3.8.1 General requirement. - The intermodulation characteristics of receivers are of primary impor¬ tance because they are Indications of the interference potential when the receiver is used in the presence of 

off-channel signals. Assuming that these signals have not been mixed before arriving at the receiver, some 
mixing may be expected in the r-f amplifier or the first mixer circuits. If one of the extraneous signals generated in this manner happens to fail at the receiver tuned frequency, and is of sufficient amplitude, inter¬ ference of a co-channel nature is the result. 

Usually it is assumed that the third order mix is potentially the most serious type of intermodulation because both signals may be within the passband of the input circuits. The frequency relationships for this 
type of mix are given by: 

to ' 2 *a - fb 
where Iq is ths receiver tuned frequency and f* and f^ are the interfering signal frequencies. 

n is also possible that higher order intermodulation products caused by two interfering signals near the tuned frequency could produce interference. An example of a higher order mix is the fifth order, defined by 
to • 3 fa - « tb 

The second order, or primary, mix cannot be neglected as a possible cause of interference. This mix is defined by: 
to ' fb - fa 

Caro must be taken in conducting this test to Insure that intermodulation does rot occur within the signal 
generators themselves. If the signal generators are of a type such that generator intermodulation is a pos¬ 
sibility, It is essential that a device be used to couple the generator outputs to the receiver which will provide considerable isolation between the generators. 

5. 3. 8. 2 Measurement setup. - The measurement setup shall be as shown tn Figure 14. For non -pu la e systems, signal generator No. l shall be unmodulated and signal generator No. 2 shall be modulated 30 per¬ cent with 400 cps for AM receivers; shall be unmodulated for FM and SSB receivers For pulsed systems, 
one of the input signals shall be unmodulated, and the other shall be a pulsed signal havi^t a pulse width and repetition rale equal to the nominal pulse characteristics of the system under test. 

5. 3.8. 3 Procedure for receiver Intermodulation measurement. - The procedure for receiver inter modu¬ lation measurement shall be as follows: 
(a) Set the receiver controls to the same positions as In the sensitivity test. Tune signal generator 

No. 2 to the receiver tuned-frequency. Measure the sensitivity for a standard response. This sensitivity level should then be corrected by subtracting the attenuation (in decibels) of the isola¬ tion network. (b) If primary mixing is to be observed, set signal generator No. I to fa and signal generator No. 2 to fb • fa ♦ fo. Keeping the output levels of both signal generators equal, vary the outputs until a standard response is obtained. It may be necessary to retune one signal generator very slightly 
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to maximize the response and then readjust levels to regain the standard response Record the 
difference frequency, af. between fa and the receiver tuned frequency, and record the corrected power levels. Pa = 1% Repeat for various frequencies fa and fb (c) To observe third order intermodulation, repeat the above procedure for various positive and nega¬ 
tive values of af For each At, fa • fo ♦ 21x1 fb • (o ♦ 2Af. Equivalent signal generator settings may be found for higher order Intermodulation products Tests shall be performed for all meas¬ urable orders of products. This test shall be performed at standard test frequencies within each 
receiver band. Enough data points should be recorded to plot a smooth curve. 

5.3.8 4 Presentation of test data - The test data are presented in tabular form as shown below 
Band_ 

Receiver Tuned Frequency (me) Pulse Repetition Rate (Pulse/sec)_ Pulse Width ( nsec)___ 
Intermodulation 

Order af PowerInput 
(me) (dbm) 

5 3 9 Adjacent signal Interference. -
5. 3. 9.1 General requirement,. - The two-signal adjacent frequency test is a measure of the response of a receiver to weak and strong desired signals In the presence of weak and strong off-frequency Interfering 

signals. lnterferer.ee to the desired signal is simultaneously due to one or more of the following causes: cross-modulation, spurious responses, and desensitization. Thus, this test is a measure of the ability of 
the receiver to perform Ite normal function despite these forms of interference caused by off-frequency sig¬ nals. 

5.3 9 2 Measurement setup. • The test setup is as shown in Figure 14 One of the signal generators 
may be considered the desired signal, while the other may be considered the undesired signal. 

5 3 9. 3 Modulation, - For non-pulsed systems, use 400 cycle standard modulation for the desired test signal, and 1000 cycle standard modulation of the same type as the desired modulation for the interfering 
signal. 

For pulsed systems, the desired signal characteristics shall be those for which the receiver Is designed to operate. The Interfering signal shall be unmodulated, unless otherwise specified 
5. 3. 9. 4 Procedure, - The procedure for the adjacent signal interference test shall be as follows: 

(a) Set the interfering signal In turn, to one of the standard levels: 0. -6. -12. and -30 dbm This level will be held fixed for the remainder of each test run. Now detune this signal so that Inter¬ 
ference effects disappear (b) Retune the Interfering signal toward the tuned frequency, and reestablish the standard system out¬ 
put response For FM equipment the standard response output for this test should be a 12 db (S ♦ N)/N ratio established with an FM signal generator modulated with rated deviation (For non-pulse equipment do not tune closer than the third alternate channel) Record the signal gener¬ ator frequency and Input level. Continue tuning the interfering signal toward the receiver tuned frequency, measuring enough points to define the shape of a curve, until the standard response 
cannot be obtained. (c) Repeat the above steps with the Interfering signal tuned to the other side of the tuned frequency (d) Repeat the above for the previously specified interfering-signal levels This test shall be per¬ formed at the mean frequency in each receiver band. 
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5- 3.0 5 Presentation of test data- - The data are presented in tabular form. 
Band_ 

Receiver Tuned Frequency (me)_ 
Interfering Af Desired Signal Power Signal Power fe«) (dbm) (dbm) 

5.3.10 Pulse desenslttzatlon (to be measured on pulsed systems only). -
5* 3.10. I General requirement. - Hie pulse desensitization test is Indicative of the capabilities of a re¬ ceiver under pilsed interference conditions It measures receiver recovery characteristics following an interfering signal. 
5.3.10.2 Measurement setup. - The test setup shall be as shown In Figure 15. A variable video delay 

device calibrated in microseconds shall be provided to synchronize and delay the desired signal input into the receiver. The pulse characteristics oí the two signal generators are to be the nominal characteristics of the receiver under test. Both generators are to be set to the frequency to which the receiver Is tuned. 
3- 3.10. 3 Procedure for pi Ise de se ns it 1 tat ion measurement. - The procedure for pulse desensitlzation measurement shall be as follows: 

(a) Set the undesired pulse signal generator to deliver 0 dbm output, and adjust the pulse delay to 
approalmatelyj^f) tn seconds, where prf Is the pulse repetition rate in pulses per second. 
Measure the receiver sensitivity to the desired signal tn accordance with the procedure under 5.3.4. 

(b) Continue to reduce the delay time, measuring enough points to define the change in sensitivity as a function of delay, until the standard response can no longer be achieved. 
(c) This test shall be performed at the mean frequency in each receiver band. 

5. 3.10. 4 Presentation of test data. - The data are presented in tabular form. 
Rand_ 

Receiver Tuned Frequency (me)_ 
Desired Desired Pulse Delay Signal Power (microseconds) (dbm) 

5.3.11 CW desensltization. -
5- 3.11.1 General requirement - The CW densensltization test measures the sensitivity of a receiver in the presence of on-frequeney CW interference signals. Interference is caused by an adverse chaise in the 

bias levels of the receiver's amplifier stages due to the presence of the CW signal. Thus, this test is a 
measure of the receiver to perform Its normal function despite the cha^e In gain caused by the interference signal. 

5 3. 11. 2 Measurement setup. - The test Setup la as shown In Figure 14. 
5- 3.11. 3 Modulation - The desired signal characteristics shall be those for which the receiver Is de¬ signed to operate. The Interfering signal shall be an unmodulated CW signal. 
5.3.11. 4 Procedure. - The procedure (or the CW densensltlzatton measurement shall be as follows: 

(a) Set the frequency of both the desired signal and the interfering signal to the frequency to which die receiver is tuned. Adjust the interfering signal level to 0 dbm. Find and record the level of the desired input signal required to produce the standard response. 
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(b) Reduce the interfering signal level to a lower value (euch as -6 dbm), and find and record the level 
of the desired Input signal required to produce the standard response. Repeat this procedure with 
successively lower interfering signal levels until the presence of the CW interfering signal does not affect the level of the desired signal required for the standard response. Sufficient points 
should be taken to permit a curve of receiver sensitivity versus CW interfering signal level to be 
plotted. (c) This test shall be performed at the mean frequency of the receiver’s operating band. 

5. 3. U.S Presentation of test data. - The data are presented in tabular form. 
Band_ 

Receiver Tuned Frequency (me)_ 
Interfering CW Signal Power Desired Signal Power 

(dbm) (dbm) 
5. 3. 12 Dynamic range. -
5. 3. 12.1 General requirement. - This test is Intended to give an indication of receiver behavior between 

the standard response level and limiting. It measures the effectiveness of the AVC or AGC system is one 
exists, and describes the receiver linearity over this range. 

5. 3.12. 2 Measurement setup. - The test setup shall be as shown in Figure 12. 
5. 3.12. 3 Procedure for measuring dynamic range. - The procedure for measuring dynamic range shall 

be as follows: 
(a) Perform the receiver sensitivity test as described under 5. 3. 4. Next, raise the input level 8 db 

and record the peak output signal level. Continue this procedure for injxit increments of 6 db 
until a change in level produces no significant change in output amplitude. If the receiver under 
test has a m anual 1 y controlled IF gain control, perform this test under conditions of at least 
maximum, minimum, and average receiver gain. 

(b) This test shall be performed at the mean frequency Ln each receiver band. 
5. 3. 12. 4 Presentation of test data. - The test data are presented in tabular form as shown below. 

Band_ 
Receiver Tuned Frequency (me)_ 

^Ln Peak Output 
(dbm) (volts) 

5.3.13 Oscillator radiation test. -
5. 3.13.1 General requirement. - Energy generated within a receiver by local oscillators and other fre-quency* producid circuits ma'y be radiated from the antenna terminals. For measurement of this energy* the receiver la considered as a transmitter and procedures similar to those of 5. 2. 2 apply. No attenuators 

or samplb< networks are needed if the nominal inpit Impedance of the frequency-selective voltmeter matches 
the nominal input Impedance of the receiver under test. 

5. 3.13. 2 Presentation of data. -
Frequency 
' Si 

Identification 
(Number of Harmonic) Power Output 

-(dbm) 
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5. 4 Antenna measurements. -
5. 4.1 General requirement. - The purpose of these measurements is to obtain a representation of the 

spatial distribution of power radiated into space or absorbed by a system. A complete set of characteristics for a system would provide absolute field patterns for all measurable transmitter-radiated signals, and for all receiver susceptible frequencies. 
5. 4.1.1 Objectives- - Alternate objectives of these measurements are: 
5. 4.1.1. I 7b determine the field patterns of the transmitting or receiving equipment complete with antenna, with as little site effects as possible. This Information should be obtained for all mobile and semi-porUble equipment 
5. 4.1.1.2 To determine the field polterns of transmitting or receiving equipment including the effects of the site. Where large fixed installations exist, this may be the only type of measurement that can be per¬ formed. The site can then be considered as part of the radiating or receiving system. 
5. 4.1.2 Ground-level and elevated environment. - Ground-level environment measurements have arbi¬ trarily been defined to be those at or below the height above ground of the system antenna (aero elevation). Those measurements made above this height are defined as elevated measurements. 
5. 4.2 Antenna patterns. -
5.4.2.1 General procedure. - Antenna pattern information shall be obtained at the mid-band transmitter standard test frequency, and at all its harmonics up to 12 kmc, and when specifically requested, al non-harmonlcally related spurious outputs and receiver spirlous responses No out-of-band measurements need be taken at frequency intervals closer than 10 percent of the fundamental. Adequate precautions must be provided to prevent extraneous energy and spurious responses in the measurement equipment from affectif the validity of ths measurement system. A total measurement range of at least 60 db is required for funda¬ 

mental patterns, a minimum of 40 db is required for patterns at other frequencies. 
The system antenna may be operated in either an active or passive state. Normally, the system antenna will be operated in the active state. If adequate power to provide the required measurement range is not present at non-fundamentai frequencies, the system antenna may be driven by a suitably modulated signal generator, or may be used In the passive state The measurement shall be made tn an area unobstructed by 

buildings and trees. The antennas will be placed so as to minimize unusual ground reflections. In the place¬ ment of the test antenna, an objective is to approach free-space conditions, avoiding unusual reflections aró the resulting complex wave front. 
Where the azimuth and elevation uf the system antenna can be varied, both the system and test antenna orientation shall be positioned for maximum received energy. If the system antenna cannot be varied, the 

test antenna shah be oriented for ground level maximum received energy. Specification tor distance between antennas is given in 5. 2. 3. 5. 
5. 4. 2.1.1 Measurement below 20 me. - The measurement antenna shall be a vertical rod, whip antenna, or calibrated loop equivalent to those furnished with field intensity measurement instruments. 
5. 4.2.1.2 Measurements between 20 and 400 me. - The measurement antenna shall be a half-wave dipole tuned to the proper frequency. The measurement antenna shall be located as high above the ground as is practical, and shall be oriented for maximum response. 
5. 4.2.1.3 Measurements between 400 and 1000 me. - The measurement antenna may be a dipole with a corner reflector. ■ 
5. 4.2.1. 4 Measurements above 1000 me. - The measurement antenna shall be directive. It shall have a beamwidth not to exceed 10 degrees in width at the 3-db points at any frequency, and its side-lobe attenuation shall be at least 16 db below the main beam unless otherwise specified. 
5. 4.2.2 Polarization. - Horizontal and vertical polarization patterns are to be Uken for all measure¬ ments. 
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5. 4.2. 3 Antenne types. - For convenience, antenna types have been divided into a number oí categories. Two primary groups are surface-based and airborne. The measurement techniques described in this section 
apply only to surface-based devices. If patterns are to be taken of airborne antennas located on the ground, 
the same general procedures will apply. 

A further distinction is made between rotatable and non-rolatable antennas, which are in turn cate¬ 
gorized as non-scanning and scanning devices. Scanning may occur either in the horizontal (for example, 
sector scan) or vertical (for example, nodding) planes, and can generally be stopped. Vertical scanning devices shall be stopped in the lowest possible elevation angle. Horizontal scanning devices shall be slopped as close to the geometrical axis of the system antenna as possible. Polarization scanning shall not be stopped A final breakdown of each of these sub-groups is made in regard to the degree of maneuverability 
with which the antenna can be positioned in the vertical plane. 

5. 4.2. 4 Rotatable antennas. - For rotatable antennas, the antenna shall be rotated over 360* and measure¬ 
ments shall be recorded by a rapid operating technique. An azimuthal pattern shall be taken with the elec¬ trical centers of the test and system antennas at the same height An additional pattern shall be taken, if possible, so as to intersect the peak of the main lobe Data should be reported in rectangular coordinates as 
shown in Figure 16. 

5. 4.2. 4. 1 Test antenna locations. - Three measurement locations shall be employed. The minimum angular separation shall be no less than 45* and preferably greater than 90*. Patterns at the fundamental 
shall be taken at each of the three measurement locations. These patterns shall be analyzed to determine the best location (minimum site effects) at which to take spurious emission patterns and patterns at spurious response frequencies when required. These patterns need be taken only at this one location. 

5. 4.2. 4.2 Elevatable antennas. - If the antenna is readily elevatable, additional azimuthal patterns shall 
be taken with tEë system antenna height the same as the lest antenna height. One pattern shall be taken with the system antenna at its maximum elevation angle. A minimum of four additional azimuthal patterns shall be taken at elevation angles at which peaks of elevation lobes are observed. These peaks may be located by searchir« In elevation along an azimuthal angle which intersects the main lobe. An example is shown In 
Figure 17. 

S. 4.2. 4.2 Semi-elevatable antennas. - If the antenna is elevatable through an angle of less than 80* it 
shall be treated as an elevatable antenna. Patterns need not be taken at intervals less than 5*. If the antenna is eievatable in steps, azimuthal patterns shall be taken for each available position not to exceed six. 

5.4.25 Non-rotatable antennae. -
5. 4.2. 5.1 Test antenna locations. - For all non-rotatable antennas, the test antenna shall be placed at eight approximately equally spaced angular positions, with the electrical centers of the test and system antennas at the same height for the following tests. For antennas having a reflector or other directional arrangement, the locations shall be selected so as to include al least one set of measurements on the electro¬ 

magnetic axis of the main beam or beams. 
5. 4.2. 5. 2 Fixed elevation antennas - Readings shall be obtained at each of the eight positions specified 

In 5. 4.2. 5.1. 
5. 4.2. 5. 3 Eievatable antennas. • If the antenna is elevatable, readings shall be taken at the eight posi¬ tions specified in 5. 4.2.5.1. in addition, one set of readings shall be taken with the system antenna at Its maximum elevation angle. A minimum of four additional sets of readings shall be taken at intermediate 

elevation armies, preferably at the peaks of any lobes as illustrated in Figure 17. 
5. 4. 2.5. 4 Seml-Elevatable. - Readings shall be taken as for elevatable antennas but need not be taken at intervals of less than 5*, for example, with an antenna capable of being tilted 15* only four readings are re¬ 

quired. In the case of incrementally stepped antennas, readies shall be taken at incremental positions txit 
not to exceed six readings. 

5. 4. 3 Presentation of data. - Antenna pattern characteristics shall be submitted in both graphical and 
tabular form. 
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5. 4. 3.1 Graphical data. - A graphical plot of each antenna pattern shall be provided. This plot shall be 
presented In terms oí relative antenna gain m db versus azimuth or elevation angle in degrees. The gain scale shall be linear in db. Rectangular coordínale graphs are required. Contributions to each pattern due to fixed location reflections, transients, limited dynamic range uf instrumentation, etc., shall be Identified. 

5. 4. 3.2 Numerical data. - A tatalation of antenna pattern data shall be supplied. Thia tabulation shall be made at 2. S degree increments referenced with respect to the maximum gain direction at the fundamental system opcratir< frequency except that in the region of the main beam, the tabulation should be at sufficiently 
closely spaced increments to characterize the main beam structure. Relative amplitude with respect to the maximum amplitude at the frequency of measurement shall be recorded. 

Pattern 
Frequency_(me) Test Antenna Polarization_ (H or V) 

Cut - Azimuth,_Degrees or 
Elevation,_Degrees 

Relative Angle Amplitude (Degrees) (db) 

Notice. - When Government drawings, specifications, nr other data are used for any purpose other than in connection with a definitely related Government procurement operation, the United States Government thereby incurs no responsibility nor any obligation whatsoever; and the fact that the Government may have formulated, furnished, or in any way supplied the said drawings, specifications, or other data, is not to be regarded by implication or otherwise as in any manner licensing the holder or any other person or 
corporation or conveying any rights or permission to manufacture, use, or sell any patented invention that may in any way be related thereto. 

(Copies of specifications, standards, drawings, and publications required by contractors in connection with specific procurement functions should be obtained from the procurement activity or an directed by the contracting officer. ) 
(Copies of this standard for Military use may be obtained as indicated in the General Provisions to the Index of Department of Defense Index of Specifications and Standards. ) 
Both the title and Identifying symbol number should be stipulated when requesting copies of Military Standards. 

Custodians: 
Anny - Signal Corps 
Navy - Ships 
Air Force - AFSC 

Preparing activity: 
Navy - Ships 
(Project MISC. —0177) 
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FIGURE I TRANSMITTER OUTPUT MEASUREMENT SET-UP 
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SHIELDED ENCLOSURE. IF REQUIRED 

FIGURE I SPURIOUS EMISSION TEST SET-UP FOR TRANSMITTERS WITH CIRCULAR OR 
RECTANGULAR WAVEGUIDE OUTPUT COUPLED TO AN INTEGRATED ANTENNA 
SYSTEM 
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FIGURE J SIDEBAND SPLATTER SET-UP 
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FIGURE 4 TYPICAL BROAD BAND SPECTRAL DISTRIBUTION 
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FIGURE 5 INTERMODU 1-ATION TEST SET-UP FOR TRANSMITTERS 
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FIGURE 6 MODULATOR BANDWIDTH TEST SET-UP 
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FIGURE 7 FREQUENCY STABILITY TEST SETUP 
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APPLY TEST HERE OR HERE 
SIGNAL OBSERVE STANDARD RESPONSE 
HERE 

FIGURE • EXAMPLE OF LOCATION OF TEST POINTS FOR 
MEASURING STANDARD RESPONSE SIGNAL 

33 



APPLY TEST OBSERVE 
SIGNAL HERE STANDARD RESPONSE 

HERE 

ASSIGN GAIN FACTOR WHEN 
ANTENNA AND TRANSMISSION 
UNE IS KNOWN OR REQUIRED. 

ASSIGN PROBABIUTY 
FUNCTION FOR SPECIAL 
MODULATION SYSTEM OR 
CODED CIRCUITS. 

FIGURE 9 EXAMPLE OF LOCATION OF TEST POINTS FOR MEASURING STANDARD 
RESPONSE SIGNAL 
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RESPONSE HERE 

PICURE 10 EXAMPLE OF LOCATION OF POINTS FOR MEASURING STANDARD RESPONSE 
SIGNALS 
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OBSERVE STANDARD 
RESPONSE HERE 

FIGURE II EXAMPLE OF LOCATION OF POINTS 
FOR MEASURING STANDARD RESPONSE SIGNALS 
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AS REQUIRED 

FIGURE 12 RECEIVER RESPONSE MEASURING SET-UP 
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SYNCHRONIZATION. IF REQUIRED 

FIGURE IS RECEIVER ANTENNA GAIN FACTOR TEST SETUP FOR RECEIVERS WITH CIRCULAR 
OR RECTANGULAR WAVEGUIDE OUTPUT COUPLED TO AN INTEGRATED 
ANTENNA SYSTEM 
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FIGURE 14 RECEIVER INTERMODULATION TEST SET-UP 
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FIGURE 15 PULSE DESENSIT1ZAT1ON TEST SET-UP 
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FIGURE 16 TYPICAL AilMUTH ANTENNA PATTERN PLOT 
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FJCUXE I? TYPICAL ELEVATION ANTENNA PATTERN PLOT 
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MIL-E-4957A (ASG) 
AMENDMENT-I 
2 FEBRUARY 1956 

MILI TART SPECIFICATION 

ENCLOSURE, ELECTROMAGNETIC-SHI ELDING, DEMOUNTABLE, PREFABRICATED 

FOR ELECTRONICS TEST PURPOSES 

This amendment forms a part of Military Specification 

MIL-E-U957A(ASG), dated 17 November 195U, and has been 

approved by the Department of the Air Force and by the 

Navy Bureau of Aeronautics. 

Page 3, paragraph 3.3 Design and construction : Delete the last sentence and substitute 
the following: 

"Any type of Joint construction may be used for the shielding panels provided that 

compatibility and interchangeability with existing shielding panels constructed as shown 

in figures 1 and 2, is maintained and approval is obtained from the procuring activity." 

Custodians: 

Navy - Bureau of Aeronautics 

Air Force 

-oOo-





MIL-E-4957A (ASG) 
17 NOVEMBER 1954 
Superseding 
MIL-S-U957(USAF) 2 December 1952 
MIL-E-6669(Aer) 
1 March 195b 

MILITARI SPECIFICATION 

ENCLOSURE, ELECTROMAGNETIC-SHIELDING, DEMOUNTABLE, PREFABRICATED 
FOR ELECTRONICS TEST PURPOSES 

This specification has been approved by the 
Department of the Air Force and by the Navy 
Bureau of Aeronautics. 

1. SCOPE 

1.1 Scope .- This specif icatlon covers shielding enclosures, (screen rooms) 
which are to provide specified degrees of attenuation of electromagnetic fields within 
specified frequency ranges for the purpose of test and alinernent of electronics equip¬ 
ment and other related purposes. 

1.2 Classification .- Shielding enclosures shall be of the following type, as 
specified« 

Type I - Double shielding, wire mesh, cell-type construction, 
demountable, providing a minimum of 100 db attenua¬ 
tion to electromagnetic fields within the frequency 
range of 100 kc to 10.000 me. 

2. APPLICABLE DOCUMENTS 
2.1 The following specifications and standards, of the Issue in effect on date 

of invitation for blds, form a part of this specification to the extent specified herein« 

SPECIFICATIONS 

Federal 

FF-B-571 Bolts; Nuts; Studs; and Tap-Rivets 
(and Materials for same) 

FF-S-Ö5 Screws, Cap, Slotted and Hexagon Head 
FF-S-111 Screws, Wood, Slotted-Head 
QQ-B-6L1 Brass, Comercial; Bars, Plates, Rods, 

Shapes, Sheets and Strips 
QQ-B-621 Brass, Comerci al-Yellow, High-Copper-

Yellow, and Naval; Castings 



KlL-E-b957A(ASG) 

QQ-C-576 

QO-S-571 

TT-W-571 

TT-W-572 

Military 

MH-C-71 

MIL-C-36L3 

MH-F-15733 
MIL-I-6161 

mil-p-66 
MIL-W-6109 
MIL-W-6110 
JAN-P-100 

STANDARES 

Copper Plates, Sawed Bars, Sheets, 
and Strips 

Solder; Soft, (Tin, Tin-Lead, and 
Lead-Silver) 

Wood Preservative; Recomended Treating 
Practice 

Wood Preservative; Water-Repellent 

Connectors, "N" for Radio Frequency 
Cables 

Connectors, *HN" for Radio Frequency 
Cables 

Filters, Radio Interference 
Interference Limits, Tests and Design 
Requirements, Aircraft Electrical and 
Electronic Equipment 

Plywood; Flat-Panel 
Wood; Method for Klin Drying 
Wood; Determination of Moisture Content of 
Packaging and Packing for Overseas Shipment -

General pacification for 

MIL-STD-129 Marking for Shipment and Storage 
MIL-STD-130 Identification Marking of U. S. Military 

Property 
MIL-STD-220 Method of Insertion-Loss Measurement for 

Radio-Frequency Filters 

(Copies of specifications, standards, drawings, and publications required by contractors 
Ln connection with specific procurement functions should be obtained from the procuring 
activity or as directed by the contracting officer.) 

3. REQUIREMENTS 

3.1 Component parts. - The shielding enclosure shall consist of the required unite 
of one or more each of the following parts and accessories: 

(a) Side panel. 
(b) Connector panel, 
(c) Floor-overhead panel, 
(d) Entrance panel. 
(e) Flooring section. 
(f) Shielded flooring strip (when required). 
(g) Nailing blocks and accessories (when required). 
(h) Handbooks of service instructions. 

3.2 Materials and parts .- All parts and materials shall be in accordance with the 
designated specifications, and shall be free of flaws and of the best quality obtainable. 

3.2.1 Wood .- The wood used in the construction of the framework of the shielding 
panels shall be seasoned, selected, straight grained, equal to or better than genuine 
northern white pine. It shall be both air and kiln dried in accordance with Specifica¬ 
tion MIL-W-6109, and the moisture content shall not be in excess of 10 percent upon 
application of treatment when tested in accordance with Specification MH-W-6110. All 
wood shall be treated in accordance with Specifications TT-W-571 and TT-W-572. 
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3.2.2 Copper screen .- The capper screen used in the construction of the 
shielding panels shall be-such that its attenuation characteristics will not be unduly 
affected by aging or exposure to moderate saline atmospheres. It shall be of 22 mesh 
to the inch, and shall consist of a woof of hard-drawn, unlacquered copper wire of 0.015-
inch diameter, and a warp of soft-annealed, unlacquered copper wire of 0.015-inch 
diameter. 

3.2,3 Copper sheet .- Copper sheet used for reenforcing and shielding shall be in 
accordance with Specification QQ-C-576. , 

3.2.1* Hinges .- Hinges shall be made of brass in accordance with Specification 
QQ-B-611, or better, and shall be 5 inches wide and of strong mechanical construction. 
They shall be smooth on all outer surfaces and, when mounted, shall present no exposed 
rough edges or sharp protrusions. All edges shall be slightly beveled. 

3.2.5 Locks.- The lock assemblies shall be made of brass in accordance with 
Specification QQ-B-621. They shall be of smooth finish and offer no rough or sharp 
protrusions. 

3.2.6 Connectors .- Radio-frequency transmission-11ne connectors shall be of three 
types* 

(a) Type "H” in accordance with Specification MIL-C-71. 
(b) TWln-conductor type. 
(c) Type "HM” In accordance with Specification MIL-C-36113. 

3.2.7 flooring .- Plywood used in construction of the flooring shall be of interior 
grade A-B wood, and shall be in accordance with Specification MIL-P-66. 

3*2.8 Interface .- The interface of hinged panels shall be double contact, spring 
loaded, and shall be made of berylliin-copper, or Phosphor-bronxe, and shall be properly 
tempered and silver clad on the contact surfaces. Satisfactory provision shall be made 
to assure permanence of electrical contact between the surfaces of all parts In contact, 
by virtue of pressure, for long periods of time in the presence of hinld, saline atmos¬ 
pheres. 

3.2.9 Brass plate ,- Brass plate shall be In accordance with Specification 
QQ-B-611. 

3.2.10 Wood screws .- The wood screws shall oe Brass and in accordance with 
Specification ÍT-S-1H7 

3.2.11 Machine screws .- Machine screws and nuts shall be brass and in accordance 
with Specification FT-S-85. 

3*2.12 Anchor nuts .- Anchor nuts and bolts shall be brass and in accordance with 
Specification FP-b-ÇVl. 

3.2.13 Solder .- Solder shall be soft adder, tin-lead, ros in-flux-co red in 
accordance with composition SN50 of Specification QQ-S-571. 

3.3 Design and construction .- The design and construction of the components of 
the electromagnetic-shielding enclosure shall be such that the various panels may be 
assembled Into a cubicle 10 feet wide, 8 feet tn height, and 10 feet In length, or such 
other length as the contract may specify, in Increments of 1*0 inches, and shall be 
mechanically of good strength. All paneling shall be electrically bonded torether, and 
when assembled shall present an effective double shielding wire mesh, cell-type con¬ 
struction to electromagnetic fields. The floor shielding panels of the enclosure shall 
be protected by flooring sections. All bolting necessary for erection of a completed 
enclosure shall be accessible from tne outside of the enclosure. Joint construction 
shall be in conformance with the requirements of figures 1 and 2. 
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INSIDE OF SHIELDING ENCLOSURE 

DIMENSIONS IN INCHES. 

FIGURE 1. Shielding enclosure - side panel Joint 
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FIGURE 2. Shielding enclosure - side panel to celling panel joint 
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3-3.1 Panel construction .- Panels shall be of wood frame, copper screened on 
both sides, cell type, and manufactured in two sizes. One size panel shall be completely 
Interchangeable as the top or bottom panels of the enclosure, and the second size shall 
bo completely interchangeable about the side» of the enclosure. 

3.3.1.1 Framework .- All panels shall be constructed of a wooden framework of 
1-lnch by 2-1nch material, using mortise- and tenon- typ« joints suitably reinforced to 
prevent sagging when assembled In a shielded enclosure. The wood frame shall be 
finished on all sides to a tolerance of one thirty-second of an inch. The framework 
shall be covered with copper screen wire on both sides and overlapped a minimum of 0.250 
Inch at each comer. The screen wire shall be tightly drawn about the framework to 
provide a uniform spacing of 1 inch between screens, and shall be tacked to the wooden 
framework structure, wherever necessary over the area of the panel, tc prevent sagging. 
The screen wire shall be Installed on the wooden framework In such manner that the warp 
shall be across the shortest dimension of the finished panel, and that the wires of tne 
screening do not become loosened or frayed. The overlap of the screen wire at the corners 
of the framework shall be so soldered as to present a smooth surface over an area approxi¬ 
mately 0.250 Inch wide. 

3.3-1-? Bolting .- Provisions shall be made external to the screen for securing 
the panels to the edges of adjacent panels. This provision shall Incorporate a means of 
bolting the panels with 5/16-lnch bolts to provide an equal and uniform pressure about 
the entire periphery of the panels. The spacing of the bolts shall be «s follows: 

(a) Width of all panels: 5 inches from each end, in inches 
between bolts. Tolerance: il/6b inch. A total of u bolts. 

(b) Length of floor and ee. ling panels: u inches fress each end, 
10 Inches between bolts. Tolerance: 11/6U inch. A total 
of 12 bolts. 

(c) Length of all side panels: 5 inches from each end, 13 
Inches to center bolts, 15 Inches between all other bolts. 
Tolerance: ±l/6h inch. A total of 7 bolts. 

Pressure plates shall be used as required to permit a minimum of 1Ù0 inch-pounds torque, 
and shall bo of sufficient size and thickness to withstand recurrent erection and 
dismantling of the confíete shielding enclosure without damage or deformation. In the 
interest of interchangeability, all bolt holes used in bolting panels together shall be 
jig-drilled to assure exact fit. Where difficult to gain ready access to nuts used in 
tightening panels securely together, anchor plates shall bo provided. These anchor 
plates shall be a minimun of three-sixteenths of an inch thick, and shall be securely 
fastened to the framework upon which they are mounted in such manner as to withstand 
occasional erection and dismantling. 

3.3« 1*3 Bonding .- None of the bolts, machine screws, or wood screws used in the 
entire assembly for securing wooden framework, accessories, or panels shall extend 
through from inner to outer surface of the shielding enclosure, unless they are bonded to 
screening by soldering. 

3.3.2 Attenuation .- The shielding effectiveness of a completely assembled 
enclosure with powerline filters installed, and power fed into the enclosure, shall be 
measured as described in paragraph U.h, and shall have the minimum attenuation as 
specified therein. 

3.3.3 Side panels .- The side panels shall be L0 Inches in width and 8 feet in 
length. The number required will depend upon the length of the snielding enclosure 
specified. 
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3.3.U Floor-overhead panela. - The floor and overhead panels shall be 1*0 Inches 
in width and 9 feet» 10 inches in length. The number required will depend upon the width 
of the shielding enclosure specified. 

3.3.5 Connector panel .- The connector panel shall be Interchangeable with a side 
panel as to size and bolting. Only one shall be required for each shielding enclosure. 
In addition, it shall be equipped with powerline inlets, powerline filters, and radio¬ 
frequency transmission-line feed-through connectors. It shall have mounted upon each 
side of the panel a sheet of copper reenforcing of sufficient thickness and width to 
support six power entrance fittings, four powerline filters, (with space for mounting two 
additional filters) and five radio-frequency transmission-lino feed-through connectors. 
The copper reenforcing sheets shall be Installed upon the connector panel in such marxjer 
as to withstand continual insertion and removal of coaxial cables, without damage to the 
connector panel material or deformation of the copper sheets. The copper sheets or 
plates shall be snooth and the outer edges slightly beveled with no sharp or rough edges 
exposed. Soldering of the plates to the shielding material shall be continuous about the 
entire periphery of the plate, and all soldering shall be finished smoothly in order that 
no sharp or japged edges or tips are exposed. The powerline inlets shall be metallic 
waveguides, three-fourths of an inch in diameter, soldered to both copper reenforcing 
plates. 

3.3.5.1 R-f connectors. - Upon the copper reenforcing plates shall be mounted five 
radio-frequency transmiss ion-1 Ine feed-through connectors of the following types aixi 
ninbers: 

(a) Two type "M" assemblies. (The receptacles on erh end of 
these assemblies shall be similar to type UG-50A/U 
receptacles.) 

(b) One UG-Wl/U twin coaxial plug. 

(c) Two type "HN" assemblies. (The receptacles on each end of 
these assemblies shall be similar to type UG-U96/U 
receptacles.) 

3.3.5.1*1 The radio-frequency transmission-line feed-throu^i connectors and the 
power entrance fittings shall be secured to the shielding panel by means of hexagonal 
shaped nuts, providing one nut on each side of the panel. All nuts, when securely 
tightened, shall be soldered about their entire periphery to the copper reenforcing 
plates on each side of the panel. The copper reenforcing platee on «»eh side of the 
panel shall also be soldered about their entire periphery to the shielding material. 

3.3 «5.2 Connector arrangement .- The powerline entrances and powerline filters 
shall be mounted in close proximity to one end of a side panel described in paragraph 
3.1, but no protrusions shall extend over the edge of the panel framework. The radio¬ 
frequency transmission-line feed-througn connecters shall be mounted adjacent to and 
under the power entrances, on the same copper reenforcing plates. They shall be located 2 feet 6 Inches in from the end of the panel. Installation of the powerline entrances, 
powerline filters, and radio-frequency transmission-line feed-through connectors shall 
in no way Interfere with the Interchangeability of this panel with any other side panels. 

3-3.5.3 Captive screws.- All radio-frequency transmission-line feed-through 
connectors and power entrance fittings shall be provided with captive screw-on caps on 
each side of th*< panel. 

3.3.5.U 25.‘‘ 1 ^f3*" ^he [ouT Powerline entrance filters conforming to 
Specification MH-F-15733 shall have the following ratings« 
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(a) 28V de, 100 armeras, breakdown voltage, 500 volts. 

(b) 115V, 60 cycles, ac, 50 amperes, breakdown voltage, 
500 volts. 

(c) 115V, bOO cycles, ac, LO amperes, breakdown voltage, 
500 volts. 

3.3.5.U.I Two line entrances and filter units shall be for (b) above. The 
Insertion loss for powerline filtere used, as measured in accordance with Standard 
MIL-STD-220, shall be not less than 100 db throughout the frequency range of 100 kc 
trough 1,000 me. 

3.3.5.5 Grounding stud .- A grounding stud, one-half of an inch in diameter, with 
13 threads per inch (ÑC series), extending through and soldered to both the plates, shall 
be mounted on the copper reenforcing plates and shall be so constructed that it may 
effectively serve a grounding point for the complete assembled shielding enclosure, both 
Internally and externally. 

3-3.6 Entrance panel ,- The entrance panel shall be of wood frame, copper screened 
on both sides, and Interchangeable with a side panel as to sice and bolting. It shall 
incorporate a hinged panel. Only one shall be required for each shielding enclosure. 

3.3.6.1 Hinged panel .- The hinged panel shall be 31* Inches wide by 7 feet 3 
Inches high. It shall open outward, swing at least 150 degrees, and shall be 
mechanically strong such that frequent usage will not loosen the framework or deform it 
In any manner. It shall be mounted on the entrance panel with three hinges, and so 
designed that It may be installed to open from the left- or right-hand side. A three-
point locking system capable of being actuated by one hand, equal or better than the 
above requirements, will be considered adequate. 

3.3.6.1.1 Locks.- The hinged panel shall be provided with two dog-type locks, 
as herein specified under materials, which are operable from both Inside and outside of 
the shielding enclosure. The locks shall be Installed in such manner that when not 
actually in use In a locked position, they will automatically assume a vertical position 
and not extend over the edge of the entrance panel. 

3.3.6.1.2 Interfaces .- Two sets of multiple-point, spring-loaded contact inter¬ 
faces shall be mounted on the periphery of the hinged panel, one on the edge of the 
panel and one on the edge of the brass reenforcing plate. These serrated finger-type 
electrical contacts shall be installed at 90 depress to each other in such manner that 
they effectively straddle the outer corner of the aperture frame when the hinged panel 
Is in the closed position. 

3.3.6.I.3 Other details .- The hlrgrd panel shall be provided with 0.125-lnch 
tempered-masonite push-plates on both sides, located near the midpoint at the edge of 
tne opening side. Pull handles shall be provided on each side of the hinged panel and 
mounted 6 Inches In from the edge of the entrance panel. The hinged panel shall be 
reenforced with a 2-1/2 Inch brass strip, one-eighth of an Inch thick, extending 1 Inch 
over all edges. The hinged panel in the closed position shall offer no appreciable 
reduction in the attenuation characteristics inherent in the plain shielding panels. 
Tne brass reenforcing shall be brazed and dressed at all corners. 

3.3.6.2 Reenforcement .- The sill considered to be the top and bottom horizontal 
portions of the entrance panel frame shall be reenforced with a brass plate 0.250 inch 
thick, and the entire surface of the entrance panel shall be covered with a copper sheet 
of at least 20-mll thickness and shall have soldered sea^s. 
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3.3.7 Flooring .- Plywood and tempered-masonite flooring section* shall be 
constructed as single sections of sufficient size to cover each floor-shielding panel. 
Each section shall be provided with recessed pull-rings at each end to insert fingere 
f°r removal and installation. The sections shall be of such size eral fit that when 
placed in position inside the assembled shielding enclosure they will form a complete 
covering of the floor panels with minimum space between. When installed, the sections 
shall be even with the bottom surface of the entrance-panel aperture. Provisions shall 
be made to Insure that the Installation of the flooring sections do not damage the floor 
panels in ary way. 

3.3.7.1 Thickness .- The thickness of the completed flooring assembly shall not 
exceed ? inches. 

3.3*7.2 Strength .- The flooring sections shall be reenforced, as necessary, to 
provide a decking that will withstand a distributed floor loading of l$0 pounds per 
square foot without damage or deformation. 

3.3.7.3 Shielded flooring strips. - Wood strips, 1-7/6 inch by 7/6 inch by 2 feet, 
lined with 2 layers of screen wire and fastened to both adjacent panels by means of wood 
screws spaced 1 foot apart and provided with flat washers, shall be provided by the 
contractor in a sufficient number to cover the entire lengths of the grooves in the floor 
oanels, unless the construction of the room precludes the use of such strips. 

3.3.8 Malling blocks and accessories .- Slotted dovetail nailing blocks shall be 
fabricated of wood, of such size that will press-fit between extended sections of the 
side panels on the inside of the enclosure . When installed, the nailing blocks shall not 
protrude over the surface of adjacent shielding panels. These blocks shall be suitable 
for use In supporting electrical fixtures, charts, test equipment leads and cables, wire 
clanps, lighting fixtures, and other such devices as necessary to ins tall within the 
shielding enclosure. The blocks shall be supplied in lengths of 2 feet and In sufficient 
number to assure accommodation of all reasonable requirements for their use, and as 
specified by the procuring activity, unless the construction of the room precludes the 
use of such blocks. 

3.U Identification of product .- All markings shall be in accordance with 
Standard MÜ.-STÜPT3Õ. ' 

3.1*.1 All floor and overhcao panels shall bear standard metal-plate markings 
stamped "FLOOR OR OVERHEAD PANEL." 

3.U.2 All side panels shall bear standard metal-plate markings stamped 
"SIDE PANEL." 

3.1».3 The entrance panel shall bear standard netal-plate marking stamped 
"ENTRANCE PANEL." 

3.U.U Th* panel bearing radio-frequency transmission-line feed-throupj» connectors 
and powerline entrances and filters shall bear standard metal-plate marking stamped 
"R-F CONNECTOR AND FILTER PANEL." 

3.5 Handbook of service instructlons .-

3.5.I General .- The handbook of service instructions shall meet such requirements 
as the procuring activity nay specify and shall contain the following information. 
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J.5.2 Th« handbook of service instructions shall Include specific Instructions 
for mounting of 1/U-lnch plywood panels on both Inner and outer surfaces of the shielding 
panels in such manner as to preclude the possibility of a resulting decrease In the 
attenuation characteristics of the assembled enclosure. These panels will be provided 
by the using activity, to such height and on such aldea as may be necessary to protect 
the shielding materials fron mechanical damage. 

3.5.3 The handbook of service instructions shall Include specific Instructions 
for the using activity to install the necessary power outlets and lighting fixtures with¬ 
out a resulting decrease to the attenuation characteristics of the shielding enclosure. 

3.5.U The handbook of service Instructions shall include all necessary instructions 
on relocation, dismantling, weight on top of room, handling of panels, cleaning of seams 
and erection, pressure plates, tightness, cleaning of the serrated access-panel fingers, 
repairs to serrated access-panel fingers, grounding plane of test tables, bonding, bonding 
Jumpers, soldering, netalllc objects penetrating the screens, reference ground, all 
service entrances, transmise Ion-Une connectors, fans, filters, decoupling filters, 
filter entry, attenuation of the shielding enclosure, leakage, use of the access panel, 
and such other items as may be specifically required by the applicable specification or 
the procuring activity. 

3.5.5 The handbook of service Instructions shall describe the aatisfactor;- Instal¬ 
lation of circuit breakers and switches, both Internal and external to the shielding 
enclosure. 

3.5.6 The handbook of service instructions shall Include Illustrations of all 
phases of erection and disassembly of the complete shielding enclosure. 

3.5.7 Each complete assembly shall contain two handbooks of service instructions 
as part of the packaged assembly. 

3,6 Workmanship .- Workmanship on all components of the shielding enclosure, 
including all parts and accessories shall be in accordance with accepted standard 
practices for similar type construction. 

3.6.I Tolerances.- Dimensions and tolerances not specified shall be in accordance 
with best shop practices. 

3.6.2 Screw assemblies.- Assembly screws shall be tight. The word "tight* means 
that the screw cannot be appreciably tightened further without damage or Injury to tne 
screw threads and wood frame or metal parts being assembled. 

3.6.3 Cleaning .- All components shall be thoroughly cleaned of metal chips and 
other foreign material after final assembly. All burrs, protrusions, and sharp edges 
shall be removed. 

3.6.U Soldering .- All soldering shall be effected in a neat and workmanlike 
manner, and the surface surrounding the soldered connections shall bo free from 
spattering« and excessive solder. Acid or corrosive fluxes shall not be employed. 
Tiere shall be no evidence of "cold soldering." 

h. OUALITT ASSURANCE PROVISIONS 

U.l Classification of testa .- The inspection and testing of shielding enclosures 
shall be classified as follows: 

10 
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(a) Preproduction testai Preproduction tests are those testa 
performed on samples representative of the production of 
the item after the award of contract, to determine that the 
production meets the requirements of thia specification. 

(b) Acceptance tests« Acceptance tests are those tests performed 
on individual lots which have been submitted for acceptance. 

U.2 Preproduction tests .-

b.2.1 Sampling instructions . - The Preproduction test sample shall consist of 
one complete enclosure (assembled) which shall be tested at the contractor's plant under 
the supervision of the procuring activity to determine compliance with all the require¬ 
ments of this specification. The enclosure to be tested shall have four filtered 
powerline entrances installed to simulate a staralard installation. 

U.2.2 Tests .- The Preproductton tests shall consist of all the tests of this 
specification, as described under "Test methods," and any other tests deemed necessary 
to determine compliance with the requirements of this specification. 

I*.3 Acceptance tests .- The Acceptance tests shall consist of Examination of 
product and Sampling tests. 

U.J.l Examination of product .- All component parts shall be subjected to the 
following test as described under "Test methods": 

(a) Examination of product. 

^•3.2 Sampling tests .- One enclosure fro* each lot of 25 enclosures or fraction 
thereof shall be assembled and subjected to all the tests of this specification. All 
components used In assembling the enclosure shall first have passed the Examination of 
product test. 

U.ü Test methods .-

4»L.l Examination of product .- Each fabricated component and part shall be 
carefully examined to determine conformance with dimensions, materials, parts, workman¬ 
ship and, in the case of an assembled enclosure, all fittings, mechanical Joints, and 
ease of operation of all moveable parts. 

1*«U.2 Measurement of attenuation of low impedance (magnetic) fields .- Attenuation 
of low impedance (magnetic) fields shall be measured as follows, using the test setup 
described below and in figure 3« 

h.U.2.1 Attenuator. - The attenuator A may be a 50- or 72-ohm transmlsslon-xine, 
low input impedance, step attenuator. A signal generator may be used to calibrate tne 
attenuator. The attenuator shall be able to measure an Insertion loss nf over 70 db. 

h.b.2.2 Detector .- The detector may be any receiver, such as the DZ-2 or the BC-
3Ü8-Q or a field strength meter provided with a low impedance input, such as tne AJ/PRM-1. 
A matching device may be used with high input Impedance receivers or field-strength 
meters. 

ú • h. 2.3 Signal source .-

Ü.Ù.2.J.1 Signal source 5 may be a signal generator or power oscillator of 
sufficient cw, mew, or pulsed cw output. In case loop Lj is connected to the output of a 
signal generator or power oscillator, a tuning capacitor may be connected in series with 
Li to obtain resonance at the test frequency used. 

11 
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- 12 INCHES 
dj - 1 INCH 
d3 - 12 INCHES 

. 25 INCHES - (d1 ♦ d, ♦ d3 - dj 
S1 - OUT» SCREEN 
52 - INNER SCREEN 
S - LOW IMPÉDANCE SIGNAL SOURCE TO OBTAIN ADEQUATE OUTPUT AT THE FREQUENCY OF TEST. 
1^-12 INCHES 
FREQUENCY OF TEST - ONE mOUENCY IN THE ISO TO 200 SC RANGE 
Ln - TRANSMITTING LOOP RADIATOR; LOW IMPTOANCE. ONE TURN OF 

NO. 6 AWG COPPER WIRE. ORIENTED AT ANT ANXE IN A PLANE PERPENDICULAR TO THE SHI ELDI MG-ENCLOSURE WALL. 
D - DETECTO OF ADEQUATE SENSITIVITY TUNED TO FREQUENCY OF 

TEST. USED ONLY AS A REFERENCE LEVEL INDICATOR. 
L? - RECEIVING LOOP ANTENNA, POSITIONED IN THE SAME PLANE AS 1^. 
A - DB ATTENUATOR OF LOW IMPEDANCE INPUT, CALIBRATED AT THE FREQUENCY OF TEST. 
Ci, C2, C, - SHIELDED TRAN SMI SSI ON-LIN E CABLES. AS SHCRT AS 

POSSIBLE AND USED ONLY IF NECESSARY. 

FIGURE 3. Test setup, low Impedance fields 
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b.U. 2.3.2 If the signal generator has a reliable output attenuator, it may be 
used Instead of the attenuator A, to obtain an equivalent ratio of Es/^ for the calcu¬ 
lation of the attenuation of the shielding enclosure by using the detector D at the sane 
reference level when the shielding enclosure wall is removed. In this case, no 
precaution has to be taken to guard against case leakage at the detector. 

U.b.2,3.3 A signal source may be constructed aa shown In figure h. 

h.U.2•U Measurement of db attenuation .-

U.4.2.U.1 The attenuation of the enclosure is the increase in the db setting of 
the attenuator A necessary to obtain the sane reference reading level in detector D, 
when the shielding enclosure wall, S^, Sj Is removed, without changing the respective 
positions of Li and L?. The attenuation shall be at least 70 db. (The attenuation Ln 
db Is also essentially equal to 20 log (base 10) Ei/E?, where E2 and Ei are the voltages 
induced in the receiving loop, with the enclosure wall in, and the enclosure wall 
removed, respectively, without changing the respective positions of 1^ and L2.) 

h.h.2.U.2 The position of Lj with respect to the enclosure shall be anywhere 
around the enclosure and in any orientation to the section sears, access panel seams, 
etc. A reading shall be taken on all four sides of the enclosure, and the miniimsn 
attenuation recorded. This shall be a minimum of 70 db. 

U.Ù.2.U.3 When it becomes impractical to remove the shielding enclosure wall, Sp 
$2» the loops and L2 nay be set outside the enclosure In an exactly similar position 
with no obstruction by any objects between them. Because the strong magnetic field 
generated by Lj may penetrate the metal case of detector D and attenuator A, these two 
equipments may be left inside tne enclosure and the loop Lo should be brought out of the 
enclosure through a transmission-line connector. 

U.U.2.U.U A test shall be made to Insure that no case leakage exists at D and A. 
The detector shall show no Indication whatever above the inherent background when cable 
C2 or Cj is disconnected. 

U.Ù.2.Ü.5 If detector D shows no Indication above the inherent receiver background 
when the receiving antenna Is Inside the enclosure, the Increase in db necessary to 
obtain receiver background when the receiving antenna is placed outside the room will 
Indicate that the room has at least that amount of attenuation. If this attenuation 
measurement Is less than 100 db, the signal source S is not sufficiently strong, or the 
detector D is not sufficiently sensitive. 

k.U3 Measurement of attenuation of high impedance (electric) fields .- Attenuation 
of high impedance (electric) fields shall"be measured as follows, using the test setup 
described below and in figure $. 

h.U.3.1 Attenuator.- The attenuator used may be a high-impedance capacity-type 
attenuator, similar to the external attenuator used with the Ferris Model 32A, or 
constructed similarly to the one used Internally on the AN/PRM 1. A Bienal generator 
is used to calibrate this attenuator. This attenuator shall be able to measure an 
insertion loss of over 100 db. 

U.b.3.2 Tb® detector may be a field strength meter, such as the 
32A or the AN/PRM-1. In this case, attenuator A may be deleted because these 

instruments can measure induced voltages In the receiving antenna Rp, and are able to 
record levels 100 db apart. The readings obtained on these instruments shall be 
checked against a signal generator. 
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Lp D1 - SEE FIGURE 3. 

C - 1.0 uf PAPER, 600V. 

R - 10,000 OHM, 5 WATT. 

B - CRT CELL, 3 TO l»5V. 

P - 300V DC BATTER! CR RECTIFIER POWER SUPPLY. 

C, - CONTACT INTERRUPTER SHORTING OUT CAPACITY C 
AT A RATE OF 20 TO 100 PULSES PER SECOND. 
OPERATED BY C? BUT NOT ELECTRICALLY CONNECTED 
TO IT. 

V - VIBRATOR 

Ip 12’ b ■ LEADS, SHOULD BE AS SHORT AS POSSIBLE. 

FIGURE L. Source of intense peak power magnetic field 
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dx • 12 INCHES 

d? - 1 INCH 

d3 • 12 INCHES 

dü - 25 INCHES - («^ ♦ % ♦ dj - dh) 

Sj - OUTER SCREEN. 

S? - INNER SCREEN. 

S - HIGH IMPEDANCE SIGNAL SOURCE TO OBTAIN ADEQUATE OUTPUT 
AT THE FREQUENCY OF TEST. 

FVOVFNCÏE? OF TEST - 200 KC, 1.0 MC and 10.0 MC. 

R1 - TRANSMITTI*C ROD RADIATOR, 1*1 INCHES LONG. HIGH LMP ET ANC E 
ORIENTED IN ANY POSITION PARALLEL TO THE SHIELDING-ENCLOSURE 
WALL. 

Cj, C? and Cj - SHIELDED TRANSMISSION-LINE CABLES. AS SHORT AS 
POSSIBLE AND USED ONLY IF NECESSARY. 

A • CAPACITY-TYPE DB ATTENUATOR. HIGH INPUT IMPEDANCE. 

CP - COUNTERPOISE. 

R2 - RECEIVING ROD ANTENNA, 1*1 INCHES LONG. HIGH IMPEDANCE, 
POSITIONED PARALLEL TO Rj AND IN THE SAME PLANE. 

D • DETECTOR OF ADEQUATE SENSITIVITY. TUNED TO FREQUENCY OF 
TEST. USED ONLY AS AN EQUAL REFERENCE-LEVEL INDICATOR. 

FIGURE 5. Test setup, high Inpedanee fields 
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ù.U.J.2.1 A receiver may be used, such as the BC-3ùâ-<3. In this case, they are 
usee only as reference-level Indicators. The attenuation may be read on attenuator A. 
The equal reference level la chosen to be low enough as not to represent any overloading 
or saturation of the receiver. If necessary, a matching device may be used with low 
Input impedance receivers. 

Ü.U.J.3 Signal source .» 

ü.h.J.J.l Signal source S may be a signal generator or power oscillator of 
sufficient cw, mew, or pulsed cw output. The termination of cable may be matched to 
the signal source S if desired. 

h.h.3»3«2 If the signal generator has a reliable output attenuator, it may be 
used instead of the attenuator A, to obtain an équivalent ratio of E^/E? ^or calcu¬ 
lation of the db attenuation of the enclosure by the detector D at tne same reference 
level when the shielding enclosure wall is removed. In this case, no precaution has to 
be taxen to guard against case leakage at the detector. 

U.U.3.3.3 If a large output signal generator or power oscillator is not available, 
a pulse-signal source may be easily constructed as shown in the three setups in figure 6. 

ú. u. 3 • U Measurement of db attenuation .-

u.ù.J.L.l The attenuation of the enclosure Is the increase in tne db setting of 
the attenuator A necessary to obtain the same reference reading level in detector D when 
the shielding enclosure wall Sj and Sj is removed, without changing the respective 
position of Ri and R?. (The attenuation in db is also essentially equal to 20 log 
(base 10) Ei/E?» where E^ and E? are the voltages induced in receiving rod with the 
enclosure wall in and with the enclosure wall removed.) 

U.U.J.U.2 The positioning of with respect to the shielding enclosure walls 
shall be anywhere around the enclosure, in any orientation to the section seans, access¬ 
panel seams, etc. A reading must be taken at each side of the shielding enclosure and 
the minimum attenuation recorded. This minimum shall be over 100 db. 

h.U.3.b.3 When It becomes impractical to remove the shielding enclosure walls, 
and Sj, both rods Rj and R? may be set outside the enclosure in the exact similar 

position, with no obstruction by any objects between then. Because the strong electric 
fields generated by Rj may penetrate the metal case of detector D and attenuator A, 
these two equipments may be left inside tne enclosure,and the rod R? nay be brought out 
of the enclosure through a transmission-line connector. The cable used snould be as 
short as possible. 

L.I1.3 .L.U A test shall be made to insure that no case leakage exists at D or A. 
The detector shall show no indication whatsoever above the Inherent background when 
cable C2 or Cj is disconnected. 

U.Ü.3.L.5 If detector D shows no indication above the inherent background when the 
receiving antenna is inside the enclosure, the Increase in db necessary to obtain 
receiver background when the receiving antenna is placed outside the room will indicate 
that the room has at least that amount of attenuation. If this attenuation measurement 
is less than 100 db, the signal source S is not sufficiently strong or the detector D is 
not sufficiently sensitive. 

L.h.h Measurement of attenuation of plane waves .- Attenuation of plane waves 
shall be measured as follows, using the test setup described below and in figure 7. 
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FORD COIL (A) 

RX - RADLATCR (HOURE $•) 
Mj • MOTOR DRIVE 
C - IOITI0N COIL 
CP - COUNTERPOISE 

T - GROUND METAL TABLE 
F - FORD COIL (IGNITION) 
M? - MAGNETO 
B • BATTER! 

D - lOinnON 
DISTRIBUTER $G • SPARK GAP 

FIGURE 6. Source for intense peek power electric field 
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4,-72 INCHES Disuses SHOULD BE AS GREAT AS POSSIBLE AND LIMITE) CULT BI THS 
* OCTPUT OF S. HOWWHl, AIMAIS HOLD MCRX THAN TWO TIMES THE 

WA7ELEJCTH FROM Si, Sj. 

4,-1 INCH DISTANCE BETWEEN SCREENS. 

di - 2 INCHES TWO INCHES IS THE MINIMUM VALUE. Bj IS POSITIONED ANTWHEU: 
INSIDE THE ENCLOSURE AND ORIENTED TOR MAXIMUM INDICATION ON 
DETECTOR D, IN TDER TO MINIMIZE THE EFFECT OP REFLECTIONS. 

d, - HOT LESS THAN 2 INCHES, AND NOT MORE THAN 8 INCHES. Rj IS 
POSITIONED ANTWHERE OUTSIDE THE ENCLOSURE AND ORIENTED FOR 
MAXIMUM INDICATION ON DETECTOR D, IN ORDS! TO MINIMIZE THE 
EFFECT OF REFLECTIONS. THE ENTIRE REOION, FROM 2 INCHES TO 
8 INCHES SHALL BE EXPLORED FOR MAXIMUM INDICATION. Rj 
SHALL NEVER BE CLOSER THAN 2 INCHES TO Si, Sj, IN ODER TO 
PREVINT CAPACITT COUPLING. 

s1, Sj - OUTER AND INNER SCREENS, RESPECTIVELY. 

N - TRANSMISSION-LINE CONNECTOR. 
S - SIGNAL SOURCE, TO OBTAIN ADEQUATE OUTPUT AT THE TEST FREQUENCE. 

PREQUENCT OF TEST 

»1 

»2 - "3 ■ 
«1. c2> c3 ’ 

A 
D 

- LOO MEGACYCLES. 
TRANSMITTING RADIATOR.- DIPOLE, TUNED TO UOO MC. IF A TUNED 
DIPOLE IS USED WITH A SINGLE COAXIAL LINE, IT SHALL BE A 
BALANCED DIPOLE, SIMILAR TO THE AT-275/URM-28 OF SPECIFICATION 
MH-1-6181. OTHER SUITABLE ANTENNA TYPES ARE: AT-1L1A/ARC, 
USED WITH THE AN/ARC-27, AT-U9/APR-L, USED WITH THE AN/APR-U, 
AND AT-90/AP, USED WITH THE AN/APT-5. THE RADIATOR IS POSITIONED 
TO OBTAIN MAXIMUM FIELD INTENSITY AT THE YIELDING ENCLOSURE. 
RECEIVING ANTENNA, MAY BE SIMILAR TO Rj. 
SHIELDED TRANSMISSION-LINE CABLES. AS SHORT AS POSSIBLE, AND 
USED ONLY IF NECESSARY. 
ATTENUATOR, CALIBRATED AT THE FREQUENCY OF TEST. 
DETECTOR OF ADEQUATE SENSITIVITY, TUNED TO THE FREQUENCY OF TEST. 
USED ONLY AS AN EQUAL REFERENCE LEVEL INDICATOR. 

18 FIGURE 7. Test setup for plane waves (wave i-npedance ■ J77 ohr.s) 
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U.k.U.l Attenuator .- The attenuator used nay be a 50“ or 72-ohm transmlsslon-
11ne, constant Input Impedance, step attenuator. If separate units are available, they 
may be connected in series. A signal generator may be used to calibrate this attenuator. 
This attenuator shall be capable of measuring Insertion losses In excess of 100 db. 

h.U.U.2 Detector.- The detector may be a receiver, such as the AN/APR-k, 
AN/URM-28, AN/ARC-27, or a field-strength meter, such as the TS-587/U or the AN/URM-17. 
Detectors which cannot readily give peak Indications may be used with an oscilloscope 
connected to their output. 

U.U.U.3 Signal source .-

b.k.h.3.1 Signal source S may be a signal generator or power oscillator of 
sufficient cw, mew, or pulsed cw output. The termination of cable C may be used when 
necessary. 

k.k.k.3.2 If the signal generator has a reliable output attenuator, It may be 
used Instead of attenuator A, to obtain an equivalent ratio of En/E? for the calculation 
of the attenuation of the enclosure by using the detector D at the same reference level. 
In this case, precaution may have to be taken to guard against leakage at the detector. 

k.k.U.3-3 The signal source may be an AN/ARC-27 transmitter, a high-frequency 
Rollin signal generator, or an AN/APT-5 radar transmitter. An oscillator, tuned to the 
frequency of test may be constructed, using a high-voltage plate supply and then pulsed 
to obtain high-peak power. A signal source may be constructed as shown in figure 8. 

U. U. k. b Measurement of db atienuatton.-

k.k.U.h.l The attenuation of the enclosure In db Is equal to the Increase in the 
db setting of attenuator A necessary to obtain the sane reference reading level In 
detector D when the receiving antenna is switched from position R? to Rj, without changing 
the position of R^. The attenuation shall be a minimum of 100 db. (The attenuation in 
db is also essentially equal to 20 log (base 10) E1/E?, where El/E 2 are the voltages 
Induced in Rj and Rj, respectively.) 

k.k.h.h\2 The position of with respect to the shielding-enclosure walls shall 
bo anywhere around the enclosure in any orientation with respect to the section seams, 
access-panel seams, etc. Several readings shall be taken, and the minimum attenuation 
recorded. This minimum shall be over 100 db. 

k.h.U.L.3 The test shall be male to insure that no case leakage exists at D or A. 
The detector I shall show no indication whatsoever above the Inherent background when 
cable C? or C3 is disconnected. 

k.k.U.k.U If D shows no indication above the Inherent receiver background when 
tue receiving antenna Is Inside the enclosure, the Increase in db necessary to obtain 
receiver background when the receiving antenna is placed outside the enclosure will 
indicate that the room has at least that amount of attenuation. If thio attenuation 
measurement is less than 100 db, the signal source S is not sufficiently strong, or the 
detector D is not sufficiently sensitive. 

5. PREPARATION FOR DELIVERY 

5.I Applicatlon .- The requirements of Section 5 apply only to direct purchases 
by or dtree t shipments to the Government. 

5.2 General .- Packaging, preservation, packing, labeling, azul marking shall be 
in accordance with Specification J AN-P-100 and Standard MIL-STD-129. 
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A - DIPOU ANTENNA. BACH ROD 1/16-INCH DIA. 7 FIET LONG, HORIZONTAL. 

R, - 1A-INCH solid copper rods, one-fourth of an inch apart, p inches 
FROM INSULATING BOARD. 

I - PORCELAIN INSULATORS, 2 INCHES HIGH. 

Cj - CHOKES, 30 TURNS HO. 18 WIRE, 1A-INCH DIA, SUSPENDEI IN AIR. 

Cj - CHOKE, 110 TURNS NO. 28 WIRE, 1A-INCH DIA, SUSPENDED IN AIR. 

Rj - 15,000 OHMS, 10 WATT. 

S - FUSE CLIPS. 

B - INSULATING BOARD. 

T - FILAMENT TRANSFORMER 2-1/2 VOLT SECONDARY, CENTER TAPPED, CR IWO 
1-1/2 VOLT DRY CELLS WITH PROP!» LIMITING RESISTOR. 

VT - VACUUM TUBE W.E. 3161, Ep - LJOV, Ip - 80 MA, Ef - 2.0V, 
If • 3.65 AMP, Ig - 12 KA, OUTPUT - 7.5 WATTS. 

B* - PLATE VOLTAGE, USOV DC FROM ANY DRY CELLS OR RECTIFIED A-C POWER 
SUPPLY; OR 1,000V AC, RJC, 60-CICUS FROM HIGH VOLTAGE TRANSFORMER. 

SIMILAR CIRCUITS KAI BE USED, USING AN RCA 8O12A OR 80251 TUBE. 

FIGURE 8. Signal source Tor plane waves at LOO nc 
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$.3 A handbook of service instmctlons, as described in paragraph 3.5 shall 
ar corp any each complete shielding enclosure shipment, and this item shall be properly 
packaged and identified, in order that it will be readily available upon receipt by 
the procuring activity for use in installation of the shielding enclosure assembly. 

6. NOTES 

6.1 Intended use .« The shielding enclosure covered by thia specification is 
Intended to provide an interference-free enclosure for the operation, testing, and 
all nenent of electronic equipments. The completely assembled enclosure Is intended to 
attenuate electromagnetic fields from Internal or external sources that cause unde¬ 
sirable interference with the test and all nement or operation of all types of electronic 
receivers. It is Intended that the enclosure will be used in the continental United 
States and at outlying maintenance bases. 

6.2 Approval of Preproduction test sample .- It is expected that the contract or 
purchase order will specify that one complete shielding enclosure will be required as the 
Preproduction sample and that the sample will be subjected to the Preproduction tests to 
determine compliance with the requirenents of this specification. The invitation for 
blds and the contract should specify the point of inspection for these testa. 

6.3 Precedence .» When the requirements of the contract, this specification, or 
applicable subsidiary specifications are in conflict, the following precedence will 
apply« 

(a) Contract« The contract will have precedence over any 
specification. 

(b) This specification: This specification will have precedence 
over all applicable subsidiary specifications. Any deviation 
from this specification, or fron subsidiary specifications, 
where applicable, will be specifically approved In wrltlr^ by 
the procuring activity or the contracting officer. 

(c) Referenced specifications: Any referenced specification will 
have precedence over all applicable subsidiary specifications 
referenced therein. All referenced specifications will apply 
to the extent specified. 

PATENT NOTICE: When Government drawings, specifications, or other 
data are used for any purpose other than In connection with a defi¬ 
nitely related Government procurement operation, the United States 
Government thereby Incurs no responsibility nor any obligation 
whatsoever; and the fact that the Government may have formulated, 
furnished, or In any way supplied the said drawings, specifications, 
or other data Is not to be regarded by Implication or otherwise as 
in any manner licensing the holder or any other person or corpora¬ 
tion, or conveying any rights or permission to manufacture, use, or 
sell any patented invention that may in any way be related thereto. 

Custodians: 
Navy - Bureau of Aeronautics 
Air Force 
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AMENDMENT-1 
29 JANUARY I95B 

MUTT ARY SPECIFICATION 
BOiOIND; ELECTRICAL (FOR AIRCRAFT) 

This amendment forms a part of Military Specification 
MIL-B-5O87A(ASG), 30 July 195U, and has been approved 
by the Department of the Air Force and by the Navy 
Bureau of Aeronautics. 

Page 1, paragraph 2.1» Under "SPECIFICATIONS" delete the listing» 
"Air Force-Navy Aeronautical 

AN-J-1 Jumpers; Bonding and Current Return" 
Page paragraph 3*6 Quick-disconnecting Jumpers .- Delete the paragraph. 
Page 5, paragraph 3*7.5» Delete the first sentence and substitute the following: 
"Large nonconducting projections essential to flight or housing personnel, such as 
vertical stablllier parts, ving tips, astrodomes and canopies, shall have a suitable 
lightning path externally disposed over their exposed area and leading to the aircraft 
skin; however, flight characteristics, equipment performance and visibility require¬ 
ments shall take precedence over these requirements." Delete the last sentence. 
Page 8, paragraph 3.8.2» Add the following sentence at the end of the paragraph: 
"For bonding leads carrying high current, sise AN-h (AWG ¡4) or larger, the connection 
shall not be made directly to the aircraft structure but shall be made to a tab of 
suitable site adequately bonded to the aircraft structure." 

Custodians» 
Navy - Bureau of Aeronautics 
Air Force 





MIL-B-5087A(ASG) 
3Q JULY. 1954_ 
Superseding 
KIL-B-5OÔ7 
9 November 19Ü9 

militari sncincAnai 

BOKDIND; ELK TRI CAL (PO8 AIRCRAFT) 
This specification has been approved by the Department 
of the Air Force and by the Navy Bureau of Aeronáutica. 

1. SCOPE 
1.1 This specification provides raqui remen ts for the application and testing of 

electrical bonding on all-metal aircraft. For aircraft which are not of all-metal 
construction, the bonding requirements shall be determined by reference to the procuring 
activity. 

2. APPLICABLE DOCUMENTS 
2.1 The following specifications, standard, drawings, and publication, of the 

issue In effect on date of invitation for blds, form a part of this specification« 
SPECIFICATIONS 
Military 
MTL-L-6806 Lacquer; Clear, Aluminum Clad Aluminum Alloy Surfaces 
«L-W-5O88 Wiring, Aircraft, Installation of 

Air Force- W‘V Aeronautical 
AN-J-1 Jurpeis; Bunding and Current Heturn 

STAMURDS 
MS25OÖ3 Jumper Assemblies, Bonding and Current Return 

DRAWINGS 
Air Force-Navy Aeronautical Standard Drawings 
AN7J5 Clamp - Loop Type Bonding 
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(Coplea of specifications, standards, drawings, and publications required by contractors 
in connection with specific procurement functions should be obtained fron the procuring 
activity or as directed by the contracting officer.) 

RfQLTIRIXENTS 

3.1 Materia) Materials shall conform to applicable specifications as specified 
herein. Materials that are not specifically designated shall be of the best ouallty, of 
the lightest practicable weight, and suitable for the purpose intended. 

3.1.1 Jumpers .- Bonding Jumpers shall conform to Standard MS25OÔ3. 

3.1.2 Clamps .- Clamps shall be plain clamps conforming to Drawing AN?3S or AN7U2. 
3*41 table nonstandard clamps ray be used where circular clamps are not usable. 

3.1.3 Selection of materia s .- Specifications and standards for all materials, 
parts, and Government certification and approval of processes and equipment, which are 
not specifically designated herein and which are necessary for the execution of this 
specification, shall be selected in accordance with ANA Bulletin No. 1U3, except as pro¬ 
vided in the following paragraph. 

3.1.3.1 Standard parts .- Standard parts (MS,.AN, or JAN) shall be used wherever 
they are suitable for' the purpose, and shall be identified on the drawin» by their part 
numbers. Commercial utility parts such as screws, bolts, nuts, cotter pins, etc, may be 
used, provided they possess suitable properties and are replaceable by the standard parts 
(MS, AN, or JAN) without alteration, and provided the corresponding standard part numbers 
are referenced in the parts list and, if practicable, on the contractor's drawings. In 
the event there is no suitable corresponding standard part in effect on date of invitation 
for bids, commercial parts may be used provided they conform to all requirements of this 
specif icatlon. 

3.2 Purposes of bonding.- The bonding shall be so designed and so executed as to 
achieve the following results: 

(a) Protect the aircraft and personnel from hazards associated with 
lightning discharges. 

(b) Provide power-current and, where applicable, fault-current return 
paths. 

(c) Provide sufficient homogeneity and stability of conductivity for 
r-f currents affecting radio transmission and reception. 

(d) Prevent the development of r-f potentials on conducting frames and 
enclosures of electrical and electronic equipment and on conducting 
objects adjacent to unshielded, transmitting antenna lead-ins. 

(e) Protect personnel from the shock hazard resulting from equipment 
internally power faulted. Shock hazard may be considered non-
existing for system voltages of less than 50 volts. This considera¬ 
tion shall In no way obviate the other requirements for bonding, if 
and when applicable. 

(f) Prevent the accumulation of static charge which would produce radio 
interference or explosion hazard by periodic spark discharge or would 
constitute a shock hazard. 
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3,J Extent of bonding.- The nuaber of bonding Jumpers to bo installed shall bo 
kept to a mínimum by careful design to meet the parpo»« of this epee If lea tian. 

3.3.I Part» impractical to bond <1 tn juiyera.- Where bonding la necessary, but 
bonding by Jumper typea nay cause fouling or mechanical malfunction, other suitable Beans 
shall be «alloyed which are la accordance with good engineering practice. 

3.3.2 Intermittent electrical contact.- Intermittent electrical contact between 
conducting surfaces, which may become part of a ground plane or a current path, shall bo 
prevented either by bonding, or by insulation • if banding is not noceaeary to weot the 
requirements of this specification. 

3.3.3 Parts Inherently bonded .- Bonding requirements are considered as being sot 
inherently by permanent metal-to-meTal Joints made by welding, brazing, sweating, or 
swaging*, or by semipermanent metal-to-metal Joints of machined metal surfaces held together 
by lock-threaded devices, riveted Jointe, tie rods, or structural wires under heavy tension, 
pinned fittings driven tight and not subjected to wear, and elaiaped fittings normally 
permanent and immovable after installation if all insulating finishes are moved fro« the 
contact area before assembly. Insulating finishes need not be removed to comply with 
paragraph 3.12 if the resistance requiresMnt is Bet without ouch removal. Insulating 
finishes need not be ratoved from between riveted surfaces, provided at least taro rivets 
driven tight are used per Joint. 

3.1* Applications of bonds .- Bonding connections shall be so installed that vibra¬ 
tion, expansion or contraction, 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 during the movement. Bonding connections should be located in protected areas 
insofar as practicable, and whenever possible, U>ey shall be located near a hand holo, 
Inspecticn door, or some other accessible location, to pervdt ready, inspection and 
replacement. 

3.U.I Parts shall be bonded directly to the basic aircraft structure rather than 
through other bonded parts insofar as practical. Bonding of shielded cables specifically 
for the prevention of static discharge or development of r-f potentials-nay be accomplished 
by attaching shielding grounds to the shell of the connector in lieu of to basic structure. 

3.I*.2 Bonding Jumpers shall be installed In such manner as not to interfere in any 
way with the operation of movable components of the aircraft. 

3.1*.3 All bonding Jumpers shall be kept as shirt and direct as possible and when 
practicable, shall not exceed 3 inches in length. The use of two or more standard length 
Jumpers in series to make up the necessary length will not be allowed without approval of 
the procuring activity. 

3.1a.U Bonding of structural members shall be accomplished without weakening any 
vital structure of the aircraft. 

3-U.S Bonding of tubular or cylindrical conducting members not inherently bonded 
shall be accomplished by means of a plain clamp, or a plain clai^i with Jumper. Cushion 
clamps are not acceptable for bonding purposes. If required, bonding clamps an flexible 
metallic conduit or hose shall be so installed as not to crbq> or damage the conduit or 
hose. 

3.1*.6 Dissimilar metals .- In bonding, the necessity for joining dissimilar metals 
is frequently unavoidable. ïn such cases, the Jusç>ers and other elementa of the bonding 
connection shall be so selected as to minimize the possibility of corrosion and, if 
possible, to Insure that If corrosion does occur, it will be In replaceable elements such 
as Jumpers, washers, or separators rather than in the aircraft structure. Washers should 
not bo surface treated or coated in any manner that would impair oloctrlval conductivity. 
Onprotee ted, nonstainless steel shall not be used as a washer. 

3 
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3. b.6.1 Th* acceptable Methods of making up connections between bonding Jugera 
and structure of various metals am Indicated In table I. Mote that the metals am listed 
in order of doc ma e Ing activity in salt water, and the higher metal in the aeries will bo 
the one attacked in case of galvanic action between any two. In general, the greater the 
separation between any two listed metals, the mum violent the corrosive activity to bo 
expected. The screws and nuts to be used in making the connection am Indicated as typo 
X, cadmium or sine plated, or aluminum) and typo II, stainless steel. Whom either typo 
screw is indicated as acceptable, the typo II Is preferred from a corrosion standpoint. 

TABU I 

Metal connections 

3.1*.7 Self-tapping screws. - Self-tapping screws shall not bo used for bonding 
purposes. 

Metal structure 
(outer finish metal) 

Connection for 
aluminum jumper 

Connection for 
tinned copper josser 

Magnesium and Mg base 
alloyo 

Zine, cadmit», aluminum 
and Al alloys 

Steel (except stainless 
steel) 

Tin, lead and Pb-Sn 
seldom 

Copper and Cu base alloyo 

Nickel and Ml base alloys 

Stainless stool 

Silver, gold, and pmcltMO 
metals 

Dlmct or Typ« I 
Ht washer screw 

Dlmct Typo I 
screw 

Dlmct Typo I 
screw 

Direct Typo I 
screw 

Tinned or Type I or 
cadmium-pl a ted II screw 
washer 

Tinned or Typo X or 
cadmlum-platod II screw 
washer 

Tinned or Typo I or 
cadmium-plated II screw 
washer 

Tinned or Typo I or 
cadmium-plated II screw 
washer 

Al or Mg Typo I 
washer screw 

Aluminum Type I 
washer screw 

Direct Type I 
screw 

Dimet Type I 
or II 
screw 

Dlmct Typo I 
or II 
screw 

Dlmct Typo X 
or II 
screw 

Direct Type I 
or II 
screw 

Dlmct Typo I 
or n 
■crew 

3.1*.6 Jumper connections shall not be compression-fastened through plywood or other 
nonmotallic material. 

J.5 Finish .- When necessary to remove any protective coating on metallic surfaces 
to meet the requirements of this specification, the completed assembly shall bo refInishod 
with Its original finish or other suitable pro toe tiro finish within 21« hours after inspec¬ 
tion and within 1 week after renoval of the finish. A clear finish conforming to 
Specification MIL-L-66O6 may be used if desired to facilitate subsequent inspection. If 
abrasives or scrapers am used to remove any protective finish, they shall be of such a 
nature as to produce a clean, smooth surface without removing excessive material under 
the protective finish. Abrasives which will causo corrosive action if particles imbed 
themselves Ln the metal shall not be used. 
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3.6 Qulck-dlscc»Doetinf_J^ Quick-dl »connecting jumpers shall ba used only 
for bending parts which ara frequently removed for Mrvicing. If a discomact buxxlle la 
attached in any manner to an object that ■ erras, thia object shall ba moved through its 
travel without inducing any co^jraaalon, tana Ion, or bending loads on the disconnect, 
Further, all apíleos should be staggered. 

3.7 Bonding for lightning protection (except on antenna systems) .- The detailed 
requirsmon ts given below are designed to achieve a lightning bonding system such that a 
lightning discharge current nay be carried between any two ext re al ties of the aircraft 
without risk of damaging flight controls or of producing voltages within the aircraft in 
excess of 500 volts. (These requirements are based upon a lightning current surge which 
reaches a crest value of 100,000 arperos at 10 microseconds and drops to 50,000 amperes 
at 20 microseconds.) 

3.7.1 Individual bonding jumpers for lightning protection shall be not less, in 
cross-sectional area, then 6,U75 circular mils in case of tinned copper-stranded cable, 
nor less than 10,000 circular mils In case of stranded-altaainum cable. 

3.7.2 Contact resistance between the jumper terminal and the object or structure 
shall be made a minimum by cleaning the contact surfaces until they are thoroughly bright 
and then effecting a positive mechanical connection, in order to prevent burning. 

3.7.3 Control surfaces and flaps shall have a bofxllng jumper acres.« each hinge, arxl 
in any case shall have not less than a total of two jumpers. Lightning currents flowing 
from such surfaces to structure will livide between the jumpers, hinges, and also the 
control cables and levers attached to such surfaces. The division of current can be 
expected to vary Inversely with i^edance, or roughly inversely with the respective lenglh 
of the discharge paths from the point of stroke to the basic structure. It may be 
necessary to add additional jumpers between the control surface arri structure to protect 
the control cables and levers, In order that the length of a discharge path through the 
control system is at least 10 times the length of the path through the jumper or jumpers. 
Tab surfaces attached to control surfaces by means of piano-type hinges may be considered 
ae self-bonded, provided the resistance across the hinge is less than 1/100 ohm. 

3*7.U Hl external electrically isolated conducting objects, except antennas, which 
protrude above the aircraft surface, shall have a bonding jumper to the aircraft skin or 
structure. 

3.7.5 Largo nonconducting projections essential to flight or housing personnel, 
such as vertical stabilisers, wing tips, astrodomes and canopies, shall have a suitable 
lightning path externally disposed over their exposed area and leading to the aircraft 
skin. The path shall be so installed as not to impair the structural Integrity of the 
projection. If conductors are used, they shall have a circular-mil area of not less than 
6,h75 for copper, nor 10,000 for aluminum. Any conducting object, including personnel 
inside the protrusion, shall lie within the protective tone formed tz the conductive path; 
the protective xone being as defined, and illustrated in figure 1. If a semiconducting 
surface or non-linear-graded surface resistance is used to initiate a lightning path, the 
voltage gradient at any point along the path to the skin shall be less than the breakdown 
gradient to any grounded object within, and the resistive path shall be at least 1 inch 
wide. In the case of projections enclosing antennas, this shall be considered a desiti 
objective, and ths procuring activity may waive the requirement if it is considered 
impractical to achieve with tho present state of the art. 

3.7.6 Riveted skin construction .- Close riveted skin construction which divides 
any lightning current over a number of rivets is considered adequate to provide a 
lightning discharge current path. 
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DRAWING 1-A LIOtfTWTNO PROTECTIVE ZONE CREAT® BT A 
SDDLI CONDUCTIVE POINT P, SUITABLY GROUND® 

DRAWING 1-B PROTECTIVE ZONE CREATED BT A CONDUCTIVE 
RIDGE LIW, L, SUITABLY GROUNDED. (THIS ZONE NAT BI 
CONSIDERED AS DEVELOPED BY A SIMPLE NOTION OP TRANS¬ 
LATION OF THE CONE IN DRAWING 1-A FROM POINT ■, TO 
POINT b, ABOVE) 

DEFINITION 

THE LIGHTNING PROTECTIVE ZONE MAT BE DEFINED GEO¬ 
METRICALLY AS THE SPACE OR AREA UND® THE APEX OF AN 
IMAGINARY 120' CIRCULAR CONEj OR SUCH SPACE AS IS SWEPT 
OUT BY ANT HYPOTHETICAL MOTION OP SUCH A CONE NORMAL TO 
ITS AXIS, WHEN EITHER THE APEX, CR THE RIDGE LINE 
DEVELOPED BY LATERAL NOTION THEREOF, IS CONSIDER® AS A 
CONDUCTIVE DISCHARGE POINT, OR ®GE, WHICH ACCORDINGLY 
IS DIRECTED AT THE LIGHTING SOURCE AND MADE SUITABLY 
CONDUCTIVE TO THE CONE BASF, OR GROUND 

FIGURE 1 (Sheet 1 of 2), Typical protective »ceiee 
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drawing i-d sectional view tajœn through drawing i-c at s-s 
SHOWING INADEQUATE PROTECTIVE ZONI CREATED WITHIN CANO FT WITH 
EOT A 3IHOLI CONDUCTOR L, INSTALLED AS SHOWN HERE AND IN 
DRAWING 1-C. 

DRAWING 1-E PERSPECTIVE OF SECTION, s-f-s SHOWN IN DRAWING 1-C 
AND 1-D, SHOWING NOW A COMPOUND PROTECTIVE ZONE MAY BE BUILT UP 
BY INSTALLATION OF ADDITIONAL GROUNDED CONDUCTORS, M AND N, WHICH 
PRODUCE OVERLAPPING PROTECTIVE ZONES. 

DRAWING J-C PROTECTIVE ZONE CREATED BI A SINGLE GROUNDED CON-
DOCTOR, L, LAID CENTRALLY OVER RIDGE OF TYPICAL DIELECTRIC 
CANOPY OR BLISTER. (.THIS ZOTE KAT HE CONSIDERED AS DEVELOPED 
BY A COMBINED RADIAL AND TRANSLATOR! MOTION OF THE APEX, FROM 
•, TO f.) 

FIGURE 1 (Sheet 2 of 2). Typical protective tones 
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3.8 Bonding to provide power-current return path« .-

3.8.1 The bonding between Articles of equipment and the aircraft structure shall 
be of an adequate cross-sectional area to carry the necessary current. The power-current 
carrying capacity of a bond Is defined as that specified by Specification MIL-W-5088 for 
cable conductor of the same material and of equal circular-mil area. 

3.8.2 The bonding of the aircraft structure shall be adequate to permit the 
structure to carry the required power return currents without exceeding the voltage drop 
requlroaents of Specification MIL-W-5088. 

3.9 Ponding of antenna Installations .-

3.9.1 Radiating elements, exclusive of radar scanners and similar types, where the 
counterpoise Is actually a part of the equipment, shall be so Installed as to be provided 
with a homogeneous counterpoise, or ground plane, of negligible impedance within the 
operating frequency ranges of the electronic equipments Involved, and of adequate 
dimensions to insure obtaining satisfactory radiation patterns. 

3.9.2 When antennas are so designed that their efficient operation depends on a 
low resistance, low reactance return current path from a homogeneous ground plane to metal 
portions of the antenna, they shall be so Installed that r-f currents flowing on the 
external surface of the aircraft will have a low impedance path of minimum length to the 
appropriate metal portions of the antenna. In particular, mating surfaces designed to be 
electrically continuous shall be clean metal surfaces, free from anodic film, grease, 
paint, lacquer, or other hlgh-reslstance film to insure negligible r-f impedance between 
the adjacent metal parts. 

3.9.3 Provisions shall be made for circumferential r-f continuity between outer 
conductors of coaxial antenna transmission lines and ground planes of antennas. 

3.10 Bonding to prevent the development of r-f potentials .-

3.10.1 Equipment containing electrical circuits which may produce radio frequencies 
either desired or undesired, shall be so Installed that there will be a continuous, low 
Impedance path from the equipment enclosure to t/ie aircraft structure. Bonding shall be 
accomplished by bare, clean, metal-to-metai contact of all mounting plate, rack, shelf, 
bracket, and structure mating surfaces in order to form a continuous, low impedance ground 
from ths equipment mounting plates. If it is proposed that bonding be accomplished by 
other than metal-to-metal contact of the mating surfaces, the contractor shall demonstrate 
by laboratory test that his proposed method results In an r-f impedance of less than 80 
milliohms over a frequency range of 0.2 to 20 me for 1 bond applied in the proposed manner 
Bonding Jumpers shall not be used. The bond from the equipment enclosure to the mounting 
plate furnished with it shall comply also with these requirements, except that suitable 
Jumpers nay be used across any necessary vibration mounts. 

3.IO.2 All conducting items having any linear dimension greater than 12 Inches 
that are within 1 foot of unshielded transmitting antenna lead-ins, shall have a bond to 
structure. Direct metal-to-metal contact with structure Is desired, but if a Jumper mist 
be used. It shall be as short as possible. 

3.II Bonding to prevent shock hazard resulting from equipment internally power 
faul ted .-

3.11.1 Metallic conduit carrying electrical wiring shall have a low resistance bond 
of less than 0.1 ohm to structure at each terminating and break point. The bonding path 
may be through the equipment at which the conduit terminates. 

8 
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Exposed conducting frames or parts of electricci or electronic equipment 

shell hare a low resistance bond of lose than 0.1 oh* to structure. If the equipment 

design includes a ground terminal or pin which is internally connected to such exposed 

parts, a ground wire connection to such terminal will satisfy this requirement. If 

compliance with paragraph 3.10.1 Is necessary due to the nature of the equipment, thio 

requirement will be considered to be met as well. 

3.12 Bonding to prevent the accumulation of static charge .« All isolated conducting 

items (except antennas/, having any linear dimension greater than 3 inches, which are 

external to the aircraft, carry fluids in notion, or otherwise are subject to frictional 

charging, shall have a mechanically secure electrical connection to the aircraft structure, 

having a resistance when dry of lees than 1/2 megohm. 

II. INSPECTION AND TESTINO 

I4.I General .- Inspection or testing of bonding of a subassembly shall in no case 

be construed as waiving the inspection and testing of the complete assembly. The basic 

method of inspection shall be examination of the design and construction of the aircraft 

for conformance with the bonding principles and requirements set forth herein. Resistance 

measurements need be of limited nature only for verification of the existence of a bond, 

and shall not be considered as sole proof of satisfactory bonding. The length of jumpers, 

methods and materials used, and the possibility of loosening of connections in service use 

shall be taken into consideration as well. 

h.2 Resistance .- Limited resistance measurements made ad partial proof of satis¬ 

factory bonding shall be conducted on two aircraft representative of any particular model. 

Thereafter, additional measurements need be wade only when a change In design or con¬ 

struction is Introduced. Visual inspection shall be conducted on all other aircraft to 

determine that no change In method or materials has been made that would affect conformance 

with this specification. 

U.3 Refinishing .- If, during the testing of the bonding, the finish of any part is 

damaged, the part shall be suitably refinishod. 

5. PREPARATION FOR DILI VERT 

$.1 Not applicable to this specification. 

6. NOTES 

6.1 Intended use .- T^e bonding requirements and tests specified In this document 
are Intended to insure that the structures of military aircraft are electrically stable 

and free fren the hazards of lightning, static discharge, electrical shock, etc, and to 

provide fur the suppression of radio interference resulting from these hazards. 

6.2 Definitions .- For the purpose of this epeclfication, the following definitions 
will applyi 

(a) Bond (noun)i A bond is arv fixed union existing between two 

metallic objects that results in electrical conductivity 

between them. Such union results from either physical contact 

between conductive surfaces of the objects or fren the addition 

of a firm electrical connection between them. 
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(b) Bonding or to bondi Aircraft electrical bonding la defined as 
the process of obtaining the necessary electrical conductivity 
between the component Metallic parts cf the airplane. 

(c) Bo nd big connector« A bonding connector provides the necessary 
electrical conductivity between metallic parts in an airplane 
not in sufficient electrical contact. Examples of bonding con¬ 
nectors are i Bonding Jumpers and bonding damps* 

(d) Conducting surfaces or objects« Conducting surfaces or objects, 
for the purpose of this specification, shall include all objects 
having a resistivity of less than 1 megohm-centimeter. 

(e) Isolated surfaces or object si For the purpose of this specifica¬ 
tion, an isolated conducting object is one that is physically 
separated by Intervening insulation from the aircraft structure 
and from other conductors which are bonded to the structure. 

6.3 Kxa«ples of objecta which require bonding .-

(•) 

(b) 

Object 

Ailerons 

Shglne mounts 

(c) Sleeve 
antennas 

Requirement 

Bonding jumper across 
each hinge. 

Bonding connectors shall 
be adequate to carry the 
power current return. 

Circumferential wetal-to-
metal contact between 
base of sleeve and air¬ 
plane skin. 

Reason 

For lightning protection 
(pwMraph 3.7.3). 

To provide a power-current 
path (paragraph J.8.1) 

To provide ground plane 
and r-f current return 
path (paragraph J.9.2). 

(d) Ratio shelves 

(•) Transformer 
(electrical) 

’f) Puel Lines and 
fittings 

(g) Access doors 

Bonding by direct contact 
without Jumpers. 

Bond frene to structure 

Bond If resistance to 
structure exceeds 1/2 
megohm. 

Add bonding connection 
to structure if doors 
exceed 3 Inches in any 
dimension and if resis¬ 
tance to structure 
exceeds 1/2 meghom. 

To provide low-impedance 
path (paragraph 3 «10). 

To prevent shock hazard In 
case fault occurs in the 
equipment (paragraph 3.11.2). 

To prevent accumulation of 
static charge (paragraph 
3.12). 

To prevent accumulation of 
static charge (paragraph 
3.12). 

6.U Lightning protection for external antennas (design objective) .- It Is desired 
that external antennas be designed to avoid lightning currents entering the aircraft and 
damaging radio equipment or causing fires. Such design may consist basically of a shmt 
spark-gap and series capacitor in a suitable housing. 

10 
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6.5 Protection of projections housing antennas (design objective) .- The 
protection of structures housing antennas Imposes the additional requirements that the 
antenna operation not be adversely affected. The graded high-resistance path is indicated 
as one suitable means. A surface-conductor path nay be broken by gaps to avoid effect on 
the antenna pattern. No such gap should exceed 1/16 inch in length. 

6• 6 Protection of nonconducting projections .-

6.6.1 Canopies may be considered as inherently protected if the flashover voltage 
frm any point on the canopy along the surface to the aircraft skin is less than the 
puncture voltage through the canopy. 

6.6.2 On movable canopies the lightning conductive path need not be physically 
continuous but may terminate in not over a 1/ù-inch gap to the skin of the aircraft. In 
irder to avoid precipitation static effects« a spring contact providing a :ontinuous path 
in the closed position is desirable. 

6.6.3 The design of the conductive path shall be such as to contribute a minimum to 
preclpltation static effects. This may be accomplished by bridging the conductor gaps or 
shielding the conductive path with semiconductiv* material. 

6.6.U If visibility requirements dictate otherwise, the lightning conductor path 
need not continue longitudinally to structure If a good connection can be made to a span-
wise grounded member. 

6.7 Low n-f Impedance bonds .-

6.7.1 The r-f impedance of a bond can be measured by an insertion-loss method, as 
described in Naval Air Development Center Report ADC-EL-172-50. 

PATENT NOTICE: When Government drawings, specifications, or other 
data are used for any purpose other than in connection with a defi¬ 
nitely related Government procurement operation, the United States 
Government thereby incurs no responsibility nor any obligation 
whatsoever; and the fact that the Government may have formulated, 
furnished, or In any way supplied the said drawings, specifications, 
or other data is not to be rerarded by implication or otherwise as 
in any manner licensing the holder or any other person or corpora¬ 
tion, or conveying any rights or permission to manufacture, use, or 
sell any patented Invention that may In any way be related thereto. 

Custodians* 
Army - Transportation Corps 
Navy - Bureau of Aeronautics 
Air Force 
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UIL-S-5786(USAF) 
22 Jun« 1950 
Superseding 
USAF Mo. 3233I-A 
6 January 1943 

MILITARI SPECIFICATION 

SUPPRESSOR, ELECTRICAL NOISE, RADIO FEEQUENCT 

1. CLASSIFICATION 

1.1 Type .- Thia specification covers one type of radio frequency noiae 
suppressor. 

2. APPLICABLE SPECIFICATION'S AND OTHFR PUBLICATIONS 

2.1 The following specifications and bulletin, of the issue in effect on 
the date of Invitation for bids, shall form a part of thia spécification to 
the extent specified herein: 

2.1.1 Specifications : 

2.1.1.1 Federal : 

QQ-P-4I6 Plating; Cadnium (Electro deposited) 

2.1.1.2 Military : 

JAN-C-25 Capacitors, Direct-Current, Paper-Dielectric, Fixed 
(Hermetically Sealed in .Metallic Cases) 

JAN-P-101 Packaging and Packing For Overseas Shipment; Adhesive 
'Water-Resistant, (For Sealing Fiberboard Boxes) 

JAN-P-105 Packaging and Packing For Overseas Shipment; Boxes; 
Wood, elected Plywood 

JAN-P-106 Packaging and Packing For Overseas Shipment - Boxes; 
Food, Nailed 

JAN-P-108 Packaging and Packing For Overseas Shipment - Boxes, 
Fiberboard (V-Board and W-Board), Exterior and 
Interior 

JAN-P-125 Packaging and Packing For Overseas Shipment -
Barrier-Materials, Waterproof, Flexible 

JAN-P-140 Packaging and Packing For Overseas Shipment -
Adhesives; Water-Resistant, Case-Liner 

2.1.1.3 U, S. Air Force : 

32412 Capacitors; Fixed (Paper or Mica Dielectric) 
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40952 Drawings, Specification Data and Data Lleta) 
Preparation of, For Communication Equipment 

41065 Equipment; General Specification For Environmental 
Teat of 

2.1.1.4 U, S, Ar*? « 

94-40645 Marking; Exterior, Domestic and Export Shipment, 
by Contractors 

2.1.2 Specification Pulletln t 

2.1.2.1 Air Force-Navy Aeronautical ) 

I43 Specifications and Standards; Use of 

3. REQUTRB.ÎENTS 

3.1 Material 1 

3.1.1 Specifications and Standards.- Specifications and standards for 
all materials, parts, and Government certification and approval of processes 
and equipment, which are not specifically designated herein and which are 
necessary for the execution of this specification, shall be selected in 
accordance with Bulletin No. 143, except as provided In the following para¬ 
graph. 

3-1.1.1 Standard Parts .- AN Standard parts shall be used wherever they 
are suitable for the purpose, and shall be identified by their part numbers. 
Commercial utility parts such as screws, bolts, nuts, cotter pins, et cetera, 
may be used, provided they develop suitable properties and are replaceable 
by the AN Standard parts without alteration, and provided the corresponding 
AN part numbers are referenced on the drawings and in the parts lists. In 
applications for which no suitable corresponding AN part is in effect on date 
of invitation for blds, commercial parte may be used provided they conform 
to all requirements of this specification. 

3.1.2 Protective Treatment .- When materials are used in the construction 
of the suppressors that are subject to corrosion in salt air or other atmos¬ 
pheric conditions likely to occur during service usage, they shall be protected 
against such corrosion in a manner that will in no way prevent compliance with 
the performance requirements of this specification. The use of any protective 
coating that will crack, chin, or scale with age or extremes of atmospheric 
conditions, shall be avoided. 

3.2 Design and Construction .- The suppressor shall be designed to reject 
voltage of any frequency greater than 0.2 megacycle, as shown by the curve on 
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Figure 1. At frequencies fren 0.2 to 3 megacycles, the attenuation provided 
by the suppressor alone shall equal or exceed that shown on Figure 1. The 
detailed mechanical and electrical design of the suppressor shall be In accord¬ 
ance with the requirements of this specification, which is detailed only to 
the extent necessary to assure mechanical and electrical performance and inter-
changeabi llty . 

3.2.1 The suppressor shall be constructed so that no parts will work loose 
in service. The suppressor shall be built to withstand the strains, jars, 
vibrations and other conditions incident to shipping, storage, Installetinn 
and service. 

3.2.1.1 The suppressor assembly when not hermetically sealed, shall employ 
only hermetically sealed metallic encased capacitors. 

3.2.2 Protective Finish.- The suppressor cane shall bo constructed of a 
suitable metal and shall be protected against corrosion by either hot tin 
dipping or cadmium plating In accordance will. Specification QQ-P-416. The 
thickness of the protective coating shall be not less than 0.0003-inch when 
plating is used. It shall be of high quality, smooth, fine grained, free from 
blisters, pits, nodules, Indication of burning and other defects. Hot tin 
dipped coating shall be used on the suppressor cases of all hermetically sealed 
units to facilitate the soldering of seams. 

3*2.3 Connection .- Input and output terminals to the suppressor shall be 
connected as shown by Figure 2. 

3.2.4 Suppressors designed for use on 28V de aircraft electrical systems 
shall be capable of withstanding the application of 20OV de between the terminal 
and case for not lass than one minute. Suppressors designed for 600V de or less, 
shall be capable of withstanding the application of four times their rated 
working voltage for one minute. 

3-2.5 Insulation Resistance .- The resistance at 40»C fron terminals to 
case, shall exceed 20 megohms. 

3.2.6 Potential Drop .- The potential drop at rated current shall not 
exceed 0.2V. 

3.2.7 Capacitors.- Capacitors used in the construction of the suppressors 
shall conform to Specification JAN-C-25 or Specification No. 32412. 

3*3 Performance.- The filter shall be capable of operating under the 
following conditions: 

3.3*1 Temperature *- From -50 to +5OC. The suppressor shall satisfactorily 
withstand continuous temperatures of 70»C, while in an inoperative condition. 

3.3.2 Humidity.- Up to 95 percent relative humidity. 
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3.3.3 Moisture.- Salt-laden atmosphere and other conditions which may be 
encountered during operation in the tropics. 

3.3.4 Vibration.- Vibration consisting of simple harmonic motion having 
an amplitude not to exceed 0.03 of an inch, when the frequency is varied 
uniformly between the limits of 10 and 55 cps. The entire cycles of frequency 
ehall be accomplished in approximately 1 minute. This motion shall be applied 
for a period of 5 hours directly to the mounting base of the filter. 

3.3.5 Acceleration .- The equivalent effect of acceleration shall be con¬ 
sidered as that produced by a steady linear force to any side or face of the 
filter unit when secured in position. The value of this force shall be 18 
times the weight of the unit and shall be applied continuously for at least 
10 minutes. 

3.4 The dimensions, current rating, and maximum weight of the suppressor 
units shall conform to Figure 2 and Tabic I. 

TABLE I 

CURRENT 
RATING 
AI.ÎPS. 

W. 
LBS. 

twt. 

Dimensions - Inches 
A 

MAX. 
B 
'^1 

c 
MAX. 

D E F G H 

25 
50 

100 
200 

1.5 
2.0 
2.25 
3.0 

4 
4 
4 
4-1/2 

4 
4 
4 
5 

2-5/8 
2-5/8 
2-5/8 

3 

4.500 
4.500 
4.500 
5.000 

2.000 
2.000 
2.000 
2.000 

5/8 
3/4 
3/4 
3/4 

.1.0-32 
10-32 
5/16-24 
2/6-24 

1 
1 
1 
1 

2-11/16 
2-11/16 
2-11/16 
2-11/16 

3.5 Interchangeability.- All parts having the same manufacturer's part 
number shall be directly and completely interchangeable with each other with 
respect to installation and performance. Changes in manufacturer's part 
numbers shall be governed by the drawing number reouireraents of Specification 
No. 40952. 

3.6 Naneolate .- Each suppressor cover shall be legibly marked or labeled 
with the following information: 

Suppressor, Electrical Noise, Radio Frequency 
Current Rating_ 
Specification MIL-S-5786 
Mfr’s. Part No. 
Order No._ 
(ilfr’s. Name or Trademark) 
U. S. Property 

3*7 • Workmanshin .- The suppressor, including all parts and accessories, shall 
be constructed and finished in a thoroughly workmanlike manner. Particular at¬ 
tention shall be given to neatness and thoroughness of soldering, wiring, and 
freedom of parts from burrs and sharp edges. 
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4. SAMPLING, INSPECTION, AND TEST PROCEDURES 

4.1 Unies» otherwise specified, contractors' recorda of all inspection »ark 
and tests, giving the results of tests required to determine compliance with the 
requirements and testa specified herein, shall be kept complete and shall bo 
available to the Government representative at all times. The teste shall be ac¬ 
complished on articles to be supplied on the contract or order. The record or 
report of inspection and teste shall be signed or approved by a responsible 
person specifically assigned by the contractor. Contractors not heed ng labora¬ 
tory testing facilities satisfactory to the Government shall engage the services 
of a commercial testing laboratory capable of conducting teste to determine 
cocipllance with all the requirements and testa In the specification, and accept-
able to the Government. 

4.2 Inapectlon.- Each euppresaor shall be inspected to determine compliance 
with the requirements specified herein» 

4*3 Inspection Samples » 
4.3.1 Two suppressors shall be selected at random from each lot of 100 or 

fraction thereof on the order and subjected to the sampling tests. These tests 
shall be in addition to the individual tests specified herein. 

4.3.2 One suppressor of each lot of 20, one of the next lot of 80, and one 
of the next lot of 500 or less shall be subjected to any or all of the special 
tests specified herein. 

4.3.3 When tests are specified on a quantity of suppressors that are 
selected as representative of a certain lot, and one or more of this number 
falls to meet the requirements, additional suppressors of the lot represented 
shall be tested imedlately to determine the cauee of failure. Individual per¬ 
formance tests shall not be interrupted, unless the defect is of such a nature 
that it will seriously affect the performance or safe use of the suppressors. 

4.4 Inspect ion Tests .- Inspection of the suppressor shall consist of the 
following tests: 

Individual teste 
Sampling tests 
Special tests 

4.4.1 Individual Tests.- Each suppressor shall be subjected to the fol¬ 
lowing test: 

4.4.1.1 Examination of Product .- Each suppressor shall be visually in¬ 
spected to determine conformance with this specification with respect to 
materials, workmanship, weight, and dimensions. 

4.4.2 Sampling Tests : 

4.4.2.1 Environmental .- The suppressor shall be subjected to the following 
tests conducted in accordance with Specification No. 4IO65. There shall be no 
damage as a result of these tests. 
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4.4.2.1.1 LgI_I«£2S5iU£S-’ Metbod 23. 

4.4.2.1.2 High Tpapersjure .- Method 11. Tbe suppressor «hall be operated 
at 5OC but not at the 71» C temperature. 

4.4.2.1.3 Bu^idjty .- Method JI. 

4.4.2.1.4 3»lt Spray-- Method 51 for a 50 hour period. 

4.4.2.2 Altitude .- The suppressor shall ba operated at pressure altitude# 
corresponding to 40,000 feet. 

4.4.3 SwUl 

4.4.3,1 Suppressor Insertion Loes .- These measurements shall be taken at 
the following frequencies in megacycles: 0.20, 0.24, 0.32, 0.6, 1.0, 1.4, 1*6, 
2.8, 3.6, 4.0, 7.0, 9.0, 10.0, 14.0, 16.0, and 20.0. 

4.4.3.1.1 The circuit and general arrangement of the component parta for 
measuring insertion loss ehall bo In accordance with Figure 3. The ground 
terminal of ths signal generator, suppressor case, and the ground terminal of 
the noise eater and coaxial cable shall be electrically connected to the natal 
base plate. 

4.4.3.1.2 Method pf Measqrwpt .- The signal generator shall be sat at 
the desired frequency and 1 volt output with the suppressor In the circuit, 
as shown on Figure 3. The output indicator aball then bo tuned to road aaxl-
■ua and the reading noted. The output of the signal generator shall then be 
reduced to saro. The suppressor shall then bo resaved fren the circuit, and 
the leads connected at the point from which the suppressor is renewed. The 
output of the signal generator shall then be increased until the sane Indication 
is obtained on the output indicator, being sure that the output indicator is 
tuned to resonance. The output of the signal generator aball then bo noted, and 
the db attenuation obtained from the formula 20 Log^^  _ db> where . voltage 

input fren signal generator with suppressor in the circuit and Bj > voltage 
fron the signal generator with filter out of the circuit. 

4.4.3.1.2.1 The curve on Figure 1 ebons the minimum allowable attenuation, 
for »11 frequencies frem 0.20 through 20 wegaeyeles. The highest attenuation 
possible shall bo obtained end this shall bo taken into consideration In 
deciding the merit of the suppressors. 

4.4.3.1.3 After completing the attenuation tests specified in 4.4.3.1, 
the suppressor shall be tested at its current rating for one hour to Insure 
that the temperature rise and performance is satisfactory. 

4.5 Ratest .- Rejected suppressors shall not be resubmitted for inspection 
without furnishing full particulars concerning previous rejection and measures 
taken to overcome the defects. 
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4.6 AU ports, specimens, or assemblies destroyed in making tests required 
by this specification and/or drawings, to determine compliance with the speci¬ 
fication and/or drawings, shall be in addition to the quantity specified in 
the contract or purchase order and shall be furnished without increasing the 
cost of the contract or order. 

5. PREPARATION FCR uHIVERY 

5.1 General .- The packaging, packing, and marking requirements specified 
herein apply only to direct purchases by or direct shipments to the Government. 

5.2 Interior Packaging .- Each suppressor ahaU be packaged in a fiber¬ 
board carton in accordance with Specification JAN-P-108. The carton shaU be 
sealed with tape conforming to Specification JAN-P-101. 

5.3 gxtcrior Packing : 

5.3.1 Domestic Packing .- Unlens otherwise specified, the cartons con¬ 
taining the suppressors shall be packed in a container constructed to insure 
acceptance by common or other carrier for safe transportation, at the lowest 
rate, to the point of delivery. Dccept as specified herein, the container 
■hall conform to the requirements of the Consolidated Freight Classification 
Rules in effect at the time of shipment, and shall be capable of withstanding 
storage, rehandling, and reshipraent without the necessity of repacking. 

5.3.2 Export Packing .- Unless otherwise specified, for export shipment, 
the eartons containing the suppressors shall be packed in exterior shipping 
containers conforming to Specification JAN-P-105 or JAN-P-106. If plywood is 
used, it shall be Type A or B, Condition I. A case liner conforming to Speci¬ 
fication JAN-P-125 shall be used and »salad In accordance with Specification 
JAN-P-140. 

5.4 Wfligi 

5.4.1 Interior Package .- Each interior package shall be durably and 
legibly marked with the foUowlng Information in such a manner that the markings 
will not become damaged when the packages are opened: 

Suppressor, Electrical Noise, Radio Frequency 
Current Rating 
Spec if ic a t ion MIL-S-573¿ 
Mfr’s Part No._ 
Order No._ 
Date of ¡Manufacture 
Quantity_ 
(Mfr’s Name or Trademark) 
Name of Contractor (if not the sane as the manufacturer) 

5.4.2 Exterior Shipping Container .- The exterior shipping containers shall 
be marked in accordance with Specification No. 94-40645. 
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6. NOTES 

6.1 Use .- The suppressor covered by this specification la Intended far 
use In aircraft to attenuate the radio frequency noise Influence voltage 
throughout the electrical system. They are for use with electrical equipment 
as specified herein. 

6.2 Definitions t 

6.2.1 /pplltqde .» By "amplitude* is néant the extent of vibratory nove-
oent as measured fren one extreme position to the opposite extreme position. 

6.3 Sources.» When requesting publications, refer to both title and 
number. 

6.3.1 Copies of Federal specification nay be obtained upon application, 
accompanied by postal note, money order, coupon, or eash, to the Superintendent 
of Documenta, Government Printing Office, Ifsahlngton 25, D. C. Prices may be 
obtained from the Superintendent of Documenta. 

NOTICEi When Government drawings, specifications, or other data are used 
for any pulpóse other than in connection with a definitely related Government 
procurement operation, the United States Government thereby incurs no respon¬ 
sibility nor any obligation whatsoever; and the fact that the Government may 
have formulated, furnished, or in any way supplied the said drawings, speci¬ 
fications, or other data, is not to be regarded by implication or otherwise 
as in any manner licensing the holder or any other person or corporation, or 
conveying any rights or permission to manufacture, use, ar sell any patented 
invention that may in any way be related thereto. 

(Copies of thia specification nay be obtained from the Commanding General, Hr 
Materiel Camand, Wright-Patterson Air Force Base, Dayton, Ohio?) 

wvm/epl 
MCREEO1A 
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MnjTARY SPECIFICATION 

ELECTRICAIÆLECTRONIC SYSTEM 
COMPATIBILITY AND 

INTERFERENCE CONTROL REQUIREMENTS FOR 
AERONAUTICAL WEAPON SYSTEMS, 

ASSOCIATED SUBSYSTEMS AND AIRCRAFT 

Thu epm^cation hat been approved by the Department of Dejen»» and ta man¬ 
datory for u.te by the Department» of ike Army, the Navy, and the Air force 

1. SCOPE 
1.1 This specification outlines design re¬ 

quirements and test procedures necessary to 
control the electronic interference environ¬ 
ment of weapon systems, associated elec¬ 
tronic and electrical subsystems, and air¬ 
craft 
2. APPLICABLE DOCUMENTS 
2.1 The following documents, of the issue 

in effect on date of invitation for bids, form 
a part of this specification: 
SPECIFICATIONS 

Military 
MIL-B-5087 

MIL-I-6181 

MIL-T-9107 

MIL-D-9310 

— Bonding; Electrical 
(for Aircraft). 

— Interference Control 
Requirements, Air¬ 
craft Equipment. 

— Test Reports, Prep¬ 
aration of. 

— Data for Guided Mis¬ 
sile Weapon Sys¬ 
tems. 

MIL F-15733 —Filters, Radio Inter¬ 
ference. 

MIL-I-26600 —Interference Control 
Requirements, Aero¬ 
nautical Equipment. 

(Copies of document« required by contractor« In 
connection with apecific procurement function« 
should be obtained from the procuring activity or 
a« directed by the contracting officer.) 

3. REQUIREMENTS 

3.1 Electro-interference environment con¬ 
trol Interference produced by the weapon 
system shall be controlled to eliminate un¬ 
desired interaction and malfunctioning of all 
electronic and electrical subsystems in or 
associated with the weapon system regard¬ 
less of whether the ultimate output of the 
subsystems is electrical, aural, video, or 
mechanical. This requirement applies to the 
entire frequency range of the installed sub¬ 
systems and those for which complete in¬ 
stallation provisions have been made. This 
requirement specifically includes electronic 
compatibility of subsystems when operating 
with their installed antennas and when per-



MII^-E-óOSlC 

forming their intended radiation or reception 
function. There shall be neither unacceptable 
response nor malfunction from the output of 
any subsystem because of electro-interfer-
ence produced by any or all of the installed 
or associated electrical, electronic, and other 
equipment of the weapon system when tested 
as specified herein. The data required herein 
shall be considered to be part of the design 
compatibility data and the acceptance test 
reporting for the system as specified in 
MIL-D-9310. 

3.1.1 Exemption for transients in manned 
aircraft. Transient responses are exempted 
from the requirements specified herein if 
they cause no malfunctioning or unacceptable 
degradation of performance, are less than 
one second in duration, and do not recur 
during normal operation more frequently 
than once every three minutes. However, at 
no time shall the transient voltages across 
the d-c input source for transistorized equip¬ 
ment exceed a level that is 50 percent greater 
than nominal power source voltage rating. 
Further, any transients appearing across the 
antenna of transistorized equipment shall not 
cause malfunction. 
3.2 Interference control plan. Within 

ninety days after approval of the weapon 
system configuration by the procuring ac¬ 
tivity, the contractor shall submit to the pro¬ 
curing activity a detailed plan outlining his 
interference control program, the engineer¬ 
ing design procedures, and techniques that 
will be used in complying with this specifi¬ 
cation The design aspects of the interference 
environment which is created by the weapon 
system, the radio frequency media in which 
it will operate, utilization of the inherent 
shielding characteristics of the weapon, 
antenna location, shielding and bonding tech¬ 
niques. cable routing, and all other pertinent 
factors shall be included in the interference 
control plan. Addendums shall be submitted 
whenever it becomes necessary to revise or 
supplement the information in the inter¬ 
ference control plan or at a date approved 
by the contracting officer. 

3.2.1 The interference control plan is in¬ 
tended to indicate how interference control 
will be accomplished for a particular system. 
Military usage may dictate more stringent 
requirements or permit less stringent re¬ 
quirements resulting in conserving resources. 
The interference control plan shall be util¬ 
ized to delineate any changes, including 
justification deemed advisable by the con¬ 
tractor, 

3.3 Interference test plan. The contractor 
shall submit a detailed test plan showing the 
means of implementation and the application 
of the test procedures in this specification 
to the procuring activity thirty days prior 
to the starting date of the electrical-elec¬ 
tronic compatibility test specified herein, or 
at such later date as the contracting officer 
may authorize. 

3.4 Susceptibility characteristics of elec-
tricot and electronic subsystem contractor-
furnished airborne equipment. The interfer¬ 
ence control requirement stated herein shall 
be considered in the design phases of the 
weapon system. All support systems and sub¬ 
systems shall incorporate interference con¬ 
trol requirements in accordance with MIL-
I-6181 for Army and Navy requirements and 
for Air Force requirements for class la 
equipment as defined by MIL-I-26600, and 
in accordance with MIL-I-26600 for other 
Air Force requirements. Specific attention 
shall be given to the interference suscep¬ 
tibility characteristics of the subsystem in 
relation to the predicted electronic interfer¬ 
ence environment. Where additional require¬ 
ments are necessary, it shall be the respon¬ 
sibility of the weapon system contractor to 
impose these requirements on the subsystem. 
Compliance with the requirements relating 
to subsystems shall not relieve the weapon 
system contractor of the overall respon¬ 
sibility of controlling the weapon systems 
electro-interference. 

3.5 Government-furnished equipment. It 
shall be the responsibility of the weapon 

2 
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system contractor to comply with the re¬ 
quirements stated herein in connection with 
Government-furnished subsystems, provided 
these systems comply with the requirement 
indicated in the interference control plan. 

3.6 Bonding. Bonding shall be accomplished 
in accordance with the requirements of MIL-
B-5087. Bonding shall be provided for cur¬ 
rent return paths, antenna installations, and 
to provide equal potential between all equip¬ 
ments and the basic structure of the weapon 
system. 

3.7 Shielding. The materials and construc¬ 
tion methods used on weapon systems shall 
provide an attenuation to electromagnetic 
emanations that is generally over 60 db. for 
magnetic fields above 150 kc. This inherent 
shielding effectiveness is of considerable im¬ 
portance in preventing interference and in¬ 
teraction to subsystems caused by sources 
outside the weapon system. A great saving 
in weight, space, and money is realized when 
maximum use is made of this shielding effec¬ 
tiveness. Continuity of shielding shall be 
maintained in order to utilize the shielding 
effectiveness of the fuselage to a maximum 
degree. All coaxial cables, waveguides, and 
other antenna lead-ins shall have sufficient 
shielding effectiveness to use this inherent 
shielding advantageously. A solid or triple¬ 
braided shield may be necessary. 

3.? Interference control components. Inter¬ 
ference control filters shall be in accordance 
with MII/-F-15733. When the environmental 
requirements of the weapon system dictate 
additional requirements on interference con¬ 
trol components, they shall be detailed in the 
interference control plan. (Suppression com¬ 
ponents shall be held to a minimum and shall 
be applied as close to the interference source.) 
i. QUALITY ASSURANCE PROVISIONS 
4.1 General. All tests performed by the 

contractor shall be described by test reports 
and submitted to the procuring activity for 
approval and possible verification. When the 

procuring activity waives verification, the 
tests and test reports shall be approved and 
certified. Evidence of certification and ap¬ 
proval, either by the Government or the 
contractor, shall be in accordance with MIL¬ 
T-9107. The Government reserves the right 
to have technical representatives of the pro¬ 
curing activity present during testing 

4.2 Test conditions and ptocedures. In 
general, all electronic and electrical equip¬ 
ment included in the applicable weapon sys¬ 
tem specification shall be included in the 
weapon system test complex and shall be in 
normal operating condition as determined by 
the test procedures and techniques specified 
in the detailed subsystem specifications. 

4.2.1 Power limits. When conducting accept¬ 
ance tests, all electrical power shall be main¬ 
tained within the limits specified in the de¬ 
tailed specification for the particular weapon 
system. 

4.2.2 Test location. Test locations shall be 
chosen from areas under the contractor's or 
Government's control where the electro¬ 
magnetic environment level is. preferably, 
not more than 4 db above the receiver 
internal background level. If this cannot be 
accomplished, the procuring activity shall 
approve the test site selected. Tests shall not 
be conducted in any area or at a time when 
the external electromagnetic environment 
would cast doubt as to the validity of the 
tests. If no reasonably satisfactory test loca¬ 
tion can be found, flight tests can be made 
when approved by the procuring activity. 

4.2.3 Adjustments. During testa all elec¬ 
tronic subsystems shall be adjusted for 
standard performance in an operating con¬ 
dition in accordance with the requirements 
of the subsystem performance specification 
for maximum indication of susceptibility. 

4.2.4 Malfunctioning. Tests to indicate mal¬ 
functioning or unacceptable response for each 
subsystem shall be made at a representative 
number of frequencies or operating ranges 

3 
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of the subsystem while all subsystems or 
equipments are operated. Specific tests shall 
be conducted at the image frequencies, inter¬ 
mediate frequencies, local oscillator frequen¬ 
cies, and fundamental transmitter frequen¬ 
cies through the fifth harmonic frequency. 
Subsystems with a multitude of fundamental 
frequencies shall be operated on the min¬ 
imum number of frequencies necessary to 
indicate electromagnetic compatibility. Fre¬ 
quencies shall be indicated in the interference 
test plan. 

4.2.5 Headsets. Headsets of the proper im¬ 
pedance shall be used for detecting inter¬ 
ference in the audio output of receivers. 
When special headsets are required for an 
equipment, they shall be used with that 
equipment when conducting these tests. 

4^.6 Output response. A complete descrip¬ 
tion of the device used for measuring elec¬ 
trical, aural, video, and mechanical outputs 
of all electronic and electrical subsystem ele¬ 
ments shall be included in the interference 
test plan. 

4.2.7 External output meter. When an ex¬ 
ternal meter is used for audio output meas¬ 
urements it shall have the following char¬ 
acteristics: 

Sensitivity of 1,000 ohms/volt. 
Damping factor, not more than 1.43. 
Response time, not more than Vi second. 
Maximum full scale, not less than 10 

volts. 
Minimum full scale, not more than 2 

volts. 

4.3 Testa. 

4.3.1 Electrical-electronic compatibility test 
of system. The first electrical-electronic weap¬ 
on system shall be subjected to a complete 
functional compatibility test. The weapon 
system shall be instrumented as outlined in 

the requested test plan to indicate compli¬ 
ance or noncompliance with the require¬ 
ments herein. Any modification or relocation 
of the electronic or electrical subsystem or 
equipment of a production weapon system 
shall require a retest unless specifically 
waived by the procuring activity. 

4.3.2 Specification compliance test system 
Any changes or modification required as a 
result of the electronic compatibility test 
shall be incorporated in the system. In no 
case shall the specification compliance weap¬ 
on system be more than five production 
systems removed from the electronic com¬ 
patibility test system unless specifically 
authorized by the procuring activity. The 
contractor shall submit engineering details 
outlining modifications required for effecting 
compliance with this specification on all 
weapon systems produced prior to the spe¬ 
cification test system. 

4.3.3 General acceptance test. Each produc¬ 
tion system shall be given a limited test as 
outlined in the contractor's test plan to in¬ 
sure production compliance with the stated 
requirements. Government acceptance crews 
may conduct this test on manned systems. 
Each unmanned system shall be subjected 
to a simulated prelaunch countdown with 
the minimum instrumentation necessary to 
insure production compliance. 

4.3.4 Unacceptable response. Unacceptable 
response for equipment providing aural out¬ 
puts is an output greater than 1.125 micro¬ 
watts (3 millivolts for 8 ohms; 26 millivolts 
for 600 ohms; and 50 millivolts for 2,000 
ohms). The power level is the total output 
of the subsystem (receiver internal back¬ 
ground noise plus extraneous interference). 
Output responses from any subsystem, re¬ 
gardless of the type of presentation other 
than aural response, shall be unacceptable 
when operation of other electrical or elec¬ 
tronic subsystems produces a change or in¬ 
dication detrimental to weapon system per¬ 
formance. 

4 
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4.3.5 No malfunctioning. The requirement 
of “no malfunctioning" shall be considered 
to have been met when the sum of all ex¬ 
traneous electro-magnetic energy that may 
be introduced into the moat critical point of 
a subsystem ia six db below that deaired in¬ 
put which would produce operation, actua¬ 
tion, or functioning of the subsystem or 
equipment Detailed test methods, instru¬ 
mentation, monitoring point, and test pro¬ 
cedures applicable to the functional usage of 
the particular subsystem shall be outlined 
in the test plan specified herein. For ex¬ 
ample, the key test point in a guidance sub¬ 
system is that relay which actuates a 
hydraulic valve for control purposes. In this 
case, an ammeter in the relay circuit, in¬ 
dicating no more than half the current re¬ 
quired for operation, would be the no-mal¬ 
function limit. 
5. PREPARATION FOR DELIVERY 
5.1 This section is not applicable to this 

specification. 
6. NOTES 
6.1 Intended use. The purpose of this spe¬ 

cification is to control the electromagnetic 
interference to the degree necessary to in¬ 
sure interference-free operation of electronic 
and electrical subsystems in all weapon sys¬ 
tems. This specification is applicable to all 
items of equipment which utilize or may be 
affected by electrical phenomena. Such items 
may be operated individually, in combina¬ 
tion, or collectively and comprise a portion 
of or a total weapon system. 

6.2 Definitions. 
6.2.1 Weapon system. A weapon system is 

composed of equipment, skills, and tech¬ 
niques, the composite of which forms an in¬ 
strument of combat usually but not neces¬ 
sarily having an air vehicle as its major 
operational element. The complete weapon 
system includes all related equipment, mate¬ 
rials, services, and personnel required solely 

for the operation of the air vehicle or other 
major elementa of the system so that the 
instrument of combat becomes a self-suffi¬ 
cient unit of striking power in its intended 
operational environment 

6.2.2 Support system, A support system is 
a composite of equipment skills, and tech¬ 
niques which, while not an instrument of 
combat, can perform a dearly defined func¬ 
tion in support of a military mission. Ex¬ 
amples are weather, air-sea rescue, logistics, 
intelligence, and training systems. 

6.2.3 Subsystem. A subsystem is a major 
functional part of a weapon system usually 
consisting of several equipments, which is 
essential to the operational completeness of 
the weapon system. Examples are airframe, 
propulsion, guidance, navigation, and com¬ 
munication. 

6.2.4 Equipment. Equipment is a major 
functional part of a weapon system or sub¬ 
system, usually consisting of several com¬ 
ponents, which is essential to operational 
completeness of the weapon system or sub¬ 
system. Examples are radio compass, radio 
command set, and electrical power supply. 

6.2.5 Component. A component is a func¬ 
tional part of a subsystem or equipment 
essential to operational completeness of the 
subsystem or equipment. Examples are radio 
transmitter unit, radio receiver unit, ampli¬ 
fier unit, analyzer unit, computer unit, and 
control box. 

6.2.6 Government-furnished airborne equip¬ 
ment (GFA E). GFAE is that portion of 
equipment which, under the terms of a mili¬ 
tary vehicle contract is procured and fur¬ 
nished by the military directly to the air 
vehicle contractor for inclusion in an air 
vehicle. 

6.2.7 Contractor-furnished airborne equip¬ 
ment (CFAE). CFAE is that portion of 
equipment that is furnished and included in 
the air vehicle by the air vehicle contractor. 

5 
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6.2.8 Weapon system contractor. A weapon 
system contractor is a prime contractor to 
the Government for detailed weapon system 
development, production, and installation of 
certain portions of weapon system, including 
necessary planning and scheduling under the 
supervision and final authority of the Gov¬ 
ernment. 

6.2.9 Prime contractor. A prime contractor 
is a contractor having a direct contract with 
the procuring activity. 

6.2.10 Electromagnetic environment. The 
electromagnetic environment or area inter¬ 
ference level la the signal and noise complex 
within which a weapon system, subsystem, 
or equipment is likely to be immersed for 
operational use. 

6.2.11 Unacceptable response. Unacceptable 
response is an abnormality in the expected 
operation or output of a receiver or sub¬ 
system due to electro-interference which 
usually cannot be termed a malfunction but 
which may be considered Intolerable. 

6.2.12 Electro-interference. Electro-interfer¬ 
ence is an undesired electrical phenomena 
which is created by, or which adversely 
affects, any device whose normal function¬ 
ing is predicated upon the utilization of elec¬ 
trical phenomena. Electrical interference is 
known coloquially and is referred to as radio 

and electrical noise or interference, hash, 
jitter, grass, hunting, ambiguity, cross 
modulation, TV interference (TVI), hum, 
etc. The word "interference” may be used 
alone or with appropriate modifiers in ref¬ 
erence to some manifestation of electro-
interference when mutually understood. 

6.2.13 Receiver internal background noise. 
The receiver internal background noise is 
the receiver output obtained at the test loca¬ 
tion under the following conditional 

a. AU controls at standard settings. 
b. AH other aircraft equipment off. 
c. The actual aircraft antenna con¬ 

nected to the receiver input. 
Notice. When Government drawings, specifications, 

or other daU are used for any purpose other than in 
connection with a definitely related Government pro¬ 
curement operation, the United State* Government 
thereby incur« no responsibility nor any obligation 
whatsoever; and the fact that the Government may 
have formulated, furnished, or in any way supplied 
the said drawings, specifications, or other data is not to be regarded by implication or otherwise as in any 
manner licensing the holder or any other person or 
corporation, or conveying any rights or permisaion 
to manufacture, use, or sell any patented invention 
that may in any way be related thereto. 
C.u»iodians I 

Army—Signal Cx>rp« 
Navy—Bamaa of Aeronautics 
Air Force 

Preparing activity i 
Air Foren 



MIL-I-6181D 
23 NOVEMBER 1M» 

SUPERSEDING 
MIUI-SM1«1C(U8AP) 
« JUNE IS57 
MIL-I-4181B 
29 MAY I9M 

MILITARY SPECIFICATION 

INTERFERENCE CONTROL REQUIREMENTS, 
AIRCRAFT EQUIPMENT 





MIL-I-6181D 

TABLE OF CONTENTS 
rmrvp* 
1. SCOPE. 1 
1.1 Scope................................................ I 
1.2 Classification........................................... 1 
2. APPLICABLE DOCUMENTS. 1 
3. REQUIREMENTS. 1 
3.1 Definitions. 1 
3.2 General ................................ . 1 
3.2.1 Operation.   1 
3.2.2 Short duration interference .............................. 1 
3.3 Design. ............................. 2 
3.3.1 Interference-free design.. 2 
3.3.2 Susceptibility........................................... 2 
3.3.3 Case shielding.   2 
3.3.4 Chassis, case, and mounting continuity. 2 
3.3.5 Component placement. 2 
3.3 6 Line shielding ..................................... .. 2 
3.3.7 Interference control components... 2 
3.4 Subsystems..............        3 
3.5 Interference control plan... 3 
3.6 Interference control requirements. 3 
3.7 Interference measuring equipment. 3 
3.7 1 Antenna system correction... 4 
3 7 2 Substitute measuring instruments.  4 
3.8 Extension of frequency range. 4 
4. QUALITY ASSURANCE PROVISIONS. 4 
4.1 Genera) provisions . .. 4 
4.1.1 Testing.—....  4 
4.1.2 'fest plan... 4 
4.13 Test report..   5 
4.1.3.1 Examples of sample calculation.   5 
4.13.2 Identification of test sample.... 6 
4.1 4 Operation of measuring instruments ..................... 6 
4.1.4.1 Calibration...     6 
4.1 4.2 Generator accuracy. 6 
4.1.4.3 Broadband interference measurement. .. 6 
4.1.4.4 CW interference measurements...  _• 6 
414.5 Pulsed CW interference measurements.. 6 
4.1.5 Bonding measuring instrument.   6 
4.1.5.3 Test for leakage. 6 
4 1.6 Monitoring... 6 
4.1.7 Teat frequencies....  6 
4.1.8 Tuning.     6 
4.1.9 Powerline stabilization network. 7 
41.9.1 Performance characteristics. 7 
4.2 Test conditions.  7 



MIL-I-6181D 
¿MT*»« »»4 
pl'WP* 

4.2.1 Ambient interference level............................. 7 
4 22 Ground plane.   7 
4 2 3 Bonding.—.      7 
4 2 3 1 Shock and vibration isolators . 7 
4.2.3.2 External ground terminal.     7 
4 2.3.3 Portable equipment... 7 
4 2.4 Power supply voltage............................... 8 
4.2.5 Arrangement and operating conditions. 8 
4 2.5.1 Dummy antennas... 8 
4.2.5 2 Test sample leads ..................................... 8 
4.2.5.2 1 Interconnecting leads.    8 
4 2.6 Antenna orientation and positioning in shielding enclosures. . 8 
4.26.1 Teat samples generating only broadband interference (not 

intended to generate or receive signals). 8 
4.2.6.2 Test samples intended to generate or receive signals. 8 
4.2.7 Antenna orientation and positioning (free space). 9 
4 2.8 Loads.. 9 
4.3 Test methods......................................... 9 
4.3 1 Conducted interference... 9 
4.3.1.1 Conducted interference using stabilization network. 50 am¬ 

peres and under. 9 
4.3.1.2 Conducted interference, over 50 amperes   9 
4.3.13 Interconnecting leads . 9 
4.3.1.3.1 Position of probe...   9 
4 3.2 Radiated interference... 9 
4.3.3 Antenna-conducted spurious emanations. 10 
4.3.3.1 Transmitter keyup or receiver........................... 10 
4.3 3 2 Transmitter keydown.   10 
4.3.3 2.1 Spurious emission limits... 10 
4 3.4 Susceptibility. 10 
4.3.4.1 Conducted susceptibility powerline. 10 
4.3.4 1 1 Radio frequency conducted. 10 
4.3.4.12 Audio frequency conducted.    10 
4 3.4.2 Radio frequency radiated. 1) 
4.3.4.3 Radio frequency radiated, alternate method (0.15 to 1,000 
me). 11 

4.3.4.31 Teel procedure... .. 11 
4.3 4.3 2 Equipment required. 11 
4.3 4.3.3 Test setup.  11 
4.3.434 Test method.    11 
4 3 4 4 Receiver intermodulation.   12 
4.3.4.4.1 Two-signal intermodulation test. 12 
4.3.4.4.2 Broadband intermodulation. 12 
4 3.4.4 2.1 Impulse generators .     12 
4.3 4.5 Receiver front-end rejection.   12 
5 PREPARATION FOR DELIVERY. 13 
6 NOTES. 13 
6 1 Intended use.       13 
6 2 Bonding .  13 

ri 



MIL-I-6181D 

6.3 Additional information ................................ 1.3 
6.4 Definitions. 13 
6.4 1 Interference.... 13 
6.4.2 Susceptibility............. 13 
6.4.2.1 Undesirable response........ 13 
6.42.2 Threshold susceptibility. 13 
6.4.2.3 Malfunctioning.. 13 
6.4.3 Ambient interference.    13 
6.4 4 Internal background.   I3 
6.4.5 Antenna induced microvolts.. . 13 
6 4.6 Impulsive interference. 14 
6 4 7 Octave.   14 
6.4.8 Microvolts per me. 14 
6.4 9 Impulse bandwidth............................ . ... 14 
6.4.10 Radio receiver front-end rejection. 14 
6.4.11 Open space ... 14 
6.5 Standard antennns.   14 
6.6 Operator and observer positions .   14 
6.7 Impulse generators. .   14 
6.8 Ixwp probe MX-936/URM.. 14 
6.9 Coaxial switches.. 14 
6.10 R F radiation hazard... 14 

TABLES 
I Acceptable interference measuring instruments. 3 
II Impulse generators. |2 

FIGURES 
1 Powerline stabilization network schematic diagram.. 15 
2 Input impedance al test sample terminal of stabilization net¬ 

work with coaxial connector terminated in 50 ohms, power 
terminal open ............ .... ] Ç 

3 Typical test setup for radiated measurements, (rod antenna). 16 
4 Test setup for radiated measurements (rod antenna)  . 17 
5 Typical test setup for radiated and susceptibility measure¬ 

ments (dipole antenna)...   17 
6 Typical test setup for radiated and susceptibility measure¬ 

ments (microwave-directive antenna).  18 
7 Narrow band (CW) conducted interference limits using 

stabilization network........... 18 
8 Broadband and pulsed CW conducted interference limits 

using stabilization network.    19 
® Narrow band (CW) conducted interference limits using 

current probe. 19 
10 Broadband and pulsed CW conducted interference limita 

using curren Improbe... 20 
II Typical test setup for conducted interference measurements.. 20 

m 



MIL-I-6181D 
&HM «aï 

12 Typical lest setup for conducted interference measurements 
on interconnecting leads using current probe. 21 

13 Network for conducted interference measurements line current 
above 50 amps ..  21 

14 Narrow band (CW) radiated interference limits. 22 
15 Narrow band (CW) radiated limits. 22 
16 Broadband and pulsed CW radiated interference limits. 23 
17 Pulsed CW radiated limits. 23 
18 RF susceptibility test setup (conducted). . 24 
19 AF susceptibility test setup. 24 
20 Susceptibility radiated lest setup (rod antenna) ....... 25 
21 Proposed limits for radiated RF susceptibility tests (equip* 

menta using shielded antenna lead-ins).. 25 
22 Setup for radiated RF susceptibility tests. 26 
23 Required receiver front-end rejection.   26 

rr 



MILITARY SPECIFICATION 

MIL-I-6181D 
g NOVEMBER 1969 
SUPERSEDING 
Mlt^MMI8lC(UaAF) 
< JUNE 1967 
MIL-I-4I81R 
» MAY 1963 

INTERFERENCE CONTROL REQUIREMENTS, AIRCRAFT 
EQUIPMENT 

Thit tpfrlfiretinu hut beta upp/uvrA by ihr Dcpurtutcut of Ihfeutt ohA it 
uintututoip for ute by the hep ort nr ute o! the Arnp. the Nuty, nul the Air force 

1. SCOPE 
1.1 Scope. This s|*ciKcntion covers design 

requirements, interference test procedures, end 
limits for electrical and electronic aeronautical 
equipment to be installed in or closely associ¬ 
ated with aircraft. 
1J2 Classification. Tl»e test procedures 

which are apecified cover the following types 
of tests: 

(a) Interference tests: Conducted and 
radiated tests which measure the mag¬ 
nitude of the interference signais ema¬ 
nating from the equipment under test. 

(b) Susceptibility fests: Conducted, radi¬ 
ated, intermodulation ami front-end 
rejection tests which determine wheth¬ 
er an equipment will ojierate aatia-
fnctorily when ex|a»sed to external 
interference signals. 

X APPLICABLE DOCUMENTS 

2.1 The following documents, of the issue m 
effect on date of invitation for bids, form a part 
of this S|>eci tient ion : 

SPECIFICATIONS 

Military 
MIL I-6O.M—Interference Limits and 
Methods of Measurements, Electrical 
and Electronic Installai ion in Airliome 
Wen|xms Systems and Associated 
Equipment 

MIL-T-9IO7—Test Re|mrts, Preparation 
of 

(Cuplea «»f qwcifhwtbum. Mtiiii<bir«|M, drawing*, and 
imblk-ntimiM reqtilrr«l by «^Httrartora in <*»nneHh»n with 
i>l*vUlr prwuremrnl fnurtlam abawM Or obinlnrd front 

Ihr procuring aclhlty or a* directed by the vont nut log 
• er. ) 

X REQUIREMENTS 

XI Definitions. For definitions of tenus 
used in this specification, see section 6. 
X2 General. 
X2.1 Operation. Electrical and electronic 

equipment shall operate satisfactorily, not only 
n>de|>endently but also in conjunction with 
other equipment which may be installed near¬ 
by. This requires that the operation of such 
equipment shall not be adversely affected by 
interference voltages and fields reaching it from 
external sources, mal also requires that such 
equipment shall not, in itself, be a source of 
interference which might adversely affect the 
operation of other equipments. The limits 
sjtecified herein are established to insure that 
the nir vehicles will meet the requirements of 
Specification MIL-I-4051 or other applicable 
system s|>ecificalion. 
X2.2 Short duration interference. Interfer¬ 

ence irsulling from manual o|>eration of 
switclies, but not including any electrical or 
electromechanical operations resulting from the 
manual sw itching, may deviate from tl»e limits 
ns indicnteil below. Ignition components used 
only during engine starting may deviate from 
the limits by 20 db. Other short duration in¬ 
terference may deviate from the limits as indi¬ 
cated below. Approval shall beçbtnined from 
the procuring activity before using these 
deviations. 

1 aecund_ 
3 alinda. . 

Once In 3 minuten... 
Twice per normal op 

eratloeel period. 

Ort («rio* 

20 db 
No limitation. 
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33 Design. 
33.1 Interference! ree design. Inlet fer 

enes control shell I» considered in the basic 
design of nil electronic and electrical equip¬ 
ment, components, assemblies, and systems. 
This design shall be such that, before inter¬ 
ference control eoen|KMients are applied, the 
amount of interference internally generated 
and propngated is the minimum achievable. 
Ths application of interference control compo¬ 
nents that must be used, such as filtering, 
shielding, and bonding, shall conform to good 
engineering practice and, whenever possible, 
shall be an integral part of the system. When¬ 
ever additional interference control components 
are necessary, the use of miniaturized compo¬ 
nents is preferred. 
333 SuAceptibUity. The equipment shall 

be designed to minimize susceptibility to inter¬ 
ference from other sources. The enclosing case 
construction shall be designed not only to mini¬ 
mize interference propagation, but also to 
minimize interference pickup from external 
sources. Where conducted energy on the power 
leads or any external leads might cause inter-
ference. the leads shall be isolated from other 
leads to avoid coupling, and, where necessary 
shall have line filters at their entry into the 
enclosing case. Receiving antenna inputs, or 
any other low-level signal circuits shall be low 
imiiedance, or of balanced design, so that coaxial 
or other shielded transmission lines cnn be used 
to insure an interference-free installation. 
Routing of receiving antenna input or any low ■ 
level signal circuit within the equipment shall 
be so designed and installed that interference is 
not picked up from power or control lends owing 
to coupling. Antenna or low-level signal cir 
cuit return paths or ground circuit paths shnll 
be so arranged that interference will not occur 
owing to common conductive paths with other 
circuits, or with the enclosing case grounding 
path. 
333 Ca»e »kidding. Tlie number of me¬ 

chanical discontinuities in the case (such as 
covers, nu^iertion plates, and joints) shnll be 
kept to a minimum. All necessary mechanical 
discontinuities in the case shnll be electrically 
continuous across the interface of the discon¬ 
tinuity so as to provide low impedance current 
path. .Multipie-point spring located contacts 

nre suggested as a desirable method of obtaining 
low impedance continuity. Ventilation open¬ 
ings shall be designet! tc permit conformance 
to the radiated interference limits. Electrical 
bonding shall b* provided where access doors 
or cover pintes form a part of the shielding. 
Hinges, in themselves, are not considered 
satisfactory conductive paths. 

33.4 t'haAni», ca»e^ and mounting continuity. 

The mating surface of the chassis, case, and 
mounting shnll be free of all insulating finishes 
in order to provide a continuous electrical bond 
between these items and to enable the installing 
activity to accomplish bonding contact to the 
basic structure. Such surfaces shall be covered 
with removable protective coating to prevent 
corrosion prior to assembly. This requirement 
shnll take precedence over any conflicting 
requirements in speci fient ions on finishes. 
333 Component pincement. Components 

shall be placed and circuitry arranged to obtain 
minimum imdesired coupling and to require a 
minimum number of filter components. 

33.6 Line »kidding. It is preferred that 
interference reduction be accomplished inside 
the equipment when such means give results 
equal to or better than the use of a shielded 
line. Any line shielding used shall be approved 
by the procuring activity and shall be pre¬ 
scribed as an installation requirement. 

33.6.1 Under no condition shall line shield¬ 
ing be used for primary |x>wer leads to equip¬ 
ment. 
33.63 Equipment requiring antennas, but 

not employing waveguides, shall be designed to 
utilize shielded coaxial cable ns lead-in. When 
it hns been determined flint n single brnid shield 
is rot adequate, n double or triple brnid or a 
solid shield shall be used ns required. 

33.7 Interference control component». 

When additional interference control com¬ 
ponents nre required after careful design in 
accordance with the foregoing paragraphs, 
components shall I* used that conform to the 
environmental requirements for the equipment. 
Hermetically sealed interference control com¬ 
ponents shall be used even though the equipment 
is not hermetically sealed. Separately installed 
and external comjwnents shall not be used unless 
specifically authorized by the procuring activity. 

2 
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&4 Subsystems. When (he procuring ac¬ 
tivity requires that this specification be applied 
to a group of units or equipments that are de¬ 
signed to operate together, the group shall be 
tested as a subsystem, and each individual item 
does not have to be tested separately, unless 
individual units are so designed that they mny 
be operated separately or as part of a different 
group or subsystem. It is recommended that 
each unit or equipment be designed to include 
adequate interference control mensures. 
3.5 Interference control plan. The con¬ 

tractor shall submit a detailed plan describing 
his interference control program and the engi¬ 
neering design procedures nnd techniques that 
will be used in complying with this specifica¬ 
tion. The design aspects of the interference 
control program shall be emphasized. Such 
information shall be included as the circuits to 
be shielded nnd filtered, methods of eliminating 
spurious emanations nnd responses, methods of 
eliminating spurious resonances, method of ob¬ 
taining continuous shielding on equipment us¬ 
ing pressure or hermetic seals, utilization of 
compnrtmentntion, thickness of case material 
required to provide adequate shielding in high 
power RF equipment, selection of interference-

free components to be used on equipment, and 
any other pertinent information. Any devia¬ 
tions from specified interference control re¬ 
quirements that are necessary or desirable 
because of the use of the equipment in the en¬ 
vironment of a particular air vehicle shall be 
carefully delineated. This plan shall be sub¬ 
mitted to the procuring activity within 90 days 
after the award of a contract. Addenda shall be 
submitted whenever it becomes necessary to re¬ 
vise or supplement the information in the 
interference control plan. 
3.6 Interference control requirements. 

All equipment tested for compliance with this 
specification shall conform to the interference 
control requirements. For the purposes of this 
specification, all unwanted signals shall be con¬ 
sidered as continuous wave (CW), pulsed CW, 
or broadband impulsive interference. 
3.7 Interference measuring equipment 

The interference measuring equipment listed in 
table I shall be used for determining con¬ 
formance to the interference limits of this spec¬ 
ification. Category B instruments which have 
been modified to meet category A requirements 
shiil) not be used as ( utegory A instruments, un¬ 
less a distinctive nonremovable label has been 

Table I.1—Acceptable interference measuring instruments 

C-2 . . None available at thia time. 

Calc«« y Frequency rvin Commeroal model 

NM-20A, B_ ... 
T-A/NF-105. 

Now» Suit mllatry n»m»ncl»lure 

AN/PRM-1. 

M uiuf*ctur*r 

Stoddart. 
Empire. 
USA Sig Corps. 
USA Sia Corpe. 
Stoddart. 
Empire. 
Empire. 
Empire. 
Stoddart. 
Polarad. 
Empira. 
Stoddart. 
Empire. 
Stoddart 
Empire 
Stoddart. 

R. 

C-l. 

0 15 to 30 me . (•).. None. 
0.15 to 1,000 me. 
20 to 400 me. 

None. None. AN/URM-85. 
AN/URM-7 . 

20 to 400 me. 
20 to 200 me. 
200 to 400 me. 
400 to 1,000 me. 
373 to 1,000 me. 

NM-30A. 
T-1/NF-I05 
T-2/NF-105. 
T-3/NF-I0S. 
NM-50A. 

(*). 
None. 
None .... 
C). 
None. 
None. .. . 
(»«) . 
(•).... 

AN/URM-47... . . 
None. ... 
None. 
None. 
AN/URM-17. 
AN/TRM S 1,000 to 10.000 me 

0 13 to 30 me. 
20 to 400 me. 
4001o 1,000 me. 
375 to 1,000 me . 

FIM, A. B 
T-A/NF 105 
NM-30A. 
T-3/NF-I05. 
NM-50A.... 

Non». 
AN/URM-47. 
None. 
AN/URM-17.. 
None. 
AN/URM-17B. 

(•0. 
(*) .. 

0 15 to 1,000 me. 
37510 1,000 me. 

NF-205. 
NM-52A. 

None .... 
N one.. .. 

0342MO—«0-1 3 
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attached by the instrument manufacturer; any 
restrictions on the usuage of the modified in¬ 
strument, or associated accessories, shall be in* 
dicated on the label. Instruments listed in 
table I are of the follow mg categories: 

(a) Category A : Category A instruments 
are those interference measuring in¬ 
struments which adequately mensure 
the parameters of interference signals 
ns required by this spécifient i<m nnd 
which are approved by the procuring 
activity. Any combination of cate¬ 
gory A instrumentscan be used for the 
required measurements. Category A 
instruments can be used without prior 
approval of the procuring activity. 

(b) Category B: Category B instrumenta 
are those existing instruments which 
nre in use but which do not adequately 
mensure the parameters of interference 
signals as required by this specifica¬ 
tion. 

(r) Category C-l: Category C-l instru¬ 
ments nre those which have recently 
been develo|ted to meet category A re¬ 
quirements, but hnvenot yet been eval¬ 
uated by the procuring activity. 
These instruments shall not be used 
without prior approval of the procur¬ 
ing activity. 

(if) Category C-t: Category C-2 instru¬ 
ments are those which have been re¬ 
cently developed but do not meet 
Category A requirements, and which 
can presumably be modified by the 
manufacturer to attain a category A 
rating. These instruments shall not tie 
used without prior approval of the 
procuring activity. 

17.1 Antenna system correction. All in¬ 
strument readings of radiated interference 
levels shall be converted to antenna terminal 
O|»en-circuif (“antenna induced”) values, in ac-
cordance with correction factors furnished by 
the instrument manufacturer for the particular 
antenna ty|>e, frequency, and operating proce¬ 
dures used. 

3.7.2 Substitute measuring instruments.— 

The use of sulwtitute interferenco measuring 
instruments in the frequency range from 1 to 10 

kiIomega«-yr 1rs will l»e rmixiderrd by the pro 
curing Activity. The contractor shall submit, 
with the test plan, justification explaining why 
approved instrument nt ion inn not Ite used and 
aha 11 pro|wM«e Milmlitute instrumentation and 
test procedures that are capable of measuring 
the limits. Approval for the use of substitute 
equipment might not be granted if a commer¬ 
cial test hlmratoy cun |>erform the required 
measurements with approved equipment within 
a rens«»niible peñol of time. 

3 A Extension of frequency range. If the 
contractor believes that some, or all, of tlx ap¬ 
plicable interference requirements should be 
extended beyond the required frequency range, 
the interference control plan and the test plan 
shall be used to give proposed limits, instru¬ 
mentation, methods of measurements, other 
pertinent information, and an explanation of 
the need for the extended frequency range. 

4. QUALITY ASSURANCE PROVISIONS 

4.1 General provisions. 
4.1.1 Testing. All tests and test rejiorts 

s|iecified herein shall be accomplished by the 
contractor and shall be subject to approval and 
verification by the procuring activity. When 
the procuring activity waives verification, the 
tests and test reports shall be approved and 
verified by a qualified representative of the con¬ 
tractor’s Quality Control department. Evi¬ 
dence of quality control verification and ap¬ 
proval, either Government or contractor, shall 
be contained in the test report. The Govern¬ 
ment further reserves the right to have a tech-
tiicul representative of the procuring activity 
present during the testing. 

4.1.2 Test plan. The contractor shall sub¬ 
mit a detailed test plan to the procuring activ¬ 
ity showing the means of implementation and 
the application of the test procedures in this 
specification to the equipment being procured. 
Included shall be the projmsed method of test¬ 
ing nnd additional details such ns: 

(a) Nomenclature and aerial numbers of 
test equipment to be used. 

(b) Methods of calibration to be used. 
(r) Detector function to be used on meas¬ 

uring equipment. 
(«/) Methods of loading and triggering. 

4 
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(e) Operation of test sample. 
(/) Control setting« on test sample. 
(g) Frequencies at which interference 

might be expected, local oscillator, in¬ 
termediate frequencies, multipliers, 
etc. 

(A) Other details requiring approval by 
the procuring activity. 

This test plan shall be submitted before any 
interference testing is started. 
4.U Test report. A test report conforming 

U> Specification MIU-T-9107 shall be submitted 
to the procuring activity prior to submission of 
the preproduction model for acceptance. In 
addition to the requirements in Specification 
MIL-T-9107, the test report shall include such 
details of testingas: 

(a) Nomenclature of interference measur¬ 
ing equipment. 

(b) Serial number of interference measur¬ 
ing equipment. 

(c) Date of last calibration of interference 
measuring equipment 

(d) Detector functions used on interfer¬ 
ence measuring equipment 

(e) Internal noise level of instrument used 
on detector function at each test 
frequency. 

(/) Descriptions of procedure» used 
(methods of loading and triggering, 
etc, operation of and control settings 
on teet sample, etc.) 

(g) Measured line voltages to test sample. 
(h) Tent frequencies. 
( i) Method of selection of test frequencies. 
(;) Type of interference measured. 
(A) Measured level of interference at each 

tost frequency. 
(I) Specification limit at each test fre¬ 

quency. 
(m) Graphs showing items (e), (h), (k), 

and (I). 
(n) Photographe of the test setup and test 

sample. 
(o) Sample calculations (showing how 

item (k) was obtained for all antennas 
used). 

(p) Description and size of screened en¬ 
closure. 

(q) Ground plane used if test is not per¬ 
formed in screened enclosures. 

(r) Description of open space area, if used. 
(*) Ambient interference levels. 
(0 Measured impedance of line stabiliza¬ 

tion network. 
(u) Certification required in 4.1.7. 

4.1.3.1 Example! of tample calculation. 
(a) Interference measuring 

equipment _ NF-105 
Frequency of cw meas¬ 
urement _ 460 me 

Antenna factor (DM an-
tenna)...*_...... +8db 

Cable loss correction fac¬ 
tor at 460 me_ -4- 3 db 

Meter reading_ +40db 
Interference level ■= meter reading + cable loas + .ntenna factor-40 + S + 8-5I db 

(5) Interference measuring Cable loss correction fac-
equipnient_ NM-20B tor_ 1 

Frequency of broadband Meter reading. »microvolts 
radiated measurement- 500 kc Effective random band-
Antenna factor.- 1 width_ 3,400eps 

Impulse bandwidth —1.4X3,400 —4,760 cps-4.760 kc 
venrrence level “  -—- - — ,-,--(impulse bandwidth) 

9x1x1 Antenna induced microvolts 
/ Í76~ 189 -kc-

“ 65.75 db above 1 microvolt per me (antenna induced) 
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4.122 Identification of tent sample. The 

test sample shall be completely identified in the 
test re|>ort with complete nomenclature, manu¬ 
facturer, nnd serial number. AU suppression 
work performed on the test sample during the 
interference tests shall be fully described in 
words as well ns by the test data in the teal 
report. 

4.1.4 Opération of measuring innintments. 

For both conducted and radiated interference 
measurements, the instruments used shall be 
calibrated nnd o|>erated as indicated in their 
resjiective instruction manuals unless otherwise 
permitted by this specification. 

4.1.4.1 Calibration. Interference measui 
ing instrumentation shall be maintained in a 
known condition of accuracy. Periodic checks 
on the calibration accuracy shall be made with 
laboratory generators. Keen libration shall be 
accomplished when the standardized gain 
setting fails to reflect a meter reading within 
±20 jwrcent of the known input signal. Sub¬ 
stitution type measurements can be used in lieu 
of the calibrated method. 

4.1.42 Generator accuracy. Ijiboratory-
type signal generators and impulse generators 
capable of an output voltage accuracy of nt least 
20 percent shall be used to calibrate interference 
measuring instruments and for suhatitution 
measurements. 

4.1.42 broadband interference measure¬ 

ment. Broadband interference shall be meas¬ 
ured by using an impulse generator with the 
substitution technique, or by calibrating the 
interference measuring instrument so that it 
reads directly in decibels above 1 microvolt per 
unit bandwidth. The peak detector function on 
the interference measuring instruments shall 
be used for broadband and pulsed CW measure 
ments. 
4.1.4.4 CH’ interference measurement». CW 

interference shall be measured by calibrating 
the interference measuring instrument so that 
it rends directly in decibels above 1 microvolt 
or by using a signal generator with n substitu¬ 
tion technique. 

4.1.43 Pulsed CH" interferente measure-

ment». Pulsed CW shall l»e measured in ac¬ 
cordance with the procedures and limits used 
for broadband interference. 

G 

4.1.5 flonding measuring instrument. In¬ 
terference measuring instruments utilizing 
dipole antennas shall be bonded to the ground 
plane or shielded enclosure with the ground 
clip on the power cord. Instruments used for 
conducted measurements shall not lie bonded to 
the ground plane except through the intercon¬ 
necting coaxial cable. 
4.13.1 The counterpoise on rod antennas 

shall be bonded to the ground plane with a 
strap of such length that the rod antenna can 
be positioned correctly. The strap shall be as 
wide as the counteqioi.se. This applies to rod 
antennas utilizing the interference measuring 
instrument as a counlerjioise, and to rod anten¬ 
nas mounted on a separate counterpoise. 
4.1.52 The interference measuring instru¬ 

ment« »hull be physically gnmudrd with wily 
one connection. If the copper strap is used, 
neither the ground clip, the ground terminals, 
nor the power supply shall be connected to 
ground. 
4.132 Test for leakage. At any test fre¬ 

quency, when tuned and calibrated for a meas¬ 
urement, the measuring instrument, when used 
with a shielded dummy antenna, shall show no 
change from the interim! background when the 
equipment under test is turned “on” and “off." 

4.1.6 Monitoring. The interference meas¬ 
uring instrument shall lie monitored with a 
headset, loudsfienker, oscilloscope, or other in¬ 
dicating devices, during all measurements. 
Precaution shall be taken to insure that the 
monitoring does not influence the meter read¬ 
ing on the interference measuring equipment. 

4.1.7 Test frequencies. The interference 
measuring instrument or signal generator for 
susceptibility tests shall be slowly tuned 
through each continuous tuning range and the 
frequencies at which maximum interference or 
susceptibility is obtained shall be selected as 
test frequencies. Test frequencies shall not be 
selected prior to the interference test. The w it-
nessing official or Government representative 
shall certify in the test report that the test fre¬ 
quencies were selected after each range whs 
scanned. A minimum of three measurements 
shall be made in each continuous tuning range. 

4.1.8 Tuning. The interference measuring 
instrument shall be tuned to and measurements 
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made at the fundamental frequency and all 
harmonics of equipment containing oscillator 
circuits. Additional checks shall be made by 
scanning for and measuring any signal or 
spurious response that can be anticipated. 
(The test item shall be adjusted for mode of 
operation and control settings, including fre¬ 
quency, which may be expected to result in a 
maximum of interferem* emanation.) 

4.1.9 Powerline xtabilieation. network. The 
powerline stabilization network is shown in fig¬ 
ure 1. One network shall be inserted in each 
ungrounded power supply lend supplying 
power to the test sample, and shall be used for 
the complete radio interference tests. The net¬ 
work enclosure shall be bonded to the. ground 
plane for safety and nidio frequency purposes 

4.1.9.1 Performance ehameterintica. The 
current carrying capacity of (hc'nctwork shown 
is 50 am [»eres de to 800 cycles ac. The maxi¬ 
mum voltage drop al 50 amperes is not over 2 
percent of the supply voltage. The perform¬ 
ance characteristics of this device will permit 
measurements of test items at the following 
maximum voltage ratings: 

de--..... 600 volts 
60 cycles.. 440 volts 
400 cycles..... 230 volts 
800 cycles.115 volts 

42 Test conditions. 
42.1 Ambient interference lerel. It is de 

sirable that the ambient interference level dur¬ 
ing testing, measured with the test sample de¬ 
energized, be at least 6 db below the allowable 
specified interefrence limit. However, in the 
event that at the time of measurement the lev¬ 
els of ambient interference plus test item inter¬ 
ference are not al»ove the specified limit, the 
tested item shall be considered to have met the 
specified requirements. This requirement shall 
apply equally to both radiated and conducted 
ambient interference levels. A shielded enclos¬ 
ure may be used if neceaaary or desired. If a 
shielded enclosure is used, the minimum length 
shall be such that a 33-me tuned dipole enn be 
placed in the room with at lenst 12 inches clear¬ 
ance between, the antenna extremities and the 
shielded enclosure. 
422 Ground plane. A copper or brass 

ground plane, 0.01-inch thick minimum for cop¬ 

per, 0.025-inch thick minimum for brass, 12 
square feet or more in area with a minimum 
width of 30 inches, shall be used. In a screen 
room, the ground plane shall be bonded to the 
shielded room at intervals no greater than 3 feet 
and at both ends of the ground plane. The 
ground plane and screen room walls may be 
considered equivalent to an aircraft fuselage 
for purposes of simulating a normal installa¬ 
tion. For large equipment systems mounted 
on a metal test stand, the test stand may be 
considered, for testing purposes, to be a part 
of the ground plane and shall be bonded ac¬ 
cordingly. When a shielded room is not used, 
the measuring equipment may be placed on a 
solid support for operation. The support may 
be solid earth, steel or iron flooring, metal bed¬ 
plate, mrta I covered planking, or the like. 
422 Bonding. Only the provisions in¬ 

cluded in the design of the equipment and 
specified in the installation instructions shall be 
used to bond units, such as equipment case and 
mount, together or to the ground plane. Where 
bonding straps are required to complete the 
te.st setup, they shall have a length not greater 
than 5 times the width, shall have a minimum 
thickness of 0.025 inch, and shall be copper or 
brass metal straps, not braid. Connections 
made with such bond straps shall have clean 
metal-to-metal contact. 
422.1 Shock and vibration úolaton Test 

samples shall be secured to mounting bases in¬ 
corporating shock or vibration isolators, if such 
mounting bases are used in the installation. 
The bonding straps furnished with the mount¬ 
ing base shall be connected to the ground plane. 
Where mounting bases do not incorporate 
bondi ng straps, bonding straps shall not be used 
in the test setup. 
4.222 External ground terminal. When an 

external terminal or connector pin is available 
for a ground connection on the test sample, this 
terminal shall be connected to the ground plane 
if the terminal ia normally grounded in the in¬ 
stallation. If the installation conditions are 
unknown, the terminal shall not be grounded. 
42.32 Portable equipment. Portable equip¬ 

ment shall be tested while it is bonded to the 
ground plane and also when it is not bonded to 
the ground plane. Portable equipments that 
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ar« intended to be grounded through a power 
cord shall not be bonded to the ground plane by 
other means. 

4JL4 Poirer supply voilage. The power 
supply voltages shall be within the tolerance 
specified in the detail specification for the test 
sample. The voltages shall be measured at the 
test sample terminals on the line stabilization 
networks. 

4.2.5 ¿rangement and operating condi¬ 
tion».— The general arrangement of equipment, 
interconnecting cable assemblies, and support 
ing structures shall besuch as to simulate actual 
installation and usnge insofar as practicable. 
The front surface of each unit shall be located 4 
inches ±V4 inch from the edge of the ground 
plane, interconnecting cables shall be routed 
between the units and the edge of the ground 
plane. In those cases where equipment size ex¬ 
ceeds the ground plane dimensions, or where 
more than two line stabilization networks are 
required, the above instructions shall be ad 
hered to as closely as possible. The test item 
shall be adjusted (or mode of operation and 
control settings, including frequency, which 
may be expected to result in a maximum of in 
terference emanation or susceptibility All re 
oeivers and transmitters shall be tested using a 
shielded dummy antenna. 
*,*51 Dummy antenna». Any dummy an¬ 

tenna used shall have electrical characteristic« 
which closely simulate those of the normal an 
tenna, and should be shielded where possible. 
The dummy antenna shall be capable of han¬ 
dling the power required and shall contain any 
unusuaJ components which are used in the nor¬ 
mal antenna (such as filters, crystal diodes, 
etc). When the nominal antenna impedance is 
50 ohms, a 50-ohm (±20 percent from 0.15-
1,000 me) dummy antenna shall be used. 
4*5 11 Acceptance test of the transmitter 

may be with cable and dummy antenna of 
negligible leakage. A test of leakage shall be 
made with a 5-foot length of double shielded 
coaxial cable, used between a transmitter and 
its dummy antenna, to provide information on 
acceptable cables for actual installations. 
42.52 Test »ample lead». The test sample 

leads to the powerline stabilization network 
shall be 24 inches ±1 inch in length and shall 
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be so arranged that the distance between the 
leads and from each lead to ground or grounded 
enclosure is approximately 2 inches. In those 
cases where more than two impedance stabiliza¬ 
tion networks are required, the above instruc¬ 
tions shall be adhered to as closely as possible. 
42^2.1 Interconnecting lead». Whenever 

possible, interconnecting leads between boxes 
comprising a test sample shall be not less then 
2 feet and not more than 5 feet long. However, 
if the interconnecting leads are furnished as a 
part of the equipment, they may be used instead. 

42.6 Antenna orientation and positioning 
in shielding encontre. For each measuring in¬ 
strument, the following procedure shall be used 
to determine the horizontal positioning of the 
antennas of the measuring instruments relative 
to the test sample. 

42.6.1 Test »ample» generating only broad¬ 
band interference (not intended to generate or 
receive signal»). The following procedures 
shall be employed in testing for broadband 
interference : 

(a) Set up antenna in accordance with 
figure 3, 4, 5, or 6, as applicable, op-
poeite the center of the test sample, 
but without a bond from the instru¬ 
ment to the ground plane. 

(A) Scan the full frequency range of the 
lowest tuning band of the test instru¬ 
ment in use for the frequency of maxi¬ 
mum interference or susceptibility. 

(c) Move the antenna horizontally to the 
position of maximum indication at 
that frequency, except that dipole an¬ 
tennas of dimension longer than the 
lest sample shall be placed opposite 
its center. 

(<f) Bond instrument to ground plane 
when required and proceed with 
measurement. 

12.62 Te»t »ample» intended to generate or 
receive signal». The following procedures shall 
be employed in testing samples intended to 
generate or receive signals: 

(a) Set up antenna in accordance with 
figure 3, 4, 5, or 6, as applicable, op¬ 
posite the center of the test sample, 
but without a bond from the instru¬ 
ment to the ground plane. 



(b) Adjust sample foi h mode of o|»enttion 
and control settings, including fre 
quency, which mny be expected to re¬ 
sult in a maximum of interference or 
susceptibility. 

(c) Seen the full frequency range of the 
test instrument in use for a maximum 
indication of interference or sus 
cept ibility. 

(</) Move the antenna horizontally to the 
position of nmximuin indication of in¬ 
terference at that frequency. 

(e) Bond instrument to ground plane when 
required and proceed with measure¬ 
ments. 

42.7 Antenna orientation and positioning 
(free spare). Those interference measuring 
instruments which use a rod antenna shall be 
so placed that the rod antenna is in a vertical 
position. Those interference measuring instru¬ 
ments which use a dipole antenna shall be so 
placed that the antenna is parallel with the 
test sample and on the same level as the mid¬ 
point of the test sample. The antenna shall be 
st the distance from the test sample specified 
in 4.2.6. The antenna shall be located at a 
point around the perimeter of the test sample 
where maximum interference or susceptibility 
signal is received. All provisions of paragraph 
4.2.6 nnd its subparagraphs not in conflict here¬ 
with shall apply. 
42.8 Loads. The equipment under test 

shall be loaded with the full mechanical and 
electrical lund, or equivalent, for which it is de¬ 
signed. This requirement s|*ci fice lly includes 
electrical loading of tlie contacts of mechanisms 
which are designed to control electrical loads 
even though such loads are physically separate 
from the equipment under test. Operation of 
voltage regulators and other circuit* which 
operate intermittently is required. The londs 
used shall simulate (lie resistance, inductance, 
and capaeitanre of the actual load. 

4-3 Test methods. 

4-3.1 Conducted interference. Radio inter¬ 
ference voltages, in the frequency range of 0.15 
to 25 me, generated by the equipment or system 
iu excess of t ho values indicated in figures 7,8.9, 
and 10 shall not ap|»ear on any conductor, 
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external to the system, which could conduct 
interference to other equipment. Typical test 
setups for these measurements are shown in fig¬ 
ures 11 nnd 12. Measurements may be omitted 
on leads deemed by the procuring activity to be 
incapable of conducting interference intoother 
equipment. 

43.1.1 Conducted interference using établit 
ration network, 50 ampere» and under. Con¬ 
ducted interference measurements on power 
leads, 50 amperes and under shall be made by 
connecting the interference measuring instru¬ 
ment to (lie noise meter terminal on the line 
stabilization network with a 50-ohm double 
shield coaxial cable. The line stabilization net¬ 
work shall not be used on power frequencies 
over 800 cps since it will probably burn up. 
The current probe shall be used for this ap 
plient ion. 
43.12 Conducted interference, over 50 am 

perte. Conducted interference measurements 
on power leads over 50 amperes shall be made 
with a stabilization network, designed for high 
current (see fig. l),or with the network shown 
in figure 1.3, nt the discretion of the oontrncJor. 
43.13 Interconnecting leads. Conducted 

interference on interconnecting and signal leads 
and power lines over MN> cps shall be measured 
by using a clamp-on interference measuring 
device (current prol» Stoddart Aircraft Radio 
Co. type 91550-1, or equni). 

43.13.1 Position of probe. The current 
probe shall be positioned at the point of maxi¬ 
mum interference on the lead tn be tested. A 
maximum movement of 5 feet along power lines 
is considered adequate This maximum inter¬ 
ference point shall be located nt each test fre 
quency. The location of the current probe 
shall be fully described in the test report. 

4.32 Radiated interference. Radiated in¬ 
terference fields in excess of the values given in 
figures 14, 15, 16. and 17 shall not nidinte from 
any unit, cable (including control, pulse, IF, 
video, antenna transmission, and |>ower cables), 
or interconnecting wiring over the frequency 
range of 0.15 In 10,000 me for CW and pulsed 
CW interference, and 0.15 to 400 me for broad 
band impulse interference. This requirement 
includes the transmitter fundamental frequency 
radiating from cuses or cabling, oscillator ra-
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dial ibn, other spurious en in na t ions, and broad¬ 
band interference. This does not include 
radiation emanating from antennas. Test set¬ 
ups are illustrated in figures 3. 4. ft, and 6. 
433 A ntenna-conducted * pur¡ out emana¬ 

tion*. 
4331 Trttnumitter keyup or receiver. The 

RF output of any transmitter key up or re¬ 
ceiver shnlf not exceed 40 db above 1 microvolt 
for CW or 60 db above I microvolt per me for 
pulse CW interference at any frequency be¬ 
tween 0.1ft and 10,000 me. Normally, measure¬ 
ments are required up to the 20th harmonic or 
1,000 me, whichever is higher, but in no event 
above 10.000 me, unless the contractor can show 
by scanning or other means that such measure¬ 
ments will not result in any significant data. 
4333 Transmitter keydown. The trans¬ 

mitter shall be operated into a dummy load. 
A suitable coupling device shall be used to 
sample the transmitter output end protect the 
measuring equipment. Bridge “T” rejection 
networks, filter rejection network, or other ade¬ 
quate devices shall have the approval of the 
procuring activity. Attention should be given 
to oscillator frequency nnd harmonics, outputs 
from frequency multipliers and crystal saver 
circuits, bent frequency oscillator outputs, etc. 
External filters shall not l>e used unless ap¬ 
proval is obtained from the procuring activity. 
Normally, measurements shall be made up to 
the 10th harmonic or 1,000 me, whichever is 
higher, but in no event above 10,000 me, unless 
the contractor can show by scanning or other 
means that such measurements * ill not result 
in any significant data. 
4333.1 S pu riou* e m Union limit*. The peak 

power output shall lie as follows: 
(a) Second and third harmonics: The 

|»eak [lower output of the second and 
third harmonics of the output funda¬ 
mental frequency shall be at least 60 
db below that uf the fundamental, or 
10 • nuits (707 into ftO ohms), 
whichever is greater, but in no event 
greater than 1 watt. 

(Æ) Harmonics above the third, and other 
spurious emissions: The jieak power 
output of any harmonic above the 
third, und of any non harmonic emis¬ 
sion, shall be at least HO db below that 

of the fundamental, or IO-’ watts 
("07 ftV into ftO ohms), whichever is 
greater, but in no event greater than 
10‘* watts. 

43.4 Susceptibility. Equipment, such as 
navigation light fliudters, windshield nijiers, 
fuel pump motors, etc,, deemed incapable by the 
procuring activity of being affected by the ap¬ 
plied extraneous signals are exempt from sus¬ 
ceptibility requirements. On receivers, all 
external and internal controls shall be set for 
maximum signal plus noise-to-noise ratio. All 
external and interna) controls for squelch or 
limiting action shall be set to give minimum 
limiting action. On other other equipment all 
external and internal controls shall be set for 
maximum indication of susceptibility or, if this 
causes an equipment, to malfunction or to 
become inoperable as a result of such a control 
setting, the critical control shall be adjured as 
directed in the instruction manual. The radio 
frequency signal shall be modulated 30 percent, 
400 or 1,000 cps, on equipments that are not 
designed for other modulation frequencies or 
for special forms of modulation. Wlten testing 
other equipment, the modulation frequency or 
any other s|iecial form of modulation shall be 
used to modulate the radio frequency. 

43.4.1 Conducted susceptibility powerline. 
The voltage specified shall be thuee voltages 
which are calculated to exist across the output 
terminals of the signal source when no load, 
other (han that necessary to meet the require¬ 
ments as to source impedance, is connected to 
the signal generator. A matching network 
suitable for use at. required test frequencies and 
voltages shall be used to obtain the proper 
source impedance. Blocking capacitors having 
negligible inqiedance at the test frequency may 
be inserted in the lends from the signal source 
to the equipment under test if required for the 
protect ion of < he signal source. 

43.4.1.1 Radio frequency conducted. No 
change in indication, malfunctioning, or degra¬ 
dation of performance shall I* produced in 
any equipment when an RF signal of 100,U00 
microvolts, from a source having an impedance 
of AO ohms is applied to the test sample as 
shown in figure 18. Tests shall be mude over 
the frequency range of 0.1.10 me to 10,000 me. 

43.4.1.2 Audio frequency conducted. No 
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change in indication, malfunctioning, or degra¬ 
dation of performance shall be produced 
in any equipment when a sine wave audio fre¬ 
quency signal of 3 volts rms, open circuit, is 
applied as shown in figure 19. Measurements 
shall be made over a frequency range of 50 to 
15,000 cpa 
43.43 Radic frequency radiated No 

change in indications, malfunction, or degra¬ 
dation of performance shall be produced when 
the equipment is subjected to a radio frequency 
field. This field shall be established with a 
50 ohm signal generator driving the antenna 
listed below. Care shall be talcen to use match¬ 
ing networks when required. The test setup is 
shown in figure 20 for the rod antenna and is 
similar to figures 5 and 6 for the other antennas, 
with the signal source replacing the interference 

Op»,-rt.ru 1/ A Ht th 
100.000 41-inch rod 
100. 000 35 me dipole. 
100,000 Tuoed dipole 
100, 000. . Same aa used for 

radiation teal 
(4.3.2). 

43.43 Radio frequency radiated, alternóle 
method {0.15 to 1,000 me). The open-circuit 
microvolts indicated in figure 21 are applied to 
the prescribed loop probe 

43.43.1 Teat procedure. Test for compli¬ 
ance with the susceptibility limit requirements 
shall be made using shielded dummy antennas, 
shielded antenna lead ins, and in accordance 
with the test procedure described in the follow 
mg paragraph. 
43.433 Equipment required. 

(1) Ixxip probe MX-936/URM and 20 
foot RG-MT cable. 

(2) RF signal generators covering the fre¬ 
quency range from 0.15 to 1,000 me, 
followed by a network, if necessary, to 
obtain a source impedance of 50 ohms. 
A minimum output of 10,000 open-cir¬ 
cuit microvolts is required. 

(3) A line stabilization network fur each 
|>owerline. 

(4) Appropriate instruments for monitor 
ing the norma) output indication of the 
test sample. 

(5) A shielded dummy antenna and 
shielded antenna lead-in. 

33<2MO—SO-3 

43.433 Teat aetup. For radiated teats, the 
setup in figure 22 shall be used. The loop probe 
MX-936/URM is placed in does proximity at 
the point of maximum leakage of the equip¬ 
ment under test The antenna input fitting is 
shown in this figure as an illustration of the 
point of maximum leakage. The equipment 
under test and all accessories shall be bonded to 
the ground plane as indicated. The output 
indicator used for monitoring, if not an integral 
part of the equipment under test, shall be prop¬ 
erly shielded in order to insure that it does not 
constitute a point of leakage. If excessive leak 
age emanates from the signal generator case, 
tests should be made inside a shielded enclosure 
with the signal generator planed outside the 
enclosure A shielded enclosure is recom 
mended for all susceptibility tecla in order to 
insure that the equipment under test is not 
affected by extraneous signals which may affect 
the internal background considerably. 
43.43.4 Teat method. The entire frequency 

range from 0.15 to 1,000 me shall be scanned, 
using the appropriate signal generator set at 
maximum output and, if susceptibility occurs, 
the test frequency is recorded and the open-cir¬ 
cuit microvolts of the generator is decreased to 
obtain threshold susceptibility. These open¬ 
circuit microvolts are now compared for com 
pliance with the susceptibility limits of this 
specification. Other details of the test method 
are as follows: 

{a) locating point of maximum leakage 
First ’he MX-936/URM loop probe 
is secured at close proximity to one of 
the following [mints of the case of the 
equipment under test ; antenna input 
connector, any large opening, or power¬ 
line entry. The signal generator is set 
at maximum output and it is scanned 
until a frequency is found at which 
maximum leakage occurs. (During 
scanning, checks are made at. the fre¬ 
quencies associated with the o[>eralion 
of the equipment.) The entire equip¬ 
ment is then probed at this frequency 
and a point is located al which maxi 
mum susceptibility is obtained. 

(b) Placing of loop probe: The MX-936/ 
URM loop probe is placed in close 
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proximity at the point of maximum 
susceptibility determined above and 
oriented for maximum coupling, and 
then (firmly) eecured. 

4X4.4 Receiver intern .adulation. The con¬ 
tractor shall test the intermodulation proper¬ 
ties of receiving type equipment by either of 
the two tests following. 
4X4.4.1 Ttro-nynoZ intermodulation teat. 

Receivers, preamplifiers, or antenna couplers 
shall not produce an output indication when 
two sine wave s.gnala, representing undeeired 
signals, are connected to the input terminals of 
the test sample. The two frequencies shall be 
chosen so that their sum or difference is equal 
to the test frequency and so that neither will 
give an output when applied alone. The nrag-
nitude of each shall be at least 100 db above 1 
microvolt at the test sample terminal ; one shall 
be modulated 30 percent with a 1,000-cycle sig¬ 
nal, and other 30 percent with a 400-cycle sig¬ 
nal. Impedance matching networks shall be 
used as required. 
4X4.4^ Broadband intermodulation. The 

test sample receiver shall be connected to the 
standard-impulse generator by means of a 50-
ohm coaxial cable terminated with a 10-db re¬ 
sistive pi or T pad with negligible frequency 
characteristic in the region of the frequency of 
test. The impulse generator shall be turned on 
and the output attenuator reading for minimum 
perceptible receiver output, or other evidence 
of normal function, shall be noted. The re¬ 
ceiver local oscillator (or each oscillator in turn 
for multiple-conversion superheterodyne re¬ 
ceivers) shall be disabled and, if feasible, a 60-
cyde voltage (or current ) equal to the oscillator 
signal shall be injected into the mixer. The 
output of the impulse generator is then raised 
until the minimum perceptible receiver output, 
or other evidence of normal function, is again 
evident. This generator setting in db, less the 
original setting in db, is the broadband inter¬ 
modulation in db. The intermodulation of un¬ 
desired signals introduced across the antenna 
terminals shall be at least 30 db. 
4X4.4X1 ¡mpuhe generator». Impulse 

generators used for intermodulation testing of 
receivers shall be as shown in table II. 
4X4^ Receiver front-end rejection. Front¬ 

end rejection of receivers shall be equal to or 
greater than the limit ahown in figure 23 except 
that image frequencies outside the tuning range 
of the receiver shall be 60 db. This requirement 
shall apply to each tuning unit on receivers 
with plug-in or separate tuning units. This 
test shall be performed with any signal genera-
tora equipped with an accurate attenuator and 
capable of a signal output at least 80 db greater 
than the minimum signal perceptible at the 
tuned frequency of the particular receiver being 
tested. If necessary, matching networks shall 
be used to obtain a 50-ohm output All meas¬ 
urements shall be corrected to account for any 
changes in output voltages owing to addition 
of matching networks and shall ba equal to the 
open-circuit voltage al the output terminals 
With the signal generator and receiver con 
nected with a 50-ohm coaxial cable and tuned 
to the same frequency, the generator setting 
which gives the minimum perceptible reading 
above the receiver background noise shall be 
noted. Modulation may be used in conjunction 
with an output meter if the receiver is not 
equipped to give meter indications of CW sig¬ 
nals The frequency range between 150 kc and 
10,000 me shall then be scanned with the gen 
erator output preferably set at least 80 db above 
the output originally noted. Those frequencies 
at which output signals are obtained shall be 
investigated to obtain the generator reading 
which corresponds to the original receiver out-
put signal. Since al! signal generators emit a 
substantial amount of harmonica, care should 
be Uken that the receiver is not erroneously re¬ 
jected because of such spurious signal content. 

Table II—Impulse generator» 
»Uslor uuunt 
rw><» in aw UP» 

Belo. SOO IG.IM. 
IG-lli. 

Empire Devices 
Products Corp. 

Empire Devices 
Products Corp 

Empire Devices 
Products Corp. 

Stoddart Aircraft 

Impulse geo-erator lo¬ co rpor* ted io NF-105 
or NF-205 

91X3-1 . 
50G-10.000. 1G-II8.. 

Radio Co 
Empire Devices 

Products Corp. 

12 



Front-«nd rejection ib calculated with the 
following formula : 

Front-end reject ion -20 log V,/V, 
V,“ Signal generator voltage required for 

minimum perceptible receiver output 
on channel or frequency under test. 

V,-Signal generator voltage required for 
minimum perceptible receiver output 
at al! other frequencies. 

When this test cannot be accomplished owing 
to the possibility of crystal burnout or for 
other reasons, the test signals shall be injected 
into the test sample by using a suitable antenna 
fed from a signal generator. The test proce¬ 
dure to be used shall be included in the test 
plan. 

5. PREPARATION FOR DELIVERY 

5.1 This section is not applicable to this 
specification. 

6. NOTES 

6.1 Intended use. The teat procedures and 
limits specified herein are intended to insure 
that aeronautical, electrical, and electronic 
equipments will opemte properly in service use 
when subjected to certain radio and audio in¬ 
terference voltages, and will not cause the mal¬ 
function of other equipments by generation of 
interference voltages. This specification ap¬ 
plies to components or systems as specified by 
the procuring activity or by the deUü 
specification. 
62 Bonding. The requirements of Specifi¬ 

cation MIL-B-5087 are recommended for study 
as a guide toward deeign for compliance with 
the bonding requirements of this specification. 
6-3 Additional information. The infor¬ 

mation contained in the handbook “Design 
Techniques for Interference-Free Operation of 
Airborne Electronic Equipment,” is recom 
mended as a guide towards design for com-
pliance with (his specification. Organizations 
with a military contract can obtain (he hand¬ 
book, at. no cost, from ASTIA, Publication No. 
ATI-159699. Organizations without a mili¬ 
tary contract can order tlie handbook as Report 
No. P. B. 111051 from (lie Department of Com¬ 
merce, Office of Technical Sen ia®, Washington 
25, D.C. A check for $11.50, payable to the 

M 11^1-618 ID 

Treasurer of the United States, must accom¬ 
pany the order. 

6.4 Definition*. 
6.4.1 Interference. Interference is defined 

as any elactrical or electromagnetic disturbance, 
phenomenon, signal or emission, man-made or 
natural, which causes or can cause undeaired 
response, malfunctioning or degradai ion of per¬ 
formance of electrical and electronic equipment, 
or premature and undesired location, detec¬ 
tion or discovery by enemy forces, oxcept 
deliberately generated interference (electronic 
countermeasures). 

6.42 Susceptibility. Ab used herein, sus 
oeptibility is defined as that characteristic 
which causea an equipment to malfunction or 
exhibit an undesirable response when its case or 
any external lead or circuit, excepting antennas, 
is subjected to the specified radio or audio fre¬ 
quency voltage or field. 

6.42.1 Undesirable ret ponte. Undesirable 
response is defined as a change in the normal 
output which causes no malfunctioning but is 
not required for the proper operation of the 
equipment. 
6.422 Threthold susceptibility. Threshold 

susceptibility is defined as an undesirable 
response which is barely recognizable from the 
normal output. 
6.422 bi alf unctioning. Malfunctioning is 

defined as a change in the normal output which 
effectively destroys the proper operation of the 
equipment 

6.42 Ambient interference. Ambient inter 
ference, for the purpose of this specification, is 
the interference level emanating from source« 
other than the test sample, including the in¬ 
ternal background noise of the interference 
measuring equipment. 

6.4.4 Infernal background. Internal back 
ground is the indication on the measuring in¬ 
strument obtained when a shielded dummy 
antenna is connected at its input. A correct 
indication ia obtained only if the ambient inter¬ 
ference does not affect the irstrument and the 
test for leakage. 

6.42 Antenna induced microvolts. An¬ 
tenna induced microvolts is that voltage which 
exists across the open-circuited antenna 
terminal* 

13 
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6.4.6 hnpuhive interference. For the pur¬ 
poses of this specification, all broadband nuise, 
including random noise »ml pulsed CW is con¬ 
sidered to be impulsive interference. 

6.4.7 Octuve. An octave is u frequency 
ratio of 1 to 2, i.e., from 1 to 2 me, Io 2 to 4 me, 
500 to 1.000 me, etc. 

6.4.8 Microvolt* per me. The nearest ap¬ 
proach to a Mandatxl unit of measurement of 
broadband radio interference is in tenus of 
microvolts per megacycle. Interference inten¬ 
sity in microvolts j*r megacycle is equal to the 
nuintier of root mean square sine wave micro-
vuUs ( unmodulated) applied to tlie input of the 
measuring circuit ut its renter frequency that 
will result in detector jieak rrs|»oiise in the cir¬ 
cuit equal to that resulting from the interference 
pulse l»eing measured, divided by the impulse 
bandwidth of the circuit in megacycles. 

6.4.9 Impulse bandtridlh. The impulse 
noise bandwidth of the interference measuring 
instninient should lie used in calculation in¬ 
volving broadband noise. Effective (random) 
bandwidth should not be used. The impulse 
noise bandwidth of u receiver can be readily 
obtained by use of an impulse generator of 
known output in microvolts/kc. The peak re-
spon« indication of the instninient in input 
microvolts dix ided by the output of the impulse 
generator in microvolts/kc. is the impulse noise 
bandwidth of the instninient in kc. 

6.4.10 liadio receiver front-end rejection. 
Front-end rejection is the measured capability 
of a receiver, expressed in deciliels, in rejecting 
signals at the antenna terminals I hat are outside 
the channel, or frequency, to which the receiver 
is tuned. 

6.4.11 Open »ptrr The term “open spare,” 
as used in this sjieci Heat ion, is intended to 
designate an idea! site for rndinted interference 
measurements. This ideal site should be open, 
Hut terrain nt a considerable distance (KX) feet 
or more) from buildings, electric powerlines, 
femes, trees, underground cable*, and pija, lines. 
This site should have » sufliciently low ambient 
level of rndinted interference to permit testing 
to the governing radiated interference limit nt 
any test frequency selected. 
6.5 Standard antennas. Ikvause of the 

nomtniformity of tiie electnnnagnetic field 

14 

which usually exists close to a teat sample, it is 
inqierutive that tests fur radiated interference 
I« conducted with anteniiM identical to those 
tqiecified. Attempts to correlate results ob¬ 
tained with other nntennna by reducing the 
results to microvolt« |*r meter, (»used upon 
plane wave calculât ions and antenna effective 
height, may be erroneous and will not be ac¬ 
cepted as indicating compliance with this 
specification. 

6.6 Operator and observer positions. In 
those cases where the o|tendor*s or olwervers 
location seems to vary a measurement, reading, 
a minimum distance of 3 feet should be main¬ 
tained between his body and tl»e antenna; the 
0|>eratur should change position slightly until 
a maximum muling is obtained. In all cases, 
HS few ol**rvem as (»ossible should be present 
in the mi ven room during the radiated 
measurements. 
6.7 Impulse generators. Satisfactory im-

pulx generators chu I* olHained from Empire 
lloviera Products Corp., Amsterdam, N.Y., and 
from Stoddart Aircraft Radio Co., 6644 Santa 
Monica flou le tard, Hollywood 38, Calif. 
6.8 Loop probe MX-936/URM. Ixxip 

prob? MX-IMG/IRM is commercially available 
from White Industries, Inc., 421 West 54th 
Street, New York. N.Y., nr from Kation«! Co., 
Inc., G! Sherman Street, Malden, Mass. (Part 
No. RHO6I-1.) 
6.9 Coaxial switches. Coaxinlzwitches ran 

be used to advantage for measurements where 
many manipulations of coaxial cables nre re¬ 
quired during tests. 
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ENCLOSURE DATA: lb GAGE (BIS) ALUMINUM SUGGESTED SIZE p-3/8 ni. BT L BY L IN. 
FORM DATA: 5-1/L IN. LENGTH, 3 IN. DIA (OD), .125 IN. WALL DRILL 3/8 IN. HOLE 

7/16 IN. FROM EACH END. 
WIRE DATA: AWG 6, 600 VOLT, .310 IN. DIA (OD). 
COIL DATA: U - 5 MICROHENRIES, 13 TURNS SINGLE LATER, L IN. WINDING LENGTH. 
CAPACITOR: Cl SHALL BE MOUNTED ON 1 IN. INSULATING BLOCK ABOVE GROUND. 
CAPACITOR DATA: Cl • .1 UF, 600-V0LT DC, BATHTUB. 

C2 • 1 UP, 60O-VOLT DC, BATHTUB, SINGLE TERMINAL CASE MOUNTED 
ON GROUND. 

RESISTOR DATA: RI ■ 5,000-CHM, S-WATT CARBON. 

1. THE VALUES GIVEN FOR THE COMPONENT PARTS CF THE NETWORK ARE NOMINAL. REGARD¬ 
LESS OF THE CONSTRUCTION OR DEVIATION FROM NOMINAL VALUES, THE NETWORK MUST HAVE 
AN IMPEDANCE WITHIN 20 PERCENT OF THAT GIVEN IN FIGURE 2. 

2. CONNECTING ISADS TO CONDENSERS AND RESISTORS SHOULD BE AS NEARLT AS POSSIBLE 
TO ZERO LENGTH. 

3. NETWORKS MAT ALSO BE CONSTRUCTED HAVING A 1-OHM SERIES RESISTOR BETWEEN THE LINE 
AND CAPACITOR C2. THIS 1-OHM RESISTOR SHALL BE MADE UP FROM TEN 10-0HM, 1-WATT 
COMPOSITION RESISTORS. 

b- THE DATA GIVEN IN THIS FIGURE IS SUITABLE FOR THE CONSTRUCTION OF SO-AMPEXE 
NETWORKS. LARGER CURRENT-CARRYING NETWORKS MAY BE CONSTUCTED BY INCREASING THE 
WIRE SIZE GIVEN FOR THE COIL AND THE SIZE OF THE OVERALL ENCLOSURE. 

5. THE 50-0HM TRANSMISSION LINE SHOULD BE EXTENDED WITHIN THE ENCLOSURE RICHT 
UP TO THE LOCATION WHERE IT CONNECTS WITH CAPACITOR Cl. 

6. CAUTION: THE NETWORK SHALL BE PROMINENTLY AND PERMANENTLY HARKED "CAUTION - SHOCK 
HAZARD - CONNECT CASE TO EARTH GROUND BETÖRE CONNECTING A-C POWER LINE." 

7. NETWORKS PROCURED PRIOR TO THE DATE OF THIS SPECIFICATION, BUT MEETING TSE 
IMPEDANCE REQUIREMENTS OF FIGURE 2, MAY STILL BE USED. 

8. EACH NETWORK SHALL BE PERMANENTLY LABELED WITH THE FOLLOWING DATA: CURRENT RATING 
IN AMPERES AND VOLTAGE RATING IN VOLTS AT DIRECT CURRENT, 60, LOO, AND 800 CPS. 

Figure 1. Powerline etabilieation network »chematie diagram. 
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Fiou» 4. Trat "tup for radiated mermurtinente (rod antenna). 
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Narrow band (C
IF) conducted interference limite wing 

louit 8. 
Broadband and puleed CW conducted interference limite wing etabilieation network. 
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FiuVBF. 11. Typical t^ttftup for conducted interference me^urtnttrüi. 



T » TRANSMISSION LI« UH, H-OM, RG-8/U. 

Cj ■ 0.1 XD. Cj = 1.0 XD. 

NS - N0I« 90URŒ, TSST SAMPLE. 

L. - 1TST 3AXU! LF.Ua, 24 iNOttS LONG, 2 JNCTÄS APART, 2 I»C«S ABOVE GROUND, 
UWÄIELPHL 

Lj ■ 20-F00T LI«, UNSHIELDED, TWS7UTH), FUCRD FUT ON GROUND. 

K OR L -- FOÆR SUFFtï OR LOAD. 

Lj AN» Lj OF FNOrtR SfŒ TO CA MT L1« CUMEC. 

Lj *T Œ ZICZAGŒD IF DtSIXID VO TA3LE G IS NOT Or MJFFICITNT LFNGTN. 

Fiot'RE 13. Network for conducted interference measurenientt, line current above 50 ampe. 
21 
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Flow 18. RF autotptihüùy f+et eetup (conducted). 

1. ACTIO SIGNAL SOURCE SHALL HAVE A SOURCE IMPEDANCE NOT EXCEED IMG 0.6 OHM. 
2. THE VOLDCTER SHALL READ AN OPEN-CIRCUI T VOLTAGE (TEST SAMPLE DISCONNECTED) OP 3V R«. 
J. ISOLATION TRANSPORT SHALL CARRY ALL CURRENTS WITHOUT SATURATION. 
4. SERIES CONDENSER ON AC VOLTXTER SHALL HAVE REACTANCE NOT GREATER THAN 1^0 KTEF. IMPEDANCE. 
5. A VARIABLE A'.’TOTRANSFOHÆR CAN BE USED RTTWEDi THE ISOLATION TRANSFORME? AND THE AMPLIFIER Tt 

ADJUST FOR THE MBQU1RED IMPEDANCE. 
6. THE ABOVE VARIABLE AUT0TRANS70RÆR KAT AL30 BE USED TO PREVENT HIGH AC LINE VOLTAGES FROM 

FEXDI*J INTO THE AmiFTER. 

Flow 19. A F ruaceplibUity teat letup. 
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SHIELDED DUMMY ANTENNA 
SIGNAL GENERATOR 

TEST SAMPLE 

30ND STRAP 

TFST SAMPLE 
POWER LEADS TO 
STABILIZATION 
■NETWORK 50-OHM 

CABLE 
PROPERLY 
TERMINATED AT 
BOTH ENDS BEFORE 
CONNECTING TO 
ANTENNA 

COPPER GROUND 
41-INCH ROD ANTENNA RADIATOR 

20-INCH SQUARE COUNTERPOISE SAME 
LEVEL AS COPPER GROUND PLANE 

Flöt'« 20. Susceptibility radiated teat letup (rod antenna). 

Flau« 21. Proposed limits for radia/ed RE susceptibility testa (equipments using shielded an 
tennn lead-ins). 

25 
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T4 AND T. = *G-9A CABLE (6' AND 2C - KUKCTI /ELY ) 

G - TÔT TABLE AND ŒFIÆICE GNOVND 

* « GROUNDING B0:<D 

Flur«»' 22. Sfhtp for 'Yatiitited Rk' HUMreptibUity teatt. 
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Notic«: When Government drawing«, aped fleo lions, 
or other data are used for any pun*me ocher than In 
connection with ■ definitely related Government pro¬ 
curement operation, the United State« Government 
thereby Incur* no rc*|Kmalbillty nor any obligation 
whatsoever ; and the fact that the Government may 
hare formulated, furnished, or in any way eupplled 
the raid drawing«, ejedflration*. or other data la not 
to be regarded by Implication or otherwise an In any 
manner licensing the holder or any other person or 

corporation, or conveying any rlghta or permlmlon to 
manufacture, use. or sell any patented Invention that 
may In any way be related thereto. 

Custodians* 
Army—Signal Corps Navy—Bareas of Aeronautics 
Air Force 

Preparing activity : 
Air Force 
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Equipment required. 11 
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Internal background. 13 
Isolators, shock and vibration. 7 

lorads, interconnecting. 8.9 
Limits, spurious emission . . .. - -. 10 
Line shielding. 2 
Ixiads. 9 
IxMtp probe MX-936/VRM. 14 

Malfunctioning . .   13 
Measuring instruments, operation of. 6 
Measuring instruments, substitute. ..  4 
Microvolts, antenna-induced    13 
Microvolts, per me. 14 
Monitoring.  6 

Notes. 13 

Octave.    14 
Open space. .  14 
Operation..       I 

Performance characteristics .  7 
Placement, component. 2 
Positions, operator and oliserver. 14 
Powerline stabilization network. 7 
Preparation for delivery. 13 
Probe, position of. 9 

Quality assurance provisions .   4 
Rudiuled interference. 9 
Radiated, radio frequency.   11 
Radiated, radio frequency, alternate method (0.15 to 1,000 me) .... II 
Runge, frequency, extension of.   4 
Rejection, front-end, radio receiver... 14 
Rejection, front-end, receiver. 12 
Requirements. —..  I 

Scope. 1 
Subsystems.  3 
Susceptibility.  2, 10. 13 
Susceptibility, Threshold. .. .. 13 
Switches, Coaxial . .  .. 14 

Terminal, ground, external . 7 
'I'esting.    4 
Teat conditions ..-- 7 
Tint for leakage.     6 
Test frequencies .   6 
Test method. II 
Test methods     9 
ToM plan .   — 4 
Test procedure.  II 
Test report.    5 
Teal sample, identification of.  •• 6 



MIL-I-6181D 

Test sample leads.  8 
Test samples generating only broadband interference (not intended U> 
generate or receive signals). 8 

Test samples intended to generate or receive signals ... . g 
Test setup .................................................... i) 
Transmitter keydown.   10 
Transmitter keyup or receiver. 10 
Tuning. 6 

Undesirable response. 13 
Use, intended. 13 

Voltage, power supply .  8 

TABLES 

I—Acceptable interference measuring instruments. 3 
II—Impulse generators.... 12 

FIGURES 

I Powerline stabilization network schematic diagram. 15 
2 Input impedance at lest sample terminal of stabilization network with 

coaxial connector terminated in 50 ohms, power terminal open.... 16 
3 Typical test setup for radiated measurements (rod antenna). 16 
4 Test setup for radiated measurements (rod antenna) 150 kc-25 me . 17 
5 Typical teal setup for radiated and susceptibility measurements 
(dipole antenna).   17 

6 Typical test setup for radiated and susceptibility measurements 
(microwave-directive antenna). 18 

7 Narrow band (CW) conducted interference limits using stabilization 
network.   IH 

8 Broadband and pulsed CW conducted interference limits using 
stabilization network. . jp 

9 Narrow band (CW) conducted interference limits using current probe 19 
10 Broadband and pulsed ( 'W conducted interference limits uaing current 
probe . 

II Typical test setup for conducted interférence mcaaiirrmrnls 20 
12 Typical test setup for conducted interference measurements on inter 

connecting lends using current probe. .21 
13 Network for conducted interference meusurrnients line current nlmve 
50 amps. .21 

14 Narrow band (CW) radiated interference limits 22 
15 Narrow bund (CW) radiated limits. .22 
Hi Broadband and pulsed CW radiated interference limits . 23 
17 Pulsed CW radiated limits . 23 
18 KF susceptibility test setup (conducted) . . 24 
19 AF susceptibility test setup.   ¿4 
20 Susceptibility radiated test setup (rod antenna).  25 
21 Proposed limits for radiated RF susceptibility tests (equipments using 

shielded antenna lead-ins).   25 
22 Setup for radiated KF suacepiibility tests . . . . 20 
23 Ri’quircd receiver front-end rejection . 26 
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MI LIT ART SreCmCAHON 

I.VTERFERDJCZ LOTTS j PROPELLER STSTOT RUCO 

This specification ma approved by the De part -
santa of th» Aray, th» Navy, and th» Air Fore» 
for uae of proourowot serrioee of th» r»»p»o> 
tlve Depar-taents , and supersedes the following 
•pacification: 

AN-I-40 
6 Auguat 1947 

Thia specification oonalst» of thia cover sheet and Specification AN-I-40, dated 
6 August 1947, without aodlfloatlon. 

Copies of thia specification say b» obtained fro» the Coaaandlng General, Air 
Materiel Coaaand, Wright-Patterson Air Force Base, Dayton, Ohio) or tha Cosnanding 
Officer, U. 3. Naval Air Station, JohnavlUe, Pennsylvania. 

When a request for this specification is received by a supplying activity, it 
will b» necessary to attach this cover sheet to th» pertinent specification before 
issu». 

Custodian : 
Air Fore» 
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Navy - BuAer 
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AN-I-40 
6 August 19U7 

ARMY-NAVY AERONAUTICAL SPECIFICATION 

INTERFERENCE LIMITS; PROPELLER SYSTEMS RADIO 

This specification ma approved on the 

above date by joint action of the War 

and Navy Departments, for use in the 

procurement of aeronautical supplies 

and shall bee emo effective not later 

than 1 March 19LÖ. It may be put into 
effect, hc**ever, at any earlier date 

after promulgation. 

A. APPLICATION. 

A-l. This specification presents the methods and limits to be used in the testing 

of propeller aysteas for radio interference. Propeller systems to which this specifica¬ 

tion is applicable are, among others, those using electrical means for: 

BLade - pitch change 

Blade - pitch reversal 
Governing 

Governor setting 

Synchronixlng 

Anti-icing 

Pitch Indication 

Equipment which operates only once per flight for a period of less than three seconds or 

during ground engine starting only, may be exempted from the application of this specifi¬ 

cation upon the contractor's request and formal approval by the Procuring Agency. 

A-2. Approval by the Procuring Agency based upon this specification shall consti¬ 

tute acceptance of the radio-interference performance of a particular propeller system 

described In the corresponding propeller installation - model specification. Appropriate 

portions of this specification may be applied at the discretion of tha Procuring Agency to 

the testing of the components of propeller systems. 

B. APPLICABLE SPECIFICATIONS. 

B-l. Publications.- The following publications of the issue in effect on date of 

Invitation for blds shall for» a part of this specification to the extent specified herein: 

B-la. Army-Navy Aeronautical Specification.-

AN-P-23 Propellers; Installation Model Specification 

(Instruction for Preparation) 

B-lb Army-Navy Aeronautical Standard Drawing»-

AN3O65 Probe - Ignition System Radio Noise Test 
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(August 19U7) 

C. METHODS OF INSPECTION AND TESTS. 

C-l. Hethod of tor 

C-la. Two general methods of test are set forth herein: the engine test and the 

bench test. The choice of the particular method or methode which »hall be used shall be 

determined by the Procuring Agency. 

C-2. Acccmpllsiwnt of Tati»«* 

C-2a. Th» radio Interference testa »ball be acconpllshed by the Procuring Agency 

or under the supervision of an author!ted representative of th» Procuring Agency. 

C-J. Test Installation! 

C->. Engine Test Hethod.- The propeller to be tested shall be aounted in oper¬ 

ating condition on an aircraft engine together with all associated equipment necessary to 

form tho propeller system. The engine shall be of the type and modal as that to be 

used in the aircraft with the propeller being tested, unless specific approval is obtained 

from the Procuring Agency for the use of a different type of modal of engine. 

C-Ja(l). AH necessary measures shall be taken to Insure that the engine ignition 

system, tte equipment used, and all other auxiliary electrical equipment in the vicinity 

of the test location, shall cause a negligible amount of radio interference as measured 

with the test equipment. 

C-3a(2). The Lengths of the conductor» associated with the propeller system shall 

be as required to make a convenient installation. Shielding of ths specified type and 

site shall be used on those conductor» and components for which shielding is specified in 

the Installation model specification. These conductors and components which are specified 

in tho installation model specification as being unshielded shall, in the engine test stand 

be unshielded. 

C-Ja(3). At each measurement point arrangements »hall be such that a coaxial cable 

(type BG-6/U) can be connected in turn between each system conductor and ground with the 

shield of the cos rial cable being connected to the ground. This cable shall be connected 

on the other end to the equipment for measuring KHF conducted Interference and »hall be of 

the shorteat practicable length. 

C-Ja(U). A ten foot length of aircraft antenna wire shall be mounted perpendicular 

to the axis of rotation of the propeller, in such a position that the extended axis of 

rotation of the propeller will pass through the midpoint of the antenna. The antenna shall 

oe located at a distance from the propeller disc equal to 33 plus or minus 1 percent of ths 

diameter of the propeller. Standard fittings and insulators shall be used to hold this 

antenna in position. The arrangements are outlined in Figure 1 of this specification. 

This antenna shall be connected at one end by the shortest practicable length of coaxial 

cable (type RO-6/U) to the equipment for measuring KHF radiated Interference. The central 

conductor shall be connected to the antenna wire with the shield loft unconnected at tho 

an tenra end. 

C-3a(5)• A VHP mast antenna shall be centrally located by non-metallic cables in 

a vertical position in front of the propeller disc along the axis of rotation of the pro¬ 

peller, distant from the propeller disc an amount equal to 25 plus or minus 1 percent of 

the propeller diameter. A second such antenna shell be held in position by non-metallic 

cables in a vertical position and equal distance In front of the propeller disc and dis¬ 

tant from the axis of rotation of the propeller by an amount equal to 50 plus or minus 2 

percent of the propeller diameter. These arrangements are outlined in Figure 1 of this 

specification. By means of 25-foot lengths of coaxial cable (type RD-Ô/O), each of these 

antennas shall be connected in turn to the equipment for measuring VHP radiated interference. 



PICURE 1. Arrangeeent of Antennas for Pleasure me nt of HHF and VHP 

Radiated Interference In The Engine Test 
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C-3a(6). Arrangements shall be made so that a probe conforming with Drawing 
AHJO65 aay ba placed and oriented In the poaitlon to obtain max '.bub pickup onr and on 
the entire external surfaces of the equipment, shielding and along all unshielded circuit 
conductors of the propeller system with the exception of the equipment, shielding and con¬ 
ductors that rotate with the propeller. In those cases where the cables of probes con¬ 
forming to Drawing AN3O65 are not sufficiently long, probes shall be used haring long 
cables but constructed otherwise In accordance with this drawing; these cables shall be 
of the shortest practicable length. The cables froa the probes shall be connected to the 
equipment for measuring «MF radiated interference. 

C-3a(7) . Arrangements shall be made so that a one-inch diameter one-turn electro¬ 
statically-shielded probe (Titeflex radio noise probe Model 2, or equal) may be placed 
and oriented in the position to obtain maximum pickup over and on the entire external sur¬ 
faces of the equipment, shielding, and along all unshielded circuit conductor» of the pro¬ 
peller system with the exception of the equipment, shielding, and unshielded conductors 
that rotate with the propeller. This probe shall be connected by means of the shortest 
practicable length of twin-conductor shielded cable (shield cover with an insulating 
sheath) to the equipment for measuring THF radiated interference. 

C-Jb. Bench Test Hothod.- The propeller system or the component thereof to be 
tested shall bo arranged Ln a functional model of the actual aircraft Installation. Tho 
test location shall be such that a negligible amount of extraneous radio interference is 
present as measured by the test equipment. 

C-3b(l). The lengths of the conductors associated with the propeller system shall 
be as required to make a convenient installation. Shielding of the type and size speci¬ 
fied in tho installation model specification shall be used on those conductors and ccapón¬ 
ente for which shielding is specified in that specification. Those conductors and compon¬ 
ents which are specified in the installation model specification as unshielded shall be 
unshielded in the mock-up. 

C-3b(2). Arrangements shall be made that a three-inch diameter two-turn electro¬ 
statically-shielded probe conforming with Drawing ANJO65 may be placed and oriented in 
the position to obtain maximum pickup over and on the entire external surfaces of the 
equipment and shielding and along all unshielded circuit conductors of the propeller 
system of the component under test. This probe shall be connected to the equipment for 
measuring MXF radiated radio interference. 

C-3b(3). Arrangements shall be made so that a one-inch diameter one-turn electro-
sta11cally-shielded probe (Titeflex radio noise probe Model 2 or equal) may be placed and 
oriented in the position to obtain maximum pickup over and on the entire external sur¬ 
faces of the equipment and shielding and along all unshielded conductors of the propeller 
system or the component under tests. This probe shall be connected to the equipment for 
measuring THF radiated radio interference. 

C-Jb(U). At each measurement point, arrangements shall be t&ade so that a coaxial 
cabio (type RD-fl/U) can be connected in turn between each system conductor and ground, 
with the shield of the coaxial cable being connected to the ground. This cable shall bo 
connected on the other end to the equipment for measuring MHF conducted interference and 
shall be of the shortest practicable length. 

C-ü. Heasurlng Equipment.- The measuring equipment used in the two methods of 
test of this specification shall consist of specified radio receivers in normal operating 
condition together with other equipment specified herein. 

C-Ua. HXF Radiated Interference.- The equipment used to measure MHF radiated in¬ 
terference shall consist of the following« 

C-4a(l). One Radio Receiver BC-3U8Q.- The receiver shall have sensitivity and 
background noise characteristics conforming with the requirements of Figure 2 of this 
specification and the receiver output transformer shall be connected for low impedance 
output. 
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CONDITIONS: 

AN—I—hO —5 
(August 19h7) 

SIGNAL GENERATOR: MEASUREMENTS 65-B,OR EQUAL,ON 1OOO-CPS MODULATION 

ARELE I CAL ANTENNA: 100 MME MICA 00 MIENSE R, IN SERIES 
SUPPL! VOLTAŒ: 28 1 0.5 VOLTS 
VOLUME CONTROL: FULL-ON* 
AVC SWITCH: SET ON "MVC* 
OUTPUT METER: "WESTON" ICDEL 571,OR EQUAL 
OUTPUT LOAD: ONE BB-33 HEADSET (600 0HK5) 
OUTRJT TRANSFORMER TAP: •LOW" 
CW OSCILLATOR: “OFF-

CRISTAL: "OUT-

FIGURE 2. MHF Receiver Performance Requirements. Allowable Limite of 
Background Noiae and Sensitivity of BC-348Q Recelvera Used 
for Moasûrement Purpose® 
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C-Ua(2). employing Mwlnr AKB-H-1 or UB-€-U «hall be uad, 

C-Ua(3). Oie eopper-cxl de-rectifier output meter of at least 3000 ohms resistance 

(Weston Model 571,0t equal). 

C-La(ü). One cathode-ray oedLloecope with internal audio-frequency amplifier and 

gain control (DuMont Type 20Ô-B, or equal). 

C-Ua(5). One direct-current voltaetar capable of indicating the receiver supply 

voltags with an accuracy of two percent (Weston Model 1, range 0-50 volts, or equal). 

C*-ùa(6). À storage battery having a terminal voltage between 28 and 32 volts. 

This battery shall have no other load than the receiver. 

C-ii>(7). Ono rheostat, capable of being set to give the required receiver supply 

voltage. 

C-La(8). Ono radio frequency signal generator (Measurements Model 65-B). 

C-4ia(9). One dummy antenna formed of a 100 plus or minus 5 al crawler of arad mica 

capacitor suitably mounted and fitted with connections so that It may bo used in serles 

between ths recoIver and the signal generator in calibration. 

C-Ub. KHZ Conducted Interference.- The equipment used to measure MET conducted 

interference shall consist of the following. 

C-iib(l). The equipment Listed in the preceding paragraph headed MKT Radiated 

Interference, with the exception of ths duemy antenna. 

C-4ib(2). Ono resistance-type adjustable attenuator capable of being set to give 

any attenuation between the limits of «aro and 60 decibels throughout the frequency 

ranges of 0.2 to 0.5 and 1.5 to 18 megacycles per second. This attenuator shall have an 

input impedance of not less than 500 ohms throughout the above frequency range. It shall 

have a paper-dielectric ■non-iMuotively-^’cuxd*capacitor of 0.015 plus or minus 0.003 
microfarads capacitance placed In the ungrounded lead of the attenuator to prevent the 

passage of direct and low-frequency alternating currente of appreciable magnitude through 

the attenuator. The attenuator shall be placed within a shield can so constructed as to 

have negligible leakage to radio-interference fields. 

C-Ub(3). One set of coaxial cables (type HJ-6/U) of sufficient number and length 

so that there is one of equal length to each of the coaxial cables running to the various 

measurement points. These cables shall be provided with necessary fittings and connectors 

so that each cable in turn may be connected between the signal generator and ths attenuator 

C-Lc. TH? InterferenceThe equipment used to measure VHF radiated Interference 

shall consist of the following i 

C-Lc(l). One Radio Receiver BC-6391 together with a type RÀ-U2-B rectifier power 

supply. The receiver shall have sensitivity and background noise characteristics conform¬ 

ing with the requirements of Figure 3 of this specification. 

C-Lc(2). Headsets employing Receivers ÃNB-H-1 or 1NB-H-1A shall be used. 

C-Lc(3). One copper-oxlde-rectlfler output meter of at least 3000 ohms resistance 

(Westen Model 571,or equal). 

C-lc(U). One altemating-current voltmeter capable of indicating the rectifier 

power supply input voltage with an accuracy of two percent (Weston Model 1*33, range 0-150 
volts, or equal). 
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sional generator: •measurements« nom so, os s®al 
«PIFICIAL ANTENNA: ELECTRICAL EOT I VALENT OF 70-0»! UNE (WITH 

ABOVE SIO. 03. ¡ A 20-ŒM 1 5Í NON-INDUCTIVE RESISTOR) 

POWER SUPPU: RECTIFIER TIFE RA-42-B, INHIT 110 1 2 VOLTS, 
60 CPS; RECTIFIER SET OH TRANSFORMER TAP 4 

THRESHOLD SEHSITTVITT CONTROL: SET AS TO OIVB SPECIFIED 
RECEIVER CHARACTERISTICS 

VOLUME CONTROL: PULL-OF 

ATTENUATOR SWITCH: SET AT’ZERO* DECIBELS 

BIAS CONTROL: SET ON «MANUAL« 

OUTPUT PETER: ■WESTON* HOŒL 571, OR EQUAL 
OUTPUT LOAD: ONE ®-3J HEADSET (600 OHPS) 

FIGURE 3. VHP Receiver Perforauice Requirement». Allowable Limits of 
Background Noleo and Sensitivity of BC-639A Receivers Used 
for Me«9ur«BBQt Purposes 
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C-$. Test Procedure.-

C~5a. Opar*tLn< Condition*.- Th* propeller system or the component under test 
•hall be operated under th* condition* specified in th* paragraph* below« 

C-5*(l). Th* propeller eyetea or component shall be operated at noraal rated voltag» 
In particular, equipment rated for use on a nominal 2U-volt system shall be eupplled from 

a storage battery of appropriate capacity having a terminal voltage be th under load and at 

no load between the liait* of 27 and 2? volt*. This battery ahall not have any other load 

but th* propeller eye tea. Thl* battery may bo maintained on continuous charge froa a rec¬ 
tifier power free an alternating current power line, provided that the arrangeant« used 

shall cause a negligible amount of radio interference as measured with the tost equipment. 

C-5*(2). The propeller system or component shall be operated so that substantially 

th* sama operation is obtained as that occurring in normal flight of the aircraft in which 

th* equipment la to be used. In the engine teat, the engine ahall bo run at approximately 

normal rated cruising speed and power output. When a propeller control system la under teat 

the engine throttle, or power control, shall bo oscillated back and forth to produce cycling 

of the propeller control system in a manner representative of that occurring in normal flight 

O5a(J). The actual measurements of radio interference in both the engine and bench 
teats ahall follow a run-in period of at least 10 hours in which the conditions of simulated 
normal operation will obtain. No retightening of shielding or bonding, no cleaning of slip-

rings and no other reconditioning of tiw propeller system or component shall be done during 
th* run-in period or between that period and th* period of interference maaeureoent. 

C-$b. Setting up of Measuring Kqulament.-

C-5o(L). The equipment described for use in the measurement of MHF radiated inter¬ 
ference shall be set up substantially in accordance with the following description« The 
headset and output meter shall be connected in parallel into on* of th* output jacks of th* 

receiver. The cathode-ray oscilloscope ahall be connected into th* second output jack. 

The pomr-input terminals of the receiver ahall be connected in series with th* rheostat 

across ths storage battery. Th* voltmeter shall be so connected as to indicate voltage at 
the receiver power-input terminals. The signal generator shall be energized from an appro¬ 
priate a-c power line. Th* modulation selector control shall be set to give a modulation 

frequency of 1000 cycles per second. Th* modulation amplitud* control shall be set to give 

30 percent modulation as Indicated on th* modulation aster of the signal generator. 

C-5b(2). Th* equipment descri bed for use in tho measurement of MHF conducted inter¬ 
ference shall be set up substantially in accordance with Figure 1* of this specification, 
and with th* description specified herein. 

C-5bO). The equipment described for use in the measurement of THF radiated inter¬ 

ference shall be set up substantially in accordance with the following description« The 

headset and output meter shall be connected in parallel into the LINK output jack of the 

receiver. The power supply (Rectifier RA-U2-B) shall bo set on transfonzer tap number four 
and connected to a source of alternating current power. The alternating current voltmeter 
shall bo connected to indicate the input voltago to the rectifier power supply. 

C-5c. Method* of Moasuromont.-

C-5c(l). MHF Interference.- The receiver shall bo operated with the supply voltage 
as indicated on the voltmeter maintained at 28 plus or minus 0.5 volt* and with the follow¬ 
ing control settings« 

Volume control: Full "ON* 

AVC switch: Set or. "MVC" 
CW oscillator switch« Set on "OFF1 

Crystal switch: Set on "(TUT" 

Output transformer tap« "LOW* 
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figure 4 ArrangeBBnt for The Meamireaent of MF Condncted Interference 
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Bsfaro the actual Masurewonts of KEF Intorforonoe aro Medo, «officiant signal (aodulatod 

30 percent at 1000 cycle« per «econd) at «oue frequency within the tuning range of the re¬ 

ceiver «ball be fed free the «ignal generator eo that six to eight volte it obtained at 

the receiver output ae Measured by the output eater. The gain control of the cathode-ray 
oscilloscope «hall bo then adjusted to give a convenient aeplltude of deflection on the 

•croon and the notting suitably fixed. 

C-5c(l)a. KEF Radiated.- In the »M«ur***nt of KEF radiated interference, one of 

the cablea running to an antenna or probe «hall bo connected to th* signal input of the 
receiver. The receiver «hall be tuned through the KHF range and, at each frequency at 
which a Masur*Msnt is to bo Mds, the paak-t^-p*ak deflection on the cathode-ray • croon 

•ball be noted. The cable «ball then bo discoraiected and a signal (Modulated 30 percent 

at 1000 cycle« per «econd) obtained froa the signal generator having th« mjms frequency 
as th* tuning setting of the receiver shall be applied to th* receiver input through the 
duaay antenna. The output controle of the signal generator «ball bo adjusted to give th* 

aaae peak-to-peak deflection on th* cathode-ray screen as that given by the interference. 
The setting of the signal-generator exit put controls ehall be taken as the Magnitude of the 
KHF radiated interference at the frequency to which the receiver is tuned. This procedure 

•ball be repeated with each of the other cablee running to an antenna or Masurowa nt point 

by connecting it in turn to th« signal input of the receiver. 

C-$c(l)b. KHF Conducted.- In the Masurwwent of KHF conducted interference, one 
of the cables running to a waaaureMnt point shall be connected to the signal input of the 
attenuator. Th* receiver ■hall bo tuned through the KHF range. At each frequency at which 

a aaasuroBont is to be aade, the attenuator shall bo adjusted to giv* a deflection on th* 

cathode-ray screen equal-to or «lightly loss than that obtained during the aaplifior gain 

adjustaant of paragraph headed KHF Interference. The cabio «hall thon bo disconnected. 
A signal (nodulated 30 percent at 1000 cycles per second) obtained fron the signal gener¬ 
ator and having the mm frequency as ths tuning sotting of the receiver shall be applied 
to the attenuator input through a length of RO—8/0 cabio equal to that running to the 
■easurewent point. The output controls of the aignal generator shall bo adjusted to giv* 

tbs mm peak-to-peak deflection on the cathode-ray «creen as that given by the interfer¬ 

ence. The «Otting of the signal-generator output controls shall bo taken as ths Magnitude 
of ths KHF conducted interference st the frequency to w-ieh the receiver is tuned. This 

procedure shall bo repeated with each of the other cables running to a nearureaent point 

by connecting it in turn to th* signal input of Umi attenuator. 

C-5c(2). VHF Interference.- Th* receiver shall bo operated with the altemating-

curront supply to th* rectifier Maintained at 110 plus or minus 2 volt«. The following 
receiver control setting« «hall bo usodi 

A.r. Oalni Full "Or* 
B.F. Qaini Full "OJT 

Attenuator Bwitchi Set on "ZZRD DECIBELS" 

Bia* Control Switcht Set on "KANUAL" 

In the MM'^rewent of VHF radiated interference, one of the cabio« running to an antenna 
or probe «hall bo connected to the signal input of the receiver. The receiver shall, bo 
tuned through ths VHF rango and the interference occurring, relative to ths Inherent back¬ 

ground noise of the receiver, shall bo observed visually by use of the output Meter and 

aurally by use of the headset. This procedure shall be repeatod with each of the other 

cables running to an antenna or probe connected in turn to the signal input of the receiver 

C-5c(3). KMOureawnts shall bo aade at enough frequencies throughout both WF and 
VHF ranges to insure that th« aaxlaua radio Interference level« occurring have been Mas-

ur.d. «t»r th. entire frequency reng. In • listening test, to dotereln. point, 
of nist lerere le.k^e, reading, «hail ba taken at not lesa than fire frequencies In both 
the (Hr and VHF ranges. 

06. Halte.- Th. «axlssia allowable Hatts of radio Interference according to th. 

•»nod of Ust are giren In Tabi. I of this specification, figures 5 are! 6 fore a part of 
tn 18 table. * 
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KAHKUM LOOTS QF ALLOWABLE HID 10 DPTTRFERaiCE 

kB WASCRZD in EXODO AMD BOiCH TESTS 

TTTT OF INTERFERIWCE 

KHF Conducted 

KEF Radiated 

THF Radia ted 

TEST KSTHŒ) 

Engine and bench 

Engine, using wire 

antenna 

Engine and bench, 

¿sing AJO065 probe 

Engine and bench 

KAXIK3K LIMIT 

Total deflection (peak-to-peak) on cathode-ray aereen 

equal to that obtained with a signal, 30 percent nodu¬ 

lated at 1000 epe of a root-aeen-equare Talus giren by 

Figure $, applied to input of attenuator through cable 
of seas type and length as that running to the ■easure-

■ent point. 

Total deflection (peak-to-peak) on cathode-ray screen 

equal to that obtained with a ano-alero volt (me) 

signal 30 percent nodulated at 1000 epe applied through 

the specified dunwy antenna to the receiver input. 

Total deflection (peak-to-peak) on cathode-ray screen 

equal to that obtained with a signal, 30 percent nodu¬ 

lated at 1000 epe applied to receiver input through 

the specified dusty antenna having a root-aoan-equare 

value given by Figure 6. 

Inherent background noise level of the THF receiver, 

with the specif led entonne connected. 
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FIGURE 5. Allowable Unite of W(F Conducted Interference 
As Measured With Circuit of Figure 
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D. iotb. 

D-l. Dsfinitiona.-

D-la. Propeller System.- The tena, • propeller system", ehell mean the propeller 

end ell e«eocie ted equipment as described In the corresponding propeller installation 

eodel sped fl cat ion -

D-lb. Radio Interference.- The tone "radio 1 nterferenoe" la defined as any elec¬ 

trical disturbance which causes undesirable response or malfunctioning of any electronic 

equipment for a duration of more than one second. Transient disturbances under one second 

duration are considered radio interference if their highest recurrence rate during normal 

operation of the aircraft is greater than one every throe minutes. 

D-lc. MSP.- The term, "Hkf", shall sean the range of frequencies extending frtm 

0.15 to 18 megacycles per second. 

D-ld. VHP.- The term, ’VHP", shall mean the range of frequencies extending from 

100 to 156 megacycles per second. 

l>le. Conducted InterferenceThe tore "conducted interference" shall moan the 

radio interference that is propagated along Um circuit conductors of the propeller system. 

D-lf. Radiated Interference.- The term, "radiated interference", shall mean the 

radio interference that is propagated in the form of electromagnetic fields, including 

both the radiated and induction components of ths fields. 

D-lg. System Conductor.- The term, "system conductor", shall mean each circuit 

conductor of the propeller system that la to be connected to the aircraft electrical system 

in an aircraft installation made in accordance with the propeller Installation model 

specification. 

D-lh. Maaeurmment Point.- The term, "measurement point", shall mean a point where 

one or more unshielded system conductors enter shielding conduits or containers, or connect 

to the aircraft electrical system, in an aircraft installation made in accordance with the 

propeller installation model specification. 

D-2. Headsets which employ Receiver ANB-R-1 or ANB-H-LA are as follows i 

Headset K3-3 

Headset 83-38 

Headset R3-18a 

Headset H-1/AR 

Headset H-U/AR 

D-3. Publications.- When requesting publications, refer to both title and number, 

D-3 a. Sources.- Copies of Army-Navy Aeronautical Specifications, Drawings, and 

Joint Army-Navy Specifications required for Government procurement, and ANA Bulletins and 

ths Index of ANA Standards, may be obtained u¡x>n application to the Connan ding General, 

Kir Hateriel Cn—nnd, Wright Field, Dayton, Ohio) or to the Commanding Officer, U. S. Navel 

Kir Development Station, Johnsville, Pennsylvania. ANA Specifications and Drawings are 

available for purchase from the above agencies, acting as agents for the Superintendant of 

Oocuments. The price may be obtained from the Index of ANA Standards or upon application 

to either of the above agencies, and payment shall be made by check or money order, payable 

to the Superintendent of Documents or the Treasurer of the United States, or by coupon. 



BOTICEi Whan 5anre*«l dreeing«, »pacification«, or other data aro used for any purpose other than la connection with a definitely related Gorernaant 
procurement operation, the United State* Gorwroaeut thereby incur« no re■ pon«1 hility nor any obligation vbataoereri and the fact that the Ocrernaant nay hare formulated, furnished, or in any way «upplied 
the «aid drawing«, specification«, or other data 1» not to be regarded by Lap!leatIon or otherwise as in any aanner liean«lag the holder or any other 
peraon or corporation, or con »eying any rights or peral sa ion to aanufacture, use or sell any patented inrontiac that nay in any way be related thereto. 
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MILITAR! SPECIFICATION 

INTERFERENCE BLANKER GROUP AN/GPA-28( ) 

1. SCOPE 

1.1 This specification covers one type of mutual radar Inter¬ 
ference blanker, designated as Interference Blanker Group AN/GPA-28( ) 
hereinafter referred to as the "blanker group". 

2. APPLICABLE DOCUMENTS 

2.1 The following documents, of the issue Ln effect on the date 
of invitation for blds, form a part of this specification: 

SPECIFICATIONS 

Military 

MIL-E-415Ô Electronic Equipment, Ground; General 
Requirements For 
Tests; Vibration and Shock Ground Electronic 
Equipment (Requirements For) 
Environmental Testing, Aeronautical and 
Associated Equipment, General Specifica¬ 
tion For 
Test Reports, Preparation Of 
Delay Lines MX-1788( )/CPN-18, 
MX-1789( )/CPS-6b, MX-179O( )/MPN-l, 
MX-1791( )/FPK-16, and MX-1792( )/TPS-lD 
Preparation for Delivery of Electronic 
Equipment; Miscellaneous Electrical 
Equipment (Except Rotating Electrical 
Equipment) and Associated Repair Parts 

MIL-T-U8O7 

MIL-E-5272 

MIL-T-9IO7 
MIL-D-9623 

MIL-P-17555 

STANDARDS 

Federal 

FED-STD-595 Colors 

(Copies of documenta required by contractors in connection with 
specific procurement functions should be obtained from the pro¬ 
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Military 

KEL-STD- 189 Rack«, Electrical Equipment, 19-Inch 
and Associated Panels 

3. REQUIREMENTS 

3.I PREPRO DUCTI ON.- This specification makes provisions for 
preproduction testing. 

3.2 COMPONENTS.- The blanker group shall consist of the 
following: 

Item No . Quantity Description Requirement 

1 1 each Receiver, Raziar R-756( )/GPA-28 3-7.1 
2 1 each Blanker, Interference 3-7-2 

MX-I912( )/GPA-28 
3 2 each Cabinet 3-7-3 
U 1 set Interconnecting Cables for 3-7-^ 

interconnecting the components 
of the blanker group 

5 1 set Interconnecting cables for 3-7-5 
connecting the components of the 
blanker group with the specified 
radar set 

3.3 STANDARD SAMPLE.- A standard sample blanker group will be 
furnished to demonstrate the mini-mum acceptable standard of materials 
design, workmanship, and performance not specified herein. The 
standard sample will also be used to determine compliance with the 
required functional and dimensional interchangeability. If the stand¬ 
ard sample conflicts with the requirements of this specification, this 
specification shall govern. 

3.4 GENERAL SPECIFICATION.- The requirements of KEL-E-U158 apply 
as requirements of this specification. Where the requirements of the 
general specification and this specification conflict, the require¬ 
ments of this specification shall govern. Exceptions and additions to 
the general specification shall be as follows. 

3.U.I AMBIENT TEMPERATURE.- The blanker group shall be designed 
and constructed to operate in a “Cold Weather Area" and in ’Desert and 
Tropical Areas". 

3.U.2 SERVICE CONDITIONS (MECHANICAL).- The blanker group shall 
not suffer damage nor fall to give the required performance when sub¬ 
jected to conditions encountered during operation, storage, or transit. 
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3.1*.3 SERVICE CONDITIONS (1IECTRICAL).- The blanker group shall 
be designed to operate fron a 120-volt, 60 cycle per second (cps), 
single-phase alternating-current (a-c) power source with characteristics 
as specified in KH-E-4158. 

3.U.1* SERVICE LIFE.- The equipment shall be capable of a 
reliable operating life of at least 23 hours a day for 10$ days without 
requiring any servicing. Further, the equipment shall be designed to 
have a ml nimm operating life of 23 hours a day for 5 years with only 
normal maintenance and without major overhaul. The parts requiring 
replacement during this latter interval shall be designated by the 
contractor and be subject to the approval of the procuring activity. 

3.5 LESION AND CONSTRUCTION.- The blanker group shall be designed 
to provide normal and moving target indicator (MH) blank ing pulses for 
eliminating "main-bang" interference from one channe l, and normal blank¬ 
ing pulses for two additional channels caused by the operation of other 
nonsynchronized radar sets. Detailed design of the blanker group shall 
be in accordance with the requirements of this specification. The re¬ 
quirements are detailed herein only to the extent necessary to obtain 
the desired performance. Details of design not specified shall con¬ 
form to the beet engineering practices. 

3-5-1 PLU3-IN UNITS.- Separate units of the plug-In type shall 
be used wherever practicable to facilitate servicing. 

3.5-2 INITIAL SET-UP.- The design of the equipment shall allow a 
simple, logical set-up procedure, not requiring advance service or 
test equipment other than a pulse generator and oscilloscope or syn¬ 
chroscope . 

3-5-3 ADJUSTMENT CONTROLS.- Adjustment controls used often shall 
be located on the front panel. Controls used only for initial set-up 
may be located elsewhere except that the controls shall be easily 
accessible. Variable functions requiring critical setting shall be 
vernier controls. 

3-6 PERFORMANCE.- The blanker group shall eliminate interference 
from one or more radar sets to another, synchronized or unsynchronized. 
The blanker group shall blank the video output of an interfered-wlth 
set. It shall provide normal and MTI blanking gates for eliminating 
"main-bang" Interference for one video channel and normal blanking 
gates for eliminating Interference for two additional video channels. 
The blanker group shall accept triggers from four Interfering radar 
sets, and the video, from three channels of the protected radar. 
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3.6.1 DEGRADATION OF RADAR PERFORMANCE.- The blanker group shall 
cause no degradation of radar set performance other than the actual 
loss of video information during the blanking time period. Informa¬ 
tion time loss per pulse shall be held to a minimum by sharply defined 
gates of fast rise tine, fast recovery, and excellent Jitter stability. 

3.6.2 CHANNELS SERVED.- The blanker group shall serve one MTI and 
two normal channels of the same radar set simultaneously and both 
Type A and plan position indicator (PPI) scopes, if desired. 

3.6.3 TYPES OF RADAR SETS SERVED.- The blanker group shall serve 
radar sets having the folloving characteristics: 

a. Type of radar; Normal or MTI 

b. Repetition rates: 

(1) Interfering set: 0 to 6OOO pulses 
per second (pps) 

(2) Interfered-with set: 200 to 6OOO pps 

c. Transmission pulse vidth: Not greater than 0.5 
microsecond (usee) 

d. Intermediate frequency: 30 megacycles (me) 

e. Video Channels: 

(1) Type; Normal or MTI 

(2) Voltage : 2 to 10 volts 

(3) Polarity: Unipolar, positive going 

(U) Number: 1 through 3/ simultaneously 

3.6.^ DELAY LINES.- The blanker unit shall be capable of satisfac¬ 
tory performance when operated with any one of the fixed quartz delay 
lines specified in 3*7.2. 1.9« The blanker group shall be capable of 
the above only when operated with either Delay Line MX-1706( )/CPN-18 
or Delay Line MX-1709( )/CPS-6B. (See 6.U) 

3.7 DETAILS OF COMPONENTS 

3.7.I RECEIVER, RADAR R-756( )/GPA-28.- The Receiver, Radar 
R-756( )/GPA-20, hereinafter referred to as the ’radar receiver unit", 
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«hall consist of a preamplifier coupler and an interference trigger 
receiver with built in power supply. The interference trigger re¬ 
ceiver vith power supply shall be mounted on a common panel. 

3.7.1.1 PREAMPLIFIER CCUPIZR.- The input lead to the coupler 
shall be approximately 9 inches in length and the coupler shall be 
capable of mounting aa close to the radar mixer as possible. The 
input impedance to the coupler shall be high enough to prevent any 
deleterious effects to the radar set, such as decreased sensitivity, 
decreased selectivity, poorer noise figure, and lover video output. 

3.7.1.1.1 FREQUENCY RANGE.- The frequency bandwidth of the 
preamplifier coupler shall be at least 1U me at the minus 3 decibel 
(db) points centered at 30 me. 

3.7.1.1.2 PWER SOURCE.- The necessary plate and filament 
voltages shall be supplied by the interference trigger receiver 
power supply with adequate filtering. 

3.7.1.1.3 SHIELDING.- The preamplifier coupler shall be 
effectively shielded from spurious noise pulses originating at the 
protected radar. 

3.7.1.1 A INPUT.- The input to the preamplifier coupler shall 
be the output of the mixer of the protected radar set. 

3.7.1.1.5 OUTPUT.- The output of the preamplifier coupler shall 
be fed into the interference trigger receiver. The length of coaxial 
cable may be anywhere from 10 to 50 feet inclusive. 

3.7.1.2 INTERFERENCE TRIGGER RECEIVER.- The Interference trigger 
receiver, hereinafter referred to as the "receiver", shall have a 
double side band amplifier preceded by a limiter, a detector, and a 
video amplifier. 

3.7.1.2.1 SYNCHRONIZING 0? BLANKING GATES.- The synchronizing 
pulse shall be obtained from the receiver. This device shall dis¬ 
criminate between interference pulses and target returns and generate 
output triggers from interference. These output pulses shall trigger 
the Blanker, Interference MX-1912( )/GPA-20 at the Interfered-with 
radar set to eliminate interference caused by interfering radar sets. 

3.7.1.2.2 POWER SUPPLY.- The receiver shall contain the power 
supply for the radar receiver unit. The power supply shall be capable 
of converting and rectifying the primary power to the required a-c and 
direct-current (d-c) power for proper operation of the radar receiver 
unit in accordance vith this specification. The power supply shall 
operate from a single-phase, 105 to 120-volt, 60 cps, primary a-c power 
source, with characteristics as specified herein. 
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3.7.1.2.3 INPUT.- The input to the receiver shall be the output 
of the preamplifier coupler. 

3.?•1.2.^ OUTPUT.- The output of the receiver shall be positive 
video pulses of at least 2 volts amplitude when terminated in 50 ohms. 
This output shall furnish a trigger to the Blanker, Interference 
MX-1912( )/GPA-28. 

3.7.1.2.5 CAIN.- The overall gain of the receiver, including the 
preamplifier, double side band amplifier, and video amplifier shall be 
at least 90 db at the peak frequencies of the double side band amplifier. 

3.7.1.2.5.I GAIN CONTROLS.- Provision shall be made to control 
the gain of the receiver manually by controlling the bias level on the 
last two stages of the preamplifier. 

3.7.1.2.6 LIMITER.- The bandwidth of the limiter shall be at 
least 11* me wide. 

3.7.1.2.7 DOUBLE SIDE BAND AMPLIFIER.- The side band center 
frequencies shall be 2U plus or minus 0.5 and 36 plus or minus 
O.5 me. The bandwidth of each side band of the double side band ampli¬ 
fier shall be at least 3 db down at I.5 sc from each side of the center 
frequency. In addition, the sidle band amplifier shall have a rejection 
band of at least 1*0 db from 28 to 32 me. This may be accomplished by 
the use of traps or filters. 

3.7.1.2.8 VHE0 AMPLIFIER 

3.7.1.2.8.1 BANDWIDTH.- The bandwidth of the video amplifier shall 
be from 3OO cycles to not less than 1.75 me at the minus 3 db points. 

3.7.1.2.8.2 INPUT.- The input of the video amplifier shall be the 
detected output of the double side band amplifier. 

3.7.1.2.8.3 OUTPUT.- The video output level shall be at least 
2 volts positive when terminated In 50 ohms for an input of 50 microvolts 
to the preamplifier coupler. 

3.7.1.2.9 RECEIVER FRONT PANEL CONTROLS.- The following shall be 
Incorporated on the front panel of the receiver in an easily accessible 
position. 

a. Power Switch: The primary power to the receiver shall be 
controlled by an "ON-OFF" power switch. 

b. Power Indicator: A suitable pilot light assembly connected 
into the primary power circuit shall Indicate when primary power 
has been applied to the receiver. 

6 



MIL-I-9622(USAF) 

c. Fuse and Fuse Holder: A fuse holder with a suitable fuse 
mounted thereon shall be connected into the primary power circuit 
to protect the circuitry of the receiver against damage from 
overload conditions due to power surges or failures. 

d. Blown Fuse Indicator: A suitable pilot light assembly 
connected across the fuse in the primary power circuit shall light 
when the fuse Is blown. 

e. Standby Switch: A standby power switch shall be wired 
into the receiver output. 

f. Standby Indicator: A suitable pilot light assembly 
connected into the high voltage circuit of the video amplifier 
shall Indicate when high voltage power has been applied to the 
video amplifier section of the receiver. 

g. Gain Controls: The gain controls specified in 3*7.1.2.U.l 
shall be conveniently mounted on three front panels. 

3.7.2 BLANKER, INTERFERENCE, MX-I912( )/GPA-20.- The Blanker, 
Interference, MX-1912( )/GPA-28, hereinafter called the "blanker unit”, 
shall consist of the following subassemblies mounted on a common panel. 

a. Interference Blanker Subassembly MX-2228( )/GPA-28 

b. Power Supply PP-1773Í )/CPA-28 

3.7.2.1 INTERFERENCE BLANKER SUBASSEMBLY MX-2228( )/GPA-28.- The 
interference blanker subassembly operating in conjunction with the Power 
Supply PP-1773( )/GPA-28 shall perform the actual video blanking of the 
Interfered-wlth radar set. It shall generate the required blanking 
gates when triggered by the radar receiver unit. It shall be capable 
of effectively blanking up to three separate unipolar video channels 
simultaneously, having a positive excursion of not more than 6 volts 
and a frequency response up to 3 °c. By means of the delay line, it 
shall be capable of serving unipolar MT I cancelled video as well as 
normal radar video channels. It shall offer no degradation to the pre¬ 
sent operating characteristics of the radar set which It serves except 
the blanking action. The Interference blanker subassembly shall con¬ 
sist of the following: 

a. Pulse Generator (3.7.2.1.7) 

b. Radio Frequency Amplifier (3.7-2.1.8) 

c. One each of any of the following fixed quartz delay 
lines (3.7.2.1.9) 

(1) Delay Line MX-1791( )/FPN-16 
(2) Delay Line MX-1788( )/CPN-18 
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(3) Delay Line MX-1792Í )/TPS-ID 
(U) Delay Line MX-17891 )/CPS-6B 
(5) Delay Line MX-1790( )/MPN-l 

d. Variable Delay Line (3.7.2.1.10) 

e. Video Delay Line (3.7.2.1.11) 

t. Gated Video (3.7.2.1.12) 
3.7.2.1.1 NORMAL CHANNEL BLANKING.- To accomplish blanking for a 

normal channel radar set, it shall be necessary only to synchronise the 
bl anking gate to occur simultaneously ri th the interfering video pulse. 

3.7.2.1.2 MOVING TARGET INDICATOR CHANNEL BLANKING.- To accomplish 
blanking for MH equipped radar sets, an additional blanking gate shall 
be synchronized to occur simultaneously with the original interfering 
video pulse emerging one MH interval later from the MTI delay line. 
This shall be accomplished by use of a fixed quartz delay line and a 
variable delay line. 

3.7.2.1.3 INIVT.- The input to the interference blanker sub¬ 
assembly shaJ1 be a positive trigger from 2 to I50 volts appearing 
across a terminating impedance of 50 ohms. The trigger pulse width 
shall be from 0.5 to 10.0 usee. There shall be four input terminals to 
accept the four triggers. There shall be three video inputs, one to 
each video channel. 

3.7.2.I.U OUTPUT.- The output of the interference blanker sub¬ 
assembly shall be the three video channels, one of which contains 
normal blanked video, one of which contains MTI blanked video, and one 
of which contains either normal or MTI blanked video, as determined 
by a switch. 

3.7.2.1.5 BLANKING GATE.- The blanking gate generated as a result 
of the input trigger voltage shall maintain excellent jitter stability 
and exhibit a fast rise and fall time of at least 0.5 usee. The gate 
shall cause no adverse effects such as "spoking" to the video signal 
during the off-gate period. The residual negative gate overshoot 
appearing in the video output as a function of the blanking gate shall 
not exceed 0.1 volt maxijsum. The width of the blanking gate shall be 
variable between 5 and 120 usee. 

3.7.2.1.5.I BLANKING ATTENUATION.- The effective blanking attenua¬ 
tion per channel to the interfering video signal during the gating period 
shall be a minimum of 25 db. 

3.7.2.1.6 BY-PASS DIG VIDEO CHANNELS.- In case of failure, any of 
the video channels shall be by-passed by shorting out the channel by 
means of a switch. 

3.7.2.1.7 PULSE GENERATION.- The gated oscillator shall be tuned 
to 15 me. The gated oscillator driver, a blocking oscillator, shall be 
triggered by the output pulse from the radar receiver unit and shall 
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re cove r fast enough to handle Interfering pulaea occurring vlthln 
5 u»ec of each other. The delay line radio frequency (r-f) Ari ring 
voltage shall he at leant 10 volta rw. The delay line driver shall 
be capable of tuning out the delay line capacitance between 75 to 120 
al croalcrofarada at 15 ae . 

3.7.2.1.8 RADIO-FKBQJJKHCY AMPLIFIER.- The r-f amplifier shall 
have sufficient gain to compensate for the Insertion loss of the delay 
line. The bandvldth of the amplifier shall he 3 ae between the ninus 
3 *b frequencies. 

3.7.2.1.9 FIXED QUARTZ ŒLAY UNES.- Delay Unes MX-1791( )/FPW-16, 
>OC-1788( )/CPS-18, MX-179O( )/MPF-l, MX-1792( )/TPS-lD, and HX-1789( )/CPS-6B 
shall be In accordance vlth KH-D-9623. One of the above types of de-
lay lines ehall be supplied vlth and nounted on the Interference 
blanker subassaebly (see 6.4). 

3.7.2.1.10 VARIABLE ŒLAY LINE.- The variable delay line shall be 
capable of tuning the delay tine of the fixed quartz delay line to with¬ 
in 1 usee of the fixed MT I interval. The input to the variable delay 
line shall be the amplified output of the fixed quartz delay line. The 
variable delay line shall be capable of separating the desired, once 
delayed signals fron spurious signals. 

3.7.2.1.10.1 VARIABLE DELAY TIME.- The variable delay line shall 
be variable from 0 to 32 usee in 1 usee steps. 

3.7-2.1.10.2 BANDWIDTH.- The bandvldth shall be 0.5 me vide 
between the minus 3 db frequencies for the complete 32 usee delay. 

3.7.2.I.IO.3 INSERTION LOSS.- The insertion loss »hall be kept 
to a minimum. 

3.7.2.1.10.4 S FURIOUS SIGNALS.- Spurious signals shall be kept 
at least 15 db belov the first time around signals. 

3.7.2.1.1O.5 RIPPLE.- Variations vlthln the band-pass aha 11 be 
maintained at a mininum. 

3.7.2.I.IO.6 AMPLIFICATION.- The gain of the amplifiers folio wing 
the variable delay line shall be sufficient to trigger the video gating 
circuits. 

3.7.2.I.II VIDEO DELAY LINE.- The video delay line shall permit 
the delay of any of the protected radar video channels for synchroniza¬ 
tion vlth the blank 1 ng gate. If necessary. The video from the protected 
radar shall pass through a 6 usee video delay line vlth video taps at 
2, 4, and 6 usee. 
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3.7.2.1.11.1 INTO AND OOTTO, VIDEO CHANNELS.- The video channel 
■hall provide for positive polarity input and output signals. The 
Impedance levels of the input and output shall be 50 ohms. The video 
channel shall be capable of handling inputs up to 2.5 volts without 
limiting. The maximum video output shall not be less than 2 volts 
positive when terminated In 50 ohms. 

3.7.2.1.11.2 BANDWIDTH, VIDEO CHANNELS.- The normal gain shall be 
unity. Three screwdriver controls shall be provided on the front panel 
of the blanker to adjust the video gain from approximately 0.5 to 1.5 
to allow for variations in characteristics of the tubes and components. 

3.7.2.1.11.3 BANDWIDTH, VIDEO ŒLAY LINE.- The bandwidth of the 
video delay line shall be from 300 cps to 2 me with 6 usee delay. 

3.7.2.I.I2 GATED VHEO AMPLIFTER.- The blanking gates and normal 
radar video from the video delay line shall be fed into the gated video 
amplifier. There shall be three video channels, one of which shall be 
capable of blanking normal video, one capable of blanking MH video, and 
one capable of blanking either normal or HTI video as determined by a 
switch. 

3.7.2.2 POWER SUPPLY PP-1773( )/GPA-28.- The power supply shall be 
capable of converting and rectifying the primary power to the required 
a-c and d-c power for proper operation of the blanker unit in accordance 
with this specification. 

3.7.2.2.1 OPERATING POWER REQUIREMENTS.- The power supply shall 
operate from a single-phase, 120-volt, 60 cps, primary a-c power source, 
with characteristics as specified herein. 

3.7.3 CABINETS.- The cabinets for housing the radar receiver unit 
and the blanker unit shall be standard 19-inch closed relay racks in 
accordance with MIL-STD-189. The cabinets shall include provisions for 
adequate ventilation. The cabinets and mounting facilities shall meet 
the shock and vibration requirements specified herein. 

3.7A INTERCONNECTIONS WITHIN THE BLANKER GROUP.- Power cable 
assemblies, interconnecting cable assemblies, cabling, connectors, 
adapters, and miscellaneous hardware required for interconnecting the 
components shall be included as part of the blanker group. 

3.7.5 CONNECTIONS TO RADAR SETS.- Interconnecting cable assemblies, 
cabling, connectors, adapters, miscellaneous hardware, and installation 
instructions required for connecting the blanker group to the radar set 
specified by the procuring activity (see 3«6.^ and 6.2) shall be Included 
as part of the blanker group (see 6.5). 
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3.8 DIMENSIONS.- The diaenaiotui of the component a .hall allow 
installation in a standard 19-inch relay rack. Each unit shall be 
approximately 19 inches vide by 15 Inches deep. Otherwise the 
dimensions shall be kept to a minima . 

3.9 WEIGHT.- The weight of each component shall be kept to a 
minimum. The total weight of the blanker group shall not exceed 
175 pounds, excluding the cabling and hardware used in connecting the 
blanker group with the specified radar set (see 3«7«5)* 

3.IO COLOR.- The exterior surfaces shall be finished in luster-
less black, conforming to color Ko. 37026 In accordance with FED-STD-595’ 

3.11 GOVERNMENT-LOANED PROPERTY.- When the contract or purchase 
order so provides, the Government will loan the folloving to the con¬ 
tractor upon his request: 

Item No . Description Quantity 

1 Blanker, Interference MX-1912( )/GPA-20 1 
2 Receiver, Radar R-7%( )/GPA-28 1 
3 Delay Line MX-1780( )/CPN-18 1 

U. QUALITY ASSURANCE PROVISIONS 

U.l CLASSIFICATION OF TESTS.- The Inspection and testing of the 
blanker group shall be classified as follows: 

a. Acceptance tests . See U.2 

b. Preproduction teste.See U.5 

U.2 ACCEPTANCE TESTS.- Acceptance tests shall consist of the 
individual test only. 

U.2.1 INDIVIDUAL TEST.- Each blanker group shall be subjected to 
the following tests as described under U.U "TEST METHODS” of this 
specification: 

a. Examination of product 

b. Functional tests 

c. System operational test 

In addition, each blanker group shall be subjected to any other teste 
in U.U which the procuring activity considers necessary to determine 
compliance with the requirements of this specification. 
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U.3 TEST coromara Uniese othenrtBe «peclfledt herein, all test» 
•hall be conducted at prevailing ambient condition*. 

U .U TEST METHODS 

4.U.1 EXAMINATION OF PRO DOOT.- Each blanker group »hall be given 
a thorough mrchan-f cal and visual Inspection and test to determine that 
the quality of materiel and workman ah ip is in compliance with the require¬ 
ments of this specification. Particular attention »hall be given to 
the folloving: 

a. Completeness 
b. Nameplates, identification markings and labels 
c. Ease of operation of gears, adjustable, and sliding parts, 

thumb screws, controls and switches 
d. Finishes 
e. Welded Joints 
f. Soldered Joints 
g. Fit of components in their respective positions 
h. Check of mounting previsions 
1. Check of lubrication and rust prevention 
J. Loose fastening and securing devices or parts 
k. Accessibility of components and parte for servicing 
1. Cable rune between components, including plugs and 

rcceptacles 
m. Grounding connections 
n. Overall dimensions check 
o. Weight check 

U.U.2 FUNCTIONAL TESTS.- Each blanker group and each Individual 
component thereof shall be given a thorough electrical performance test 
to determine that all circuits are inherently sound and that overall 
performance of the equipment in compliance with this specification shall 
be obtained. Tolerance limits shall be checked to determine that circuit 
elements have been selected in accordance with the requirements of each 
application. Electrical tests ahall include, but shall not necessarily 
be limited to, the following tests. 

U.U.2.1 CONTINUITY TEST.- Each electrical component and each cord 
and cable shall be given a continuity test to ascertain that it is wired 
and connected correctly and that good electrical contact is obtained. 

U.U.2.2 OPERATING VOLTAGES.- The operating voltages at all import¬ 
ant points shall be checked for conformance with those shown on the 
circuit labels and schematic drawings. This shall be done with all con¬ 
trols set for normal operation of the equipment. 
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4.4.3 SYSTEM OPERATIONAL TESTS Each blanker group shall be set 
up and the necessary connections made to serve a normal and an MH radar 
set. The system shall then be subjected to such electrical testing as 
lo necessary to determine that the overall performance of the M >nk»r 
group conforms to the requirements of this specification when used -with 
a radar set. 

4.4.4 ENVIRONMENTAL TESTS.- The bl anker group shall be subjected 
to the following environmental tests to prove compliance with the re¬ 
quirements specified herein. 

4.U .1» .1 The folloving tests shall be in accordance with MIL-E-5272 
■with exceptions as specified: 

a. High temperature test - Procedure I: Maintain the equip¬ 
ment at plus 71*0 for 4 hours; reduce temperature to plus 52*C 
for 4 hours then operate equipsent and compare results. 

b. Lov temperature test - Procedure II: Operating temperature 
shall be minus 29*C. 

c. Humidity test - Procedure II. 

d. Altitude test (operating) - Procedure I: Duration of 
test shall be 4 hours. 

e. Altitude test (nonoperating): Repeat Procedure I at an 
absolute pressure of 5.54 inches of mercury (altitude of 40,000 
feet above sea level) but do not operate the equipment. Visually 
examine the equipment In accordance with the specification. 

f. Fungus resistance teat - Procedure I. 

g. Salt spray test - Procedure I: Duration of test shall be 
100 hours. 

h. Rain test - Procedure I. 

4.4.5 MECHANICAL TESTS.- The blanker group shall be subjected to 
the following mechanical teats specified In MIL-T-4807. 

a. Vibration test - Method IB 

b. Bounce test - Method 4a 

c. Bench handling test - Method 5A 
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4.4.6 SERVICE LOT OST.- The equipment ehall be operated 
continuously for 23 hours a day for 105 days. Ruing this test ths 
soltases, current, loading, and method of excitation ehall, insofar 
as is practical, correspond to actual field conditions. Upon comple¬ 
tion of this test the performance of the equipment shall not be below 
the minimum requirements specified herein. Should the equipment or 
any of the componente fall to pass the test, the tert shall be 
terminated until such defects have been corrected. 

4.5 PREPRODUCTXON TESTS 

4.5.1 PREPRODUCTXON TEST SAMPLES.- The preproduction test samples 
shall consist of modele representative of the production equipment. 
They shall be tested at a laboratory designated by the procuring activity 
or, when so stated In the contract, at the contractor's plant under 
supervisión of the procuring activity. 

4.5.2 TEST PROCEDURES.- Prior to preproduction testing the contrac¬ 
tor «h»! 1 submit a proposed test procedure to the procuring activity for 
approval. 

4.5.3 PREPRODUCTION TEST REPORT.- When the contractor performs the 
preproduction tests, he shall prepare a preproduction test report In 
accordance with MIU-9107 and furnish three coselete copies of the 
report to the procuring activity. 

U.J.U PRKPRODUCTIOH TESTS.- Preproduction tests shall consist of 
all tests described under 4.4 "TEST METHODS”. 

5. PREPARATION FOR DELIVERY 

5.1 GENERAL.- The packaging, packing, and marking requirements 
specified herein apply only to direct purchases by, or direct shipments 
to the Government. 

5.2 PREPARATION FOR SHIPMENT.- The blanker group shall be prepared 
and marked for shipment Ln accordance with MH^P-17555- The shipment 
marking nomenclature shall be as follows: "Interference Blanker Group 
AN/GPA-28( )”. 

6. NOTES 

6.1 INTENDED USE.- The Interference Blanker Group AN/GPA-28( ) is 
to be used with norm»! and Mil radar sets to eliminate radar interfer¬ 
ence from one radar set to another by blanking out the Interfered-vith 
set during the time Interference would be received. 

14 
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6.2 ORDERING DATA.- Procurement document« should «pectry the 
following: 

a. Title, number, and date of this specification. 

b. Applicable level of preservation, packaging and 
packing required (see 5-2). 

e. Whether the preproduction tests will be conducted by 
the procuring activity or by the contractor (see 4.5.1)• 

d. Number of preproduction «ample« required (see 4.5.1). 

e. Conditions under which Government-loaned property will 
be made available to the contractor (see 3.11). 

f. The radar set the equipment la to be used with (see 6.4). 

6.3 NOMENCLATURE.- The parenthesis appearing in the nomenclature 
will be dropped, or replaced by a letter to designate the particular 
design. Nomenclature for the Individual components, where required, 
will be furnished upon application to the procuring activity. 

6.4 The type of fixed quartz delay line required for use with 
Blanker, Interference MX-1912( )/GPA-28 1b determined by the Interfered-
wlth radar set and will be specified by the procuring activity to the 
contractor upon his request (see 6.2 and 3.6.4). 

6.5 MODIFICATIONS.- In the event that modification of the specified 
radar set la necessary for proper connection to the Interference blanker 
group, such modification shall be submitted to the procuring activity 
for approval. The Installation Instructions supplied shall cover any 
such modification. 

NOTICE: When Government drawings, specifications, or other data 
are used for any purpose other than in connection with a definitely re¬ 
lated Government procurement operation, the United States Government 
thereby Incurs no responsibility nor any obligation whatsoever; and the 
fact that the Government may have formulated, furnished, or in any way 
supplied the said drawings, specifications or other data Is not to be 
recarded by Implication or otherwise as In any manner licensing the 
holder or any other person or corporation, or conveying any rights or 
permission to manufacture, use, or sell any patented Invention that may 
in any way be related thereto. 

RDF 
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MIL-S-10379A 
AMENDMENT 1 
M JULT HSl 

military specification 

SUPPRESSION, RADIO INTERFERENCE 

GENERAL REQUIREMENTS FOR VEHICLES 

(AND VEHICULAR SUBASSEMBLIES) 

TAw amendment forme a part of Military Specification MIL-S-10379A. » 

Juin 1951. and Kat approved by the Department! of the Army, the Navy, and 
the Air Force for uee of procurement oervicee of the reepective Department». 

Page 1, paragraph 2: Delete and substi¬ 
tute: 
"2. APPLICABLE SPECIFICATIONS, 

STANDARDS, DRAWINGS, AND PUBLI¬ 
CATIONS 

2.1 The following specifications, standards, 
and drawings, of the issue in effect on date 
of invitation for bids, form a part of this 
specification: 
SPECIFICATIONS 

Military 
JAN-C-6 —Capacitors, mica-dielec¬ 

tric fixed. 
JAN-C-25 —Capacitors, Direct-Cur¬ 

rent. Paper-Dielectric, Fixed (Hermet 
ically Sealed in Metallic Cases). 

JAN-C-91 —Capacitors, Paper Di¬ 
electric, Fixed (Non-Metallic Cases). 

U S. Army 

71-1585 —Resistors - Suppressors, 
Suppression (Radio Frequency Inter¬ 
ference). 

71—1667 —Capacitors, By-Pass, 
Suppression (Radio Frequency Inter¬ 
ference). 

71-1668 —Filters, Suppression 
(Radio Frequency Interference). 

Standards 

MIL-STD-124—Voltage of Electrical 
Systems in Tactical Vehicles. 

DRAWINGS 
Signal Corps 
SC-D-28120 —Typical Tactical Vehicle 

Suppression System. 

(Copies of specifications, standards, and drawings 
required by contractors in connection with specific 
procurement functions should be obtained from the 
procuring agency or as directed by the contracting 
Qfflçer)." 

Page 3, paragraph 3.2.2: Delete and sub¬ 
stitute: 

*'3.2.2 Nontactical vehicles.—The following 
types of vehicles shall conform to this speci¬ 
fication for nontactical vehicles, unless stated 
in the bid request and contract that they 
shall meet the requirements for tactical vehi¬ 
cles: "Administration Vehicles," as defined 
in MIL-STD-124.” 

Page 4, paragraph 3.4, line 4: Delete 
"Drawing SC-D-28119" and substitute "Fig¬ 
ure 11." 
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Page 4. paragraph 3.4.1, line 4: Delete 
"Drawing SC-D-28119" and substitute "Fig¬ 
ure 11* 

Add: "Page 27—Figure 11, Non-Uctical 
vehicle radio interference suppression sys¬ 
tem minimum application." 

CiíMUcm; 
Army—Signal Cor*« 
Nary—Barrao of Ship« 
Air Fore« 

Other la Urao t : 
Army—EOT Nary—AMCY. 
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ALL RADIO INTERFERENCE PROOUCI Nú 
ACCESSORIES SMALL BE SUPPRESSED TO THE 
SAME DECREE AS THE STSTEM SHOWN HEREON. 

Figure 11.—Nontnetienl veKiele mît» interferente pre »non ejetem 
minimum epplieetian. 
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MILITARY SPECIFICATION 

MIL-S-10379A 
I JULY 1951 

SUPERSEDING MU^S-IO1?I<SI(C> 19 Jol; 19S0 

SUPPRESSION, RADIO INTERFERENCE 
GENERAL REQUIREMENTS FOR VEHICLES 

(AND VEHICULAR SUB-ASSEMBLIES) 

Thio rpeei^eatum was approved by th* Department* of the Army, the Navy, and 
the Air Force for uee of procurement terme e e of th* roopeetive Department! 

1. SCOPE 
1.1 This spécification covers the require¬ 

ments for radio interference suppression, 
within the frequency range of 0.16 to 1000 
megacycles, for all internal combustion en¬ 
gine-driven vehicles, tactical and nontacti-
cal procured by the Ordnance Corps for all the 
services, to permit satisfactory reception 
of intelligence with high sensitivity elec¬ 
tronic communication equipment installed as 
follows : 

In the vehicle and connected to the 
vehicular battery or auxiliary power 
supply installed in the vehicle as an 
integral part thereof 

In the vehicle and connected to a sep¬ 
arate power source. 

Adjacent to the vehicle and connected 
to a separate power source. 

2. APPLICABLE SPECIFICATIONS 
AND DRAWINGS 

2.1 Specifications.—The following specifi¬ 
cations, of the issue in effect on date of in¬ 
vitation for bids, form a part of this specifi¬ 
cation: 

Military Specifications 
JAN-C-6 —Capacitors, mica-dielec¬ 

tric, fixed. 

JAN-C-25 —Capacitors, Direct - Cur • 
rent, Paper-Dielectric, Fixed (Her¬ 
metically Sealed in Metallic Cases). 

JAN-C-91 —Capacitors, Paper Dielec¬ 
tric, Fixed (Non-Metallic Cases). 

U. S. Army Specifications 
71-1585 —Resistors - Suppressors, 

Suppression (Radio-Frequency Inter¬ 
ference). 

71-1667 —Capacitors, By-Pass, Sup¬ 
pression (Radio Frequency Inter¬ 
ference). 

71-1668 —Filters, Suppression (Ra¬ 
dio Frequency Interference). 

(Army.—Copies of specifications should be ob¬ 
tained from the procuring agency or as directed by 
that agency. Both the title and identifying numbar or 
symbol should be stipulated when requesting copies.) 

(Navy.—Copies of Military specifications may be 
obtained upon application to the Bureau of Supplies 
and Accounts. Navy Department. Washington 26. 
D. C., except that activities of the A need Forces 
should make application to the Commanding Officer, 
Nava) Supply Depot, Scotia 2, N. Y. Both the title 
and identifying number or symbol should be stipu¬ 
lated when requesting copies.) 

(Air Foret.—Copies of Military, and U. S. Air 
Force spécifications may be obtained upon applica¬ 
tion to the Commanding General, Air Development 
Force, Wright-Patterson Air Force Bese, Dayton, 
Ohio. Both the title and identifying number or sym¬ 
bol should be stipulated when requesting copisa.) 

SS21SI—SI—(S29 J >1) 
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2^ Drawings.—The following drawings, 
of the issue in effect on the date of invitation 
for bids, form a part of thia specification: 

SC-D-28119—Typical Non-Tactical Ve¬ 
hicle Radio Interference Suppression 
System (Battery Ignition). 

SC-D-28120—Typical Tactical Vehicle 
Suppression System. 

(Copie» of Signal Corp» Dr»wino may be obtained 
from the Simal Corp» Procurement Afency, 225 South 18th Street, Philadelphia 1, Pa.) 

3. REQUIREMENTS 

3.1 Definitions. 

3.1.1 Radio interference. — "Radio Inter¬ 
ference.” or simply "interference.” is defined 
as any electrical disturbance which causes 
undesirable response or malfunctioning of 
communication equipment. Interference 
emanating from a source may reach the 
affected equipment by means of conduction, 
induction, radiation, or any combination thereof. 

3.1.2 Units for measurement of intensity 
of interference.—Intensity of interference is 
measured, for the purposes of this specifica¬ 
tion, in terms of microvolt per kilocycle (kc.) 
or per megacycle (me.) of bandwidth (uv/kc 
or uv/mc). Interference intensity in micro¬ 
volts per kc. or me. is equal to the number 
of r.m.8. sinewave microvolts (unmodulated), 
applied to the input of the measuring circuit 
at its center frequency, which will result in 
peak response in the circuit equal to that 
resulting from the interference pulse being 
measured, divided by the effective bandwidth 
of the circuit in kilocycles or megacycles. 
The effective bandwidth is the area divided 
by the height, of the voltage-response-
versus-radio-frequency, selectivity curve, 
from antenna to peak detector. 

3.1.3 Suppression.—"Suppression” of ra¬ 
dio interference is reduction of the intensity 
of the emanated interference by means ap¬ 
plied to or at the source. 

3.1.4 Suppression system. — All compo¬ 
nents, materials and their application which 
are used for suppression of the interference 
emanated by a vehicle will be referred to as 
the "suppression system.” 

3.1.5 Electrical subassemblies. — An elec¬ 
trical subassembly is defined for purposes of 
this specification as any vehicular electrical 
subassembly such as spark plugs, generator, 
regulator, etc., associated with the basic 
functioning of the vehicle or its electrical 
system, which is supplied, stored, and issued 
as a complete operating assembly. 

3.1.6 Electrical accessory units. —An elec¬ 
trical accessory unit is defined for the 
purposes of this specification as any electric 
motor or electro-mechanical device, auch 
as gun traverse motors, cant correctors, 
synchro-motors, relay mechanisms, etc., cap¬ 
able of operation independent of the vehicle 
or its electrical subassemblies except for the 
power source. 

3.1.7 Type approval. — An approved-type 
suppression component is one for which 
samples of the same make and type have 
previously been submitted, and tested and 
approved as being suitable for suppression 
purposes and in accordance with the appli¬ 
cable subsidiary specification. 

3.1.8 Integral suppression.—An Integrally 
suppressed electrical subassembly or acces¬ 
sory unit is one in which the suppression 
components are procured, stored, and is¬ 
sued as integral parts thereof. 

3.2 Application of specification. 
3.2.1 Tactical vehicles. — The following 

types of vehicles shall conform to this speci¬ 
fication for tactical vehicles; unless other¬ 
wise specified, all types of self-propelled ve¬ 
hicles which receive installations of commu¬ 
nication equipment, all types of tanks, ar¬ 
moured cars ,self-propelled cannon, self-pro¬ 
pelled cargo carriers, half-track personnel 
carriers, half-track cargo vehicles, motor 
transport vehicles, high-speed tractors, and 
motorcycles. 

2 
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3.2.2 Nontactical vehicle!. — The follow¬ 
ing types of vehicles shall conform to this 
specification for nontactical vehicles, unless 
otherwise stated in the bid request and con¬ 
tract, in which case they shall meet the 
requirements for tactical vehicles: passen¬ 
ger-type vehicles and buses. 

3.2.3 Self-propelled machinery.—Self-pro-
peiied machinery such as excavators, road 
graders, fork-lift trucks, slow-speed tractors, 
etc, shall not be considered as vehicles within 
the scojfe of this specification unless other¬ 
wise stated in the primary equipment speci¬ 
fication. In this case, the latter specification 
shall state whether the requirements for 
tactical or nontactical vehicles shall apply. 

3.2.4 Railroad equipment.—This specifica¬ 
tion shall apply to all railroad equipment as 
specified in the primary equipment specifica¬ 
tion or in the bid request and contract. (See 
6.11.) 

3.3 Performance (tactical vehicles).—The 
suppression system shall effectively reduce 
all radio interference emanating from the 
vehicle, to a level which would not prevent 
satisfactory reception of a signal which is 

just strong enough to be easily intelligible, 
in the absence of interference, on high-sen¬ 
sitivity radio receiving equipment in the 
required frequency range. This requirement 
applied to interference generated by the 
electrical system of the vehicle, auxiliary 
equipment, accessories, intermittent con¬ 
tact between parts, electrostatic discharge, 
or any other source which may appear. 

3.3.1 Limite of interference for tactical 
vehiclee.—Tactical vehicles not emanating in¬ 
terference in excess of the limits stated in 
3.3.1.1, 3.3.1.2, and 3.3.1.3 when tested ac¬ 
cording to this specification, will be consid¬ 
ered satisfactory in regard to interference 
emanation. 

34.1.1 Outside radiated interference 
limite.—The interference limits stated in 
table I apply to tactical vehicles and acces¬ 
sories. (See 4.3 and 4.5.) 

3.3.14 ¡naide radiated interference limite. 
—The interference limits stated in table II 
apply to the level of radiated interference 
permitted inside turreted vehicles being 
tested under 4.3, 4.3.2 to 44.2.2, and 4.5. 

Table I.—Outside radiated interference limite. 

Tert equipment 
Frequency band or 

tuning unit 
Frequency 
range mÇ-

Limit 

uv/unit 
bandwidth 

db above 
1 uv/me. 

Tert Set AN/URM-3 
R.F. Interference Test 
Set AN/URM-M 

TN-16/APR-4 
TN-17/APR-4 
TN 187/URM 20 

0.15 to 40.0 
40 to 95 
96 to 305 

806 to 1000 

.75 uv/ke. 
100 uv/mc. 
200 uv/mc. 
200 uv/me. 

58 
40 
46 
46 

Table II.—Inside radiated interference limite. 

Test equipment 
Frequency band or 

tuning unit 
Frequency 
range me. 

Limit 

uv/unit 
bandwidth 

db above 
1 uv/mc. 

Test Set AN/URM-3 
R.F. Interference Teat 
Set AN/URM-29 

TN-16/APR-4 
TN-17/APR-4 
TN-187/URM-29 

1.5 to 40 
40 to 95 
96 to 305 

306 to 1000 

.25 uv/kc. 
100 uv/mc. 
200 uv/me. 
200 uv/mc. 

4« 
40 
46 
46 
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9.3.1.3 Conducted interference limit» at 
terminal boxes. — The interference limita 
stated in table III apply to the level of 
conducted interference between any pair of 
terminals intended to supply power to com* 
munications equipment at any electrical 
terminal box or contact block in tactical ve¬ 
hicles being tested under 4.3, 4.3.3 to 4.3.3.1, 
4.4 and 4.5, with the engine and all electrical 
equipment in operation. 

3.4 Requirements (non lac tical vehicles).— 
All nontactical vehicles shall incorporate, aa a 
minimum requirement, the suppression sys¬ 
tem detailed in Drawing SC-D-28119. 

3.4.1 Nontactical vehicles which incorpo¬ 
rate any interference-producing device not 
covered by the minimum suppression system 
shown on Drawing SC-D-28119 shall be sup¬ 
pressed, with all interference sources oper¬ 
ating. to the level of interference which 
would exist if the vehicle did not incorporate 
such device. The contracting officer may run 
tests to determine conformance to this re¬ 
quirement. 

3.5 Approval of suppression components 
(all vehicles).—All components of the sup¬ 
pression system for both tactical and non¬ 
tactical vehicles shall be subject to approval 
as hereinafter provided. 

3.5.1 Integral suppression components.— 
Integral suppression components (see 3.1.8), 
shall be subject to approval of the particular 
application in the sub-assembly or accessory 
for soundness of electrical, mechanical and 

suppression features. Whenever practicable, 
such components shall be in accordance with 
any of the applicable Military or U. S. Army 
specifications listed in 2.1 of thia specifica¬ 
tion, and shall have type approval as pro¬ 
vided in 3.6.2. Whenever components com¬ 
plying with these specifications cannot be 
used, the specific component used shall be 
subject to approval for the specific applica¬ 
tion. 

3.5 J Nonintegral suppression components. 
—Nonintegral suppression components shall 
be in accordance with Specifications 71-1585, 
71-1667 or 71-1668, and shall have type 
approval. (See 3.1.7) If the bidder or con¬ 
tractor proposes to use any component not 
previously approved, samples of such com¬ 
ponents shall be submitted for approval, aa 
described in 6.2. Capacitors conforming to 
Specifications Jan-C-5, JAN-C-25 or JAN-
C-91 are not necessarily suitable for sup¬ 
pression purposes, but specific applications 
may be approved. 

3.5.3 Use of suppression components be¬ 
yond specification ratings.—Capacitors, fil¬ 
ters or resistor-suppressors shall not be used 
under conditions more severe than the con¬ 
ditions specified in the applicable subsid¬ 
iary specifications, unless specifically author¬ 
ized in writing by the contracting officer. 
Such authorization may be obtained only 
by submission of samples, as described in 
3.5.2, accompanied by a complete statement 
of the service conditions under which the 
components will be used, and test data show¬ 
ing that the component will withstand such 
conditions. 

Table III.—Conducted interference limits at terminal boxes. 

Test equipment 
Coupler unit for 
connection to 
terminal box 

Frequency 
rango me. 

Limit 

uv/unit 
bandwidth 

db above 
1 uv/mc. 

Teat Set AN/URM-3 CU-153/URM 1.5 to 10 
10 to 40 

10/u»/ke. 
6/uv/kc. 

SO 
74 

4 
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3.5.4 Suppression components not covered 
by subsidiary specifications. 

3.5.4.1 Approval of the use of any capaci¬ 
tor, filter, filter assembly, or resistor-suppres¬ 
sor or suppression, other than those covered 
by 3.5 to 3.63, inclusive, will be granted by the 
contracting officer only if the contractor 
show that suppression or electrical require¬ 
ments, operating conditions, or limitations of 
space prevent the use of types in accordance 
with the applicable subsidiary specifications. 
In such cases, samples shall be submitted to 
the contracting officer in accordance with 
8.54.3. 

3.5.4.2 At the discretion of the contracting 
officer, suppression components other than 
those covered by 3.6 to 3.6.3, inclusive such 
as shields and shielding, lockwashers and 
bonds, shall be subject to inspection for 
mechanical, electrical and suppression 
effectiveness before approval for use. 
Samples shall be submitted for the purpose 
in accordance with 3.5.4.3. 

3.5.4.3 Submission of samples for inspec¬ 
tion, test and approval.—A maximum of 12 
samples shall be submitted of any component 
covered by 3.6.4.1 and 3.6.4.2. These samples 
shall be constructed using the materials, 
parts, tools, and methods which will be used 
in quantity production. When submitted, 
they shall be acompanied by five copies of 
detail drawings showing dimensions, ma¬ 
terials, and construction, a complete state¬ 
ment of the service conditions under which 
the component will be used, and test data 
showing that the component will withstand 
such conditions. 

3.6 Integrally suppressed electrical sub¬ 
assemblies and accessory units.—Integral 
suppression of electrical subassemblies and 
accessories shall be used whenever practi¬ 
cal, in order to improve suppression, simplify 
the maintenance of the suppression system, 
and reduce the chances that it may unin¬ 
tentionally be rendered ineffective during the 
course of vehicle maintenance. 

3.7 Pilot model (tactical vehicles). 

3.7.1 Submission of pilot model.—The con¬ 
tractor shall submit an experimental pilot 
model of each vehicle to the bureau or agency 
designated in the bid request and contract, 
for inspection and test of the suppression 
system. The experimental pilot model shall 
be a preproduction vehicle, and may be hand-
built. The contractor shall equip this model 
with suppression components in the same 
manner that he intends to equip production 
vehicles. Before submission for approval, he 
shall test it for conformance with this speci¬ 
fication. (See 6.8.) The first experimental pi¬ 
lot model shall be accompanied by two copies 
of each of the following: 

Detailed list and description of the sup¬ 
pression components, integral and 
nonintegral, indicating for each sup¬ 
pression component the manufac¬ 
turer's name and model number, and 
location on the vehicle or in the sub¬ 
assembly or accessory. 

List of all electrical equipment, except 
lights and horn, used on vehicle. Each 
such item of electrical equipment shall 
be identified on the list by manufac¬ 
turer's name and model number. 

Print of the complete electrical system 
of the suppressed vehicle, showing 
electrical location and connections of 
all suppression components, whether 
integral or nonintegral. 

Each of the above items shall be marked 
with the date of submission of vehicle, con¬ 
tract number, name and address of the con¬ 
tractor, the nomenclature of the vehicle, and 
ita.serial and U. S. registration number*. 

3.7.2 Approval of pilot model.—The pilot 
model will be inspected and tested by the 
designated Government agency for compli¬ 
ance with this specification (see 6.4), and 
will then be returned to the contractor. If the 
pilot model is disapproved, the contractor 
shall correct the deficiencies and submit it, 
unless otherwise allowed, until approval is 
obtained. Each corrected model shall be ac-
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companied by a complete description of the 
changes made to correct the faults of the 
preceding rejected model. Approval of the 
pilot model shall not constitute a waiver of 
any specified requirement. 

3.7.3 Report on pilot model.— The Govern¬ 
ment testing agency will furnish the con¬ 
tracting officer a report on the approved 
pilot model, setting forth the detailed sup¬ 
pression requirements to be followed on pro¬ 
duction vehicles and accessories; however, 
if subsequent tests on production vehicles in¬ 
dicate that these requirements must be modi¬ 
fied to provide a satisfactory suppression sys¬ 
tem, the modified requirements shall be fol¬ 
lowed thereafter. The contracting officer will 
furnish the contractor with instructions, 
based on the report of the approved pilot 
model, detailing the suppression system to 
be supplied on production vehicles. Authority 
in writing shall be obtained from the con¬ 
tracting officer for any exceptions to, or 
deviations from, the suppression system ap¬ 
proved for production. 

3.7.4 Approval of electrical accessory unite 
and subassemblies. 

3.7.4.1 Accessories — A model of each non¬ 
commercial type electrical accessory as de¬ 
fined in 3.1.6 (or redesigned commercial type) 
designed by the contractor or his sub-con¬ 
tractor for the particular vehicle on the con¬ 
tract, and not approved since the date of this 
specification for use on Army vehicles, shall 
be submitted, for inspection and test of its 
suppression system (including all pertinent 
nonintegral suppression components), prior 
to submission of the experimental pilot 
model of the vehicle, to the agency desig¬ 
nated in the bid request and contract. The 
model of the accessory shall be accompanied 
by two copies of a detailed list and de¬ 
scription of the suppression components, 
both integral and nonintegral, indicating for 
each suppression component the manufac¬ 
turer's name and model number, and location 
in or relative to the accessory. 

3.7.4.k Subassemblies.—No pilot testing of 
vehicular uctricaJ subassemblies as defined 
in 3.1.6 shall be required under this speci¬ 
fication, as suppression tests will be per¬ 
formed on the pilot and production models 
of the vehicles incorporating the sub¬ 
assemblies. 

3.7.5 Changes after approval of pilot 
model.—After approval of the pilot model 
all production vehicles, accessories, and sub¬ 
assemblies shall unless otherwise allowed or 
required, be identical in all respects to the 
approved pilot model and the report on that 
model (3.7.3) except as described below: 

3.7.5.1 Substitution of suppression com¬ 
ponent».— 

5.7.5.1.1 The contractor may, at his dis¬ 
cretion, substitute a suppression component 
with identical electrical characteristics and 
mechanically interchangeable construction, 
but of different manufacture, for a corre¬ 
sponding component, provided that the sub¬ 
stitute component has received type approval 
as described in 3.5 to 3.5.3, inclusive. 

3.7.5.1.2 Any other substitution or change 
of a suppression component shall be made 
only if approved in writing by the con¬ 
tracting officer. Request for permission to 
make such a substitution or change shall be 
accompanied by a detailed description of the 
proposed substitute suppression component 
and its method of application, and shall in¬ 
clude data showing that the proposed sub¬ 
stitute is at least the equal of the item it will 
replace. (If the proposed substitute is an 
item requiring type approval under 3.5 and 
has not yet received such approval, the con¬ 
tractor shall submit samples in accordance 
with that paragraph.) At the discretion of 
the contracting officer, the contractor shall 
submit another pilot model, identical with the 
previously approved pilot model except for 
the changes being submitted for approval. 

3.7.5.13 Changes in integral components. 
—In the case of substitutions or changes of 
integral suppression components incorpora-
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ted in electrical subassemblies or accessory 
units, the contracting officer may require 
submittal of a model of the original and of 
the revised subassembly or accessory unit, 
and if the revised version is found inferior 
as to suppression characteristics, the con¬ 
tracting officer may then require test of an 
additional pilot model of the vehicle incorpo¬ 
rating the revised subassembly or accessory unit. 

3.7.5.2 Changes in the vehicle (tactical 
only}.—The contracting officer shall be noti¬ 
fied as early as possible in writing by the 
contractor of any changes made or planned 
in the electrical components, subassemblies 
or accessories of the vehicle, their location 
or wiring. He shall likewise be notified of any 
changes in the structure or electrical bond¬ 
ing (including use of tooth-type lockwash¬ 
ers) of the vehicle which might affect gen¬ 
eration or emanation of interference. If the 
contractor does not submit data satisfactory 
to the contracting officer showing that the 
changes will not result in failure to conform 
to this specification, the contracting officer 
may, at his discretion, require the contractor 
to submit another pilot model, identical with 
the previously approved pilot model except 
for the changes being submitted for ap¬ 
proval. This pilot model shall meet the same 
requirements as the original pilot model. 

3,8 £pare parts. 

3.8.1 Suppression components. — Spare 
suppression components for all vehicles shall 
conform to 3.10 for interchangeability with 
corresponding parts used on the vehicle, and 
shall also conform to 3.5. 

3.8.2 Other components. — Where compo¬ 
nents of the vehicle, such as fenders and 
radiators, which are not part of the sup¬ 
pression system, have been modified for sup¬ 
pression purposes by preparing surfaces for 
bonding or by any other means, the cor¬ 
responding spare components shall be simi¬ 
larly modified to provide an equal degree of 
suppression. 

3.9 Methods of suppression.—Suppression 
of ignition, charging circuit, and other elec¬ 
trical interference shall be effected by re¬ 
sistor-suppressors, capacitors and/or filter, 
shielding, proper bonding and grounding of 
radiating elements, proper routing of wiring, 
and proper location of parts. 

3.9.1 Filters and capacitors.—Filters shall 
be used only where adequate suppression 
cannot be effected by reasonable application 
of capacitors. 

3.9.2 Resist or-suppress ore.—Resistor-sup¬ 
pressors shall be used in the high-tension 
ignition circuits to minimize the suppression 
requirements of the shielding and critical 
mantenance thereof. 

3.9.3 Separation of wiring.—High-tension 
ignition wiring, primary ignition wiring, and 
charging-circuit wiring shall not be routed 
any closer than necessary to each other or 
combined with auxiliary wiring. Adéquats 
support shall be given all wiring to maintain 
separation and position. When interference 
from electrical fuel pumps and other inter¬ 
ference-producing devices cannot be sup¬ 
pressed at the source, wiring for such de¬ 
vices, if combined with other wiring, shall 
be separately shielded unless it can be demon¬ 
strated that the interference caused by the 
auxiliary devices is of such value and fre¬ 
quency that the vehicle meets specification 
requirements without the shielding. Con¬ 
nections between the several electrical com¬ 
ponents of the vehicle and the associated 
bypass capacitors or filters of the suppression 
system shall be as short as possible, and 
shall be separated from other wiring 
wherever practicable. 

3.9.4 Shielding. — Flexible meta) hose, 
solid-wall conduit and wire braid, utilized 
as part of the suppression system or as 
mechanical support of the wiring, shall be 
terminated and grounded at both ends by 
means of suitable fittings or damps. Pigtail 
connections are not acceptable. Where shield-

7 



MIL-S—1O379A 

ing terminates at a case or bulkhead, a good 
electrical contact shall be insured between 
the metal case or bulkhead and the shielding, 
and the metal case shall be grounded as 
specified in 3.9.6. Long lengths of shielding 
or protecting members shall be clamped at 
intervals no greater than 2 feet, by clamps 
which are soldered to, or exert pressure on, 
the shielding or protecting member, to in¬ 
sure good and permanent radio-frequency 
electrical grounding and mechanical support. 
Contacting surfaces of the clamp, shielding, 
or supporting member, and the part to which 
the clamp is affixed, shall be treated as speci¬ 
fied in 3.11.3 Where continuity of electrical 
contact along a seam or joint in shielding 
or fittings is necessary to obtain adequate 
suppression, the seam or joint shall be cor¬ 
rosion-resistant and mechanically designed 
to maintain the contact for the required life 
of the parts, including necessary disassem¬ 
bly and reassembly. Electrically conductive 
gaskets may be used for this purpose. 

3.9.4.1 However, shielding boxes, terminal 
boxes, junction boxes, and similar parts need 
not be plated or metal-dipped, provided that 
continuous-seam contact proves unnecessary 
for suppression, and provided that each box 
and its cover, and all conduit terminations, 
are effectively grounded by the use of tooth¬ 
type lockwashers. When threaded conduit 
fittings are welded to a box, the threaded 
nipple shall be plated or made of corrosion¬ 
resistant metal. 

3.9.5 Grounding.—All components of the 
electrical and suppression system and parts 
of the vehicle which require radio-frequency 
return paths to ground shall be so grounded 
that a corrosion-resistant low-impedance 
electrical connection will be assured through¬ 
out the life of the equipment. Metallic guides 
which support high-tension wiring shall be 
grounded to meet these requirements. Me¬ 
chanical parts such as choke, throttle, 
speedometer and tachometer cables, oil lines, 
conduit and steering columns, when they pro¬ 
ject into the field of radio interference, shall 
be grounded in such a manner as to prevent 

reradiation that may cause radio interfer¬ 
ence. Grounding shall be accomplished by 
bond straps, tooth-type lockwashers, elec¬ 
trically conductive gaskets or other suitable 
means. 

3.9.6 Bunds. — Each bonding strap shall 
have a length and cruss-sectional shape and 
dimensions consistent with best electrical 
and mechanical practice. All bonding straps 
shall be installed so that they will not be 
broken by vibration or stress due to service 
conditions. Bonding straps shall be mounted, 
if practicable, in such a manner that they 
may be readily replaced. Bonds mounted by 
bolts shall have suitable terminals. Sheet 
metal screws shall not be used for fastening 
bonds. At least one end of each bond shall 
be bolted in order that the vehicle may be 
readily disassembled without adversely af¬ 
fecting the suppression. 

3.9.7 Machine-finished surfaces. — Ma¬ 
chine-finished surfaces to which suppression 
components are affixed need not be plated. 
Such mating surfaces of machine-finished 
parts shall be free of corrosion, paint, or 
other foreign material, and shall not be 
treated in any manner that will impair their 
electrical conductivity on the mating sur¬ 
faces. 

3.9.8 Ignition coil.—In order to minimize 
suppression treatment and to aid in provid¬ 
ing lasting, effective suppression, the igni¬ 
tion coil, unless otherwise allowed by the 
contracting officer, shall be located close to 
or combined with the distributor. If separate, 
it shall be mounted on a bracket, affixed to 
the engine block, providing good grounding 
for the case of the coil. 

3.10 Interchangeability.-—All parts of the 
suppression system on any vehicle, and all 
spare parts for the suppression system, shall 
be electrically and mechanically interchange¬ 
able with all corresponding parts on any 
other vehicles manufactured under the same 
contract, and wherever possible, with all 
other vehicles of the same type. 
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3.11 Material and workmanship. 
3.11.1 Material. — The material for each 

part shall be as specified. The best material 
commercially available for the purpose, and 
capable of withstanding the extremes of 
temperature, humidity and other operating 
conditions encountered in arctic and tropical 
service, shall be used when a definite mate¬ 
rial is not designated. 

3.11.1.1 Insulation material. — Insulation 
material which is exposed to the air shall not 
be subject to rapid combustion or explode 
from electrical spark or from heating. The 
use of flammable or explosive varnish is pro¬ 
hibited. 

3.11.2 Soldering. — Whenever practicable, 
soldering shall be done with rosin, or rosin 
and alcohol, flux. If it proves necessary to 
use any other flux it shall be chemically neu¬ 
tralized and removed after soldering. Solder¬ 
ing shall not be depended upon for mechani¬ 
cal strength of connections. Where flexible 
shielding, bonds, etc., are soldered, the flexi¬ 
bility of these parts shall be unaffected. 

3.11.3 Corrosion. —To prevent corrosion, 
all hardware (bolts, screws, nuts, lockwash¬ 
ers, retaining nuts, elbows, ferrules, etc.) 
used in the installation of the suppression 
system shall be plated by an electrolytic or 
hut-dip process with a metallic materia) of 
high electrical conductivity. The finished 
surfaces shall be capable of withstanding 
the test specified in 4.6, after which there 
shall be not more than six corroded areas 
per square foot, not more than two corroded 
areas on any part having a total surface of 
less than fa square fool, nor any corroded 
area larger than inch in diameter. At 
the discretion of the contracting officer, sam¬ 
ples may be required for the corrosion test: 
(See 6.2). 
3.12 Technical manual and instruction 

book.—Any technical manual or instruction 
book regarding the vehicle, prepared and fur¬ 
nished as part of the order by which the 
vehicle is procured, shall contain complete 

technical information, including photographs 
and/or drawings, on the functioning and 
maintenance of the suppression system. 

3.13 Workmanship. — All parts shall be 
manufactured and finished in a thoroughly 
workmanlike manner, and in accordance with 
the best commercial practice for arctic and 
tropical use. All dimensons, except where 
tolerances are given on drawings, shall be 
held as close as is consistent with good shop 
practice. All parts shall fit and operate in a 
good, workmanlike manner. 
4. SAMPLING. INSPECTION, AND TEST 

PROCEDURES 
4.1 Acceptance inspection.—Unless other¬ 

wise specified, acceptance inspection shall be 
conducted by the Government inspector 
when equipment is submitted for acceptance 
on contract. 

4.1.1 Scope of acceptance inspection.—Ac¬ 
ceptance inspection shall include the tests 
of 4.5 and such other inspection and non¬ 
destructive testing of material, parts, com¬ 
ponents and complete suppression systems 
as are considered necessary by the Govern¬ 
ment inspector to determine compliance with 
this specification and its subsidiaries. 

4.2 Test equipment for pilot and prodnc 
tion tests. 

4.2.1 Measuring equipment.—Interference 
measuring equipment as follows, for conduct¬ 
ing interference tests on tactical vehicles, 
will be provided by the contracting officer 
and used by the Government inspectors : 

Test Set AN/URM-3, 0.15-40 mega¬ 
cycles. 

R.F. Interference Test Set AN/URM-29, 
40-1000 megacycles. 

Upon request, the contractor may obtain in¬ 
formation which he requires concerning this 
test equipment and the manner in which it 
will be used, to enable him to suppress the 
pilot model to meet the required tests. Limits 
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of allowable interference are stated in S.S.l 
through 3.3.1.S, and the unite in which the 
interference shall be measured are defined 
in 3.1.2. 

4.3 Government testa on pilot modela.— 
Pilot models of vehicles and electrical ac¬ 
cessories will be tested by the Government 
at the location specified by the contracting 
officer. If the vehicle under teat is equipped 
with accessory items such as heaters, fans, 
windshield wipers, traversing motors and 
similar equipment, the tests shall also be per¬ 
formed with all of these components operat¬ 
ing. 

4.3.1 Radiation Testo (tactical vehicles). 
—The radio interference radiated from all 
tactical vehicles shall be measured on at least 
three sides, over the frequency range of .15 
to 1000 me. Radiation tests shall be con¬ 
ducted with all electrical equipment in the 
vehicle in operation. 

4.3.1.1 Test Set AN/URM-3. —The test 
limits specified in table 1 apply. Over the 
frequency range .15 to 40 me, using Test Set 
AN/URM-3, the test equipment shall be 
located as shown in figures 1, 2, 3 and 4. 
Whenever Test Set AN/URM-3 is placed on 
the vehicle, it shall be insulated therefrom 
by a nonconducting material of adequate size. 
With Test Set AN/URM-3 located on the 
fender as close as possible to the engine 
compartment and arranged so that the an¬ 
tenna is situated near the lateral axis of the 
engine, the 9 foot, rod antenna shall be sloped 
across the engine compartment so that the 
tip of the antenna is located in a vertical 
plane through the edge of the opposite fen¬ 
der or similar outermost extremity of metal, 
but the mid-point of the antenna shall not 
be placed closer than 1 foot from the top 
of the engine compartment. When testing 
front or rear radiation, depending upon lo¬ 
cation of engine compartment. Test Set 
AN/URM-3 shall be located so that the base 
of the antenna lies in same horizontal plane 
as the top of the front radiator grill or rear 
lower edge of top radiator grill. The 9 foot 

rod antenna shall be sloped across the engine 
comparment so that the mid-point of the 
antenna is not more than 24 or less than 12 
inches above the engine compartment. If 
antenna is unobstructed with Test Set 
AN/URM-3 as close as possible to the vehicle 
or engine compartment, the antenna shall 
be sloped so that the mid-point is 12 inches 
above the engine compartment. 

43.1.2 R.f. interference test Set AN/URM-
£9.—Over the frequency range of 40 to 1000 
me, the antenna of rX interference Test Set 
AN/URM--29 shall be located as shown in 
figures 5, 6, 7 and 8. The apex of the cone is 
located 3 feet from the edge of the engine 
compartment on the lateral or longitudinal 
axis of the engine. The antenna configura¬ 
tion used for the various frequency bands 
and tuning heads is as follows: 

(a) 40 to 65 me. (TN-16/APR-4) 
Antenna AT-292/URM-29. with 6 
Mast Sections AB-21/GR at center 
of cone 

(b) 56 to 95 me. (TN-16/APR-4) 
Antenna AT-292/URM-29 with 2 
Mast Sections AB-21/GR on peri¬ 
phery of cone at each 120 degrees 

(c) 96 to 305 me. (TN-17/APR-4) 
Antenna AT-292/URM-29, with 1 
Mast Section AB-21/GR on peri¬ 
phery of cone at each 120 degrees 

(d) 306 to 1000 me. (TN-187/URM-29) 
Antenna AT-292/URM-29, without 
Mast Sections AR-21/GR 

The antenna shall be tilted so that an exten¬ 
sion of the ground plane intersects the near 
edge of the engine compartment at its mid¬ 
point. 

4.3.1.3 Radiation test, electrical accessory 
units (tactical vehicles).—The radio inter¬ 
ference radiated from all electrical accessory 
units submitted for test in accordance with 
3.7.4 shall be measured over the frequency 
range of .15 to 1000 me. The accessories shall 
be tested ungrounded, and powered by their 
standard power supply. 
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4J.1J.1 Te»t Set AN/URMS.—Tert Set 
AN/URM-3 ahall be arranged with the cen¬ 
ter of horizontal 9 foot rod antenna located 
over the mid-point of the sub-assembly and 
separated 12 inches therefrom for radiation 
tests from .16 to 40 me. The limits specified 
in table I apply. 

4.3.1.3.2 R.f. interference teet set AN/ 
URM-29.—For radiation tests from 40 to 
1000 me. the apex of the cone of the antenna 
shall be located 18 inches from the nearest 
part of the accessory under teat, and the an¬ 
tenna shall be so oriented that a line from the 
apex of the cone to the center of the accessory 
bisects the angle between the cone and the 
plane. The tests shall be made with the an¬ 
tenna configurations as described for the va¬ 
rious frequency bands in 4.3.1.2. The test 
limits specified in table I apply. 

4.3.2 Iruride radiation test for turreted 
vehicle» (tactical).—In addition to the out¬ 
side radiation test, all turreted type tactical 
vehicles shall have an inside radiation test 
conducted over the frequency range of 1.6 
to 1000 me. Inside radiation tests shall be 
conducted with al) electrical equipment in 
the vehicle in operation. The test limits speci¬ 
fied in table II apply. 

4.3.2.1 Teet Set AN/URM-3. — Test Set 
AN/URM-3 shall be placed on an insulating 
board on the outside of the vehicle as close 
as possible to each antenna outlet normally 
provided in the vehicle. A 9 foot length of 
antenna lead-in Wire (W-128) shall be 
routed successfully in each lateral direction 
around the inside of the vehicle as shown by 
routings A and B on figure 9, and connected 
to Test Set AN/URM-3 with the shortest 
possible length of antenna wire external to 
the vehicle. The inside radiation tests shall 
be conducted with ail hatches closed in order 
to minimize pick-up of ambient noise. The 
radio interference shall be measured for 
both routings of the antenna wire at each 
antenna outlet location over the frequency 
range of 1.6 to 40 me. 

4JJL2 R.f. interference test Set AN/URM-
29.—The antenna of rX interference test Set 
AN/URM-29 shall be placed inside of the 
turret of the vehicle as shown on figure 10, 
and the radio interference measured inside 
the vehicle over the frequency range of 40 
to 1000 me. The antenna configuration used 
for the various bands shall be as follows: 

(a) 40 to 306 me. Antenna AT-292/ 
URM—29, with 1 Mast Section 
AB-21/GR on periphery of cone at 
each 120 degrees. 

(b) 306 to 1000 me. Antenna AT-292/ 
URM-29, without Mast Sections 
AB-21/GR 

The plane shall be placed in a horizontal posi¬ 
tion approximately 6 inches from inside top 
of turret for al) inside radiation tests. The 
limits of Table II specified apply. 

4.3J Conducted interference test (tactical 
vehicle»). — This test will be made on all 
types of tactical vehicles designed for in¬ 
stallation of communication equipment, and 
on electrical accessories for such vehicles, 
over the frequency range of 1.6 to 40 mega¬ 
cycles. The test limits specified in table III 
apply. The conducted interference level shall 
be measured with Test Set AN/URM-3, with 
the required coupling network connected suc¬ 
cessively between each pair of terminals in¬ 
tended to supply power to communications 
equipment and between each such terminal 
and ground, at each electrical terminal box, 
contact block or connector. 

4.3.4 Pilot tert» on nontactical vehicle».— 
Pilot tests on nontactical vehicles will be 
run by the Government only in cases covered 
by 3.4.1. (See 6.12.) 

4.4 Tests of electrical accessory units.— 
The conducted interference level of electrical 
accessories being tested under 3.7.4 shall be 
measured with Test Set AN/URM-3 with 
the required coupling network connected suc¬ 
cessfully across the terminals, and between 
each terminal and ground, at the power input 
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terminals of the accessory. The limits speci¬ 
fied in table III apply. 

4.5 Government production testing. 

4.5.1 Tactical vehicles. — All production 
tactical vehicles shall be subject to inspec¬ 
tion by the Government in accordance with 
4.5.1.1 through 4.5.1.8. 

4.5.1.1 Field test.— The contractor shall 
submit, at an electrical-interference-free area 
approved by the contracting officer, tactical 
vehicles required by the Government for 
test, to determine that such vehicles are sup¬ 
pressed in accordance with this specification, 
and to determine the thoroughness of the 
visual inspection. The field test shall be con¬ 
ducted by authorized representatives of the 
contracting officer, using the equipment and 
procedure specified for pilot model tests. 

4.5.1.2 Initial inspection.—An initial group 
of not less than 5 nor more than 25 vehicles 
from the first production of each type of 
vehicle, shall be subjected by the Govern¬ 
ment to radio interference field tests in ac¬ 
cordance with 4.5.1.1 to determine whether 
the production application of the suppres¬ 
sion system is satisfactory. If it is unsatis¬ 
factory, the contractor shall repair the re¬ 
jected vehicles, and shall change his pro¬ 
duction methods to correct the cause of fail¬ 
ure. The contracting officer may then re¬ 
quire the testing of such additional quantity 
of vehicles as is considered necessary to de¬ 
termine that the corrected production appli¬ 
cation of the suppression system is satis¬ 
factory. 

4.5.1.2.1 When a group of vehicles is sub¬ 
mitted for the initial inspection it shall be 
accompanied by two copies of a list of the 
required and/or authorized changes of the 
electrical and suppression systems from the 
approved experimental pilot mode), marked 
with the date of submission of the vehicles, 
contract number, name and address of the 
contractor, the nomenclature of the vehicles. 

and the serial number and U. S. registration 
number of each vehicle submitted for test. 

4.5.1.3 Production sampling of tactical 
vehicles.—After vehicles have satisfactorily 
passed the initial inspection specified in 
4.5.1.1 to 4. 5. 1. 2. 1, inclusive, the quality 
of the suppression system on all additional 
vehicles shall be controlled by subjecting 
random vehicles to similar tests. Whenever 
required by the contracting officer, a maxi¬ 
mum of 1 percent of the vehicles shall be 
selected for the test. If less than 100 vehi¬ 
cles are being procured, at least one vehicle 
shall be tested after the initial inspection. 
If any vehicle fails to pass the test the con¬ 
tractor shall change his production methods 
to correct the cause of the failure. In addi¬ 
tion. the contracting officer shall require the 
testing of such additional vehicles as is con¬ 
sidered necessary to insure that satisfactory 
vehicles will be provided. 

4.5.1.4 Condition of vehicles to be tested.— 
No experimental pilot model or production 
vehicle shall be submitted for test of radio 
interference unless reasonably dry and free 
from rain, ice, and snow. The expression 
"reasonably dry” shall be interpreted to mean 
that the vehicle shall not be visibly wet. 

4.5.1.5 Electrical subassemblies and acces¬ 
sories.—No Government production testing 
of the vehicular electrical subassemblies or 
accessories, separate from the vehicle, is 
required. 

4.5.1.6 Incompletely assembled vehicles.— 
Where vehicles are shipped in other than a 
completely assembled condition the required 
field tests shall be made on vehicles which 
have been assembled for road test. 

4.5.1.7 Integral suppression components.— 
A spot check of integral suppression com¬ 
ponents by visual or electrical test may be 
required, at the discretion of the contracting 
officer. 
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4.5.1^ Visual inspection of suppression 
system.—In each vehicle, a thorough visual 
inspection shall be made of the complete in¬ 
stallation of the suppression system, except 
integral suppression components, for proper 
mechanical and electrical connection of all 
suppression components, for proper me¬ 
chanical and electrical connection of all sup¬ 
pression components such as bonds, bypass 
capacitors, resistor-suppressors, filters, etc., to 
determine conformance to the pilot model 
report (3.7.3). Where vehicles are shipped 
in other than a completely assembled con¬ 
dition this inspection may be made on the 
partially assembled vehicles. This inspection 
shall be performed at a point or points in the 
production line determined by the contract¬ 
ing officer. Until the initial inspection 
(4.5.1.1 to 4.5.1.2.1, inclusive) is completed, 
acceptance shall be based on compliance with 
the pilot model report. After completion of 
the initial inspection, acceptance shall be 
based on compliance with instructions issued 
by the contracting officer, based on results 
of the tests. 

4.5.2 Inspection, nontactical vehicles. — 
Production models of all nontactical vehicles 
shall be subjected to a visual inspection for 
compliance with this specification. 

4.5.3 Check for use of Government-in-
spected suppression components.—Inspection 
shall insure that all suppression components 
covered by 3.5 furnished on production 
vehicles, both tactical and nontactical, have 
been subjected to tests as required by the 
subsidiary specifications listed in 2.1. Inspec¬ 
tion shall also insure that suppression com¬ 
ponents covered by 3.5 have been subjected 
to tests as required by the contracting of¬ 
ficer. Where the tests of suppression com¬ 
ponents are performed at a sub-contractor's 
plant, inspection at the plant of the vehicle 
manufacturer shall determine that the com¬ 
ponents, or packages thereof, bear the stamp 
of the Government inspector. 

4.6 Corrosion test. — Parts which must 
meet the requirements of 3.11.3 shall be 

tested as follows: Just prior to testing, wash 
the parts in petroleum ether, then in alcohol, 
sind dry. Subject the parts to a salt spray 
for 200 hours at a temperature of 95 *4* F., 
using a 20 percent (by weight) aqueous 
solution of sodium chloride. Conduct the test 
in a closed tank of material nonreactive to 
the salt spray. The spray shall be finely di¬ 
vided. The tank shall be so designed that 
there will be no direct impinging or drip¬ 
ping of spray upon the parts. The spray shall 
circulate freely about all the parts to the 
same degree, and no liquid which has come 
in contact with the parts shall return to the 
aspirator to be resprayed. (See 6.2 to 6.3, 
inclusive.) 

5. PREPARATION FOR DELIVERY 

5.1 The applicable section of the equipment 
specification shall apply. 

6. NOTES 
6.1 Type approval.—Current Army Quali¬ 

fied Products Lists (AQPL's) of typo-
approved suppression capacitors, filters and 
resistor-suppressors may be obtained by con¬ 
tracting officers from the Signal Corps Pro¬ 
curement Agency, 225 South 18th Street, 
Philadelphia 3, Pa., by referring to the Speci¬ 
fication Number covering the particular 
component. The AQPL's should be dis¬ 
tributed by the contracting officer to con¬ 
tractors or prospective contractors. Indica¬ 
tion of approval of any item, by its inclusion 
in an AQPL or by other means, as being 
suitable for suppression purposes and in ac¬ 
cordance with the applicable specification, 
covers use of the component only for sup¬ 
pression purposes. Current QPL’s of type-
approved JAN capacitors are also available 
from the same source; however, see 3.5.2. 

6.2 Contractual samples. — The samples 
mentioned in 3.5.1 through 3.5.4.3, and 3.11.3 
should be submitted as described in 6.2.1. 
Each sample should be securely tagged with 
sufficient identifying information such as 
name and address of the manufacturer of 
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the component, his type or model number 
for the components, the name and the ad¬ 
dress of the prospective bidder or contractor 
on the order for the equipment, the order 
and contract number pertaining to the pro¬ 
curement of the equipment, and the nota¬ 
tion “CONTRACTUAL SAMPLE.” Such sam¬ 
ples should be accompanied by a statement 
from the contractor giving all pertinent in¬ 
formation concerning the reason for request¬ 
ing that the samples be inspected and tested, 
and providing engineering information and 
wiring diagrams concerning the proposed ap¬ 
plication of the items represented by the samples. 
SJ.l Contractual samples received by the 

contracting officer should be submitted to 
the Signal Property Officer, Bldg. 41. Supply 
Division. Evans Signal Laboratory, Belmar. 
N. J., Attn: Suppression and General Engi¬ 
neering Branch, Coles Signal Laboratory 
6J Noncontractual sampler—Noncontrac¬ 

tual samples of suppression components 
(those not submitted in accordance with 3.5 1 
through 3.5.4.3, and 3.11.3) may be sub-
mitted to the address specified as given in 
paragraph 6.2.1 for inspection and test. The 
«amples should be accompanied by a state¬ 
ment from the Government agency con¬ 
cerned, giving all pertinent information con¬ 
cerning the reasons for requesting that they 
be tested and their proposed application. 
Each sample should be securely tagged with 
sufficient identifying information such as 
name and address of the manufacturer and 
his type or model number, and the nota¬ 
tion “NONCONTRACTUAL SAMPLE.” The 
samples should be accompanied by two copies 
of a statement of release from obligation, 
as indicated below: 

Number of Samples _Type_ 
Remarks: ..........._......_ 

The undersigned distinctly understands and 
agrees that the sample (s) itemized above are 
offered the Government free of charge and 
without any obligation whatsoever on the 
part of the Government, either expressed or 

implied. It is further understood that the 
Government shall be under no obligation to 
test the samples, to furnish results of the 
testa, enter into any correspondence concern¬ 
ing the sample (a), or to return the sample (a). 
The undersigned state that it is their stand¬ 
ard and commercial practice to furnish such 
sample (s), in the quantity listed above, to 
the trade without charge. 

(Signature) 
(Finn Name) 

(Date) 
6.4 Testing of pilot model and production 

vehicles.—Test equipment and personnel for 
conducting the inspection and test of the sup¬ 
pression systems on pilot models, and on pro¬ 
duction vehicles undergoing the Government 
field tests, will be provided by Coles Signal Lab¬ 
oratory. Contracting officers should notify the 
Director, Coles Signa) Laboratory, Fort Mon¬ 
mouth, New Jersey at Icaat 10 day» before a 
pilot model will be available for inspection 
and test of the suppression system. Results 
of the tests, and a report covering the 
method of suppression to be followed on 
any subsequent pilot model and/or produc¬ 
tion unit will be furnished to the contract¬ 
ing officer. The report should be included 
as part of any approval of the pilot model 
to which it applies. 

6.5 Representative* of the contracting 
officer.—The contracting officer represents 
the U. S. Government in all dealings with a 
contractor who is furnishing equipment that 
is required to be suppressed in accordance 
with this specification, and in all direct deal¬ 
ings with the manufacturer (sub-contractor) 
who is furnishing suppression components 
or electrical components or accessories to the 
contractor for installation on the equipment. 
It is to be understood that any Government 
agency or representative can perform those 
functions of the contracting officer that are 
mentioned in this specification, to the extent 
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that the contracting officer has specifically 
delegated his authority to such Government 
agency or representative. It is to be further 
understood that Government Inspectors rep¬ 
resent the contracting officer for supervision 
of inspection and testing of equipment and 
the components and parts thereof, at the 
contractor's or manufacturer's plant. 

6.5.1 The proposal request and contract 
will usually delegate the following functions 
to a Government engineering agency : 

(1) Approval for the use of capacitors 
or filters under conditions that are 
more severe than the one specified 
in the applicable specification 
therefor. 

(2) Testing of capacitors or filters that 
do not conform to the applicable 
specification to determine whether 
such components are acceptable for 
the proposed application. 

(3) Inspection, testing, and approval of 
samples of suppression components 
to be approved before being fur¬ 
nished as part of the equipment on 
order. 

(4) Inspection, testing, and approval of 
the suppression system on the pilot 
model. 

(6) Use and maintenance of Government 
test equipment. 

(6) The Government agency designated 
to perform the above functions will 
usually be Coles Signal Laboratory, 
Fort Monmouth, New Jersey. 

6.6 Proposal request and contract. 

6.6.1 General information.—The following 
genera] information is given for the guidance 
of the contracting officer: 

6.6.2 Inspection of ths suppression system. 
—Government inspectors representing the 
procuring service concerned should be re¬ 
sponsible for supervision of the visual in¬ 
spection of the suppression system on pro¬ 

duction units. Assistance from representa¬ 
tives of Coles Signal Laboratory may be 
obtained for the following: 

(1) Approval of interference-free area. 
(2) Use and maintenance of Govern¬ 

ment test equipment for testing 
production models. 

6.6.3 Responsibility for testing of samples 
and pilot models. — It is recommended that 
the contracting officer delegate the testing of 
the suppression system on the pilot models, 
the testing of samples submitted in accord¬ 
ance with 3.5.1 through 3.5.4.3 of this speci¬ 
fication, and the testing of samples of other 
items relating to suppression of the vehicle, 
to the Coles Signal Laboratory. 

6.6.4 Recommendations. 

6.6.4.1 The contracting officer should direct 
that all drawings, prints, lists of suppression 
components, etc., that are required by this 
specification to be provided by the contractor, 
be sent to the Colea Signal Laboratory for 
information and necessary action. 

6.6.4.2 If requested by the contractor, in¬ 
formation covering test procedure and Gov¬ 
ernment test equipment may be obtained by 
the contracting officer upon application to the 
Coles Signal Laboratory. 

6.6.4.3 Close coordination should be main¬ 
tained among the contracting officer, the in¬ 
spection agency, and the Coles Signal Labora¬ 
tory to insure that any changes in pilot 
models or production items that might affect 
radio interference suppression will be satis¬ 
factorily provided for by necessary changes 
in the suppression system. 

6.7 Sources of electrical interferences.— 
The more common sources and emanators of 
interference are listed below, but should not 
be considered as the only possible sources of 
interference: 

a. Ignition system of the engine: 
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(1) High-tension ignition circuit, in¬ 
cluding all high-voltage wiring 
of the ignition system, the igni¬ 
tion coil or magneto, distributor 
and spark plugs. 

(2) Low-tension ignition system, in¬ 
cluding low-voltage wiring of the 
ignition system, ignition coil, ig¬ 
nition switch and breaker points. 

b. Charging circuit, including the gen¬ 
erator, regulator, and associated wir¬ 
ing. 

c. Low-voltage electrical system, which 
includes all wiring for the electrical 
subassemblies and accessories of the 
vehicles, such as: 
(1) Electric fans, windshield wipers, 

indicating devices, traversing 
equipment, gyrostabilizer equip¬ 
ment, etc. 

(2) Auxiliary engine-generator units, 
d. Intermittent contact between parts. 
e. Electrostatic discharges from track 

systems of track-laying vehicles, non¬ 
driven wheels, and fan belts. 

6.8 Contractor's tests on pilot model.—The 
contractor, in making the tests required by 
3.7.1 on the pilot model, may use commercial 
radio noise meters or sensitive radio receivers 
covering the required frequency range; how¬ 
ever, the fact that a vehicle may be sup¬ 
pressed to the point of emanating no inter¬ 
ference detectable on such equipment does 
not necessarily indicate that it will be satis¬ 
factory when tested with the Government's 
test equipment. 

6.9 Tests and consultation on suppression 
of automotive electrical subassemblies.—Au¬ 
tomotive electrical subassemblies, as defined 
in 3.1.5, may be submitted by the contractor 
or sub-contractor, for qualitative tests of the 
suppression characteristics and assistance in 
the design of suitable suppression systems, 
to Signal Property Officer, Building 41. Sup¬ 
ply Division, Evans Signal Laboratory, Bel¬ 
mar, N. J. Attn: Suppression and General 
Engineering Branch, Coles Signal Labora-

tory. Consultation on design characteristics 
of electrical subassemblies in the develop¬ 
ment stages, and on integral suppression 
components for inclusion therein, to facilitate 
suppression over the frequency range re¬ 
quired by this specification, can be obtained 
from Coles Signal Laboratory, Fort Mon¬ 
mouth, New Jersey. 

6.10 Tactical vehicle suppression system.— 
Signal Corps Drawing SC-D-28120 'Typical 
Tactical Vehicle Suppression System,” is 
available for the information of the contrac¬ 
tor; however, the use of a system such as 
shown therein does not assure that the vehi¬ 
cle to which it is applied will meet the re¬ 
quirements of this specification. 

6.11 Railroad equipment. — It is recom¬ 
mended that the contracting officer furnish 
complete information regarding the nature 
and intended use of railroad equipment to be 
suppressed, to Coles Signal Laboratory, Fort 
Monmouth, N. J. in order to obtain informa¬ 
tion regarding the applicable paragraphs of 
this specification, for inclusion in the bid 
request and contract. 

6.12 Information on the test equipment 
and the manner in which it will be used for 
the testing of non-tactical vehicles may be 
obtained from Coles Signal Laboratory, Fort 
Monmouth, N. J. 

Notice.—When Government drawings, specifica¬ 
tions, or other data are used for any purpose other 
than in connection with a definitely related Govern¬ 
ment procurement operation, the United States Gov-
emment thereby incurs no responsibility nor any 
obligation whatsoever; and the fact that the Govern, 
ment may have formulated, furnished, or in any way 
supplied the aaid drawings, specifications, or other 
data is not to be regarded by implication or otherwise 
as in any manner licensing the holder or any other 
person or corporation, or conveying any right* or 
permission to manufacture, use, or sell any patented 
invention that may in any way be related thereto. 

Custodian: 
Army—Signal Corp« 

Other interest: 
Army—EOT 
Naey—ShAWCY 
Air Force. 
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NOTE 
I. THE TEST SET SHALL BE LOCATED ON THE LONGITUDINAL 
AXIS OF THE VEHICLE. 
2. THE TOP OF THE TEST SET SHALL BE IN THE SAME 
PLANE AS THE TOP OF THE RADIATOR GRILL. 
3. THE TEST SET SHALL BE LOCATED AS CLOSE AS 
POSSIBLE TO THE VEHICLE WITHOUT THE CENTER OF 
THE ANTENNA EXCEEDING TWO FEET FROM TOP OF 
ENGINE COMPARTMENT OR APPROACHING CLOSER THAN 
ONE FOOT THERETO. 

FlCUM 1.—Antenna position for truekt front rndiatwn fett. O./5-4O me. 
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9 FT ROO 

NOTE: 

|. The test set shall be insulated FROM the body of The VEHICLE with a NON-CONDUCTING material 
2. the rod antenna shall be located as close as possible to the LATERAL axis of the engine. 
3. the tip of the antenna shall BE LOCATED in a vertical 
PLANE THROUGH the EDGE 0* THE OPPOSITE FENDER OR SIMILAR 
OUTERMOST EXTREMITY OF METAL. BUT THE MIDPOINT OF THE 
ANTENNA SHALL NOT BE PLACED CLOSER THAN ONE FOOT 
FROM THE TOP OF THE ENGINE COMPARTMENT FOR ANY VEHICLE. 
4. A SIDE RADIATION TEST IS TO BE PERFORMED WITH THE TEST 
SET LOCATED ON BOTH RIGHT ANO LEFT FENDERS. 

Flew 2.—4«Crnna petition for trucko tide radiation loot, O.lS-iO me. 
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NOTE: 
I. the antenna shall be placed along The 
LONGITUDINAL AXIS OF THE VEHICLE. 
2 THE TOP OF THE TEST SET SHALL BE IN THE 
SAME PLANE AS THE LOWER REAR EOGE OF THE 
AIR OUTLET GRILL. 
3 ALL TESTS SHAuL BE CONDUCTED WITH THE GUN 
ROTATED PERPENDICULAR TO THE LONGITUDINAL AXIS 
OF THE VEHICLE 
4 THE TEST SET SHALL BE LOCATED AS CLOSE AS 
POSSIBLE TO THE VEHICLE WITHOUT THE MIO* POINT 
OF THE ROD ANTENNA EXCEEDING TWO FEET FROM 
TOP OF ENGINE COMPARTMENT OR APPROACHING 
CLOSER THAN ONE FOOT THERETO. 

Ficuu 3.—Anlrnna petition for tankt and tank typt vrkiclet end radiation trot. O.IS~00 rv 
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9 FT. ROD 

ANTENNA 

NOTE 1

I. THE TEST SET SHALL BE INSULATED FROM THE 
BODY OF THE VEHICLE WITH A NON-CONDUCTING 
MATERIAL. 
2 GUN SHALL BE ROTATED PERPENDICULAR TO THE 
LONGITUDINAL AXIS OF THE VEHICLE 
3. THE ROD ANTENNA SHALL BE LOCATED AS CLOSE 
TO THE LATERAL AXIS OF THE ENGINE AS POSSIBLE. 
4. THE TIP OF THE ANTENNA SHALL BE LOCATED 
IN A VERTICAL PLANE THROUGH THE EDGE OF THE 
OF THE OPPOSITE FENOER OR SIMILAR OUTERMOST 
EXTREMITY OF METAL, BUT THE MIDPOINT OF THE 
ANTENNA SHALL NOT BE PLACED CLOSER THAN 
ONE FOOT FROM THE TOP OF THE ENGINE COM¬ 
PARTMENT FOR ANY VEHICLE 
5. A SIDE RADIATION TEST IS TO BE PERFORMED 
WITH THE TEST SET LOCATED ON BOTH THE RIGHT 
AND LEFT FENDER. 

FlCUXX 4. -Anttnna position for tankt and tank type vckicha—radiation aide radiation, 0.13-40 me. 
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6 SECTIONS 

TUNING UNIT TN-I60/APR-4 
56-95 MCS USED WITH 

TUNING UNIT TN-I60/APR-4 

TUNING UNIT TN-lT()/APR-4 

NO SECTIONS 

FlCUKC 8.—Anlrrna AT-tfH ) /URM-Í9 and mail notions AR-tt/GR for ovlndr radioh»n left Id-lfOO far 
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NOTE 

I RAOiATO« TESTS ARE REOUREO ON THREE SOES 

OF EACH TRUCK OVER FREQUENCY RANGE AO TO 1000 MC 

WITH SAME ANTENNA ANO "GROUND REAME" POSITlOMNG 

2. PRIOR TO TILTING, "GROUND PLANE " SHALL BE IN 

THE SAME HORIZONTAL PLANE AS TOP OF RADIATOR. 

3 ANTENNA TILTED SO THAT EXTENSION OF "GROUND 

PLANE" INTERSECTS FRONT OR SIDES OF ENGINE 

COMPARTMENT AT MIDPOINT. 

F1CUKX 6—Xnlenn« pMUiimaiv »/ Ini S«t AN/VRM-1H ) in radiaban Inc •/ track* 10-1000 mo. 
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NOTE; 
I GUN SMALL BE ROTATED PERPENDICULAR TO THE 
LONGITUDINAL AXIS OF THE VEHICLE. 
2. THE ANTENNA SHALL BE LOCATED AS CLOSE AS 
POSSIBLE TO THE LATERAL AXIS OF THE ENGINE. 
3. PRIOR TO TILTING ."GROUND PLANE" SHALL BE IN 
THE SAME HORIZONTAL PLANE AS THE LOWER EDGE 0* THE AIR OUTLET GRILL 
4 ANTENNA TILTEO SO THAT EXTENSION OF "GROUND 
PLANE" INTERSECTS NEAR SIDE OF ENGINE COMPARTMENT 
AT VERTICAL MIDPOINT 
5 A SIDE RADIATION TEST IS TO BE PERFORMED WITH 
THE ANTENNA LOCATED ON EACH SIDE. ON THE LATERAL 
AXIS OF THE ENGINE. 

Ficuns 7.- Xntmna poaítion for lank« and tank typo vthielti-radiation 40-1000 me. 
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NOTE 
I. THE TEST shall BE CONDUCTED WITH THE GUN 
ROTATED PERPENDICULAR TO THE LONGITUDINAL AXIS 
OF THE VEHICLE 
2 The ANTENNA SHALL BE PLACEO ALONG THE LONGITUDINAL 
AXIS OF THE VEHICLE. 
3. PRIOR TO TlLTlNG/GRCUNO PLANE" SHALL BE IN THE 
SAME horizonal Planeas the LOWER EDGE OF THE 
AIR OUTLET GRILL 
4. ANTENNA TlLTEO SO THAT EXTENSION OF’GROUNO PLANE’ 
INTERSECTS REAR OF ENGINE COMPARTMENT AT MIDPOINT. 

FlCUBt 8.—Antenna petition for tankt and tank tupe aeKielot radiation. 10-1000 «m. 

24 



Mn^S-10379A 

NOTE: 
I. THE TEST SET SHALL BE INSULATED FROM THE 
BODY OF THE VEHICLE WITH A NON-CONDUCT. 
ING MATERIAL 

2. A RADIATION TEST IS REQUIRED FOR BOTH 
ANTENNA ROUTINGS AT EACH ANTENNA OUTLET 
ON THE VEHICLE 

FlGUM 9.—4nt«nna ponlwnmj for moult radiation Loot 0.ÍS-40 wie 
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ANTENNA TO BE LOCATED IN 
MATCH OPENING CLOSEST TO 
TURNET BULGE 

Ft gum 10.—Ánttnna petitioning of ttot Set AN/URM-ii( ) for infido radiation teot, iO to 1OOO mao. 
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MIL-I-0011683B(SigC) 
3 January 1956_ 
USED IN LIEU OF 
MIL-I-11683A 
19 January 1953 

MILITARY SPECIFICATION 
INTERFERENCE SUPPRESSION, RADIO, REQUIREMENTS 

FOR 
ENGINE GENERATORS AND MISCELLANEOUS ENGINES 

Thia Limited Coordination Military Specification haa been pre¬ 
pared by the Signal Corps baaed upon currently available techni¬ 
cal information, but it haa not been approved for promulgation as 
a revision of Military Specification MIL-I-11683A. It ia subject 
to modification. However pending its promulgation as a Coordi¬ 
nated Military Specification, it may be used in procurement. 

1. SCOPE 

1.1 Thia apecification covers the requirements for radio inter¬ 
ference reduction within the frequency range of 0.15 to 1000 me for all 
internal combuation engine-driven generators, and all miscellaneous 
internal combustion engine-driven equipment (except equipments in¬ 
stalled in aircraft or on Naval ships and vehicles covered by Military 
Specification MIL-S-10379A) to permit satisfactory reception of intelli¬ 
gence with high sensitivity electronic communication equipment located 
adjacent thereto or electrically powered thereby. 

2. APPLICABLE DOCUMENTS 

2.1 The following specifications, standards, and drawings of the 
issue in effect on date of invitation for bids, form a part of this specification: 

SPECIFICATIONS 

FEDERAL 

QQ-M-151 

MILITARY 

MIL-F-15733B Filters, Radio Interference. 

MIL-C-3162 
MIL-C-11693 

MIL-S-12944 
MIL-C-12889 

Cable, Ignition, High Tension. 
Capacitors, Feed-Through, Suppression, AC 
and DC. 

Suppressors, Ignition Interference. 
Capacitors, By-Pass, Suppression. 

Metals: General Specification for Inspection of. 
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(Copies of specifications, standards, drawings, and publications, 
required by contractors in connection with specific procurement functions 
should be obtained from the procuring activity or as directed by the con¬ 
tracting officer. Both the title and identifying number or symbol should 
be stipulated when requesting copies.) 

3. REQUIREMENTS 

3. 1 Definitions . - The following definitions apply for the purpose 
of this specification. 

3.1.1 Radio interference. -"Radio Interference. ’’ or simply "Inter¬ 
ference, " is defined as any electrical disturbance which causes undesirable 
response or malfunctioning of communication equipment. Interference may 
reach the affected equipment by means of conduction, induction, radiation, 
or any combination thereof. 

3. 1. 2 Units for measurement of intensity of interference. -Inten¬ 
sity of interference is measured, for the purpose of this specification, in 
terms of microvolts per kilocycle (or per megacycle) of bandwidth (pV/kc 
or pv/mc). Interference intensi ty in microvolts per kc (or me) is equal 
to the number of rms sine wave microvolts (unmodulated), applied to the 
input of the measuring circuit at its center frequency, which will result 
in peak response in the circuit equal to that resulting from the interfer¬ 
ence pulse being measured, divided by the effective bandwidth of the cir¬ 
cuit kilocycles or megacycles. 

3. 1. 3 Radio interference suppression. - "Suppression" of radio 
interference is the reduction of the intensity of the emanated interference 
by means applied to or at the source. 

3. 1. 4 Suppression system . - All components, and materials in¬ 
cluding shielding and their application used for reduction or radio inter¬ 
ference will be referred to as the "suppression system. " 

3. 1. 5 Electrical subassembly. - An electrical subassembly is 
defined for purpose of this specification as any engine or engine generator 
electrical subassembly such as spark plugs, generator, regulator, distri¬ 
butor, etc. , associated with the basic functioning of the unit or its electri¬ 
cal system, which is supplied, stored and issued as a complete operating 
assembly. 

2 
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3.1. 6 Electrical accessory units . - An electrical accessory unit 
is defined for the purpose of this specification as any electric motor or 
electro-mechanical device, such as electric windshield wipers, electric 
heaters, relay mechanisms, etc. , capable of operation independent of 
the unit or its electrical subassemblies, except for the power source, 
and which is not associated with the basic functioning of the equipment. 

3.1. 7 Type approved suppression component. - A type-approved 
suppression component is one for which samples of the same make and 
type have previously been submitted, tested, and approved as being 
suitable for suppression purposes in accordance with the applicable sub¬ 
sidiary specification. See subsidiary specification for procedure to be 
followed to obtain type approval. (See 6. 1.1). 

3.1. 7.1 Application approved suppression component. - An appli¬ 
cation approved suppression component is defined for the purpose of 
this specification as any capacitor, filter, etc., not covered by applica¬ 
ble subsidiary specification which has been properly submitted to and 
approved by the designated agency for a specific suppression application. 
(See 6.1.1 and 6.1.2. 2). 

3.1.8 Integral suppression. - An integrally suppressed electrical 
subassembly or accessory is one in which shielding and suppression com¬ 
ponents are incorporated as an integral part thereof and are supplied, 
stored and issued therewith. 

3.1. 9 Ignition unit. - An ignition unit is referred to for purposes 
of this specification as a distributor and ignition coil combined physically 
as a single shielded electrical subassembly. 

3.1.10 Shielding. - A metallic covering or enclosure used to reduce 
radiation of radio interference from wiring or electrical subassemblies. 

3. 2 Application of specification. - This specification applies to 
the following equipments, except where these equipments are components 
of other equipment subject to more stringent suppression requirements, 
(an engine-driven auxiliary charging generator in an armored vehicle is 
an example of such an equipment). 

3.2.1 All engine-driven generators and the electrical equipment 
associated therewith providing direct or alternating currents of all voltage 
and power ratings, except as specifically exempted herein. 
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3. 2. 2 All types of engines used to power or drive such miscel¬ 
laneous equipment as bulldozers, cranes, graders, rollers, fork lift 
trucks, compressors, laundry units, pumps, etc., including the electri¬ 
cal equipment associated with these equipments such as the charging 
system components, and accessory devices such as heaters, windshield 
wipers, relays and signal devices. 

3. 3 Performance. - The suppression system shall effectively 
reduce all radio interference from the unit to the levels specified herein. 
The unit shall be capable of meeting these requirements after subjection 
to such environmental, endurance, and "run in" tests as may be required 
by the equipment specification. The suppression system, components, or 
the application thereof shall cause no malfunctioning of the unit under the 
environmental conditions specified in the equipment specification and shall 
not impair the performance of the unit beyond the limits prescribed in the 
equipment specification. 

3. 3.1 Engine generator units. - Engine generator units shall meet 
the operational performance requirements for radiated interference as 
determined by tests performed with the specified measuring equipment 
at a distance of 5 feet, in accordance with paragraph 4. 3.1, and the con¬ 
ducted interference requirements as measured in accordance with para¬ 
graph 4. 3. 2. 

3. 3.1.1 Radiated interference limits engine generator units. - The 
limits of radiated interference stated in table I below apply to all engine 
generator units of less than 60 KW capacity tested in accordance with 
paragraph 4. 3.1. 

3. 3.1. 2 Conducted interference limits, engine generator units . -
The interference limits shown in figure 10 are the maximum levels per¬ 
missible between any external power terminal and ground, measured in 
accordance with paragraph 4. 3.2. These limits do not apply to engine 
generator units having output ratings exceeding 500 volts AC or DC, 100 
KW, or both. 

3. 3. 2 Miscellaneous engines (and engine-driven equipment) . -
Miscellaneous engines and engine-driven equipment shall meet the opera¬ 
tional performance requirements as determined by test performed with 
the specified measuring equipment at a distance of 5 feet in accordance 
with paragraph 4. 3.1. 
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Table I. - Radiated interference limits 

Freq. AN/URM-3 Ferris 32* Measure- AN/PRM-1 Tä-5Ä7^*AN/URM-17 
Range AN/PRM-14 AN/URM-7 41* Rod ments 58 (Peak) 41" (Peak) (Peak) 
Me 9' Whip Per AT-292 Per Per Fig. Dipole Per Rod Per Dipole Per Dipole Per 

Fig. 3-4 Fig. 5-6-7 3-4 Fig. 4-5 Fig. 4-5 Fig. 8-9 Fig. 8-9 
Microvolts/kc Indicated Microvolts Indicated Microvolts 

.15-1/6 1.0 5. 10. 
1.65-5.0 .75 5. 10. 
5.1-20 . 75 2.5 5. 
21.38 .75 25 60 
40-60 .75 25 60 
66-95 .5 20 50 
96-125 .5 20 50 
126-150 . 5 15 100 
155-295 . 5 75

300-395 .6 75

400-1000 .6 550 

♦ These instruments do not measure true peak. Limits apply for repetition ratea of approximately 
150 impulses/second. For interference having appreciable higher repetition rates multiply meter 
reading by factor obtained from figure 11. 

♦ ♦ TS-587 Indicated Microvolts = Meter Indication X - Correction Factor shown in Inclosure A, of 
Instruction Manual and scale factor of X2 and Band no. 3. 
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3. 3. 2.1 Interference limits miscellaneous engine» (and engine-
driven equipment». - The radiated interference limit» stated in table I 
apply to all miscellaneous engines and engine-driven equipment when 
tested in accordance with paragraph 4. 3.1. There are no requirements 
for conducted interference measurements on these equipments. 

3.4 Approval of suppression system components . - All com¬ 
ponents of the suppression system for equipments covered by this speci¬ 
fication shall be subject to approval as hereinafter provided. 

3. 4. 1 Non-integral suppression components. - All non-integral 
suppression components shall be typed approved and in accordance with 
applicable subsidiary specifications listed in 2.1 unless specific authori¬ 
zation is granted by the contracting officer for the use of the other types, 
in which case "application approval" as defined in paragraph 3.1. 7.1 is 
required. 

3. 4. 1. 1 Navy approval. - Filter», when required to meet the re¬ 
quirements of this specification shall, wherever practicable, be of the 
type approved in accordance with Specification MIL-F-15733B. Where 
filters other than those so approved are used, the contractor shall 
assume responsibility for the electrical and physical performance there¬ 
of and for any malfunctioning of the equipment resulting from the filters 
or its application. 

3. 4. 1. 2 Air Force Approval. - Application approval may be 
automatically granted under Air Force inspection on suppression compo¬ 
nent application previously approved for use on a similar electrical sub¬ 
assembly or accessory in aircraft. 

3.4,2 Integral suppression components.« Integral suppression 
components incorporated in electrical subassemblies or accessories shall 
be subject to approval by the designated Government agency for electrical 
and radio frequency characteristics, and dependability of the application 
in the particular subassembly or accessory. Where practicable, such 
suppression components shall be in accordance with the applicable speci¬ 
fication listed in 2.1. See 6. 3 for exemptions under Air Force inspection. 

3.4.3 Submission of samples for inspection, test and approval, -
Submission of components covered by 3. 4. 1 and 3. 4. 2 shall be in accordanc 
with the applicable (or appropriate) specification listed in 2.1, unless other 
wise specified by the contracting officer. See 6.1, and 6.3 for details per¬ 
taining to individual Service inspection procedures for obtaining application 
approvals. 

6 
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3. 5 Approval of pilot model . -

3.5.1 Submission of pilot model. - Army inapection. - The contrae-
tor shall submit an experimental pilot or pre-production pilot model of 
each type of unit to the agency designated in the bid request and contract, 
for inspection and test of suppression system. Such models shall be 
equipped with the suppression intended for production units. The first 
experimental pilot or the preproduction pilot model shall be accompanied 
by two copies of the following: 

(a) Detailed list and description of the suppression component 
integral and non-integral, indicating for each, the manufacturer's name 
and model number and location. 

(b) List of all electrical equipment, used on the unit except 
lights, horn, and manual switches, each shall be identified by manufac¬ 
turer's name and model number. 

(c) Print of the complete electrical system of the suppressed 
unit showing electrical location and connections of all suppression compo¬ 
nents. 

Each of the above items shall be marked with the date of submission of 
the unit, contract number, name and address of the contractor, the no¬ 
menclature of the unit, and its serial and U.S. Registration numbers. 

3. 5.1.1 Approval of pilot models. - Army inspection. - The (exper¬ 
imental and preproduction) pilot models will be inspected and tested by 
the designated Army agency without charge to the contractor for compli¬ 
ance with the requirements of the specification (see 6. 1. 3) at which time 
a verbal report relative to the results of the tests will be furnished the 
contracting officer and the contractractor, together with such information 
as is necessary for the contractor to correct any deficiencies in the 
suppression system. If the pilot model is disapproved, the contractor 
shall correct the deficiencies in accordance with the recommendations 
of the designated Army agency, and resubmit the pilot model for test. 
Correction and retest of the pilot model is usually accomplished during 
the original pilot model test. 

3. 5.1.1.1 Approval of electrical accessory units. - A pilot model 
of any electrical accessory as defined in 3.1. 6 may be submitted prior to 
submittal of the complete equipment for suppression tests by the desig¬ 
nated Government agency to determine compliance with the requirements 

7 
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3. 3. 2.1 Interference limits miscellaneous engines (and engine-
driven equipments. - The radiated interference limits stated in table I 
apply to all miscellaneous engines and engine-driven equipment when 
tested in accordance with paragraph 4. 3.1. There are no requirements 
for conducted interference measurements on these equipments. 

3.4 Approval of suppression xystem components . - All com¬ 
ponents of the suppression system for equipments covered by this speci¬ 
fication shall be subject to approval as hereinafter provided. 

3. 4. 1 Non-integral suppression components. - AH non-integral 
suppression components shall be typed approved and in accordance with 
applicable subsidiary specifications listed in 2.1 unless specific authori¬ 
zation is granted by the contracting officer for the use of the other types, 
in which case "application approval" as defined in paragraph 3.1. 7.1 is 
required. 

3. 4.1.1 Navy approval. - Filters, when required to meet the re¬ 
quirements of this specification shall, wherever practicable, be of the 
type approved in accordance with Specification MIL-F-15733B. Where 
filters other than those so approved are used, the contractor shall 
assume responsibility for the electrical and physical performance there¬ 
of and for any malfunctioning of the equipment resulting from the filters 
or its application. 

3. 4. 1. 2 Air Force Approval. - Application approval may be 
automatically granted under Air Force inspection on suppression compo¬ 
nent application previously approved for use on a similar electrical sub¬ 
assembly or accessory in aircraft. 

3. 4. 2 Integral suppression components . - Integral suppression 
components incorporated in electrical subassemblies or accessories shall 
be subject to approval by the designated Government agency for electrical 
and radio frequency characteristics, and dependability of the application 
in the particular subassembly or accessory. Where practicable, such 
suppression components shall be in accordance with the applicable speci¬ 
fication listed in 2.1. See 6.3 for exemptions under Air Force inspection. 

3. 4. 3 Submission of samples for inspection, test and approval, -
Submission of components covered by 3. 4. 1 and 3. 4. 2 shall be in accordance 
with the applicable (or appropriate) specification listed in 2.1, unless other¬ 
wise specified by the contracting officer. See 6. 1, and 6, 3 for details per¬ 
taining to individual Service inspection procedures for obtaining application 
approvals. 

6 
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3, 5 Approval of pilot model . -

3.5,1 Submiaaion of pilot model. - Army inspection, - The contrac¬ 
tor shall submit an experimental pilot or pre-production pilot model of 
each type of unit to the agency designated in the bid request and contract, 
for inspection and test of suppression system. Such models shall be 
equipped with the suppression intended for production units. The first 
experimental pilot or the preproduction pilot model shall be accompanied 
by two copie® of the following: 

(a) Detailed list and description of the suppression components, 
integral and non-integral, indicating for each, the manufacturer's name 
and model number and location. 

(b) List of all electrical equipment, used on the unit except 
lights, horn, and manual switches, each shall be identified by manufac¬ 
turer's name and model number. 

(c) Print of the complete electrical system of the suppressed 
unit showing electrical location and connections of all suppression compo¬ 
nents. 

Each of the above items shall be marked with the date of submission of 
the unit, contract number, name and address of the contractor, the no¬ 
menclature of the unit, and its serial and U.S. Registration numbers. 

3. 5.1.1 Approval of pilot models. - Army inspection. - The (exper¬ 
imental and preproduction) pilot models will be inspected and tested by 
the designated Army agency without charge to the contractor for compli¬ 
ance with the requirements of the specification (see 6.1. 3) at which time 
a verbal report relative to the results of the tests will be furnished the 
contracting officer and the contractractor, together with such information 
as is necessary for the contractor to correct any deficiencies in the 
suppression system. If the pilot model is disapproved, the contractor 
shall correct the deficiencies in accordance with the recommendations 
of the designated Army agency, and resubmit the pilot model for test. 
Correction and retest of the pilot model is usually accomplished during 
the original pilot model test. 

3. 5.1.1.1 Approval of electrical accessory units. - A pilot model 
of any electrical accessory as defined in 3.1.6 may be submitted prior to 
submittal of the complete equipment for suppression tests by the desig¬ 
nated Government agency to determine compliance with the requirements 
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of this specification (iee 6.1. 3). No pilot testing of electrical subas¬ 
semblies, as defined in 3.1.5, is required under this specification. 

3. 5.1. Z Production pilot model. - If tests on a production pilot 
model indicate deficiencies requiring changes or modification of the 
suppression system, the modified system shall be applied thereafter. 
The contracting officer will furnish the contractor with details of the 
suppression system to be applied to production units, based on the 
report of the final approved pilot model. Authority in writing must 
be obtained from the contracting officer for any exceptions to, or 
deviations from, the suppression system approved for production. 

3. 5. 1. 3 Report on pilot models . - The army testing agency will 
furnish the contracting officer a report on the approved pilot model, 
detailing the suppression system to be applied in production. 

3. 5. 1. 4 Changes after approval of pilot model. - After approval 
of the production pilot model, all production units, including accesso¬ 
ries and subassemblies shall, unless otherwise allowed or required, be 
identical in all respects to the approved pilot production model and the 
report of recommendations therein on the model (see 3. 5.1. 3) except 
as described below. 

3. 5.1.4.1 Substitution of suppression components. - The con¬ 
tractor may, at his discretion, substitute a suppression component with 
identical electrical characteristics and mechanically interchangeable 
construction, but of different manufacture, provided the substitute com¬ 
ponent has received approval as described in 3. 4. No other substitution 
or change of a suppression component may be made without approval in 
writing by the contracting officer. Request for permission to make such 
a substitution or change shall be accompanied by a detailed description 
of the proposed substitute suppression component and its method of 
application, together with data showing that the proposed substitute is at 
least the equal of the item it will replace. (If the proposed substitute is 
an item requiring type approval under 3.4, and has not yet received such 
approval, the contractor shall submit samples in accordance with the 
applicable specification.) The contracting officer, may require test of 
an additional pilot model, incorporating the proposed changes for approval. 

3. 5. 1. 4. 2. Changes in integral components . - In the case of sub¬ 
stitutions or changes of suppression components incorporated in integrally 
suppressed electrical subassemblies or accessory units, the contracting 
officer may require submittal of a model of the original and the revised 
subassembly or accessory unit for comparative test by the designated agency. 
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If the revised version is found to have inferior suppression character¬ 
istics, the contracting officer may require test of an additional pilot 
model of the unit incorporating the revised subassembly or accessory. 

3. 5.1. 4. 3 Changes in the equipment. - The contracting officer 
shall be notified as early as possible in writing by the contractor of 
any changes made or contemplated in the electrical system, subassem¬ 
blies, or accessories of the unit. He shall likewise be notified of any 
changes in the structure or electrical bonding of the unit which might 
affect generation or emanation of interference. If the contractor fails 
to submit data satisfactory to the contracting officer showing that the 
changes will not result in failure to conform to this specification, the 
contracting officer, may, at his discretion, require the contractor to 
submit another pilot production model incorporating the changes being 
submitted for approval. This pilot model shall be required to meet the 
same requirements as the original pilot production model. 

3. 5. 2 Approval of pilot model. - Air Force inspection. - The 
contractor shall perform all tests specified herein for compliance with 
the requirements of this specification under the supervision of, and 
subject to the approval of the Government inspector. Approval may be 
granted by the Government inspector or the contracting officer on the 
basis of radiation tests performed over a lesser frequency range than 
specified herein. When reports of the tests are required by the contract, 
such reports shall describe in detail the test set-up, modes of operation, 
and the test equipment used in addition to the test results. 

3. 5. 2.1 At the discretion of the contracting officer, approval of 
pilot models may be granted based on tests and approval by the designated 
Army Testing Agency. 

3. 6 Spare parts . -

3.6.1 Suppression components. - Spare suppression components for 
all units shall meet the requirements of 3. 8 for interchangeability with 
corresponding parts used on the unit, and shall also meet all the require¬ 
ments of 3. 4. 

3. 6. 2 Other components. - Where components of the unit, such as 
engine generator covers and radiators, have been modified for suppression 
purposed by preparing surfaces for bending or other means, the corre¬ 
sponding spare components shall be similarly modified. 
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3.7 Methods of suppression. - Suppression of ignition, charging 
circuit and other electrical interference shall be effected by integrally 
shielded and suppressed electrical subassemblies, (Such as spark plugs, 
distributors, voltage regulators, magnetos, etc. ) capacitors, filters, 
shielding, proper grounding of radiating elements, routing of wiring, and 
location of parts. 

3. 7. 1 Integrally suppressed electrical subassemblies . - The use 
of integrally suppressed electrical subassemblies is mandatory wherever 
practicable, unless precluded by space requirements, unavailability from 
commercial sources, or the ability to meet the performance requirements 
of this specification by other relatively simple means which would effect 
an appreciable saving. 

3.7.2 Magnetos . - Magnetos of the fully enclosed, self contained 
type shall be fully shielded in compliance with the applicable portions of 
3. 7. 6, 3. 7. 7 and 3. 7. 9 and shall be provided with 11/16” -24, threaded 
high tension outlets. Feed-thru type ignition (breaker point) capacitors, 
incorporated in or utilized as, the stop lead terminal shall, wherever 
practicable, be employed in magnetos having provision for remote stop 
switches. (See 6. 4.1). Externally applied feed-thru capacitors are 
acceptable on magnetos of earlier design and those in which space limi¬ 
tations preclude proper integral mounting. 

3. 7. 3 Integrally shielded and suppressed spark plugs . - Standard 
commercial shielded type spark plugs incorporating 10, 000 ohm integral 
resistor-suppressor shall be utilized except where their use is precluded 
by other imperative requirements. The upper or top thread shall be 5/8” 
-24. The resistance of the resistor-suppressor shall be 10,000 ohms 
plus or minus 25% measured at 5 kilovolts peak. 

3. 7. 3.1 The use of ceramic terminal sleeves for connection of 
the ignition cable conductor to the spark plug terminal contact shall be 
mandatory. 

3. 7. 4 Ignition cable . - Type 11 ignition cable in accordance with 
Specification MIL-C-3162 shall be used except where flexible metallic 
hose or other acceptable types are required for other than radio inter¬ 
ference suppression purposes. 

3. 7. 5 Capacitors and filters. - Filters shall be used only where 
adequate suppression cannot be effected by reasonable and proper appli¬ 
cation of capacitors. 
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3.7.6 Shielding. - Integrally shielded ignition cable, flexible metal¬ 
lic hose, solid wall conduit, and wire braid shielding, utilized as part of 
the suppression system or as mechanical support of the wiring, shall be 
terminated and grounded at both ends by means of suitable fittings or cable 
clamps treated in accordance with paragraph 3.10. 3. Cable clamps, when 
used, shall be soldered to the shielding and shall terminate the shielding 
in accordance with the grounding provisions of paragraph 3. 7. 7 as close 
as practicable to the cable terminals. ’’Pigtail” connections shall be 
utilized only where the use of mechanical fittings or clamps is imprac¬ 
ticable contacting surfaces of the fittings, shielding, or supporting member 
and the mating part, shall be treated for corrosion resistance as specified 
in 3.10. 3. Where continuous electrical contact along a seam or joint in 
shielding or fitting is necessary, the seam or joint shall be corrosion re¬ 
sistant and designed to maintain electrical continuity for the required life 
of the parts including necessary assembly and dis-assembly. Electrically 
conducting gaskets or spherical mating surfaces may be required for this 
purpose. 

3. 7. 7 Grounding. - All components of the el ectrical and suppres¬ 
sion system and parts of the unit which require radio-frequency return 
paths to ground or between meeting parts shall be so grounded that a 
corrosion-resistant low-impedance electrical connection will be assured 
through the life of the equipment. 

3. 7. 8 Bonds. - Each bonding strap shall have a length and cross-
sectional shape and dimensions consistant with best radio frequency and 
mechanical practice, and shall be so installed as to minimize damage by 
vibration or stress under service conditions. Bonding straps shall, wher¬ 
ever practicable, be fastened by bolts in a manner enabling easy replace¬ 
ment, and shall have suitable terminals. All bonds shall be bolted at one 
end in order that the equipment may be readily disassembled. Sheet 
metal screws shall not be used for fastening bonds. 

3.7.9 Machine-finished surfaces . - Machine-finished surfaces to 
which suppression components are affixed or mating surfaces between 
parts of electrical sub-assemblies (such as those of magneto cover and 
base) need not be plated. Such mating surfaces of machine-finished parts 
shall be free of corrosion, paint or other foreign material, and shall not 
be treated in any manner that will impair their electrical conductivity 
between the mating surfaces. 
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3. 8 Interchangeability. - All parts of the suppression system on 
any equipment, including spares, shall be electrically and mechanically 
interchangeable with corresponding parts on any other equipment manu¬ 
factured under the same contract, and shall, wherever possible, be inter¬ 
changeable with those of all other units of the same Military or manufac¬ 
turers type number. 

3.9 Ease of maintenance. - Shielding and integrally suppressed 
subassemblies shall be so applied or designed as to allow ready acces¬ 
sibility to all high mortality parts for maintenance and adjustment with 
conventional, general purpose, tools. 

3. 10 Material and workmanship. -

3. 10. 1 Material . - When a specific material is not specified the 
best material of commercial grade available for the purpose, capable of 
withstanding the extremes of temperature, humidity and other operating 
conditions shall be used. 

3.10.1.1 Dissimilar metals . - Contact between dissimilar metals 
which might cause deterioration of parts by galvanic corrosion shall be 
avoided insofar as practicable. 

3.10.2 Workmanship. - All parts shall be manufactured and 
finished in a thoroughly workmanlike manner in accordance with the best 
commercial practice. All dimensions, except where tolerances are given 
on drawings, shall be consistent with good shop practice. 

3. 10. 2. 1 Soldering. - Soldering shall not be depended upon for 
mechanical strength of connections. Where flexible shielding, bonds, 
etc., are soldered, the flexibility of these parts shall not be seriously 
affected. 

3. 10. 3 Corrosion. - All hardware (bolts, screws, nuts, lockwashers, 
retaining nuts, elbows, connectors, ferrules, etc.), used in the installation 
of the suppression system shall be of corrosion resistant material or plated 
by an electrolytic or hotdip process with a metallic material of high electri¬ 
cal conductivity. The finished surfaces shall be capable of withstanding 
the test described in 4. 3. 3 after which there shall be not more than 6 
corroded areas per square foot, not more than 2 corroded areas on any 
part having a total surface of less than 1/3 square foot, nor any corroded 
areas larger than 1/16 inch in diameter. 
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3. 11 Technical manual and instruction book. - Any technical 
manual or instruction book covering the equipment furnished as part 
of the order by which the unit is procured, shall contain compl ete 
technical information, including photographs and drawings relative 
to the functioning and maintenance of the suppression system. 

4. QUALITY ASSURANCE PROVISIONS 

4. 1 Acceptance inspection. - Acceptance inspection shall include 
the tests of 4. 3 and such other inspection and non-destructive testing of 
material, parts, components and the complete suppression system as 
are considered necessary by the Government agency to determine com¬ 
pliance with this specification and its subsidiaries. 

4. 1. 1 Army inspection. - Acceptance inspection for conformance 
with the requirements of this specification shall be conducted by the de¬ 
signated Army Agency without charge to the contractor when the equip¬ 
ment is submitted for acceptance on the contract or at such time as may 
be specified by the contracting officer. 

4.1.2 Air Force inspection. - Unless otherwise specified, accept¬ 
ance inspection for conformance with the requirements of this specification 
shall be made by the contractor under the supervision of, and subject to 
the approval of, the Government inspector. When required, reports of 
the test shall be prepared by the contractor. 

4. 1. 3 Navy inspection. - Tests for the suppression of interference 
to determine conformance with this specification shall be conducted in 
accordance with paragraph 4. 3.1 and 4. 3. 2. The contractor shall furnish 
either directly or by sub-contract all facilities for conducting the radio 
interference tests including test equipment, a suitable location for the 
performance of tests, and the necessary qualified technical personnel. 
Tests shall be conducted on at least one sample of each production lot as 
selected by the Government inspector. 

4. 2 Test equipment for pilot and production tests . -

4. 2. 1 Army inspection. - The interference measuring equipment 
listed below will be provided by the contracting officer and operated by 
Government personnel in performing the interference tests on equipment 
covered by this specification. 
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Test Set AN/URM-3( ), -0.15 - 38 megacycles (MC). 
Radio Interference Measuring Set AN/PRM-14 (NF-114) 
- . 15-40MC. 

Radio Interference Measuring Set AN/URM-7 (NF-105) 
- 40-1000 MC. 

Upon request, the contractor may obtain such information as he may 
require concerning this test equipment and the manner in which it will 
be used, to assist in suppressing the pilot model to meet the required 
tests. Allowable limits of interference are stated in 3. 3. 1 through 3. 3. 2.1 
and the units in which the interference shall be measured are defined in 
paragraph 3. 1.2. 

4. 2. 2 Air Force and Navy Inspection. - The following measuring 
equipment or identical electrical equivalents may be used for Air Force 
and Navy Procurements in the frequency ranges shown below: 

A. UN/URM-6(NM-10A) 
B. Ferris Model 32A and B 
C. AN/PRM-1 (NMA-20A) 
D. TS-587(NMA-5) 
E. Measurements Mode) 58 
F. AN/URM-17 

. 014 to . 25 me 

. 15 to 20 me 

. 15 to 25 me 
25. to 400 me 
20 to 150 me 
400 to 1000 me 

4. 2. 2.1 Measuring equipment calibration. - The measuring equip¬ 
ment listed in paragraph 4. 2. 2. shall be in proper operating condition and 
shall be within specified tolerances with regard to sensitivity and bandwidth. 

4. 3 Pilot model tests . - Pilot models of equipment covered by this 
specification will be tested at the location specified by the contracting offi¬ 
cer or the designated agency. Radiation tests s^all be conducted in an area 
sufficiently free from ambient interference to allow accurate determination 
of conformance with the interference limits specified herein, and shall be 
performed with all electrical units and electrical accessories of the equip¬ 
ment operating. Battery condition and electrical load shall be such that 
the battery charging and output voltage regulators are operating during all 
tests. 

4. 3.1 Radiation tests. - The radio interference radiated from com¬ 
plete equipments shall be measured at a distance of five (5) feet from the 
frame or other structural extremity normally considered as an outer over¬ 
all dimension under operating conditions. Interference shall be measured 
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on two aides of the equipment over the frequency range of . 15 to 1000 me. 
Radiation teats will not be required on engine generators of over sixty 
(60) KW rating. A detailed visual inspection of the suppression system 
will be required to determine conformance with either of the ignition 
systems detailed in figures 1 and 2, or suppression system design 
utilized on smaller generators having met the requirements of this 
specification. 

4. 3.1.1 Engine generators . - Engine generator units shall be 
tested with the measurement antennas in the positions shown in figures 
3, 5, and 9 as applicable. 

4. 3.1. 2 Miscellaneous enginea . - Miscellaneous engine driven 
equipments other than engine generators having a single engine shall be 
tested with the measurement antennas in the positions shown in figures 
4 and 6 or 8, as applicable. 

4. 3.1. 2. 1 Engine driven equipments, (other than engine genera¬ 
tors), having more than one (1) engine shall be tested with the measure¬ 
ment antennas as shown in figures 4 and 6, or 8, relative to each engine, 

4. 3. 1. 2. 2 Engines intended as general purpose prime movers and 
engines which are normally operated without surrounding structure (such 
as certain pump units) shall be tested with the measurement antennas in 
the position shown in figures 4 and 6, or 8, except that the distance (5 feet) 
shall be measured from the outer extremity of the engine. 

4. 3. 2 Conducted interference test (engine generator units) . -
Conducted interference shall be measured between each line and ground 
(frame of equipment) at all electrical power terminals which may be con¬ 
nected to external equipment. Measurements shall be made using the 
specified 50 ohm unbalanced coupling network (figure 12) over the fre¬ 
quency range of 1. 5 to 40 megacycles under full load and one half load 
conditions. The electrical load shall be primarily resistive and shall be 
connected to the output terminals of the unit thru a 75 foot cable of appro¬ 
priate current carrying capacity. Wherever practicable, the leads con¬ 
necting the coupling network to the test circuit shall not exceed three 
inches in length. The limits of conducted interference for the various 
measuring equipments in figure 10 apply. Conducted interference tests 
are not required on Engine Generator Units rated in excess of 500 volts 
or 100 KW. 
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4. 3, 3 Corrosion teat. - Parta which must meet the requirements 
of 3. 10. 3 shall be tested in accordance with Federal Specification QQ-M-151 
subjecting the parts to salt spray for a period of 96 hours at a temperature 
of 95 *F, using a 20% (by weight) aqueous solution of sodium chloride. 

4. 4 Production testing - Army inspection. -

4. 4. 1 Complete equipment. - All production units of equipment 
covered by thia specification shall be subject to inspection in accordance 
with paragraph 4. 4.1.1. through 4. 4. 1. 5. 2. Paragraphs 4. 4. 1. 5.1 and 
4. 4.1. 4. 2 apply to Army procurement only. 

4. 4. 1.1 Initial inspection. - An initial production model from the 
first production of each type of equipment shall be subjected to radio 
interference tests to determine whether the production application of the 
suppression system is satisfactory. If it is unsatisfactory, the contractor 
shall repair the rejected units and shall change his production methods to 
correct the cause of failure. The contracting officer may then require the 
testing of such additional units as deemed necessary to insure that the 
corrected production applications of the suppression system is satisfactory. 

4. 4.1. 2 Production sampling of equipment. - After unite have 
satisfactorily passed the initial inspection specified in 4. 4.1.1 the quality 
of the suppression system on production units shall be controlled by sub¬ 
jecting random units to similar tests. If less than a hundred units are 
being procured, at least one unit shall be tested after the initial inspection. 
If any unit fails to pass the test the contractor shall change his production 
methods to correct the cause of the failure. 

4. 4.1. 3 Incompletely assembled units . - Where units are shipped 
in other than a comp! etely assembled condition, contractor shall assemble 
sufficient units for required field tests. 

4. 4. 1. 4 Integral suppression components . - A spot check of integral 
suppression components by visual or electrical test will be required, on a 
maximum of 1% of the total units on the contract unless the contractor cer¬ 
tifies that approved suppression components have been properly applied to 
each integrally suppressed subassembly or accessory. 

4. 4. 1. 5 Visual inspection of suppression system. - A thorough 
visual inspection shall be made periodically by the Government inspectors 
of the complete installation of the suppression system, to determine con¬ 
formance to the pilot model report (3.7.1) or approved suppression system. 
This inspection shall be performed at a point or points in the production 
line determined by the contracting officer. 
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4. 4.1. 5.1 Check for use of Government-inspected suppression 
components . - Inspection shall insure that all non-integral suppression 
components covered by 3.4 furnished on production units have been sub¬ 
jected to inspection and testa as required by the subsidiary specifications 
or drawings listed in 2.1. Thio inspection shall also insure that suppres¬ 
sion components covered by 3. 4 but not covered by subsidiary specifica¬ 
tions or drawings have been subjected to teats aa required by the contrac¬ 
ting officer. Where the testa of suppression components are performed 
at a sub-contractor’s plant under supervision of Government inspectors, 
inspection at the plant of the prime contractor shall insure that the compo¬ 
nents, or packages thereof, bear the stamp of the Government inspector. 

4. 4.1. 5. 2 Contractor's inspection. - A thorough visual inspection 
shall be made of the complete installation of the suppression system, for 
conformance with the pilot model report (see 3. 5.1. 3. or 3. 5. 2). Units 
shipped in other than completely assembled condition shall be inspected 
partially assembled at the point or points in the production line determined 
by the contracting officer. 

4. 5 Production testing - Navy inspection. -

4.5.1 Sampling of complete equipments. - The sampling of com¬ 
plete equipments incorporating suppression systems shall be as prescribed 
in the equipment specification. At least one production unit of each type 
or model shall be selected at random by the Government inspector for pro¬ 
duction tests. Other units may be selected by the inspector periodically 
to check uniformity of production units. 

4. 5. 1.1. Production tests of the suppression systems on complete 
equipments shall be performed at the place of manufacture and shall con¬ 
sist of the following: 

(a) Determination that the suppression components being 
applied to production units are representative of units which have been pre¬ 
viously approved under the applicable subsidiary specification or otherwise 
approved by the designated agency. 

(b) Visual examination of the suppression system for con¬ 
formance with the system originally approved. 

(c) Radio interference tests in accordance with paragraph 
4. 3. 1 and 4. 3. 2 where applicable. 
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5. PREPARATION FOR DELIVERY 

5.1 The applicable section of the equipment specification shall 

apply. 

6. NOTES 

6.1 Army, -

6,1, 1 List of approved suppression componente, - Current Army 
Qualified Products Lista (AQPL) of type-approved suppression capacitors, 
filters and resistor-suppressors under the applicable subsidiary specifi¬ 
cation of 2.1 may be obtained by contracting officer from the Signal Corps 
Supply Agency, 225 South Eighteenth Street, Philadelphia 3, Pennsylvania, 
by referring to the specification number covering the particular compo¬ 
nent. Indication of approval of any item, by its inclusion in an AQPL or 
by other means, as being suitable for suppression purposes and in accord¬ 
ance with the applicable specifications, covers use of the component only 
for suppression purposes. A list of manufacturers of suppression com¬ 
ponents having type approved and application approval under the subsidiary 
specification of paragraph 2. 1 may be obtained upon application to the con¬ 
tracting officer. 

6. 1. 2 Submission of samples of suppression components . -

6. 1. 2.1 Type approval . - Samples for qualification approval (see 
3.1.7) under subsidiary specifications listed in 2.1 shall be submitted as 
prescribed in the applicable subsidiary specification. 

6. 1. 2. 2 Application approval . - Samples for application approval 
(see 3. 1. 7. 1) (twelve each) may be submitted to the Signal Property Officer, 
SCEL, Bldg. 141, Coles Signal Laboratory, Fort Monmouth, New Jersey, 
ATTN: Suppression and General Engineering Branch, together with the 
following information: 

(a) Description or drawings of the proposed application. 

(b) Manufacturer's name, address and model number of 
prime equipment vr subassembly on which the application is proposed. 

(c) Electrical data, current, voltage, etc. , pertaining to 
the circuit in which the component is to be employed. 

(d) Manufacturer, number, and electrical ratings (current, 
voltage, capacitance, etc.) of the samples. 
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(e) If the component is proposed to replace another type. 
or that of another manufacturer, the manufacturer and type number of 
the component to be replaced by the units submitted. 

(f) Contract number of prime equipment or subassembly. 
(If the suppression component is being applied in a subassembly or 
accessory unit being proposed by its manufacturer for use on equipments 
covered by this specification, the information required by (a) thru (d) 
above, together with any other pertinent information is sufficient.) 

(g) Samples submitted by a suppression component manu¬ 
facturer must be accompanied by evidence of the prime or sub-contrac¬ 
tor's request for samples, or his approval of the submittal, in addition 
to the information required by (a) thru (f) above. The latter may be 
furnished either by the component manufacturer, prime contractor, sub¬ 
contractor or contracting officer. 

6. 1. 3 Government test agency. - The Government technical acti¬ 
vity designated to perform the testing and engineering functions required 
for the implementation of this specification, those functions prescribed 
as the responsibility of the Chief Signal Officer under Army Regulation 
AR-105-86, "Communications Radio Interference Reduction. " shall be 
Coles Signal Laboratory, Signal Corps Engineering Laboratories (SCEL), 
Fort Monmouth, New Jersey; (Suppression and General Engineering 
Branch). This agency shall represent the contracting officer in dealings 
with contractors and sub-contractors on technical matters pertaining to 
these functions including the following: 

(a) Approval for the use of capacitors or filters under 
conditions that are more severe than those specified in the applicable 
specification thereror. 

(b) Testing of capacitors or filters that do not conform to 
the applicable specification to determine whether such components are 
acceptable for the proposed application. 

(c) Inspection, testing, and approval of samples of 
suppression components, sub-assemblies or accessories to be approved 
before being furnished as part of the equipment on order. 

(d) Inspection, testing and approval of the suppression 
system on the pilot model. 

6. 1. 3. 1 Testing of pilot model and production units . - Test equip¬ 
ment and personnel for conducting the inspection and test of the suppression 
systems on pilot models, and on production units undergoing the Government 
field tests, will be provided by Coles Signal Laboratory. Contracting 
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officers should notify the Director, Coles Signal Laboratory, SCEL, 
Fort Monmouth, New Jersey, at least 10 days before a pilot model will 
be available for inspection and test of the suppression system. Results 
of the test, and a report covering the method of suppression to be 
followed on any subsequent pilot model or production unit will be fur¬ 
nished to the contracting officer. The report should be included by him 
as part of any approval of the pilot model to which it applies. 

6. 1. 4 Proposal request and contract. -

6. 1. 4. 1 Expenses . - It is to be understood that the contractor will 
bear all expenses arising in connection with the following: 

(a) Transportation of Government inspector, test equip¬ 
ment, pilot models, production units, electrical sub-assemblies and 
accessories, and suppression components from the contractor's plant to 
the test point designated by the Government, if such point is within 25 
miles of the contractor's plant. If the test point is over 25 miles from 
the contractor's plant, transportation only for the items to be tested. 

(b) Preparation and submission of prints and parts list 
submitted with the models. 

(c) Submission of samples for type approval. 

(d) Damage to pilot models or to samples resulting from 
testing, disassembly or reassembly. 

(e) Samples that are not returned to the bidder or con¬ 
tractor. 

6. 2 Navy: To be coordinated with Navy Department policy. 

6. 3 Air Force 

6. 3.1 Air Force exemption. - Components incorporated in inte¬ 
grally suppressed sub-assemblies or accessories (generators, motors 
controls, etc.), designed for »id approved by the Air Force for use in 
aircraft are exempt from the requirements of 3.4.2, providing the 
interference limits of this specification are met. 

6. 4 General inforrm tion . -

6. 4. 1 Magneto stop lead, - The incorporation of a feed-thru type 
ignition capacitor in the magneto in general precludes the necessity for a 
shielded stop lead and stop switch to meet the requirements of this speci¬ 
fication, provided reasonable care is exercised in routine the stop lead. 
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and providing its length does not exceed approximately six feet. In equip¬ 
ments or installations wherein the stop lead must be extended to a point 
remote from the engine chassis, connected to, or closely associated with, 
circuits remote from the unit, a relay should be employed for magneto 
disabling. A feed-thru or by-pass capacitor may then be applied across 
the relay actuating coil to prevent coupling of interference voltages into 
the remote lead or other circuitry. 

6. 4. 2 Gauges and instruments . -

6. 4. 2.1 The use of sending units of the thermal, or bimetal¬ 
contact type should be avoided. Certain types of indicating units, those 
of the thermal type which employ contact points that open when bimetal -
strip heats, should likewise be avoided. Whereas the units described 
above can be suppressed to meet the requirements of this specification, 
the cost of the suppression application may approach, or even exceed, 
the cost of the gauge. Variable resistance type sending units with mag¬ 
netic (ammeter type) indicating units, or Bourdan type (non-electrical) 
gauges are recommended. 

6. 4. 2. 2 Electric tachometers are generally a source of inter¬ 
ference of varying magnitude depending upon the type of unit. Shielding 
the lead between the sending unit and the indicating unit, or the applica¬ 
tion of a feed-thru or multiple feed-thru capacitor in the output of the 
sending unit is generally required. 

6.4.3 Drive belts. - Drive belts (fan, generator, waterpump, etc.) 
often generate radio interference as a result of electrostatic charges de¬ 
veloped on the belt discharging to the drive or driven pulleys. This inter¬ 
ference may sometimes be mistakingly identified as regulator interference, 
since it is often characterized by impulses of irregular amplitude and 
recurrence. It may be readily isolated, however, by disconnecting the 
generator-to-regulator leads, in which case belt interference will continue, 
or by applying a small amount of water to the belt while listening to the 
interference, which case drive belt interference will disappear. Electri¬ 
cally conducting drive belts conforming to the conductivity requirements 
of MIL-B-11040 "Belts V-Type, Engine Accessory Drive" will reduce drive 
belt interference to within the limits prescribed herein. 

6. 4. 4 Generator shaft interference . - Belt driven generators (those 
with an exposed pulley or those having an appreciable length of exposed shaft) 
often produce interference of a type which may have the characteristics of 
either regulator interference or generator hash, and which does not respond 
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to the application of capacitors or shielding of leads. This interference 
generally appears in the VHF range and is caused by interference voltag 
induced in the shaft (which is electrically isolated from the frame by the 
oil film in the bearings) and in turn radiated by the exposed pulley or 
shaft. This type oi interference is reduced by shaft grounding brushes 
applied at the drive end of the shaft. 

NOTICE: When Government drawings, specifications, or other data are 
used for any purpose other than in connection with a definitely related 
Government procurement operation, the United States Government 
thereby incurs no responsibility nor any obligation, whatsoever; and the 
fact that the Government may have formulated, furnished, or in any way 
supplied the said drawings, specifications, or other data is not to be 
regarded by implication or otherwise as in any manner licensing the 
holder or any other person or corporation, or conveying any rights or 
permission to manufacture, use or sell any patented invention that may 
in any way be related thereto. 
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MILITARY 
SPECIFICATION 

MIL-I-1 l748ß(SigC) 
Amendment 3 
11 January 1962 

INTERFERENCE REDUCTION FOR ELECTRICAL 
AND ELECTRONIC EQUIPMENT 

1. Paragraph 2. 1 Under "SPECIFICATIONS, " delete "FEDERAL, 
QQ-M-51, Metale: General Specification for Inspection of". 

2. Paragraph 2.1 Add: 

"STANDARDS 

FEDERAL TEST METHODS 

No. 151 Metals; Test Methods" 

3. Paragraph 3.1. 5. 2 Add: "(see 6.6)” 

4. Paragraph 3. 1. 6 Change to read as follows: 

3.1. 6 Susceptibility. - Susceptibility is the response of an equip¬ 
ment or component to any signal applied, either conductively or by an 
electromagnetic field in space, at other than the normal input terminals. 

5. Paragraph 3.1. 7 Change to read as follows: 

3. 1. 7 Extraneous response. - An extraneous response is any 
undesired response of a receiver, recorder, or Other sensitive device due 
to any undesired signal or to any interaction between a desired signal and 
an undesired signal, applied to the normal input terminals. 

6. Paragraph 3.1.10 replace by: 

3. 1. 10 Qualification-approved (formerly type-approved) suppres¬ 
sion component. - A qualification-approved suppression component is one 
for which samples of the same make and type have been approved by the 
designated Government agency as conforming to a set of electrical (in¬ 
cluding radio-frequency) and mechanical characteristics detailed in the 
applicable subsidiary specification. (See 6.2.1). 

FSC 5915 
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7. Paragraph 3. 1. 11, replace by: 

3.1. 11 Contractually-approved (formerly application-approved) 
suppression component. - A contractually-approved suppression component 
is one not conforming to a set of electrical and mechanical characteristics 
detailed in an applicable subsidiary specification, but of which samples 
of the same make and type have been approved by the designated Govern¬ 
ment agency as being acceptable for a specific suppression application. 
(See 6. 1. 2). 

8. Insert: 

3.1. 20 Equipment item . - An equipment item is any separate 
and distinct unit of a type which, if procured separately, would normally 
be subject to test for conformance to this or some other military inter¬ 
ference reduction specification. 

9. Insert: 

3. 1. 21 System . - A system is an aggregation of equipment items 
and those auxiliary items, if any, used therewith to coordinate them into 
a functional whole having a capability beyond that of the individual equip¬ 
ment items. 

10. Insert: 

3. 2. 10 Electromagnetic Compatibility control plan. - Except 
on procurements in which the end item is exclusively Class III (see 
4. 1. 1. 2. 1), the contractor shall submit a detailed plan (5 copies) de -
scribing his program for control of interference emission, suscepti¬ 
bility to undesired radiated, induced and conducted voltages and fields, 
and the compatible operation of the subject equipment items and/or 
systems in the electromagnetic environments in which they are designed 
to operate. The plan shall be submitted to the procuring activity within 
90 days after contract award, or as otherwise specified in the contract, 

3.2.10.1 Content. - The control plan shall discuss the following: 

(a) The design aspects of the contractual program, 
including such areas as preferred circuitry from the compatibility control 
standpoint, circuits to be shielded, the degree of shielding required, r-f 
filtering and/or by-passing required to prevent extraneous emissions and 
susceptibility to extraneous voltages or fields, integral suppression of 
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interference producing devices, etc. Block diagrams of equipments and 
systems, showing major or critical components and subassemblies, shall 
be supplied. The degree of shielding or isolation required of equipment 
cases, shelters and vans shall be discussed from the emission, suscepti¬ 
bility and human safety aspects, and indications given of the methods by 
which this will be achieved. If any incident field from 0.014-40, 000 me 
may be expected to exceed 1.0 volt/meter, it shall be specifically pointed 
out in this plan. 

(b) Facilities, on hand and to be procured or subcon¬ 
tracted, that will enable the contractor to determine the degree of com¬ 
patibility control being incorporated in the equipment item or system. 

(c) Available or estimated data on the interference 
characteristics of equipment items to be incorporated in the end item. 

3. 2. 10. 2 Addenda to this plan shall be submitted whenever 
additional data becomes available or it becomes apparent that the plan 
should be revised or supplemented to keep it up to date and in consonance 
with the known facts and latest thinking. 

11. Paragraph 3.3. Delete the second and third sentences. 

12. Paragraph 3. 3, Class 1c. Change to read: 

c. Test equipment and other equipment intentionally 
generating or utilizing r-f energy, for purposes other than power appli¬ 
cations as covered by Class 11, but not intended to radiate. 

13. Paragraph 3. 4. 2. 1. Delete. 

14. Insert: 

3. 4. 4 Equipment items not being procured under a system 
contract . - (See 3. 1. 20) The above-defined classes and the limits applicabl 
thereto shall apply, except that when an equipment item of one class be¬ 
comes installed in, or is incorporated as an integral part of, an equip¬ 
ment item of another class, the overall equipment item shall conform to 
the class having the more severe requirements. 

3. 4. 5 Systems . - (See 3. 1. 21) The system as a whole shall meet. 
as a minimum, the requirements of the equipment class therein having the 
most severe requirements. However, regardless of the interference 
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requirements stated in the following subparagraphs for the individual 
equipment items of a system, and their conformance or non-conformance 
to their class requirements, the system contractor shall take any addi¬ 
tional measures necessary to assure that no electromagnetic emission 
or susceptibility characteristic of these equipment items will result in 
undesirable response or malfunctioning of the system or any part thereof. 

3. 4. 5.1 Equipment items of a system. - Each equipment item of 
a system, produced on a system contract or a subcontract thereof, or 
purchased by the contractor as a commercial item, shall meet or be 
modified by him to meet the class requirements applicable to that item. 

3. 4. 5. 2 Government-furnished equipment items of a system . -
Equipment items furnished by the Government to a contractor for 
incorporation into a system shall, unless the test data is furnished by 
the Government, be tested by the contractor for conformance to their 
class requirements. 

(a) If the class requirements are not met, but the 
application of minor external suppression meas ures will result in 
meeting those requirements, the contractor shall so indicate in the 
control plan, (3. 2. 10 -3. 2. 10. 2), and shall apply suppression as needed 
to meet those requirements. Test data confirming the effectiveness of 
the measures shall be furnished in the plan or in an addendum to it. 

(b) If extensive, difficult, or impractical internal pro¬ 
cedures or structural or circuit modifications would be required to 
meet the class requirements, full data on the difficulties, costs, etc. 
shall be furnished the contracting officer as early as possible, and 
shall be included as a part of the control plan or an addendum thereto. 
(3.2. 10-3.2. 10.2). 

15. Paragraph 3.5, line 3: After "radiation” insert "and”. 

16. Table 11, last Column. Delete "BB” in all three instances. 

17. Table 111-a: Heading of column 3 should read "Approx. 
Equivalent pV/mc". 

18. Table 111-a: Heading of column 5 should read "Approx. 
Equivalent »xV”. 

19. Table lll-a: Last entry of Column 1 should read ”3000 4- to 
36000.” 
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20. Table 111-b, text, end oí line 4, replace "those” by "the”. 

21. Table 111-b, opposite ”ll-a. " Replace ”100" by "no test. ” 

22. Table IV: Columns 1 and 2, and 3 and 4. should be separated 
so headings are separately readable, as in Table 111-a. 

23. Table IV: Column 1, change "30" to ”65”. 

24. Paragraph 3. 5. 1.2. 1: Change ”0. 15-30 me” to "0. 15-65 me”. 

25. Paragraph 3. 5. 2. 1. 1. 1: Change to read as follows: 

3. 5. 2. 1. 1. 1 Harmonics . - The peak power output of the 
second and third harmonics shall be at least 60 db below that of the fun¬ 
damental, ori0‘-8 watts, whichever is greater, but in no event greater 
than 1 watt, when measured according to 4. 3, 4. 4, and their applicable 
sub-paragraphs. 

26. Paragraph 3. 5. 2. 1. 1.2. Change to read as follows: 

3. 5. 2. 1. 1. 2 Other extraneous emissions. - The peak power 
output of any harmonic above the third, and of any non-harmonic extraneous 
emission shall be at least 80 db below that of the fundamental, or æ-8 watts, 
whichever is greater, but in no event greater than ¡q-2 watts, when measured 
in accordance with 4. 3, 4. 4, and their applicable sub-paragraphs. 

27. Paragraph 3. 5. 3. 2. Change to read as follows: 

3. 5. 3. 2. Class 11b. - Equipment of this class, when set up as 
for its intended use, shall meet the requirements of Tables Illa, 111b and 
IV at the fundamental as well as all other gene rated frequencies up to the 
tenth harmonic or 1000 me, whichever is higher, but not over 36, 000 me. 

28. Paragraph 3. 5. 4. 2: Change "0. 15-30 me” to ”0. 15-65 me ”. 

29. Paragraph 3.6.1, line 2: Change "type-approved" to "quali¬ 
fication-approved. ” 

30. Paragraph 3.6. 1, line 4: Change "application approval" to 
"contractual approval. ” 
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31. Paragraph 3.6.2, replace by: 

3. 6. 2 Integral suppression components. - Integral suppres¬ 
sion components incorporated in electrical and electronic components, 
subassemblies, and accessories shall be subject to contractual approval 
(3. 1. 11) by the designated Government agency for electrical (including 
radio-frequency) and mechanical characteristics pertinent to the particular 
application, and shall conform, insofar as practicable, to the applicable 
subsidiary specifications listed in 2. 1. 

32. Paragraph 3.6. 3. Delete. 

33. Replace 4. 1. 1.1 by: 

4. 1. 1. 1 Inspection by the contractor . - Except as stated in 
4. 1. 1.2. 1, the contractor shall conduct all tests required by this speci¬ 
fication to determine conformance to the requirements hereof, using 
test equipment, test setups and procedures herein specified. The 
Government reserves the right to witness all tests carried out by the 
contractor, his testing agency, or subcontractor. (See 6. 3. 1). 

4. 1. 1. 1. 1 Electromagnetic Compatibility Test Plan. -
Except on procurements in which the end item is exclusively Class 111 
(see 4. 1. 1.2. 1), the contractor shall submit 5 copies of a comprehensive 
test plan to the procuring activity showing the tests which will be run on 
each equipment item and on the system as a whole, to determine conform¬ 
ance to this specification. Each equipment item of a system capable of 
separate operation (e. g. receiver, transmitter, teletypewriter) shall be 
individually tested according to its class prior to system tests. (See 
3. 4. 4 through 3. 4. 5. 4). This plan shall be submitted 90 days prior to 
the start of electromagnetic compatibility acceptance tests, or as other¬ 
wise directed in the contract. Approval of the test plan shall precede 
the start of formal testing. Included in the delineation of the proposed 
tests shall be the following. 

(a) Nomenclature and salient characteristics of test 
equipment to be used. 

(b) Types and methods of calibration of standards, and 
calculations to show the expected accuracy of each. 

(c) Dummy loads, signal-line filters, dummy antennas, 
signal samplers, etc. , to be used, together with VSWR and insertion loss, 
if applicable, in the frequency range of interest. 
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(d) Detector functions (peak, average, etc.) to be 
uaed in measuring equipment. 

(e) Mode« of operation of subject items, including 
control settings, etc. 

(f) Test frequencies and modulations, and computations 
to indicate frequencies at which extraneous outputs, susceptibilities, and 
intermodulation products may be expected. 

(g) Pertinent details of test setups and procedures not 
covered by this specification, and other details requiring approval of the 
procuring agency. 

(h) Expected overall accuracy of each test. 

4. 1.1.1. 2 Electromagnetic Compatibility Test Report. - Except 
on procurements in which the end item is exclusively Class 111, the 
contractor shall submit to the procuring agency as directed in the con¬ 
tract, but prior to the submission of the equipment for acceptance, a 
test report (5 copies), conforming to the format of the "Preliminary 
Engineering Reports" section of SCL-2101. The test report shall show 
in detail the application of the Electromagnetic Compatibility Test Plan 
in the determination of the compliance of the test item with the require¬ 
ments and limits of this specification. In addition to the details required 
in the test plan, the following data shall be included in the test report: 

(a) Dates of all tests. 

(b) Ambient interference and internal noise level of 
radio interference measuring set receivers for each detector function 
used and at each frequency of test. 

(c) Detailed description of procedures used. The 
maximum use of photographs and/or diagrams is required. 

(d) Measured line voltage(s) to test sample. 

(e) Test frequencies and modulations, and basis of their 
choice if different than stated in the test plan. 

(f) Type of interference or susceptibility measured, its 
source, and accuracy of measured values. 

(g) Remedial actions required and taken as a result of 
testing. 

(h) Nomenclatures and serial numbers of test equipment 
used, and last date of calibration prior to test. 
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34. Paragraph 4. 1.1. 2.1 Change to read as follows: 

4.1.1. 2.1 Army procurement of separate Class III items . -
Inspection and testing of preproduction units, and spot testing of pro¬ 
duction unite of Class III items for conformance to the requirements of 
this specification will be carried out by the Army, except when they are 
being procured as part of a Claes 1 item, and under the same contract. 
The contractor shall visually inspect each production unit and shall 
certify its conformance to the report of the contracting officer on the 
approved suppression system. See 6. 3. 2 thru 6. 3. 2. 2.1. On Claes 
Ill-d items the contractor's visual inspection of the suppression system 
need be made only on those unite which are subject to at least one other 
production examination or test. 

35. Paragraph 4, 2.1. Change final period to comma and add: 
"pending availability of suitable instruments. " 

36. Paragraph 4. 2. 2. 6. 
read "(other than internal tube 

Change, parenthetical expression to 
and circuit noise)”. 

37. Paragraph 4. 2. 2. 7, line 1. Delete "including. " 

38. Paragraph 4. 2. 3. 2, line 3: Change "4. 2. 2. 29" to "4. 2. 2. 9. " 

39. Table V(a): Change 
headings to read as follows: 

the first seven lines under the column 

0. 014 - 0. 15 

0.014 - 1000 

0.014 - 1000 

20 - 400 

400 - 1000 

400 - 1000 

1000 - 10,000 

NM-10A 

NF-105 

NF-205 

NM-30A 

NM-50A 

NM-52A 

NF-112 

1. 8 

1, 3. 8 

8 

8 

8 

40. Table V-b: Delete "Notes” in heading between last two columns, 
and add a line under the three column headings as follows: 

1000 10, 000 AN/TRM-6 6 



Amend 3 to Spec 
MIL-I-11748B(SigC) 

41. Table V, add Note 8 as follow»: 

8. Radiation measurements shall be made only by series 
injection substitution at base of antenna, using an injection network of 
Table VII, and either an impulse calibrator of Table VIII, one built 
into an instrument of Table V, or a standard-signal generator. 

42. Table VI(a), fourth line below headings: Replace "LM-105-SC" 
by "VA-205-SC". 

43. Table VI(b), column 2: Change "10, 000" to "1000". 

44. Table VII(a), add a line as follows under the three column 
headings, respectively: 

92288-1 a 91280-1 

45. Table VIII, note 5. Change "0.15 me" to "1.5 me". 

46. Paragraph 4. 3.1. 3 line 8: Change "with" to "within". 

47. Paragraph 4. 3.1. 4. Add: "CAUTION---SHOCK HAZARD; 
Connect cases of networks to earth ground BEFORE connecting a-c to 
power line. " 

48. Paragraph 4. 3.1. 5. 2. Add: "Cases of impedance stabiliza¬ 
tion networks shall be earth grounded. ” 

49. Paragraph 4. 3. 2. 1, add commas as follows: 

line 3, after "band" 

line 3, after "switching" 

line 7, after "only" 

50. Paragraph 4. 3. 2.1, lines 4-5. Change "1.25" to "1.4", and 
delete the parenthetical phrase. 

51. Paragraph 4. 3. 3: Change "0.15-30 me" to "0. 15-65 me ". 

52. Paragraph 4.4.1. Delete last sentence. 

53. Paragraph 4. 4. 2: Change "0.15-30 me" to "0. 15-65 me ". 
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54. Paragraph 4. 4. 4.1. line 9* Change ”1.20” to ”1.3”. 

55. Paragraph 4. 4. 4. 2. last line. Place comma after 
"bandwidth. ” 

56. Paragraph 4.5.1, first sentence. Place a period after 
"network” and delete remainder of sentence. 

57. Paragraph 4. 5. 2, line 3: Change ’’ration” to ’’ratio”. 

58. Paragraph 4. 5. 2, line 3: Change ’’open-circuit” to ”50-
ohm -loaded. ” 

59. Paragraph 4. 5. 3.1, line 2: Change ”4. 3.1. 2” to ”4. 3.1. 3”. 

60. Paragraph 4. 5. 3.1. 3 Add: "The ground plane shall be earth 
grounded for safety. (See 4. 3.1. 4)”. 

61. Paragraph 4. 5. 4. 2, end. Replace "Table VII" and parentheti¬ 
cal expression by "Table VIH.'b (Note 1, but not note 5, is immaterial for 
this test.)" 

62. Paragraph 4. 6. Replace by: 

4.6 Corrosion test. - Parts which must meet the requirements 
of 3.2.7 shall be tested in accordance with Federal Test Method Standard 
151, subjecting the parts to salt spray for a period of 96 hours at a tempera¬ 
ture of 95 degrees Fahrenheit using a 20 percent by weight aqueous solution 
of sodium chloride. 

63. Paragraph 6.1. Replace by: 

6.1 List of approved suppression components. - Current Quali¬ 
fied Products Lists (QPL) of qualification-approved suppression capacitors, 
filters and resistor suppressors, under the applicable subsidiary specifi¬ 
cations of 2.1, may be obtained from the Contracting Officer, U. S. Army 
Signal Supply Agency, 225 South Eighteenth Street, Philadelphia 3, Penn¬ 
sylvania, by referring to the specification number covering the particular 
component. Indication of approval of any item, by its inclusion in QPL 
or by other means, as being suitable for suppression purposes and in 
accordance with the applicable specifications, covers use of the compo¬ 
nent only for suppression purposes. A list of manufacturers of suppres-
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sion componente having qualification approval under the subsidiary 
specifications of paragraph 2.1 may be obtained upon application to the 
Contracting Officer. 

64. Paragraph 6.2, replace by: 

6. 2 Approval of suppression components . 

65. Paragraph 6. 2.1, replace by: 

6. 2.1 Qualification approval . - Qualification approval of 
suppression components (3.1.10) may be obtained in accordance with 
procedures and through the agencies designated in the applicable sub¬ 
sidiary specifications. 

66. Paragraph 6.2.2, replace by: 

6.2.2 Contractual approval . - Contractual approval of 
suppression components (3.1.11) may be obtained through the U.S. Army 
Signal Materiel Support Agency, Field Engineering Division, Fort 
Monmouth, N. J. 

67. Paragraph 6. 3.1, change to read as follows: 

6. 3.1 Testing by the contractor. Tests required of the con¬ 
tractor (see 4.1.1.1) may be performed for him, all or in part, by a pri¬ 
vate testing agency or by a subcontractor supplying him with equipment 
items. In any event, paragraphs 4. 1.1.1.1 and 4.1.1.1. 2 are applicable, 

68. Paragraph 6.3.2, line 2. Replace all beginning with "such" 
and ending with "etc" by "including Army inspection and testing of such 
items for approval before being furnished as part of an equipment on order". 

69. Paragraph 6.3.2, line 7 et seq. Place a period after "functions" 
and delete remainder of paragraph. 

70. Paragraph 6. 3. 2. 2. 1. Delete items ”c" and "e" and change "d" 
to "c". 

71. Add: 

6. 6 Broadband interference. - The linear relationship of peak 
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response to the bandwidth of the measuring instrument is accurate for 
impulses sufficiently separated in time so that the successive transients 
do not overlap in the measuring instrument, up to the peak detector. 
Transient duration is approximately twice the reciprocal of the 6-db-
down bandwidth. For extreme overlap, as with thermal noise, the 
peak responseûs proportional to the square root of the bandwidth. 
Broad-band interference generated by man-made equipment such as 
commutators, relays, automotive ignition systems, etc, when 
measured with a peak detector, has been found experimentally to fall 
in the range of linear response versus bandwidth in almost all instances, 
for the bandwidths of typical interference measuring instruments not 
designed to work below 150 kilocycles. 

72. Insert: 

6. 7 Radio Interference testing waiver for Class 111-b, c, 
and d items, - The contractor should furnish as a part of his bid a full 
description of all electrical sub-assemblies and accessories of the end 
item. If the description indicates that the end item is inherently inter¬ 
ference-free, or is not likely to be operated sufficiently often or long 
to be a significant source of interference, the contracting officer may 
grant a waiver of the interference testing requirements. 

"NOTICE. - When Government drawings, specifications, or 
other data are used for any purpose other than in connection with a defi¬ 
nitely related Government procurement operation, the United States 
Government thereby incurs no responsibility nor any obligation whatso¬ 
ever; and the fact that the Government may have formulated, furnished, 
or in any way supplied the said drawings, specifications, or other data 
is not to be regarded by implication or otherwise as in any manner li¬ 
censing the holder or any other person or corporation or conveying any 
rights or permission to manufacture, use, or sell any patented invention 
that may in any way be related thereto. ° 
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MILITARY Amendment 2 
SPECIFICATION 9 June 1959 

INTERFERENCE REDUCTION FOR ELECTRICAL 
AND ELECTRONIC EQUIPMENT 

1. Paragraph 2.1 Under "SPECIFICATIONS, ” delete "FEDERAL 
QQ-M-51, Metals: General Specification for Inspection of”. 

2. Paragraph 2.1 Add: 

"STANDARDS 

FEDERAL 

No. 151 Metals; Test Methods” 

3. Paragraph 3.1. 5.2 Add: "(see 6.6)". 

4. Paragraph 3. 1. 6 Change to read as follows: 

"3.1. 6 Susceptibility. - Susceptibility is the response of an 
equipment or component to any signal applied, either conductively or by 
an electromagnetic field in space, at other than the normal input terminals. " 

5. Paragraph 3.1.7 Change to read as follows. 

"3.1.7 Extraneous response. - An extraneous response is any 
undesired response of a receiver, recorder, or other sensitive device due 
to any undesired signal or to any interaction between a desired signal and 
an undesired signal, applied to the normal input terminals. ” 

6. Paragraph 3.1.10 replace by: 

3. 1. 10 Qualification-approved (formerly type-approved) 
suppression component. - A qualification-approved suppression compo¬ 
nent is one for which samples of the same make and type have been 
approved by the designated Government agency as conforming to a set of 
electrical (including radio-frequency) and mechanical characteristics 
detailed in the applicable subsidiary specification. (See 6.2.1). 
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7. Paragraph 3. 1. 11, replace by: 

3.1. U Contractually-approved (formerly application-
approved) suppression component. - A contractually-approved suppres¬ 
sion component is one not conforming to a set of electrical and mechanical 
characteristics detailed in an applicable subsidiary specification, but of 
which samples of the same make and type have been approved by the 
designated Government agency as being acceptable for a specific suppres¬ 
sion application. (See 6. 2. 2). 

8. Paragraph 3. 3, Class Ic. Change to read: 

”c. Test equipment and other equipment intentionally generating 
or utilizing r-f energy, for purposes other than power applications as 
covered by Class II, but not intended to radiate. " 

9. Paragraph 3. 4. 2.1 Delete. 

10« Table II, last Column. Delete ''BB" in all three instances. 

11, Table 111-a: Heading of column 3 should read "approx. 
Equivalent uV/mc”. 

12. Table IH-a: Heading of column 5 should read "Approx. 
Equivalent uV”. 

13. Table Ill-a: Last entry of Column 1 should read "3000 + 36000". 

14. Table III-b, text, end of line 4, replace "those" by "the". 

15. Table III-b, opposite "Ll-a". Replace "100" by "no test, " 

16. Table IV: Columns 1 and 2, and 3 and 4, should be separated so 
headings are separately readable, as in Table III-a. 

17. Paragraph 3. 5. 2. 1. 1. 1, Change to read as follows: 

"3. 5.2.1.1.1 Harmonics. - The peak power output of the second 
and third harmonics shall be at least 60 db below that of the fundamental, 
or 1O“8 watts, whichever is greater, but in no event greater than 1 watt, 
when measured according to 4. 3, 4. 4, and their applicable sub-paragraphs. " 

18. Paragraph 3. 5. 2.1. 1. 2 Change to read as follows: 
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"3. 5. 2.1.1. 2 Other extraneous emissions. - The peak 
power output of any harmonic above the third, and of any non-harmonic 
extraneous emission shall be at least 80 db below that of the funda¬ 
mental, or 10”® watts, whichever is greater, but in no event greater 
than io”2 watts, when measured in accordance with 4. 3, 4. 4, and 
their applicable sub-paragraphs. 

19. Paragraph 3. 5. 3. 2 Change to read as follows: 

”3. 5.3.2 Class lib. - Equipment of this class, when set up 
as for its intended use, shall meet the requirements of Tables Illa, 111b, 
and IV at the fundamental as well as all other generated frequencies up 
to the tenth harmonic or 1000 me, whichever is higher, but not over 
36, 000 me. ” 

20. Paragraph 3.6,1, line 2: Change "type-approved" to 
"qualification-approved. " 

21. Paragraph 3.6.1, line 4: Change "application approval" to 
"contractual approval. " 

22. Paragraph 3. 6. 2, replace by: 

3.6.2 Integral suppression components. - Integral suppres¬ 
sion components incorporated in electrical and electronic components, 
subassemblies, and accessories shall be subject to contractual approval 
(3.1.11) by the designated Government agency for electrical (including 
radio-frequency) and mechanical characteristics pertinent to the particu¬ 
lar application, and Shall conform, insofar as practicable, to the appli¬ 
cable subsidiary specifications listed in 2. 1. 

23. Paragraph 3. 6. 3 Delete 

24. Paragraph 4.2.1 Change final period to comma and add* 
"pending availability of suitable instruments. " 

25. Paragraph 4. 2. 2. 6 Change parenthetical expression to read 
"(other than internal tube and circuit noise)". 

26. Paragraph 4. 2. 2. 7, line 1. Delete "including. ” 

27. Paragraph 4. 2. 3. 2, line 3: Change "4. 2. 2. 29" to "4. 2. 2. 9.” 
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28. Table V-a: Delete ''NF-112" and all else on that line. 

29. Table V-b: Delete "Notes" in heading between last two 
columns. 

Column 1, add "1000-10,000" 

Column 2, add "AN/TRM-6" 

Column 3, add "6” 

30. Table VIII, note 5. Change "0.15 mc"tç "1.5 me" 

31. Paragraph 4. 3.1. 3 line 8: Change "with" to "within, " 

32. Paragraph 4. 3. 1. 4. Add: "CAUTION---SHOCK HAZARD; 
Connect cases oí networks to earth ground BEFORE connecting a-c to 
power line. " 

33. Paragraph 4. 3.1. 5. 2. Add: "Cases of impedance stabili¬ 
zation networks shall be earth grounded. " 

34. Paragraph 4. 3.2.1, add commas as follows: 

line 3, after "band" 

line 3, after "switching" 

line 7, after "only" 

35. Paragraph 4. 3. 2.1, lines 4-5. Change "1.25" to ”1.4", and 
delete the parenthetical phrase. 

36. Paragraph 4.4.1 Delete last sentence. 

37. Paragraph 4. 4. 4.1, line 9: Change "1. 20" to "1. 3". 

38. Paragraph 4. 4. 4. 2, last line. Place comma after "bandwidth." 

39. Paragraph 4.5.1, first sentence. Place a period after "network" 
and delete remainder of sentence. 

40. Paragraph 4. 5. 2, line 3: Change "ration" to "ratio". 

41. Paragraph 4.5.2, line 3: Change "open-circuit" to "50-ohm-
loaded." 
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42. Paragraph 4. 5. 3.1, line 2: Change "4. 3.1. 2" to "4. 3.1. 3". 

43. Paragraph 4. 5. 3.1. 3 Add: ’’The ground plane ehall be 
earth-grounded for safety. (See 4. 3.1. 4)”. 

44. Paragraph 4. 5. 4. 2, enc. Replace ’’Table VII" and paren¬ 
thetical expression by "Table VIII. (Note 1, but not note 5, is immaterial 
for thia test. )” 

45. Paragraph 4. 6 Replace by: 

"4. 6 Corrosion test. - Parts which must meet the require¬ 
ments of 3.2.7 shall be tested in accordance with Federal Test Method 
Standard 151, subjecting the parts to salt spray for a period of 96 hours 
at a temperature of 95 degrees Fahrenheit using a 20 percent by weight 
aqueous solution of sodium chloride. ” 

46. Paragraph 6.1 Replace by: 

"6.1 List of approved suppression components. - Current 
Qualified Products Lists (QPL) of qualification-approved suppression 
capacitors, filters and resistor suppressors, under the applicable 
subsidiary specifications of 2.1, may be obtained from the Contracting 
Officer, U.S. Army Signal Supply Agency, 225 South Eighteenth Street, 
Philadelphia 3, Pennsylvania, by referring to the specification number 
covering the particular component. Indication of approval of any item, 
by its inclusion in QPL or by other means, as being suitable for sup¬ 
pression purposes and in accordance with the applicable specifications, 
covers use of the component only for suppression purposes. A list of 
manufacturers of suppression components having qualification approval 
under the subsidiary specifications of paragraph 2.1 may be obtained 
upon application to the Contracting Officer. 

47. Paragraph 6. 2, replace by: 

"6. 2 Approval of suppression components . " 

48. Paragraph 6. 2. 1, replace by: 

"6. 2. 1 Qualification approval. - Qualification approval of 
suppression components (3.1.10) may be obtained in accordance with pro¬ 
cedures and through the agencies designated in the applicable subsidiary 
specifications. ’’ 
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49. Paragraph 6. 2. 2, replace by: 

"6. 2. 2 Contractual approval. - Contractual approval of 
suppression components (3.1.11) may be obtained through the U.S. Army 
Signal Equipment Support Agency. Field Engineering Division. Fort 
Monmouth, N. J. 

50. Paragraph 6. 3.2, line 2. Replace all beginning with "such” 
and ending with ’’etc" by "including Army inspection and testing of such 
items for approval before being furnished as part of an equipment on 
order". 

51. Paragraph 6. 3.2, line 7 et seq. Place a period after 
’’functions" and delete remainder of paragraph. 

52. Paragraph 6. 3. 2. 2.1 Delete items "c" and "e" and change 
"d" to "c". 

53. Add: 

"6. 6 Broadband interference. - The linear relationship of 
peak response to the bandwidth of the measuring instrument is accurate 
for impulses sufficiently separated in time so that the successive transi¬ 
ents do not overlap in the measuring instrument, up to the peak detector. 
Transient duration is approximately twice the reciprocal of the 6-db-
down bandwidth. For extreme overlap, as with thermal noise, the 
peak response is proportional to the square root of the bandwidth. 
Broad-band interference generated by man-made equipment such as 
commutators, relays, automotive ignition systems, etc, when measured 
with a peak detector, has been found experimentally to fall in the range 
of linear response versus bandwidth in almost all instances, for the 
bandwidths of typical interference measuring instruments not designed 
to work below 150 kilocycles. 

"Notice. - When Government drawings, specifications, or other 
data are used for any purpose other than in connection with a definitely 
re lated Government procurement operation, the United States Government 
thereby incurs no responsibility nor any obligation whatsoever; and the 
fact that the Government may have formulated, furnished, or in any way 
supplied the said drawings, specifications, or other data is not to be 
regarded by implication or otherwise as in any manner licensing the 
holder or any other person or corporation or conveying any rights or 
permission to manufacture, use or sell any patented invention that may 
in any way be related thereto. " 
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MILITARY 
SPECIFICATION 

MIL-I- 11 748B(SigC) 
4 November 1958 
Superseding 
MIL-I-11748A(SigC) 
5 May 1956 

INTERFERENCE REDUCTION FOR ELECTRICAL 
AND ELECTRONIC EQUIPMENT 

1. SCOPE 

1. 1 Scope. - This specification covers the radio interference 
limits, tests, and design requirements for the reduction of radio¬ 
frequency interference emanation, and susceptibility to such emana¬ 
tions, over the frequency range of 0.014 - 36,000 me, for all 
electrical and electronic equipment and systems, including that in¬ 
tended for, but not yet actually installed in or serving as integral parts 
of ground vehicles, internal combustion engines, internal-combustion-
engine-driven equipment, railroad rolling stock, watercraft, or air 
vehicles (including missiles). 

2. APPLICABLE DOCUMENTS 

2. 1 Specifications. - The following specifications of the issue in 
effect on the date of invitation for bids form a part of this specification: 

SPECIFICATIONS 

FEDERAL 

QQ-M-151 Metals: General Specification for Inspection of 

MILITARY 

MIL-C-5 
MIL-C-25 

MIL-C-91 

MIL-C-11693 

MIL-C-12889 

MIL-F-15733 

Capacitors, Fixed, Mica-Dielectric 
Capacitors, Direct Current, Paper Dielectric, 
Fixed (Hermetically Sealed in Metallic Cases) 

Capacitors, Fixed, Paper Dielectric: (Non-
Metallic Cases) 
Capacitors, Feed-Through, Radio-Interference 
Reduction, Paper Dielectric, AC and DC 
(Hermetically Sealed in Metallic Cases) 
Capacitors, By-Pass, Radio-Interference Reduc 
tion, Paper Dielectric, AC and DC (Hermetical 
ly Sealed in Metallic Cases), General Spec. Fo 
Filters, Radio Interference 
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3. REQUIREMENTS. 

3.1. Definitions. 

3.1.1 Radio interference. - Radio Interference, or eimply inter¬ 
ference, ie defined aa any conducted, induced, or radiated electrical 
disturbance, including transients, which may cause undesirable response 
or otherwise impair the operation of electrical or electronic equipment. 

3.1.2 Ambient interference . - That level of interference indicated 
by the interference measuring set when sited, set up, tuned, and cali¬ 
brated for the intended interference measurement, with the equipment 
under teat turned off. Atmospherics, interference from other sources, 
and circuit noiae generated within the measuring instrument make up 
the "ambient" level. 

3.1. 3 Narrow-band interference . - Interference due to continuous -
wave (CW) signals, modulated (including pulsed) or unmodulated, such 
as the carrier frequency or a transmitter. The response ot interference 
measuring sets to narrow-band interference is substantially independent 
of the receiver bandwidth if the latter is wider than the principal spectrum 
of the interference being measured. 

3.1.4 Broad-band interference. - All interference other than 
narrow-band signals; such as impulse noise, thermal noise, shot noise, 
and other non-sinusoidal interference of which the energy is distributed 
over a spectrum of frequencies which is wide compared with the bandwidth 
of the interference measuring equipment. The response of an interference 
measuring set to broad-band interference is a function of the effective 
bandwidth of the receiver, and cognizance must be taken of this fact in the 
calibration of the measuring instrument. 

3. 1. 5 Units of measurement . 

3.1. 5.1 Narrow-band interference. - CW or narrow-band inter¬ 
ference, at a pair of terminals, is measured, for the purposes of this 
specification, in decibels above one microvolt (db/lp.V). For unmodulated 
CW or CW modulated by other than pulse waveforms, the limits are 
stated in terms of . 707 of the average envelope amplitude. For pulse-
modulated CW the limits are stated in terms of . 707 of the peak envelope 
amplitude. 

3. 1. 5. 2 Broad-band interference . - The intensity of broad-band 
interference at a pair of terminals is measured, for the purposes of this 
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specification, in terms of decibels relative to one microvolt per 
megacycle of bandwidth (abbreviated "dbmc"). The interference 
intensity in microvolts per megacycle of bandwidth (gV/mc) is 
the number of r. m. s. sine-wave microvolts (unmodulated) which 
will result in peak response in the circuit equal to that resulting 
from the interference being measured, divided by the impulse 
bandwidth of the measuring instrument in megacycles. One micro¬ 
volt per kilocycle of bandwidth (pV/kc) is equal to 1000 microvolts 
per megacycle of bandwidth, or 60 dbmc. 

3.1.6 Susceptibility. - Susceptibility is the response of an 
equipment or component to any signal applied at other than the normal 
input terminals, or to any signal other than the desired one, applied 
at the normal input terminals, relative to its response to a desired 
signal applied at the normal input terminals. 

3.1. 7 Extraneous response . - Any undesired response of a 
receiver, recorder, or other susceptible device, due to the desired 
signals, undesired signals, or any combination or interaction among 
them; for example, images, cross modulation. 

3.1.8 Radio interference suppression. - Suppression of radio 
interference is the reduction of the intensity of the emanated inter¬ 
ference by means applied to, or at, the source. 

3.1.9 Suppression system. - All components and materials 
integrally incorporated in, or applied to, the source of interference, 
including shielding and circuitry and the application thereof used for 
reduction of radio interference, will be referred to as the suppression 
system, 

3.1,10 Type-approved suppression component, - A type-approved 
suppression component is one for which samples of the same make and 
type have previously been submitted, tested, and approved as being 
suitable for suppression purposes in accordance with the applicable 
subsidiary specification. (See 3. 6-3. 6. 3) 

3.1. 11 Application-approved suppression component. - An applica¬ 
tion-approved suppression component is defined, for the purposes of 
this specification, as any capacitor, filter, or other suppression compo¬ 
nent not covered by applicable subsidiary specifications, which has been 
properly submitted to, and approved by, the designated agency for a 
specific suppression application. (See 3. 6-3.6. 3) 
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3.1.12 Integral suppression. - An integrally-suppressed electri¬ 
cal or electronic item is one in which shielding and suppression compo¬ 
nents are incorporated as integral parts thereof, and are therefore 
supplied, stored, and issued therewith. 

3. 1. 13 Extraneous emission. - Any emission of a trans mitter or 
transponder, other than any output carrier fundamental and those of its 
sidebands intentionally employed for the transmission of intelligence. 

3. 1. 14 Harmonic emission. - Any extraneous emission which is 
an integral multiple of the output fundamental frequency. 

3.1.15 Radio receiver front-end rejection. - The response of a 
receiver to signals applied to its normal input terminal at frequencies 
other than that to which the receiver is tuned, relative to its response 
at the center tuned frequency e. g. , image rejection, i-f rejection. 

3.1.16 Antenna induced microvolts . - The open-circuit voltage 
existing across the antenna terminals. 

3.1.17 Minimum normal signal input. - The minimum normal 
signal at the receiver input which will produce the intended function 
or the minimum useable response as prescribed in the equipment 
specification or instructions. 

3.1.18 Communication. - Communication is the transmission and 
reception of intelligence or information in any form. This includes not 
only messages and data in the usually understood sense, but all types 
of radar, navigation and IFF functions as well. 

3.1.19 Radiation. - Radiation, within the frequency range covered 
by this specification, is intended to include all emanation of electromag¬ 
netic energy accomplished by means of electromagnetic fields not inten¬ 
tionally guided by conductors or dielectrics. The term therefore includes 
both radiation and induction in the more correct usage. 

3. 2 Design requirements, general. 

3. 2.1 Interference-free design. - The reduction of interference 
shall be a basic consideration in the design of all electronic and electri¬ 
cal systems, equipments, and components. Where practical, components, 
equipments, and systems shall utilize interference-free devices and 
circuits. The design shall insure that the intensity of radio interference 
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inherently generated and propagated is the minimum achievable 
compatible with the state of the art, prior to the application of 
suppression measures. The need for shielding or suppression compo¬ 
nents in the end equipment to provide further interference reduction 
does not preclude this requirement. The application of such inter¬ 
ference reduction components as must be used, and the suppression 
techniques involved, such as filtering, shielding, bonding, grounding, 
and isolation, shall comply with good engineering practice, and shall 
be incorporated as integral parts of the system, except where other 
requirements such as space limitations, temperature rise, or opera¬ 
tional features make integral suppression impractical. Equipment 
enclosures and housings, including access doors, panels and other 
apertures shall provide continuous electrical shielding with a minimum 
of discontinuities so that maximum shielding effectiveness will be 
provided at all frequencies covered herein. Electrically conductive 
gaskets shall be used as necessary to implement this requirement. 
Insulating or poorly conducting finishes shall be removed from mating 
surfaces, since their presence would reduce grounding and shielding 
effectiveness. Such surfaces should be protected from corrosion by 
plating or other treatment which will not conflict with the requirements 
for good electrical conductivity. This requirement will take precedence 
over any conflicting requirement in the specifications for finishes; Where 
shock mounts are utilized, they shall be shunted with solid, flexible bond 
straps arranged to be readily removable for maintenance. Ground points 
for circuits and suppression components shall be chosen to minimize 
stray couplings caused by common ground impedances and circulating 
currents in the chassis. 

3. 2. 2 Mutual interference . - Since in a tactical situation many 
electronic systems may be operated in relatively close proximity, every 
effort shall be made to minimize extraneous emissions and extraneous 
responses, which may cause mutual interference not only among elements 
of a given system, but also among systems. 

3. 2. 2. 1 Frequency conservation. - In the interests of reducing 
interference due to frequency congestion, and reducing the vulnerability 
of the system to outside interference sources, multiplexing, coding, and 
sampling procedures shall be used wherever appropriate. 

3. 2.2.1.1 Transmitters. - Transmitters shall be designed to emit 
the minimum practicable bandwidth compatible with system requirements, 
and, where practicable, to permit control of output power, in order to emit 
the minimum power adequate for the situation of use. 
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3. 2. 2.1. 2 Receivers. - The minimum bandwidth necessary for 
reception of the desired intelligence shall be employed. Extraneous 
responses shall be reduced to the minimum levels consistent with good 
engineering practice and the state of the art. 

3. 2. 2. 2 Harmonic and other extraneous emissions . - Extraneous 
electromagnetic emanations from all electronic devices shall be reduced 
to the minimum level consistent with good engineering practice and the 
state of the art. In particular, harmonics and other extraneous emissions 
from transmitters and transponders, and the fundamentals, harmonics, 
and other frequencies resulting from oscillations generated in receivers 
shall be reduced to minimum output levels consistent with system opera¬ 
tional requirements. 

3. 2. 2. 3 Susceptibility, general . - The reduction of susceptibility 
to radio-frequency interference shall be a prime consideration throughout 
component or system design. Equipment enclosures shall be designed 
not only to minimize interference emanation, but also to minimize suscepti¬ 
bility to external interference sources. 

3. 2. 2.4 Conducted interference. - Cables and wiring entering or 
leaving an enclosure shall be filtered, by-passed, shielded, and shields 
grounded, as necessary to insure that the shielding integrity of the 
enclosure is maintained against emanation of and susceptibility to radiated 
interference. However, power lines shall not be shielded without express 
permission of the procuring agency. The level of interference conducted 
on power lines, cables, and other wiring which interconnect elements of 
a system, and susceptibility to such interference, shall be such that no 
malfunctioning of the equipment will occur under any normal condition 
of operation and interconnection. 

3.2. 3 Components. - Suppression components shall comply with 
applicable military specifications, shall be approved in accordance with 
paragraph 3.6 and its subparagraphs, and, where possible, shall be 
installed as integral parts of the equipment. As an alternative, if space 
limitations prohibit integral installation, the suppression components 
may be attached externally to the equipment, provided that the connecting 
wiring is adequately shielded and the suppression components are per¬ 
manently bonded to the case, and provided these components meet alti¬ 
tude and other environmental requirements. 
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3. 2. 3. 1 Environment. - If any of the environmental requirement« 
of the component apecificatione are leas severe than those of the intended 
application of the component, the component ehall be required to meet 
the more severe requirements. 

3. 2. 3. 2 Capacitors and filtere . - Filtere ehall not be ueed where 
the requiremente of thie epecification can be met by reasonable and 
proper application of capacitors. Feed-through capacitors shall be 
used wherever practicable in lieu of filters. Filters and feed-through 
capacitors shall be installed in such a mariner, wherever practicable, 
as to provide shielding and/or isolation between input (unfiltered) and 
output (filtered) circuits. Filters and feed-through capacitors are most 
effective when installed through a bulkhead. 

3.2. 3. 3 Shock hazard. - The total capacitance (including that in 
filters) applied from any one power line to case, frame, or chassis in 
electric tools, business machines, and other appliances which may ever 
be operated from an A-C power line with the case, frame, or chassis 
ungrounded shall not exceed the values shown by Figure 7. 

3. 2. 4 Volume and weight. - The suppression system shall utilize 
component parts of the minimum practicable volume and weight in appli¬ 
cations where these factors are of importance. In any case where com¬ 
pliance with this specification requires excessively large or heavy 
suppression components the contractor shall call this to the attention of 
the procuring agency. 

3.2.5 Material. - When a specific material is not specified, the 
best material of commercial grade available for the purpose, capable of 
withstanding the extremes of temperature, humidity and other operating 
conditions shall be used. 

3. 2. 5.1 Dissimilar metals . - Electrical contact between those 
dissimilar metals which might cause deterioration of parts by galvanic 
corrosion shall be avoided insofar as practicable. Selection of metals 
for this purpose shall be based upon the prime equipment requirements. 

3. 2. 6 Soldering. - Soldering shall not be depended upon for 
mechanical strength of connections. Where flexible shielding, bonds, 
etc., are soldered, the flexibility of these parts shall not be seriously 
affected. Only non-corrosive fluxes shall be used in soldering. 
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3,2.7 Corrosion. - All hardware, (bolts, screws, nuts, lock¬ 
washers, retaining nuts, connectors, ferrules, mating surfaces of 
shielding, etc.) used for suppression purposes shall be of corrosion¬ 
resistant metal or plated by an electrolytic or hot-dip process with a 
metallic material of high electrical conductivity. The finished surfaces 
shall be capable of withstanding the test described in 4.6, after which 
there shall be not more than 6 corroded areas per square foot, nor any 
corroded area larger than 1/16 inch in diameter. If the equipment speci¬ 
fication states a more stringent requirement, that requirement shall apply. 

3, 2. 8 Technical manual or instruction book. - Any technical manual 
or instruction book regarding the equipment, prepared and furnished as a 
part of the order by which the equipment is procured, shall contain com¬ 
plete technical information, including photographs or drawings, or both, 
on the functioning and maintenance of the suppression system. The de¬ 
signated Government agency will, upon request, review the technical 
manual or instruction book for technical accuracy of suppression infor¬ 
mation. 

3. 2. 9 Workmanship. - All parts shall be manufactured and 
finished in accordance with the applicable specifications, and, if not 
specified, in accordance with the best commercial practice. All 
dimensions and tolerances not specified shall be consistent with good 
shop practice. 

3. 3 Classes of equipment . - Equipment covered by this specifi¬ 
cation is divided into the following classes for purposes of determining 
the interference requirements to be met. Unless otherwise stated in the 
equipment specification, contract, or order the following classes, and 
the limits applicable thereto, shall apply. However, when equipment of 
one class becomes installed in or is incorporated as an integral part of 
equipment of another class, the overall equipment shall meet the require¬ 
ments of the class having the more severe requirements. 

CLASS I 

Equipment for generating, amplifying, transmitting, receiving, or 
utilizing radio-frequency electrical energy, within the frequency range 
covered by this specification, for purposes of communication in any form 
(see para 3.1.18) by wire or radio methods, or for test or maintenance of 
such communication equipment: 

a. All types of radio-frequency receiving equipment, including 
navigation, telemetering, transponders, radar, fire-control, guidance, etc. 
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b. All types of radio-frequency transmitting equipment for 
communication and communication test purposes, including transmitters 
proper and any elements thereof such as r-f power amplifiers, exciters, 
pulse generators, modulators, etc., which could generate, amplify, 
transfer, or emit interference generated within itself or in another 
element of a transmitter. 

c. Test equipment for communication equipment, generating 
or utilizing radio-frequency energy, but not intended to radiate. 

CLASS II 

Equipment for generating, amplifying, controlling or utilizing 
radio-frequency energy for purposes other than those covered by Claes I, 
and of which any of the fundamental or other output falls within the fre¬ 
quency range covered by this specification. This includes medical 
diathermy and electrosurgical equipment, r-f induction and dielectric 
heating equipment, r-f stabilized arc welders, etc. 

a. Equipment of this class which meets all requirements of 
the Federal Communications Commission at the time of the request for 
bids, regarding frequency and bandwidth of the output fundamental for 
unlicensed operation of industrial, scientific, and medical equipment. 

b. Equipment of this class which does not meet the FCC 
requirements referred to in a, above. 

CLASS III 

Equipment capable of unintentionally generating radio-fre¬ 
quency energy while utilizing mechanical or non-radio-frequency electric 
power in the performance of its intended function. 

a. Equipment of this class which is a component of, supplies 
power to, or is used in close association with, equipment of Classes I-a, 
b, and c, such as: generators, dynamotors, rectifiers, blowers: also 
lighting, heating, air-conditioning, and ventilating equipment used in 
communication shelters, etc. 

b. Tactical support (field) equipment, such as: photographic, 
mapping, and reproduction equipment: Medical Corps equipment for field 
use (except that foiling in Class II) including dental drills, suction pumps, 
etc. 
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c, Electrically-driven tool«, maintenance and material¬ 
handling equipment such as electric drills, compressors, mobile 
machine shop equipment, electric fork-lift trucks and winches, etc. 

d. Kitchen equipment for field use such as refrigerators, 
electric appliances, etc, and office machinery such as calculating 
machines, electric typewriters, duplicating equipment, etc. 

3. 4 Performance, general 

3. 4.1 Equipment with suppression system installed. - All equip¬ 
ment covered by this specification shall be capable of meeting the require¬ 
ments and interference limits specified herein, after subjection to such 
environmental, endurance, and run-in tests as may be required by the 
equipment specification. The equipment shall be capable of meeting all 
requirements prescribed in the equipment specification with the complete 
suppression system applied. However, over-voltage or over-current tests 
in which the applied voltage or current exceeds the test ratings of suppres¬ 
sion components approved for the application may be performed with the 
pertinent suppression components removed or otherwise protected. 

3. 4. 2 Short-duration interference. - Interference which has a 
maximum duration not exceeding one second and a recurrence rate not 
exceeding one in three minutes is permitted to exceed by 20 db the normal 
limits for the class of equipment involved. 

3. 4. 2.1 Manual switching transients . - Interference resulting from 
manual operation of switches, but not including sequential electrical or 
electromechanical operations resulting from manual switching, is exempt 
from the interference limits of this specification. 

3.4. 3 Internal electrical components . - Interference generated by 
integral or internal electrical components or subassemblies shall cause 
no malfunction or undesired response in the equipment in which they are 
installed. 

3. 5 Tests required, and limits. - The types of tests required to be 
performed are tabulated by equipment class in Table 1 for interference 
emanation, and Table II for susceptibility. Limits of permissible radiation 
test distances by class are given in Tables Ill-a and Ill-b, respectively, and 
limits of permissible conducted interference for power lines are shown in 
Table IV. Other performance requirements and limits follow the tables. 
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TABLE I 
INTERFERENCE EMANATION 

TESTS REQUIRED» 

Antenna Terminal 
Conducted 

Receiver Local 
Equipment Class Osc. and Trans- Transmitter Case and Cable Power Line 
(See Para. 3. 3) mitter Standby Operating Radiation Conducted 
I - a N-B N-B N-B 
Receivers B-B B-B 
I-b N-B N-B N-B N-B 
Transmitters B-B B-B 
I - c Test Equip- N-B N-B 
ment, non-Emanating B-B B-B 
II - a and b N-B N-B 
Power Equipment B-B B-B 
a R-F 
III - a Associated with 
Class I B-B B-B 
III - b Tact, Support 
(Field) Eqpt. B-B B-B 
III - c Elec. Tools L 
Maint. Eqpt. B-B 
III - d Kitchen k Office 
Eqpt. B-B 

♦ N-B: Narrow-band interference 
B-B: Broad-band interference 



TABLE II 
INTERFERENCE susceptibilit y 

TESTS REQUIRED 

_ . CONDUCTED ' ' ----
Equipment Antenna and Power and non n .. 
-^nalLine._Signa. Linea ~ 

1 - a CW rw ——---leakage)_ 
Receivers _BB C W 

1 " 0 CW —---— -_-__ 
Transmitters _ n CW 
I . c Te3t-—--_BB L, a est ---
Equipment, non-signal ßB CW 
emanating _ BB

TABLE Illa 
INTERFERENCE LIMITS 

LAÒE RADIATION - ALL EQUIPMENT 

Broad-band “" Ct“— -;-:-—-_-_ 
Freoucncv Ran ññ---- Narrow-band 1- requency Range Dbmc Approx. —7~-—— 

-- uV/mc> Equivalent_Db/luV Equivalent 

0 014 to 0.15- 66 2 000

*•«*•>• 5 63 1,400 ¡4 * 
1.5+to 20 so ,,n 16

20+ to 100 so u 10

100+ to 300 54 ç00 14 5 

300+to 3000 54 500 30 32 
3000+ to 36000 54_500_ 40 1QQ_ 



TABLE mb 
DISTANCE BETWEEN MEASUREMENT ANTENNA AND ITEM UNDER TEST 

The test distance shall be equal to the largest of: (1) the greatest vertical or horizontal 
dimension of the test item measured parallel to one of the faces, (2) the minimum distance 
which will permit the nominal vertical and horizontal 6-db-down points of the main lobe of 
the measurement antenna to encompass, respectively, those vertical and horizontal dimen¬ 
sions of the test item, or, (3) the minimum test distance shown in the table below for the 
pertinent class of equipment. This is plotted graphically in Figure 5 for the antennae 
specified in Table VI. The beam widths used in determining test distance, for antennas 
used up to 1, 000 me, shall be considered only with vertical electric field polarization. 
Above 1000 me, the distance shall be determined with the broader beam width aligned with the 
greater dimension of the test item. If the test item consists of two or more interconnected 
units normally separated by a distance greater than the horizontal dimension of the smaller, 
they shall be considered as separate units for case radiation test, unless Lie group is small 
enough to require testing at the minimum test distance. 

Equipment Minimum Test Equipment Minimum Test 
Class_ Distance, Feet_ Class_ Distance, Feet 
la 3 HI a 3 
b 3 b 20 
c 3 c 20 

d 50 

100 
100 
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3.5.1 Claaa I - a, receiving equipment. - Receiving-type equip¬ 
ment shall conform to the following additional requirementa. not covered 
by tablea III and IV. 

3. 5. 1. 1 Antenna-terminal conducted interference. - Narrow-band 
r-f energy appearing at the antenna terminal due to any frequency generated 
within the receiver ahall not exceed 400 micro-microwatta peak at any teat 
frequency when teated in accordance with 4. 4. 3. 

3. 5.1. 2 Interference auaceptibility. 

3. 5.1. 2.1 Power-line conducted auaceptibility. - Power-line con¬ 
ducted broadband and narrow-band interference auaceptibility ahall conform 
to the following for the frequency range from 0.15-30 me. Limit: No 
undesirable response or malfunctioning when tested according to 4.5.1 and 
4.5.2. 

3. 5. 1. 2. 2 Antenna terminal susceptibility (front-end rejection) . -
The rejection of undeaired signala introduced across the antenna terminals 
shall be at least 30 db for the broad-band test, and 60 db for the CW test, 
when teated in accordance with 4. 5. 4. 

3. 5. 1. 2. 3 Susceptibility to radiation. - Susceptibility to electro¬ 
magnetic fields ahall be auch that no undesirable response or malfunctioning 
will occur when tested in accordance with 4. 5. 3. 

3. 5. 2 Claaa I - b. Transmitting equipment. 

3. 5. 2.1 Interference emanation, transmit condition. 

3. 5. 2.1.1 Extraneous emission, antenna conductedt not lying 
between 0. 8 and 1. 2 times the output fundamental 
frequency. 

3. 5. 2.1.1.1 Harmonics. - The peak r. m. s. power output of any 
harmonic ahall be at least 60 db below that of the fundamental, or jq-8 
watts, whichever is greater, but in no event greater than 1 watt, when 
measured according to 4. 3, 4. 4, and their applicable sub-paragrapha. 

3. 5. 2.1.1. 2 Other extraneous emissions. - The peak r. m. a. power 
output of any non-harmonic extraneous emission shall be at least 80 db 
below that of the fundamental, or 1O“8 watts, whichever is greater, but in 
no event greater than ¡q-2 watts, when measured in accordance with 4. 3, 
4.4, and their applicable sub-paragraphs. 
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3. 5. 2.1. 2 Extraneous emissions, antenna conducted, close to 
output fundamental frequency. - Any emission, other than the fundamental 
frequency with its required intelligence-bearing sidebands, which lies 
between 0. 8 and 1. 20 times the fundamental frequency shall not exceed, 
in voltage amplitude, the voltage level of the idealized modulation 
spectrum at that frequency by more than 2 db. Any emitted spectral 
component of peak amplitude at least 60 db below the peak level of the 
fundamental or of the largest sideband, whichever is greater, is exempt 
from this requirement. Tests shall be in accordance with 4. 3, 4. 4, 
and their applicable sub-paragraphs. 

3. 5. 2. 2 Interference emanation, transmitter in stand-by or 
key-up condition. 

3. 5. 2. 2.1 Emissions, antenna conducted, narrow-band. - The 
intensity of each discrete output frequency with its sidebands, if any, 
shall not exceed 400 micromicrowatte when tested in accordance with 
the applicable sub-paragraphs under 4.2 and 4.4. 

3. 5. 3 Class II, r-f power equipment. 

3. 5. 3.1 Class Il-a. - Equipment of this class is not required to 
meet any further requirement than that stated in the class definition as 
far as the output fundamental is concerned. However, all extraneous 
emissions shall meet the requirements of Tables III and IV when 
measured in accordance with 4. 3, 4. 4, and their applicable sub¬ 
paragraphs. 

3. 5. 3. 2 Class II-b, - For equipment of this class, the fundamental 
as well as all other generated frequencies shall be considered extraneous, 
and shall meet the requirements of Tables III and IV when tested according 
to 4. 3, 4. 4, and their applicable sub-paragraphs. 

3. 5. 4 Classes IH-a, b, c, »1. Equipment not intentionally 
generating radio-frequency energ y. 

3. 5. 4.1 Radiated interference. - Equipment of Classes Ill-a, b, c, 
d, shall be tested for radiation (broad-band only) over the frequency range 
of 0.014 to 1000 me, plus such additional frequency range from 1000 to 
36, 000 me as may be required by the procuring agency. It shall conform 
to the limits of Table III when tested according to 4. 3, 4. 4, and their 
applicable sub-paragraphs. 
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3. 5. 4. 2 Conducted interference, classes III-a, b only, -
Equipment of these classes shall be tested over the frequency range of 
0.15 to 30 me for broad-band interference conducted on all power input 
and power output lines deemed capable in any normal application of 
conducting interference into any susceptible equipment. It shall con¬ 
form to Table IV when tested according to 4. 3, 4. 4, and their appli¬ 
cable sub-paragraphs. 

3. 6 Approval of suppression components . - All components of the 
suppression systems, as defined in 3.1.9 for equipments covered by this 
specification, shall be subject to approval as hereinafter provided. (See 6.2) 

3.6.1 Non-integral suppression components . - All non-integral 
suppression components shall be type-approved (3. 1. 10) and in accordance 
with applicable subsidiary specifications listed in 2.1, unless specific 
authorization is granted by the contracting officer for the use of other 
types, in which case ’’application approval” as defined in paragraph 3. 1. 11 
is required. 

3.6.2 Integral suppression components. - Integral suppression 
components incorporated in electrical and electronic components, sub¬ 
assemblies, or accessories shall be subject to approval by the designated 
Government agency for electrical and radio-frequency characteristics, and 
dependability of the application in the particular unit or accessary. Where 
practicable, such suppression components shall be in accordance with the 
applicable specification listed in 2.1. 

3. 6. 3 Submission of samples for inspection, test, and approval. -
Submission of components covered by 3.6.1 and 3.6.2 shall be in accordance 
with the applicable specification listed in 2.1, unless otherwise specified 
by the contracting officer. Samples for application approval (12 of each 
component) shall be submitted together with the following information: 

a. Description or drawings of the proposed information: 

b. Manufacturer's name, address, and military nomenclature 
or model number of prime equipment or subassembly on which the applica¬ 
tion is proposed. 

c. Electrical data, current, voltage, ambient temperature 
range, etc, pertaining to the circuit and environment in which the component 
is to be employed. 
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d. Manufacturer, type number, and electrical and 
temperature rating, (current, voltage, capacitance, etc. ) oí the .ample., 

e. II the component i. proposed to replace another type, or 
that oí another manufacturer, the manufacturer and type number of the 
component to be replaced by the unit, submitted. 

f. Contract number of prime equipment or subassembly. 
(If the suppression component ia being applied in a subassembly or acces¬ 
sory unit being proposed by its manufacturer for use on equipments 
covered by thia specification, the information required by "a" thru "d” 
above, together with any other pertinent information is sufficient.) 

g. Sample, .ubmitted by a suppres.ion component manu¬ 
facturer muet be accompanied by evidence of the prime of sub-contractor's 
request for samples, or his approval of the .ubmittal, in addition to the 
information required by "a" thru "I” above. The latter may be furnished 
either by the component manufacturer, prime contractor, sub-contractor, 
or contracting officer. 

3. 7 Production model changea . 

3. 7,1 Suppression system. - If testa on a production model of a 
test item indicate defficienciea requiring change or modification of the 
suppreasion ayatem, the modified ayatem shall be applied thereafter. 
Authority in writing must be obtained from the contracting officer for any 
exceptions to, or deviations from, the model as approved for production. 

3. 7. 2 Changes in the equipment. - The contracting officer shall be 
notified as early as possible, in writing, by the contractor, of any changea 
made or contemplated in the electrical system, circuitry, subassemblies, 
or of any changes in the structure or electrical bonding of the unit which 
might affect generation or emanation of interference. The contracting 
officer may require submission of another production model incorporating 
the proposed changes being submitted for approval. 

4. QUALITY ASSURANCE PROVISIONS. 

4. 1 Acceptance inspection. - For Army procurements, acceptance 
inspection shall be in accordance with the following sub-paragraphs. 

4. 1. 1 Scope of acceptance inspection. - Acceptance inspection shall 
include the tests required by this specification and such other inspection and 
testing of material, parts, and complete suppression systems, as are con¬ 
sidered by the designated Government agency to be necessary to determine 
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compliance with this specification and its subsidiaries. 

4.1.1.1 Inspection by the contractor. - Except as stated in 4.1.1. 2.1, 
the contractor shall conduct all tests required by this specification to 
determine conformance to the requirements hereof, using test equipment, 
test setups, and procedures herein specified. He shall certify in writing 
upon submittal of the equipment that it meets the requirements of this 
specification, and shall supply therewith the full test data and related 
information as confirmation. The Government reserves the right to 
witness all tests carried out by the contractor or his testing agency. 
(See 6. 3.1) 

4.1.1. 2 Inspection by the Government. - The Government reserves 
the right to conduct tests required by this specification, and such other 
inspection and testing of materials, parts, and complete suppression 
systems as it deems necessary to determine conformance to the intent 
of this specification. 

4. 1. 1. 2.1 Army procurement of Class HI items . - Inspection and 
testing of Class III items on Army procurements will be carried out by 
the Army. See 6. 3. 2 through 6. 3. 2. 2.1. 

4. 2 Interference measurement equipment. - The interference 
measuring equipment used for determining conformance to the interference 
limits of this specification shall have general characteristics as follows. 
Acceptable instruments and accessories are listed in 4.2.4, Tables V 
through VIII. 

4. 2.1 Instruments for 0.014-0.15 me . - Instruments for this fre¬ 
quency range should conform, as far as possible, to the general charac¬ 
teristics stated in 4.2.2 for instruments for 0.15-1000 me. However, the 
characteristics stated in 4. 2. 2 are waived to the extent necessary to 
permit use of the AN/URM-6 and the NM-10A instruments below 0.15 me, 
with the antennas listed in Table VI. 

4. 2. 2 Instruments for 0.15-1000 me. 
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4, 2. 2.1 Antennae . - Equipment shall make use oí the antennae, 
appropriate to the instrument and frequency range considered, listed 
in Table VI. 

4, 2. 2. 2 Voltage to be measured. - The equipment shall measure 
open-circuit antenna terminal voltage ("antenna induced voltage") by 
means of injection of the calibrating signal in series with the antenna, 
thru an acceptable injection network as listed in Table VIL 

4. 2. 2. 3 Units of measurement. 

4. 2. 2. 3. 1 Broad-band interference shall be measured in decibels 
above 1 pV/mc (dbmc), or in pV/mc. 

4. 2. 2. 3. 2 Narrow-band interference shall be measured in terms 
of db above 1 uV, or in microvolts. 

4. 2. 2. 4 Calibration. - For the frequency range from 0.15-1000 me 
the equipment shall be used with a generator which provides, over the 
full frequency range of use of the instrument, a broad-band repetitive 
(10 or more ips) impulse signal of known dbmc level (see Table VIII for 
acceptable impulse generators), and/or a sine wave of know level, at the 
calibration-signal input to the antenna injection network, for injection in 
series with the antenna. If only one of these two is provided, the overall 
impulse band-width of the instrument up through the peak detector 
(4. 2. 2. 5) must be known over its entire frequency range and at all input 
levels and impulse repetition rates within the range of the instrument. If 
the measurement is to be made by injecting the calibrating signal at a level 
other than that of the unknown interference, the instrument’s attenuator 
ratios and linearity must be such as to assure negligible resulting error. 
Data on coaxial cable losses to the antenna shall be furnished. 

4. 2. 2. 5 Peak detector . - A slide-back peak detector for comparison 
of the peak level of unknown impulse interference with that of the standard¬ 
impulse or sine-wave generator shall be employed. If only a sine-wave 
generator is used, the slideback voltage shall be metered for comparison 
against the metered level of the sinewave. Hum level and feed-through 
shall be low enough to assure sharp cutoff and accurate slideback measure¬ 
ments using headphone indication. 

4. 2. 2. 6 Usable sensitivity. - In the absence of significant ambient 
interference (interference other than that being measured) the equipment 
shall be capable of measuring the limits of interference as set forth in 
this specification. 
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4. 2. 2. 7 Extraneous responses . - Extraneous responses, in¬ 
cluding shielding leakage and "back-door" response, both sine-wave 
and broad-band, shall be sufficiently low to prevent significant error 
from these causes in any required measurement at any level within 
the rated range of the instrument. 

4. 2. 2. 8 Voltage standing wave ratios . - VSWR shall be suffi¬ 
ciently low at all points in the equipment to result in negligible error 
in measurements, or correction data shall be furnished. Under any 
condition in which this characteristic is not met, measurements shall 
be only by the direct substitution method in which the VSWR error 
is cancelled out. 

4. 2. 2. 9 Audio gain. - Audio gain, to a set of headphones, shall 
be sufficient to permit accurate and facile slidehack measurements and 
monitoring of the interference being measured. 

4. 2. 2.10 Conducted interference measurement. The equipment 
shall be capable of use as a two-terminal r-f voltmeter for measure¬ 
ment of broad-band and narrow-band interference conducted on lines or 
terminals, in the frequency range required by this specification. The 
input impedance shall be substantially 50 ohms for this purpose. The 
sensitivity shall permit measuring the interference limits set forth 
in this specification, while using any matching pads necessary to assure 
a 50 ohm input impedance. 

4. 2. 3 Instruments for 1000-36, 000 me. - Instruments for this 
frequency range shall, insofar as practicable, conform to the general 
characteristics listed under 4.2.2. It is recognized, however, that 
standard-impulse generators with known spectral distribution, and 
suitable antenna injection networks, are not generally available above 
1000 me; therefore, shunt calibration from a sine-wave standard is 
acceptable. Equipment models listed for use above 1000 me are 
suggested, not mandatory. Others acceptable to the procuring agency 
may be used instead. 

4. 2. 3. 1 Antennas. - Antennae used shall be of known effective 
length or effective area, and of known impedance relative to those of 
the calibrator and the instrument, in order that field intensity may be 
determined. Correction data shall be furnished for any significant 
mismatch or VSWR errors, and for pertinent cable or waveguide losses. 
Data on the vertical and horizontal beam widths at the 6-db-down points 
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shall be furnished by the manufacturer, or otherwise determined, 
for use in conjunction with Table Ill-b and Fig. 5. 

4. 2. 3. 2. Other characteristics . - These instruments should 
conform insofar as practicable to the characteristics of 4.2.2. 3, 
4. 2. 2. 4 except as applied to series injection, and 4. 2. 2. 5 thru 4. 2. 2. 9. 

4. 2. 3. 3 Spectrum analyzers. - Spectrum analyzers as listed 
under 4. 2. 4.1, or others of adequate resolution and linearity, are to be 
used for measurement of extraneous emissions in the region of the 
carriers of transmitters within their frequency range, and may be used 
for the measurement of other extraneous emissions of transmitters, rela 
tive to the carrier intensity. 

4.2.4 Acceptable interference measuring equipment . 

4. 2. 4. 1 Instruments. 
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TABLE V 

(a) Commercial Instruments 

Frequency Range, Model No. Source Other 
Me (Note 7) (Note 1) (Note 2) Notes 

0.014-0.15 NM-10A a 
0.014 - 1000 NF-105 b 
0.014 - 1000 NF-205 b 3 
20 - 400 NM-30A a 
400- 1000 NM-50A a 
1000-10,000 NF-112 b 
1000-10,000 FIM e 6 
10 - 16,000 LA-17 d 4, 6 
10 - 33,000 Du c 4, 6 
10 - 36,000 SA-84 c* 4, 6 

TABLE V 

(b) Military Instruments 

Notes for Table V: 

Frequency Range, Model No. Notes 
Me: (Note 7) (Note 1) 

0.014-0.15 AN/URM-6 
0.15 - 20 AN/URM-3 5 
0.15 - 1000 AN/URM-85 
20 - 400 AN/URM-47 
20 - 400 AN/URM-7 
400 - 1000 AN/URM-17 
1000 - 10. 000 AN/URM-42 6 
10 - 16.000 AN/UPM-17 4. 6 
10 - 36,000 ANÄIPM-84 

1. Including all plug-in heads (if any) required for the stated fre¬ 
quency range. 
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2. a. Stoddart Aircraft Radio Co. , Inc. 

b. Empire Devices Products Corp. 

c. Polarad Electronics Corp. 

d. Lavoie Laboratories 

3. Preferred to NF-105 for accuracy, reliability, ease of 
operation and maintenance. 

4. These instruments are swept-frequency oscilloscopic spectrum 
analyzers. 

5. Usable only for broad-band interference measurements. 

6. Equipment models listed for use above 1000 me are suggested, 
not mandatory. 

7. The frequency ranges given are those within which the particular 
instruments are to be used for the purposes of this specification, and are 
not necessarily the full frequency ranges of the instruments. 

4. 2. 4. 2 Antennas, 0. 014 to 36, 000 me 

TABLE VI 

(a) Commercial Antennas 

Description and Source Frequency Used 
Model No. (Note 1) Range, Me With 
Whip, 90077-2 a 0.014-0.15 NM-10A 
Whip, LK-105-SC b 0.014-0.15 NF-105 
Whip, LK-205-SC b 0.014-0.15 NF-205 
Whip, 9 feet; LM-105-SC b 0. 15 - 20 NF-105 
(includes plane, matching NF-205 
transformers, and injection net¬ 
work, for remote operation thru 
50-ohm cable. ) 
Broad-band discone, BB-105 b 20-1000 NF-105, NF-205, 
(Note 2) NM-30A, NM-50A 
Broad-band discone, model a 20-1000 NF-105, NF-205, 
91280-1 (Note 2) NM-30A, NM-50A 
AS specified by mfr. of 1000-36, 000 
measuring instrument, and 
in accordance with 4. 2. 3.1 
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TABLE VI 

(b) Military Antennas 

Description and Model No. Frequency Range, Me Used with 

Rod, 7 feet; AT-204/URM-6 0,014 - 0. 15 
Rod, 9 feet; Antenna AT-558/URM-3 0.15 - 20 
Whip, 9 feet; (includes plane, 0. 15 - 20 
matching transformers, and in¬ 
jection network for remote opera¬ 
tion thru 50-ohm cable, Part of 
AN/URM-85 

Broad-band discone, antenna 20 - 10000 
AT-292A (note 2) 

As specified for the instrument 
used and by 4. 2. 3.1 

1000 - 36, 000 

AN/URM-6 
AN/URM-3 
AN/URM-85 

(AN/URM-7, 
(AN/URM-85, 
(AN/URM-47, 
(AN/URM-17 

Notes for Table VI: 

1. Sources as in Note 2 of Table V. 

2. Including a total of six mast sections, used in each of the three 
peripheral sockets as follows: 20-100 me, 2 sections; above 100 me to 
300 me, 1 section; above 300 me to 1000 me, none. 

4. 2. 4. 3 Antenna Injection Networks, Up to 1000 me 

TABLE VII 

(a) Commercial Networks 

Model No. Source Used with 
(Note 1) (Note 2) Antenna 
UN-105 b BB-105 

(b) Military Networks 
Part of AN/UEM-7 I AT-292A 
AN/UEM-85 (Note 3) 
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Notes for Table VII: 

1. The military and commercial models listed are electrically 
and mechanically interchangeable. 

2. Sources: Same key as Table Vt Note 2 

3. The antenna injection network for the AN/URM-3 is built 
into the set. 

4. 2. 4. 4 Impulse calibrators. 

TABLE VIII 

(a) Commercial Calibrators 

Notes for Table VIII: 

Model No. Frequency Range, MC Source (Note 4) Notes 
IG-102 0. 15 - 1000 b 1, 2 
IG-115 0.15 - 1000 b 1, 3 
91263-1 0. 15 - 1000 a 1, 3 
IG-118 0. 15 - 10,000 b 5 

(b) Military Calibrators 

Nomenclature Frequency Range, MC Notes 

Generator, Pulse, SG-128/U 0. 15 - 1000 1, 3 
Generator, Pulse, SG-245/U 0.15 - 1000 1, 3 

1. These impulse generators are not to be used below 0. 15 me or 
above 1000 me because of unreliability of output level. 

2. Basically similar to that built into the ND-105. 

3. Basically similar to that built into the NF-205, AN/URM-7, 
and AN/URM-RS. 

4. Same key as Table V, Note 2. 

5. Not to be used below 1. 5 me or above 10, 000 me. 

4. 3 Test conditions and test frequencies, general 

4. 3. 1 Test setup. - The equipment to be tested shall, except as other¬ 
wise specified herein, be set up in a manner simulating as nearly as possible 
a typical operating condition in regard to mounting base, shock mounts, 
ground plane, grounding, height above ground, layout of components relative 
to each other, and lay of interconnecting and power cables. 
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4. 3.1.1 Loada. - Unless otherwise specified herein for specific 
types or classes of equipments, interference measurements shall be 
made at normal operating load (or under simulated normal operating 
conditions) and, if applicable, at no load. The equipment shall be 
loaded electrically (including radio frequency) and mechanically as 
applicable. 

4. 3.1.2 Power supply voltage. - The power supply voltage shall 
be maintained within the rated operating voltage range of the equipment 
under test, but in no event shall it differ from the mean of that range by 
more than 5 percent. It shall be sufficiently stabilized to assure repeata¬ 
bility of interference and susceptibility measurements. 

4. 3.1. 3 Interference-free test area. - Radiation tests shall be 
conducted in an open area sufficiently free from ambient interference 
and at least 10 times as far ( up to 100 yards) from any large metallic 
objects, buildings, or other obstructions as the distance between the 
antenna and the test item. The ambient interference level during 
measurements shall be at least 6 db below the interference limits 
specified herein, except that if the sum of the ambient interference and 
that of the equipment under test does not exceed the stated limit, the 
latter interference will be considered with the limit. Alternatively, an 
electromagnetic anechoic room with not over 10 percent reflection at 
the test frequency may be used if it is large enough for the required 
test setup. 

4. 3.1. 3.1 Conduction tests. - Measurements of conducted inter 
ference and susceptibility, whether on antenna terminals or power lines, 
may be made in a shielded room, or in a laboratory, as well as in an 
interference-free area, provided that necessary precautions are taken 
to prevent ambient interference from entering the measuring circuit. 

4. 3. 1. 4 Impedance stabilization network. —An impedance 
stabilization network, Filtron type FSR-702SC, or equal, shall be used 
in each external electric power or load line for all tests of radiated and 
conducted interference and susceptibility, except in those installations 
in which the power leads are deemed incapable, in normal use, of 
conducting interference into susceptible equipments, and circuits in 
which the application of the network would cause malfunctioning of the 
equipment under test. Typical test arrangements and setups are shown 
in Figures 1 and 2 (See 6.4). The housings of the networks shall be 
grounded to the ground plane if one is used, and to each other if no 
ground plane is used. 
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4. 3.1. 4. 1 R-F termination. - For antenna -terminal and radiated 
interference measurements a 50-ohm resistive termination shall be 
connected directly to the type N connector on each network. For power¬ 
line conducted interference and susceptibility measurements a 50-ohm 
r-f resistive termination shall be applied to the type N connector of 
each network not being used for interference measurement or injection. 
The termination shall have a VSWR not over 1.2 up to 1000 me. No 
equipment or device other than that under test shall be connected to the 
interference input (test item) terminals of the stabilization networks. 

4. 3. 1. 5 Grounding and ground planes. 

4. 3.1. 5.1 Normally grounded equipment. - Components and 
subassemblies (motors, power supplies, blowers, etc.) and electronic 
equipment to be installed in vehicles, shelters, etc. , which are not 
normally operated independent of other metallic structures shall be 
provided with a copper, brass, or aluminum ground plane of 12 square 
feet or more in area during all tests. The ground plane shall be pro¬ 
vided with an "earth ground" consisting of a "ground stake" of at 
least 30 inches, or other suitable means. The equipment under test 
shall be attached to the ground plane in a manner simulating its normal 
operating installation. 

4. 3. 1. 5. 2 Normally ungrounded equipment. - Equipments normally 
operating ungrounded such as hand tools, appliances, portable office 
machines, portable radio sets, paint sprayers, etc., shall be tested 
ungrounded and shall be placed on a 30" square insulating test stand or 
table 30 inches above the ground or ground plane during measurements. 
The stand supporting the equipment shall be centrally located on the 
ground plane. 

4. 3. 1. 5. 3 Non-portable, fixed plant and semi-fixed complete 
equipments . - Equipments such as complete radar orfire-control systems, 
heavy machinery, long-range transmitters, etc., shall be grounded in a 
manner simulating as closely as practicable the normal installation or 
conditions of use. 

4. 3. 1. 6 Power cables and power cords . - The cable between the 
equipment under test and the impedance stabilization network shall be or 
simulate that normally used. Shielded cables shall be used only if shielded 
power cables are used in actual operation or installation, and shall be of 
the same type number and length normally used. If unshielded power cables 
permanently attached to the equipment are normally used, similar cables 
of the same length shall be employed between the equipment and the 
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stabilization network. For equipment falling under 4. 3.1. 5. 2, the 
power cable or cord shall proceed from the equipment over the edge 
of the test stand straight down to the ground, and then be wound 
closely around the base of the test stand until the length is just 
sufficient to connect to the impedance stabilization network(s). 

4. 3. 2 Frequency selection for test items and measuring 
equipment, except for power-line conducted tests . 

4. 3. 2.1 Class I equipment. - Tests shall be run with the test 
item tuned to a frequency or channel not more than 5 percent in fre¬ 
quency from each extreme of each continuously tunable band without 
band switching or of each range of fixed channels, and on frequencies 
or channels at frequency increments of not more than 1.25 times 
(1. 50 times for broadband tests) the next lower frequency or channel 
tested, but not less than three frequencies unless the equipment has 
less than three channels. It shall also be tested, for narrowband 
tests only at such additional frequencies or channels as may be 
expected, from consideration of frequency synthesizer circuits, fre¬ 
quency conversions, intermediate frequencies, etc. , to be potentially 
more subject to extraneous emissions and/or extraneous responses 
than those chosen on the stated arithmetic basis. The contractor 
shall submit an analysis of the equipment's expected extraneous 
emissions and responses as a justification for the test frequencies 
chosen. For each chosen frequency setting of the test item, the inter¬ 
ference measuring instrument (for interference emanation tests), or 
the signal source (for susceptibility tests), shall be scanned continuously 
in frequency over the range required by this specification. Some 
oscillators, such as magnetrons, generate extraneous emissions at 
unpredictable frequencies both above and below the fundane ntal. Atten¬ 
tion must also be given to subharmonic, harmonic, image, i-f and other 
frequencies where emanation or susceptibility may be expected to occur. 
Harmonics shall be considered up to the tenth or 1000 me, whichever is 
higher, but not above 36, 000 me for transmitters in the transmit condi¬ 
tion. and up to the twentieth or 1000 me, whichever is higher, but not 
over 36, 000 me for antenna conducted measurements on receivers, and 
on transmitters in the standby condition. 

4. 3. 2. 2 Class Il-a equipment. - This equipment shall be operated 
within its FCC-assigned band, and the interference measuring equipment 
scanned continuously to cover all harmonics, (up to the tenth or 1000 me, 
whichever is higher, but not abovd 36,000 me) sub-harmonics, etc., which 
fall within the required frequency range of measurements. 
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4. 3. 2. 3 Class II-b equipment. - This equipment »hall be treated 
as Class I equipment for selection of teat frequencies, except that the 
fundamental is also considered as an extraneous emission. 

4. 3. 2. 4 Class III equipment. - This class of equipment in non-
tunable. Interference measurements shall be made at three or more 
frequencies approximately evenly distributed over each tuning band 
of the measuring instrument, from 0.014 to 1000 me, and at each 
additional frequency indicated by scanning to represent a maximum 
in the emanated spectrum. 

4. 3. 3 Frequency selection for test items and measuring equip¬ 
ment power-line conducted tests. - For tests of this kind, frequencies 
are limited to the range of 0. 15 - 30 me, but the frequencies shall be 
selected on the same basis as described under 4. 3. 2 for the same 
classes of equipment. 

4. 3. 4 Control settings . -

4. 3. 4. 1 Test item, - All controls of the equipment under test 
shall be adjusted, within normal operating ranges and at each test 
frequency, to produce maximum interference emanation or suscepti¬ 
bility, as the case may be. 

4. 3. 4. 2 Test signal. - Ths test signal used in susceptibility tests 
shall have characteristics, including type and degree of modulation, which 
will result in a maximum indication of susceptibility. 

4. 4 Interference emanation tests . 

4.4.1 Interference radiation (case and cable leakage) . Radiation 
measurements for interference leakage from case, power lines, etc. , 
shall be performed over the required frequency ranges and at the test 
distances specified in Table Ill-b for the various classes of equipment. 
The test distance is the horizontal distance from the base of the antenna 
of the interference measuring equipment to the nearest perimeter of 
the equipment under test. 

4. 4.1.1 Radiation tests, 0.014 - 0. 15 me, - Radiation tests from 
0.014 to 0. 15 me shall be performed with the specified antenna vertical, 
with its base 36 inches above ground and at a distance from the nearest 
perimeter of the item under test as determined from Table Ill-b. 
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4. 4,1, 2 Radiation testa, 0. 15 • ¿0 me«. - Radiation tests from 
0. 15 - 20 me shall be performed with the base of the antenna 36 inches 
above ground, and at the distance from the nearest perimeter of the 
item under test as determined from Table UI-b. If the test distance 
is 5 feet or less, the antenna shall be tilted toward the item under 
test so that its minimum clearance from the latter is 24 inches. At 
distances greater than 5 feet the antenna shall be vertical. 

4. 4. 1. 3 Radiation tests, 20 thru 1000 megacycles. - For all 
classes of equipment an antenna as specified in Table VI shall be used. 
Distance specified in Table Ill-b shall be measured from the nearest 
perimeter of the equipment under test to the apex of the cone. The 
discone antenna shall be tilted so that a line from the center of the 
equipment under test to the apex of the cone bisects the angle formed 
between the cone and the plane. See figure 3 for applicable antenna 
configurations covering the range of 20 to 1000 me. 

4. 4.1. 4 Ra diation tests, 1000 » 36, 000 me. - Test distances as 
specified in Table Ill-b apply. Discone antennas for this range shall 
be treated as those for lower frequencies. Test distances for horn and 
"dish” antennas shall be measured from the center of the plane of the 
rim of the dish, or from the center of the plane of the open end of the 
horn. 

4. 4. 2 Conducted interference tests, power lines . - Conducted 
interference shall be measured from line to ground (frame or chassis) 
over the frequency range of 0. 15 thru 30 me on each external power 
supply and power load conductor, using the line impedance stabilization 
networks, Filtron Type FSR 702SC, or equal, in the manner prescribed 
in figures I and 2. Conditions shall be as prescribed in 4. 3.1, 4. 3. 3 
thru 4. 3.4.2 and figures 1 and 2, except where deviations are specifi¬ 
cally prescribed herein. 

4. 4. 2.1 Power equipment. - Conducted interference measurements 
on equipments furnishing or converting electrical power for electronic 
equipment shall be made on both input (power supply) and output (load) 
terminals, except where such power supplies are integral with and in¬ 
separable from the basic equipment. In the latter case, in addition to 
the requirements for conducted and radiated interference on the overall 
equipment, tests shall be conducted to determine any audible, visible, 
or other undesired response or malfunctioning of the basic equipment 
resulting from interference generated in the power equipment. 
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4.4.3 Receiver self-generated and transmitter stand-by inter¬ 
ference. - Measurements for conformance to 3. 5.1, 3. 5. 1. 1 and 3. 5. 2. 2 
shall be made across the antenna terminals of the equipment. Measure¬ 
ment* on equipment operating in the range above 20 megacycles shall 
be made across a 50-ohm resistive load. Measurements on equipment 
operating in the frequency range below 20 megacycles shall be made 
across a 50-ohm and a 300-ohm load. Equipment with balanced circuits 
shall be tested alternately with 50- and 300-ohm loads from each line 
to ground. The total power for the balanc ed case shall be the arithmetic 
sum of the power in the two loads (50 ohms-50 ohms, or 300 ohms-300 
ohms, whichever is greater). The loads shall be of such design as to 
exhibit essentially flat impedance-versus-frequency characteristics 
throughout the frequency range over which the measurements are made, 
and shall provide a VSWR not exceeding 1. 20. 

4. 4. 4 Transmitter harmonic and other extraneous emissions-
key down. - Conformance with 3. 5.2.1 shall be determined by measure¬ 
ment of the extraneous r-f voltage appearing across the antenna ter¬ 
minals of the transmitter under test relative to that produced at the 
fundamental frequency. Measurements shall be made using the appro¬ 
priate measuring instruments listed in 4. 2, or with suitable calibrated 
receivers in conjunction with calibrated external attenuators and standard 
signal generators. 

4. 4. 4.1 Extraneous output not close to carrier . - The test setup 
shall be as shown in figure 4. The ”T" connection attenuator shown in 
the figure shall be a capacitive or inductive coupling with known inser¬ 
tion loss vs frequency. The total rejection of the T-connection attenua¬ 
tor, the rejection network, and the receiver front-end to the fundamental 
when tuned to the frequency of the extraneous output being measured, 
shall be at least 20 db greater than the required minimum ratio of funda¬ 
mental to extraneous. The resistive attenuator pads, the coaxial switch, 
and the coaxial cables used shall introduce, singly or in combination, a 
voltage standing wave ratio no greater than 1. 20 into the measurement 
system simultaneously at the fundamental and at any required frequency 
of measurement. The signal generator used for this test shall be cali¬ 
brated for output across a 50-ohm resistive load. The transmitter shall 
deliver its rated output to the dummy load for this test. 

4. 4. 4.1.1 Dummy loads. - For fundamental frequencies above 20 me, 
the dummy load shall be a 50-ohm resistance of adequate power handling 
capacity. For fundamentals 20 me and below, the dummy load for unbalanced 
transmitters shall be either 50 ohms resistive or 300 ohms resistive, to 
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whichever the transmitter is capable of delivering greater power when 
adjusted as prescribed by the instruction manual for maximum output. 
The load VSWR shall not exceed 1. 30 simultaneously at the fundamental 
and at any measurement frequency. For balanced output systems 
above 20 me, the rated power shall be applied across two unbalanced 
50-ohm resistive loads, one from each line to ground. For balanced 
output systems 20 me and below, the load from each line to ground 
shall be that which would be used in an unbalanced system. For 
measuring the extraneous output of a balanced transmitter, the system 
of figure 4 shall be applied between ground and one of the two lines, 
and the other line shall be loaded by an equal dummy load from the 
latter line to ground. The extraneous output ratios shall be measured 
as for an unbalanced transmitter. Then the two transmitter output 
lines shall be interchanged and extraneous output ratios measured again 
at the same frequencies. The ratio of the sum of the extraneous outputs 
of the two lines, at a given frequency, to the sum of the fundamental 
outputs of the two lines, shall not exceed the values stated in 3. 5. 2.1. 

4. 4. 4. 2 Extraneous emissions close to carrier frequency. -
Extraneous emissions within the range of 0. 8 fc to 1. 20 fc, where fc 
is the carrier frequency, shall be measured for conformance to 
3. 5. 2.1. 2 by means of a Spectrum Analyzer AN/1JPM-17, AN/UPM-84, 
or other suitable panoramic oscilloscopic-presentation instrument of 
equivalent resolution and linearity. The spectrum analyzer shall be 
operated in accordance with its instruction manual. No carrier¬ 
frequency rejection network shall be used for this test. The transmit¬ 
ter shall be operated at maximum rated modulation level, modulation 
bandwidth and power. Dummy load shall be as for 4. 4.4.1.1. 

4. 4. 5 Transmitter shielding. - Radiation tests on transmitters 
to determine conformance to Table III shall be made with the transmitter 
operating into a shielded dummy load. Measurements shall be performed 
in accordance with the general procedures for radiated interference 
measurements of 4. 3, and 4. 4. 1 thru 4. 4. 1. 4. With the transmitter 
adjusted for rated output, all narrow-band and broad-band emanations 
shall be measured for conformance to the limits of Table III. The 
power line impedance stabilization networks, power cables, and other 
test conditions shall be as prescribed in the applicable portions of 4. 3. 

4. 5 Interference susceptibility tests. -

4.5.1 General. - The test setup for susceptibility measurements 
shall be as shown in figure 2 for r-f conduction tests, except that the 
signal source is substituted for the interference measuring set at the 
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coaxial connector of the appropriate impedance stabilization network, 
and shall be as described in 4. 5. 3 and its sub-paragraphs for r-f 
radiation tests. On receivers, all external controls shall be set as 
for reception of a minimum signal as prescribed in the applicable 
instructions. On other equipment having manual controls, all ex¬ 
ternal controls shall be set for maximum indication of susceptibility 
unless such settings are not normally employed in intended use, in 
which case the controls shall be adjusted as directed in the equipment 
instruction manual. On all radio-frequency susceptibility tests, the 
r-f voltage shall be modulated 30 percent at 400 to 1000 cps, except 
that if the test sample is designed to operate with a particular audio 
frequency, pulse repetition rate, waveform, or type of modulation, 
the r-f voltage shall be modulated with that particular type of signal. 

4. 5. 2 R-F susceptibility, power-line conducted. - The gen¬ 
erators, CW and impulse, shall have nominal source impedances of 
50 ohms resistive, with maximum voltage-standing-wave ratio of 
1. 3. The open-circuit voltage of the CW generator shall be 0.1 volt, 
and of the impulse generator 90 dbmc (db above 1 pv per megacycle 
of bandwidth). This source shall be applied to the test sample as 
shown in figure 2. Measurements shall be made over a frequency 
range of 0. 15 to 30 me. 

4. 5. 3 Susceptibility to r-f radiation. 

4. 5. 3.1 Physical setup for test. - All measurements shall 
be made in the interference-free area (4. 3.1. 3). Three points shall 
be chosen forming an isosceles right triangle. The apex of the 90-
degree angle shall be called the "radiation source point". The other 
ends of the two equal sides shall be called the "field measurement 
point" and the "test sample point". The length of the equal sides 
shall be 25 feet in the frequency range 0.014 to 50 me, 10 feet in the 
frequency range from above 50 to 1000 me, and above 1000 me the 
length shall be such that the narrower beam width of the main lobe 
of the radiating antenna at the 6-db-down points will cover at least 
the maximum projected vertical or horizontal dimension of the test 
sample. The minimum distance at which this condition can be met, 
as a function of beam width and test item dimensions, is plotted in 
figure 5. 
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4. 5. 3.1.1 Radiation source point. - The radiation source antenna 
shall be a 5-foot rod in the frequency range 0.014 to 50 me, a resonant 
half-wave dipole in the frequency range from 50 to 1000 me, and a horn, 
dish, discone, or other suitable antenna above 1000 me. In the fre¬ 
quency range 50 me and below, only vertically polarized measurements 
are required. Above 50 me both horizontally and vertically polarized 
measurements are required, and care shall be taken to minimize radia¬ 
tion of the undesired polarization, using baluns as necessary. 

4. 5. 3.1. 2 Field measurement point. - The test instruments for 
the field measurement point shall be of those listed in Table V. The 
instruments chosen shall be operated with calibrated antennas designed 
for field intensity measurements with the particular instrument. These 
antennas shall be placed on the ground when irradiating the test sample, 
in order to minimize reflections. 

4. 5. 3. 1. 3 Test sample point. - The test sample shall be provided 
with a shielded dummy antenna, if applicable, and shall be energized and 
adjusted for maximum susceptibility consistent with normal modes of 
operation. It shall be placed on a ground plane with an area of no less 
than 12 square feet and with a smaller dimension of no less than 2-1/2 
feet. The sample shall be placed on the plane so that the front panel 
and each side in turn will face the radiation source antenna. A turn¬ 
table with ground plane no higher than 1 foot above the ground may be 
used for this test. The test sample shall be bonded to the ground plane 
by a short, low-impedance strap. 

4. 5. 3. 2. Test operations . - The radiation source shall be set 
up with its antenna directed toward the field measurement point and the 
signal source output increased until the field measurement point instru¬ 
ment indicates a signal intensity of 0. 1 volt per meter. The radiating 
antenna shall then be directed towards the test sample point, succes¬ 
sively irradiating the four sides of the teat sample. Conformance with 
the requirements of 3. 5. 1. 2. 3 shall be determined at each test frequency 
and for each vertical face. 

4.5.4 Receiver front-end rejection. -

4. 5. 4.1 CW rejecti on. - Test frequencies shall be the same as 
specified in 4. 3.2. The frequency range to be scanned by the generator at 
each test frequency, fc, shall be from 0. 1 to 10 times fc, except the fre¬ 
quency range between the 80-db-down points on the receiver selectivity 
curve. The highest frequency for these tests is 36, 000 me and the lowest 
frequency is 0.014 me. The signal generator shall have a 50-ohm source 
impedance with a maximum VSWR of 1. 3 and shall be modualted 30 percent 
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at 400 or 1000 cycles; if, however, the receiver under test is designed 
to operate at a particular audio frequency or pulse repetition rate, the 
r-f voltage shall be modulated with that particular frequency. Since 
most signal generators emit significant amounts of harmonics, care 
should be taken that the receiver is not erroneously rejected because 
of such extraneous signal content. Front-end rejection is calculated 
with the following formula; 

Front end rejection = 20 log V2/Vj 

Signal generator voltage required for minimum perceptible 
receiver output on channel or frequency under test. 

V¿ = Signal generator voltage required for minimum perceptible 
receiver output at all other frequencies. 

4. 5. 4. 2 Broad-band rejection. - The test sample receiver shall 
be connected to the standard-impulse generator by means of a 50-ohm 
coaxial cable terminated with a 10-db resistive pi or T pad with negli¬ 
gible frequency characteristic in the region of the frequency of test. 
The impulse generator shall be turned on and the output attenuator 
reading for minimum perceptible receiver output, or other evidence 
of normal function, shall be noted. The receiver local oscillator (or 
each oscillator in turn for multiple-conversion superheterodyne receivers) 
shall be disabled and a 60-cycle voltage (or current) equal to the oscil¬ 
lator signal shall be injected into the mixer. The output of the impulse 
generator is then raised until the minimum perceptible receiver output, 
or other evidence of normal function, is again evident. This generator 
setting in db, less the original setting in db, is the broad-band rejection 
requirements of 3. 5.1. 2. 2. The frequencies of test shall be chosen in 
accordance with 4. 3. 2.1. Impulse generators acceptable for this test 
are listed in Table VIII. 

4.6 Corrosion Test. - Parts which must meet the requirements 
of 3.2.7 shall be tested in accordance with Specification QQ-M-151, subjecting 
the parts to salt spray for a period of 96 hours at a temperature of 95’F, 
using a 20% (by weight) aqueous solution of sodium chloride. 

5. PREPARATION FOR DELIVERY 

5.1 The applicable section of the equipment specification shall apply. 
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6. NOTES 

6.1 List of approved suppression component». - Current Army 
Qualified Products Lists (AQPL’s) of Type-approved suppression 
capacitors, filters and resistor suppressors, under the applicable 
subsidiary specification of 2.1, may be obtained by contracting officers 
from the Signal Corps Procurement Agency, 2800 South 20th St. , 
Philadelphia 45, Pa. , by referring to the specification number covering 
the particular component. Indication of approval of any item, by its 
inclusion in an AQPL or by other means, as being suitable for suppres¬ 
sion purposes and in accordance with the applicable specifications, 
covers use of the component only for suppression purposes. A list 
of manufacturers of suppression components having type approval 
and application approval under the subsidiary specifications of paragraph 
2.1 may be obtained upon application to the contracting officer. 

6. 2 Submission of samples of suppression components . -

6. 2. 1 Type approval. - Samples for qualification approval (type 
approval, 3.1.10), covered by subsidiary specifications listed in 2.1, 
should be submitted as prescribed in the applicable subsidiary specifi¬ 
cation. 

6. 2. 2. Application approval. - Samples for application approval 
(3.1.11) should be submitted to the Accountable Property Officer, Bldg, 
2700 USASRDL, Fort Monmouth, New Jersey, ATTN: S&GD Div., Comm 
Dept. 

6. 3 Testing agency . 

6, 3. 1 Private testing agency. - For testing required of the con¬ 
tractor, the latter may engage a private testing organization whose test 
equipment and facilities have been approved by the procuring agency. 

6. 3. 2 Government testing agency. - On Army procurements of 
Class III items, such as electric motor, fans, electric power tools, etc. 
the bid request and contract should state that the testing of such items 
for conformance to this specification will be carried out by the Communi¬ 
cations Department, USASRDL, Fort Monmouth, N.J. (Suppression and 
General Engineering Division). This agency will represent the Contracting 
Officer in dealings with contractors and sub-contractors on technical 
matters pertaining to these functions, including the following: 
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(1) Approval for the use of capacitors of filters under 
conditions more severe than those specified in the applicable specifi¬ 
cation therefor. 

(2) Testing of capacitors or filters that do not conform to 
the applicable specification to determine whether such components are 
acceptable for the proposed application. 

(3) Inspection, testing, and approval of samples of 
suppression components, electrical sub-assemblies or accessories to 
be approved before being furnished as part of the equipment on order. 

(4) Inspection, testing, and approval of the suppression 
system on the model. 

6. 3. 2.1 Testing of preproduction and production units. - Test 
equipment and personnel for conducting the inspection and test of the 
suppression system on pilot models and production units of Class III 
items undergoing government tests will be provided by the Communi¬ 
cations Department, USASRDL, Fort Monmouth, N. J. The Contracting 
Officer shall be notified in writing at least 10 days before a pilot or 
production model will be available for test of the suppression system. 
Results of the teste, and a report covering the method of suppression 
to be followed on any subsequent pilot model or production unit will 
be furnished to the contracting officer. The report should be included 
by him as part of any approval of the pilot or preproduction model to 
which it applies. 

6. 3. 2. 2 Proposal request and contract. -

6. 3. 2. 2.1 Expenses. - It is to be understood that in regard to the 
test and inspection by the Army of Class III equipment the contractor will 
bear all expenses arising in connection with the following: 

a. Transportation of government inspector, test equipment, 
pilot models, production units, electrical sub-assemblies and accessories, 
and suppression components from the contractor's plant to the test point 
designated by the Government, if such point is within 25 miles of the con¬ 
tractor's plant. If the test point is over 25 miles from the contractor's 
plant, transportation is required to be furnished only for the items to be 
tested. 

b. Preparation and submission of prints and parts lists 
submitted with the models. 
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c. Submission oí samples for type-approval and application 
approval. 

d. Damage to pilot models or to samples resulting from 
testing, disassembly or reassembly. 

e. Samples or suppression components that are not returned 
to the bidder or contractor. 

6. 4 Impedance stabilization network. - The impedance stabili¬ 
zation network named in para. 4. 3. 1. 4 is usable in power circuits not 
exceeding 250 volts AC or 600 volts, DC, and up to 100 amperes. It 
may be used at power frequencies up to 400 cycles at full rated voltage, 
or up to 800 cycles at half rated voltage. The power-line drop per 
network, versus line current, is shown in figure 6. 

6.5 T-Connector-attenuator . - The T-connector-attenuator shown 
in figure 4 may be constructed using 1 each coaxial T connector UG-107B/U 
and straight connector UG-29B/U. The male pin of the UG-107/U which is 
threaded into the straight-thru double-ended female pin, is removed and 
cut off approximately 1/4” from the shoulder on the threaded end. A 
screw driver slot is cut in the short section to facilitate its replacement. 
The male pin is then inserted into the female pin of the UG-29B/U and 
carefully soldered in place. The end of the pin protruding from the UG-29B/U 
is ground off to obtain the desired attenuation. Attenuation of the order of 
120 db, and greater, at 20 megacycles may readily be attained. Attenuation 
decreases with increasing frequency at the rate of 6 db per octave when 
terminated in 50 ohms, as long as the capacitive reactance remains large 
compared with 50 ohms. Alternatively, the General Radio 874-GA 
attenuator (waveguide below cutoff) may be used from 100-4000 me, or 
other arrangements suitable for the frequency range and transmitter power 
involved, and acceptable to the procuring agency, may be used. 
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General Test Setup for Power-Line Conducted Interference Measurements 

Single Wire Grounded System 

1748B(SigC) 



Figure 2 

General Teat Setup for Power-Line Conducted Interference and 
Susceptibility Measurement. Multiple Wire Ungrounded System, 
2 Wire System Shown, Additional Networks Required for Each 
Additional Line. These Connections Are Retained for Tests of 

Interference Radiation, and Susceptibility to Radiation, 
Except That a 50-Ohm R-F Termination Replaces the Measuring 

Instrument or Signal Source. 
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Figure 3 

Broad Band Discone Antenna and Mast Sections AB-21/CR 

for Radiation Tests 20-1000 MC 
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Figure 4 

Typical Test Setup for Measurement 

of Transmitter Extraneous Emissions 
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L = Test Item Dimension, Feet 

Figure 5 
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IMPEDANCE STABILIZATION NETWORK 
F1LTRON FSR 7OZSC OR EQUAL 

Figure 6 
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000 

Figure 7 

Maximum Nominal Capacitance 
From Each Line to Frame as Limited 
by Shock Hazard. 
All Capacitances Equal. 
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MIL-F-15733D 
AMENDMENT 1 
10 AFRU. 1W1_ 

MILITARY SPECIFICATION 

FILTERS, RADIO INTERFERENCE, 
GENERAL SPECIFICATION FOR 

TAm amendment forma a pari of Military Specification MIL-F-167MD, doled 
it Al arch I960, and ha» been approved bp the Department of De feme and w man¬ 
datory for KM bp the DepartmenU of the Army, the Navy, and Iha Air Force. 

Page t, paragraph 1.2.14: Delete “1.2.14" and 
substitute *t2.1.4". 

Page 2, paragraph 2.1: Delete "specification«, 
detail specifications, and standards" and substi¬ 
tute “documents”; in line 4, following "specifica¬ 
tion," insert “to the extent specified herein." 

Page t, paragraph 2.1., list of federal specifica¬ 
tions, title of PPP-B-636: Delete and substitute 
"Box, Fiberboard"; title of PPP-T-76: Follow¬ 
ing "Resistant," insert "(for Carton Sealing)." 

Page t, paragraph 2.1, list of military specifica¬ 
tions and standards, title of MIL-E-2036: Be¬ 
ginning with "(Naval,” delete rest of title and 
substitute, "Naval Shipboard.”; title of MIL-
STD-220: Beginning with "for,” delete rest of 
title. 

Page 3, paragraph 2 2, line 2: Following “speci¬ 
fication," insert "to the extent specified herein." 

Page 5, paragraph 3.6, lines 2 and 3: Delete 
"evi-dnee" and substitute “evidenec.” 

Page 7, paragraph 3.14, heading: Delete 
"(when applicable)." 

Page 8, paragraph 4.1.1 : Delete and substitute. 
“4.1.1 Supplier. The supplier is responsible 

for the performance of all inspection require¬ 
ments as specified herein. Except as otherwise 
specified, the supplier may utilise his own or 
any other inspection facilities and sen ices ac¬ 
ceptable to the Government. Inspection records 
of the examination and tests shall be kept com¬ 
plete and available to the Government as spec¬ 
ified in the contract or order The Government 
resen-es the right to perform any of tl»e inspec¬ 

tions set forth in the specification where such 
inspections arc deemed necessary to assure sup¬ 
plies and services conform to prescribed require¬ 
ments." 

Page 8, paragraph 4.1 2: Delete. 
Page 8, paragraph 4.4.3, line 2: Delete “qual-

ication" and substitute "qualification." 

Page 9, table IX, group 1 examinations and 
tests, line 8: Following “resistance," insert “(ter¬ 
minal to ground)." 

Page 9, table IX, group I examinations and 
tests, last test: Delete "(when applicable)." 

Page 9, paragraph 4.5.1.3.1, line 3: Following 
“105," insert "for ordinary inspection.” 

Page 9, paragraph 4.5.1.4.1, first sentence 
Delete and substitute "The sampling plan shall 
lx* in accordance with Standard MIL-STD-105 
for «mall-sample inspection."; third sentence: 
Delete and substitute “For small sample reduced 
inspection, procedure R-l shall be used." 

Page 10, table X, column 1, line 11: Following 
"resistance,” insert “(terminal to ground)." 

Page 10, table XI, column 1, lines 3 and 4: 
Delete “(when applicable)."; in line 5, delete 
"on" and substitute “of." 

Page 10, paragraph 4 5.1.4 3: Delete. 
Page 11, paragraph 4 5.1.5.3: Delete and sul>-

stitute: 

“4.5.1.5.3 Noncom plia nee. If a sample fails 
to pass group C inspection, the supplier shall 
take corrective action on the materials or process. 

3?IO31-4I-<I1A** 
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or both, as warranted, and on all unite oí prod¬ 
uct which can be corrected and which were 
manufactured under essentially the eame con¬ 
ditions, with essentially the same materials, proc¬ 
esses, etc., and which are considered subject to 
the same failure. Acceptance of the product 
shall be discontinued until corrective action, ac¬ 
ceptable to the Government, has been taken. 
After the corrective action baa been taken, group 
C inspection shall be repeated on additional 
sample units (all inspection, or the inspection 
which the original sample failed, at the option of 
the Government). Groups A and B inspection 
may be reinstituted ; however, final acceptance 
shall be withheld until the group C reinspection 
has shown that the corrective action was suc¬ 
cessful. Id the event of failure after reinspection, 
information concerning the failure and the cor¬ 
rective action taken shall be furnished to the 
contracting officer." 

Page 11, paragraph 4.5.2: Delete and substi¬ 
tute : 

“4.5.2 Inspection of preparation for delivery. 
Sample items and packs ahall be selected and 
inspected in accordance with Specification MIL-
P-116 to verify conformance with requirements 
in section 5 of this specification " 

Cu»lo4luui 
—si<m1 Corp« 

Navy—Bureau of SkJpa 
Air Forva 

Page 11, paragraph 4.6.4, line 3: Following 
"at," insert "maximum." 

Page it, paragraph 4.65, (c) 1, next to last 
line: Following "the," insert "maximum." 

Page IS, paragraph 4 6.7.1, line 5: Following 
"at,” insert "maximum.’’ 

Page 13, paragraph 4 6.8, Insertion Ion (check 
tut).: Delete "4.6 8" and substitute "4.6 8.1." 
Page 13, paragraph 4.6.9, line 4: Following 

"at," insert "maximum"; at end of paragraph fol¬ 
lowing "respectively," insert "Filters shall be 
visually examined for evidence of physical dam¬ 
age." 

Pape 14. paragraph 4.6.10, heading: Delete 
"(u-Aen applicable)." 

Page 14, paragraph 4 6 10.1 : In line* 1 and 2 
delete "force of the specified magnitude" and 
substitute "5-pound pull for solder-lug terminals 
and a 10-pound pull for threaded-stud and radi¬ 
ally-tapped stud terminals"; at end of paragraph, 
delete "(see 31)." 

Page 16, paragraph 4.6.17, lines 2: Following 
"at," insert "maximum"; at end of paragraph 
following "respectively," insert "Filters shall be 
visually examined for evidence of mechanical 
damage " 

Frrparing activity) 
Army—Signal Corpa 
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22 MABCH I960 

SUPERSEDING 
Kn^F-15713C 
21 SEPTEMBER IMS 
MIL-F-iaS44A (SHIPS ) 
6 OCTOBER IMS 

MILITARY SPECIFICATION 

FILTERS, RADIO INTERFERENCE, 
GENERAL SPECIFICATION FOR 

TKw rpeet/teatum *wm bwn apprevad bp tho Dopartmont of Dofonoo and u man¬ 
datory for »• fry tMo Drpartmmtt of tAe Army. tho Navy, and Ua Air Foroo. 

1. SCOPE 
1.1 Scope. This specification covers the general requirements for current-carrying filters 

(alternating current (ac) and direct current (de)), for ose primarily in the reduction of 
broadband radio interference. 

1.2 Clarification. 

1J2.1 Type designation. The type designation shall be in the following form, and as specified 
(see 8.1 and 6.1): 

FL22 

ZET 
Style 

(1X1.1) 

D 

Current 
rating 
(1X1.2) 

D 

~T~ 
Insertion-loe» 
char» eterietic 

(1X14) 

IE 

T. 
Terminal 

Identification 
(1X1.4) 

A 

Operating 
tempe rature 

(1X1.6) 

1 

Grade 
(1X14) 

1X1.1 Style. The style is identified by the 
two-letter symbol FL followed by a two-digit 
num her. The letters identify radio-inter¬ 
ference filters ; the digits identify the general 
shape and mounting of the case. 

1X1.2 Current rating. The current rating 
is identified by a single letter in accordance 
with table I. 
1X1.3 Insertion-loss characteristic. The 

insertion-toss characteristic is identified by a 
single letter in accordance with table II. 

Tails I. Cnrwnt rating 

•mW asM 
■rmt ■mW UM 

■■rw« 

A_ 
B 

Awm» 
0.1 
0 26 

L . . 
M.. 

J S 5 

c. 0.6 P__ 70 D_ B. _ _ 1 
A 
R._ 
S_ . 

100 
160 F... 6 T.. 200 G_ H.._j 10 

16 
U_ 
V .. 

800 
600 J._. 20 
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Tasme If. Minimum in tert ion lote under full load 

ln*W 
rreeaeeo la B»*Bnr»U» .aova m «ua» Sead aaS iMrtioe Um iUvi ta aolwe 

an •J • « 1 it - •• 
IN Ml l.MB 1I.0W 

B 

A 

40 

A 

50 

A 

60 60 

A 

60 

A A A 

60 

A 
60 

A 
60 

A 

C.-. 50 
50 

«0 

60 

GO 
CO 

CO 

60 
60 
€0 

60 GO 

60 60 60 
— 

D. 
H... 
J 
K. 

50 
60 

40 

50 
70 

50 

ro 
so 

GO 

«0 
SO 

60 

60 
SO 

60 

«0 
80 

60 
80 

60 
80 
60 

50 
80 
60 

50 
80 
60 60 L.. 70 70 70 70 60 GO 60 60 60 60 60 

1X14 Terminal identification. Terminals 
are identified by a number and a letter in ac¬ 
cordance with table III. The number identifies 
the type of terminal and the letter identifiée 
the thread (or other dimensions). 

Table III. Tirminol typee and dimentiom 

2. APPLICABLE DOCUMENTS 
2.1 The following specifications, detail spe¬ 

cifications, and standards, of the issue in 
effect on date of invitation for bids, form a 
part of this specification: 
SPECIFICATIONS 
Federal Typ« at ur*u*] 

SiMviUe 

IE Solder lug . 
2 G 

2H. 

Radially tapped 
permanent atud. 
Radially Upped 

S-32 NC-2B md nesgan Head. 

10-32 NF-2B FF-S-92 —Screw», Machio»; 

3 F. 

permanent etud. 
Threaded stud . 

Slotted or Cross-
Threaded stud . 

U__ 
3K.. 

Threaded atud .-. 
Threaded stud . 

8-32 NC-2A 
10-32 NF-2A 

PPP-B-566 — Boxes. Folding, Paper¬ 
board. 

PPP-B-585 —Boxes, Wood, Wire¬ 
bound. 

PPP-B-591 —Boxes, Fiberboard, 
Wood-Clea ted. 

PPP-B-601 — Boxes, Wood, Cleated-
Plywood. 

PPP-B-621 —Boxes, Wood, Nailed 

1X1.5 Operating temperature range. The 
operating temperature range is identified by 
a single letter in accordance with table IV. 

TABLE IV. Operating temperature range 

SrnUI Teapmturv rente 

A.. —55 tn 4- R5 inri 
B . . -ss U +1M. “O LocK-Comer. 
C. -. —55 to +200. incl PPP-B-636 — Boxes, Fiber. 

PPP-B-665 —Boxes; Paperboard, 
Metal Stayed (In¬ 
cluding Stay Mate¬ 
rial). 

PPP-B-676 — Boxes, Setup, Paper¬ 
board. 

PPP-T-76 —Tape, Pressure-Sensi¬ 
tive Adhesive, Paper, 
Water Resistant 

1X1.6 Grade. The grade is identified by a 
single digit in accordance with table V. 

Table V. Grade 

Bn»« VlbraUaa milUn 

Cm 
10 to 55, incl 

X.. 
1..._. 

10 to 500. incl 

10 to 2.000, incl 
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PPP-T-97 — T»pe, Pressure-Sensi¬ 
tive Adhesive, Fila¬ 
ment Reinforced. 

Mujtaxy 
MIL-P-116 —Preservation, Method* 

of. 
MIL-E-2036 — Enclosures for Electric 

and Electronic 
Equipment (Naval 
Shipboard Use). 

MIL-B-10377 —Box, Wood, Cirated. 
Veneer, Paper Over¬ 
laid. 

MIL-L-10547 —Liners, Case, Water¬ 
proof. 

DETAIL SPECIFICATIONS 

(For applicable detail apeciScation«, aee Sop-
pkment 1). 

STANDARDS 

MILITARY 

MIL-STD-105 —Sampling Procedures 
and Tables for In¬ 
spection by Attri¬ 
butes. 

MIL-STD-129 —Marking for Shipment 
and Storage. 

MIL-STD-130 —Identification Marking 
of U. S. Military 
Property. 

MIL-STD-202 — Test Methods for Elec¬ 
tronic and Electrical 
Component Parts. 

MIL-STD-220 —Method of Insertion-
Loss Measurement 
for Radio-Frequency 
Filters. 

(Copies of •pecifieations. detail •pecifkation«, and 
standards required by contractors in connection with 
specific procurement functions should be obtained 
from the procuring agency or as directed by ths 
contracting officer.) 

2.2 Other publications. The following docu¬ 
menta form a part of this specification. 

Unless otherwise indicated, the issue in effect 
on date of invitation for bids shall apply. 
Department op Defense 
Handbook H4-1 — Federal Supply Code 

for Manufacturers (Part I). 
National Bureau of Standards 
Handbook H28 — Screw-Thread Stand¬ 

ards for Federai Services. 
(Application for copies should be addressed to tha 

Superintendent of Documenta, Government Printing 
Office, Washington 25. D. C.) 

Official Classification Committee 
Uniform Freight Classification Rules. 

(Application for copies should be addressed to tha 
Official QaasiAeation Committee. One Park Ave, at 
33rd Street, New York 16. N. Y.) 

American Society for Testing Materials 
D92-57 — Method of Test for Flash and 

Fire Points by Cleveland 
Open Cup. 

(Application for copies should be addressed to the 
American Society for Testing Materials, 1916 Race 
Street, Philadelphia 3, Pa.) 

3. REQUIREMENTS 

XI Detail requirements for individual filter 
styles. Detail requirements or exceptions ap¬ 
plicable to individual styles of filters shall 
be as specified in the detail specifications 
listed in Supplement 1 to this specification. 
In the event of any conflict between require¬ 
ment of this specification and the detail spe¬ 
cifications, the latter shall govern (see 6.1). 

3.2 Qualification. Filters furnished under 
this specification shall be a product which 
has been tested and has passed the qualifica¬ 
tion tests specified in 4.4, and has been list¬ 
ed on or approved for listing on the applic¬ 
able Qualified Products List (see 6.2). 

3.3 Material. When a definite material is 
not specified, a material shall be used which 
will enable the filters to meet the perform¬ 
ance requirements of this specification. Ac¬ 
ceptance or approval of any constituent 
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material shall not be construed as a guaranty 
of the acceptance of the finished product 

3-3.1 Impregnating and potting compound*. 
Compounds used in the impregnating and 
potting of Alten shall be chemically inactive 
with respect to the filter unit and the case 
(see 8.4.1). The compound, either in the state 
of original application or as a result of having 
aged, shall have no adverse effect on the per¬ 
formance of the filter. For oil-filled filters, 
the same material shall be used for impreg¬ 
nating as is used for filling. 

X4 Design and construction. Filters shall 
be of the design, construction, and physical 
dimensions specified (see 8.1). 

34.1 Cate. Filters shall be enclosed in 
metallic cases which shall protect the filter 
elements from moisture and mechanical dam¬ 
age under all test conditions specified herein. 
All external bonding or grounding surfaces 
shall be free from all insulating protective 
finishes. 
3.42 Finish. All exposed metallic surfaces 

shall be suitably protected against corrosion 
by plating, lead-alloy coating, or other means. 
The finish shall provide good electrical con¬ 
tact when used on a terminal or as a con¬ 
ductor (see 6.3) ; shall have uniform texture 
and appearance; shall be adherent; and shall 
be free from blisters, pinholes, and other de¬ 
fects that may affect the protective value of 
the coating. 

3.4.3 Threaded parte. Unless otherwise spe¬ 
cified. all threaded parts shall be in accord¬ 
ance with Handbook H28. Where practical, 
all threads shall be in conformity with the 
coarse-thread series. The fine-thread series 
shall be used only for applications that might 
show a definite advantage through their use. 
Where a special diameter-pitch combination 
is required, the thread shall be of American 
National Form and of any pitch between 16 
and 36 which is used in the fine-thread series. 
Screws shall conform to Specification FF-
S-85 or FF-S-92, as applicable. 

3.4.X 1 Engagement of threaded parte. The 
length of all threaded parts shall be as spe¬ 
cified (see 8.1). 

3.4.4 Weight (when applicable), Filters 
shall be of the weight specified (see 8.1). 
X5 Creepage and clearance distance« (when 

applicable). 

3.5.1 Distances for nonaircraft, nonelect¬ 
ronic, electrical power equipment. The mini¬ 
mum external creepage and clearance dis¬ 
tancée between filter sections or between any 
filter section and ground shall be in accord¬ 
ance with table VI. 

X5.1.1 Creepage. Creepage distance is de¬ 
fined as the shortest path between uninsul¬ 
ated current-carrying parts along the sur¬ 
face of an insulating material. Cemented or 
butted joints do not add to the creepage 
path. Insulating barriers shall be used 
wherever practical to avoid a continuous 
unidirectional surface creepage path. It is to 
be emphasized that the values specified in 
table VI represent the minimum acceptable 
limits for nonarcing rigid construction and 
that they only take into consideration the 
average degree of enclosure and service ex¬ 
posure. Where such uninsulated parts are 
arc-rupturing or where there is any question 
of rigidity of mounting, higher voltage equip¬ 
ment, or exceptionally severe exposure, the 
minimum distances shall be increased as ne¬ 
cessary, consistent with minimum space and 
weight requirements, to assure service re¬ 
liability. 

3.5.1.2 Clearance. Clearance distance is de¬ 
fined as the shortest point-to-point path in air 
between uninsulated current-carrying parts. 

3.52 Relationship to enclosure. Group I en¬ 
closures (see table VI) are those which per¬ 
mit more transmission of air than drip-proof 
as specified in Specification MIL-E-2036. For 
top-curved surfaces having a radius greater 
than 3 inches and for top-flat surfaces, aur-
face-creepage distance in group 1 enclosures 
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shall be increased 33 percent where these sur¬ 
faces have irregularities which permit the 
accumulation of dust and moisture. Group 2 
enclosures (see table VI) shall be drip-proof 
as defined in Specification MIL-E-2036 or 
permit less transmission of air than drip¬ 
proof. 

Tabu VT. Cr»*paft and eUarwoa dittany» 

3.54 Æelationa/up to power. 

3.5.3.1 Set A. Set A spacings shall be used 
in equipment where the effect of a short cir¬ 
cuit is limited to the unit and where normal 
volt-ampere (va) ratings up to 50 are in¬ 
volved. 
3.544 Set B. Set B spacings shall be used 

for applications where secondary short-circuit 
protection in the form of fuses and circuit 
breakers is provided and where the normal 
operating vs ratings are over 50 and up to 
2,000. 
35.34 Set C. Set C spacings shall be used 

for applications having va ratings in excess 
of 2,000 but still protected by secondary de¬ 
vices which can safely interrupt resultant 
short-circuit currents. 

3.6 Seal When filters are tested in ac¬ 
cordance with 4.6.2, there shall be no evi-
dace of leakage. 

3.7 Capacitance to ground (when applic¬ 
able. When filters are tested in accordance 
with 4.6.8, the capacitance to ground shall 
be as specified (see 8.1). 
34 Temperature rise. When filters are 

tested in accordance with 4.6.4, the tempera¬ 
ture rise shall be as specified (see 3.1). 

3.9 Dielectric withstanding voltage. When 
filters are tested in accordance with 4.6.5, 
there shall be no breakdown, flashover, or 
impairment of any characteristic qualities 
sufficient to cause failure of the filter. 

3.10 Insulation resistance (terminal to 
ground). When measured in accordance with 
4.6.6, the insulation resistance of any filter 
section shall be not less than the applicable 
value shown on figure 1. The value of insu¬ 
lation resistance varies with temperature, 
and it is necessary to apply a correction 
factor to measurements made at a tempera¬ 
ture other than 25* C. Correction factors for 
measurements made at temperatures be¬ 
tween 20* and 36* C. are given in table VIL 
The required value of insulation resistance 
shall be multiplied by the correction factor 
to determine the new value required at the 
test temperature. 
TaBUE Vil. Ingulatùm-nnatanct corrtetion foetal 

CarrwUo« 
ontUruA. (•ctor 

20.. 1.42 28.... 0.82 
21 . 1.88 29. 0.78 
22. 1.24 30... 0.71 
23. 1.18 31 . 0.87 
24. 1.06 32. 0.63 
25 . .. . 1.00 38. 0.59 
28. 0.94 34. 0.55 
27. 0.87 35. 0.61 

3.11 Voltage drop. When filters are tested 
in accordance with 4.6.7, the voltage drop 
shall be as specified (see 8.1). 
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3.12 Insertion tom. When filters are tested 
in accordance with 4.6.8, the insertion loss 
shall be as specified in table II. 

3.13 Overload. When filters are tested in 
accordance with 4.6.9, the insulation resist¬ 
ance and voltaire drop shall be as specified 
in 8.10 and 8.11, respectively. There shall be 
no physical damage to the filters. 

3.14 Terminal strength (when applicable). 
When filters are tested in accordance with 
4.6.10, no part of the terminals shall loosen 
or rupture and no other damage shall result. 
Bends shall not be considered as damage un¬ 
less an incipient break occurs. 

3.15 Flashpoint of imprégnant or potting 
compound. When measured in accordance 
with 4.6.11, the flashpoint of the imprégnant 
or potting compound shall be not lower than 
specified in table Vm. 

Tablx Vin. Flauhpoint of imprtgnant or 
potting compound 

3.16 Effect of soldering (soldered termin¬ 
als only). When filters are tested in accord¬ 
ance with 4.6.12, there shall be no damage 
to the filters or to the terminal insulators 
which will cause electrical failure of the filt¬ 
ers, or which will cause hermetically sealed 
filters to leak. Chipping of terminals insula¬ 
tors alone shall not be cause for failure un¬ 
less the chipping extends to the outer peri¬ 
phery. 

3.17 Vibration. When filters are tested in 
accordance with 4.6.13, there shall be no in¬ 
termittent open- or short-circuiting during 
vibration. After the test, there shall be no 
evidence of physical damage to the filters. 

3.18 Salt spray (eorrodon). When filters 
are tested in accordance with 4.6.14, there 
shall be no harmful or extensive corrosion, 
and at least 90 percent of any exposed metal¬ 
lic surfaces of the filter shall be protected 
by the finish. The marking shall remain leg¬ 
ible. In addition, there shall be not more than 
1 O-percent corrosion of the terminal hard¬ 
ware or mounting surface. 

3.19 Temperature and immersion cycling. 
When tested as specified in 4.6.16, filters 
shall meet the following requirements: 

Dielectric with- Ar sped fled In 3 9 
standing voltage. 

Insulation Not less than 30 percent of the 
resistance. value specified in 3.10. 

Insertion lo«i As specified in 3.12. 
Visual Corroded areas shall not ex-
examt nation. cred the limits specified in 

3.18 and marking shall re¬ 
main legible after the test. 

3.20 Moisture resistance. When tested as 
specified in 4.6.16, filters shall meet the fol¬ 
lowing requirements: 

Dielectric with- As specified in 3.9. 
standing voltage. 

Insulation Not less than 30 percent of the 
resistance. value specified in 8.10. 

Insertion loss .As specified in 3.12. 
Visual Corrod'-d areas shall not ex¬ 
examination. ceed the limits specified in 

3.18 and marking shall re¬ 
main legible after the test 

3.21 Life. When tested as specified in 
4.6.17, filters shall meet the following re¬ 
quirements: 

Dielectric with- As specified in 3.9. 
standing voltage. 
Insulation Not less than 30 percent of the 
resistance. value specified in 3.10. 
Insertion loaa.As specified in 3.12. 
Visual There shall be no visible me-
examination. chanical damage. 

3.22 Marking. Filters shall be marked in 
accordance with Standard MIL - STD - 130, 
with the type designation, manufacturer's 
code-symbol numbers in accordance with 
Handbook H4-1, voltage, current, input or 
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output terminals (if the Alter is not electric¬ 
ally symmetric), and the maximum opera¬ 
ting (power) frequency. If sufficient space 
is available, the manufacturer's name or 
registered trademark may be added. The lo¬ 
cation of the marking shall be as specified 
(see 3.1). 

3.23 Workmanship. Filters shall be proc¬ 
essed in such a manner as to be uniform in 
quality and shall be free from cold solder¬ 
ing, corrosion (see 3.18), pits, dents, cracks, 
rough edges, miaalinements, and other de¬ 
fects that will affect life, serviceability, or 
appearance. 

4. QUALITY ASSURANCE PROVISIONS 
4.1 Responsibility for inspection. 
4.1.1 Supplier. Unless otherwise specified 

herein, the supplier is responsible for the 
performance of all inspection requirements 
prior to submission for Government inspec¬ 
tion and aceptante. Unless otherwise specified, 
the supplier may utilize his own facilities or 
any commercial laboratory acceptable to the 
Government. Inspection records of the ex¬ 
aminations and tests shall be kept complete 
and available to the Government, as specified 
in the contract or order. 

4.1.1.1 Test equipment and inspection fa¬ 
cilities. Test equipment and inspection facili¬ 
ties shall be of sufficient accuracy, quality, 
and quantity to permit performance of the 
required inspection. The supplier shall estab¬ 
lish calibration of inspection equipment to the 
satisfaction of the Government 

4.1.2 Government. Acceptance of the filters 
shall be based upon verification by the Gov¬ 
ernment of the supplier's compliance with th? 
requirements of this specification. The Gov¬ 
ernment may, at its option, repeat any or all 
of the inspection specified herein. 

4.2 Classification of inspection. The exami¬ 
nation and testing of filters shall be classi¬ 
fied as follows: 

(a) Qualification inspection (see 4.4). 
(b) Acceptance inspection (see 4.5). 

1. Inspection of product for de¬ 
livery (see 4.5.1). 

2. Inspection of preparation for 
delivery (see 4.63). 

4.3 Inspection conditions. Unless other¬ 
wise specified herein, all inspection shall be 
made at room ambient relative humidity and 
pressure st a temperature of 26* C. 

4.4 Qualification inspection. 
4.4.1 Location of inspection. Qualification 

inspection will be performed at a laboratory 
designated by the Government (see 63). 

4.4.2 Sample. The number of specimens 
comprising a sample of filters to be submitted 
for qualification inspection shall be as speci¬ 
fied in the appendix to this specification. 

4.43 Test routine. Specimens will be sub¬ 
jected to the quaJication inspection specified 
in table IX, in the order shown. All specimens 
will be subjected to the inspection of group I. 
The specimens will then be divided equally 
into three groups of four units each. The spe¬ 
cimens will then be subjected to the inspec¬ 
tion for their particular group, for altemate-
terminal-type submission, each type will be 
equally represented in each group. 

4.4.4 Defectives. Defectives in excess of 
those allowed in table IX will be cause for 
refusal to grant qualification. 

4.5 Acceptance inspection. 
4.5.1 Inspection of product for delivery. In¬ 

spection of product for delivery shall consist 
of groups A, B, and C. 

4.5.1.1 Inspection lot. An inspection lot, as 
far as practicable, shall consist of all the fil¬ 
ters of the same style, current rating, in¬ 
sertion-loss characteristic, terminal identifi-
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Taux IX. Qualificatif* vitptetum 

t NmM 
XmteW 
rp«Ma» Neater «4 

P^wras« parser«»« a&nrW 

Flashpoint at imprégnant nr potting compound 1.15 

1.1,1 J to 
8 6.1 J, tael, 
822. and 1.23 

3.6 
8.7 

€6.11 0 

Group 1 
Viaual and msebanieal examination: 

MaUnai, design, eonstrucUsa, marking*. and 
workman eh i p. 
Real .. -. 

4.6 1 

€82 
€61 CapeMtanm to ground (when applicable).-. 

3J 
8.9 
8.10 
8.11 
8.12 
8.11 
8.14 

8.1« 
8.17 
3.18 
8.19 

3.20 

8.21 

4.4.4 
4.8.1 
€6 6 
€8.7 
4.8.8 
4.6.9 
€4 10 

4.8.12 
4.6.18 
4.6.14 
€6.16 

4.6.18 

4.6.17 

. 18 

4 

4 

• 1 Dielectric wjt harand'ng voltage .. -_—— 

Insertion loss (3 specimens only) — 

Terminal strength (when applicable) — 

Group II 
Effect of soldering (soldered terminals only) —— 

- 1 

1 

1 
J 

• 2 

Sult spray (corrosion) .—. ._. ..... -
Temperature and immersion cycling-

Group Ill 
Moisture resistance —. 

Group TV 
Life .. . 

• A rçnHn barias «•• «r Matte MU ba «karsM M • «teste Warth«. 
•Marktes MD ba caatlterM • Mari •»!» LÍ H tera«.«» UW'W M • rwoJl W lb« lorawtJo». 
•Om adAILteaaJ tpacteas la InelaSaS I« «a<h »api» 11 h î a*actea«n« («a« tO.1.1) te »armJt rate Uta Um far th« «Devabte 

4W««Ov« la «vas* L 

cation, operating temperature range, and 
grade, produced under essentially the same 
conditions, and offered for inspection at one 
time. 

4.5.1J Resubmitted lots. If an inspection 
lot is rejected, the supplier may replace it 
with a new Jot, rework it to correct the de¬ 
fects, or screen out the defective units, and 
submit it again for inspection. Resubmitted 
lots shall be kept separate from new lots and 
shall be clearly identified as resubmitted lots. 
Resubmitted lots shall be inspected, using 
tightened inspection. 

4.5.1.3 Group A inspection. Group A in¬ 
spection shall consist of the examinations 
and tests specified in table X, and shall be 

made on the same set of sample units, in 
the order shown. 

4.5.1.3.I Sampling plan. Statistical sam¬ 
pling and inspection shall be in accordance 
with Standard MIL-STD-105. The acceptable 
quality levels (AQL) shall be as specified in 
table X. Major and minor defects shall be 
as defined in Standard MIL-STD-105. 

4.5.1.4 Group B inspection. Group R inspec¬ 
tion shall consist of the tests specified in table 
XI. in the order shown. 

4.5.1.4.1 Sampling plan. The sampling plan 
shall be in accordance with "Sampling for 
Expensive Testing by Attributes” in Stand¬ 
ard MIL-STD-105. Unless otherwise speci-

9 



MÏL-F-15733D 

Table X. Group A inapaetion 

• Vlaaal aad BedMluJ bmiI»U<i n«/ ba parformad Won ar »fu, ih» walla ara arelad. »bltbaver a MpSaaWa. 

p । j Method 
paM«Twpb Hnunib 

Major Ml .or 

Visual and mechanical examination:' 
Material .      .. 3.3 and 3.3.1 

3.4 
3.4 to 3.S.3.S 
inch 

3.22 
3.23 
3.6 
3.7 
3.9 
3.10 
3.11 
8.12 

4 6.1 

• 1.0 • 4.0 

Body dimensions . 
Design and construction (other than body dimen¬ 

sions). 
Marking ..._.... 
Workmanship ...................... 

——— 

Seal .... 4.6.2 
4.6.3 
4.6.S 
4.66 
4.6.7 
4.6.8.1 

Capacitance to ground (when applicable) _.„. 
Dielectric withstanding voltage __... 
Insulation resistance .  _ . 1.0 

Voltage drop ...... 
Insertion loes (check test) (3 sample units only).. 

Table XI. Group B intptetion 

Tot RaquIrwwxtK Mochad 

Temperature rise . 
Overload .. 

3.8 
3.13 
3.14 

3.16 

3.17 

3.19 

4.6.4 
4.6.9 
4.6.10 

4.6.12 

4.6.13 

4.6.16 

Terminal strength (when 
applicable). 

Effect on soldering 
(soldered terminals only). 
Vibration . 
Temperature and itnmer-

aion cycling. 

fled herein, normal inspection shall be used 
at the start of the contract. The reduced 
inspection procedure shall be R-l. The AQL 
shall be 4.0 (percent defective) for the group 
combined, and the inspection level shall be 
L8 for normal and tightened inspection, and 
L6 for reduced inspection. 

4.5.1.42 Disposition of sample units. Sam¬ 
ple units which have been subjected to group 
B inspection shall not be delivered on the 
contract or order. 

4.5.1.4.3 Action in case of lot rejection. 
When an inspection lot is rejected on group 
B inspection, the supplier shall immediately 
investigate the cause of failure and take 
corrective action to assure that subsequent 
lots do not contain the same defect or 
defects. 

4.5.1.5 Group C inspection. Group C inspec¬ 
tion shall consist of the tests specified in 
table XU, in the order shown for each sub¬ 
group. The number of sample units to be 
inspected for each subgroup shall be as spe¬ 
cified in table XII. Separate samples shall be 
used for each subgroup. 

4.5.1.5.1 Sampling plan. Once each calendar 
month, sample units shall be selected accord¬ 
ing to style. The current rating, insertion¬ 
loss characteristic, and terminal type shall be 
left to the discretion of the Government. 

Table XII. Group C inopaction 

Require. 
m»nt Method Namba, of Na«bar at 
»ara-

smpha 
laapretad 

Aaf retire» 

Subgroup 1 
Insertion loss 
Salt spray 
(corrosion). 

Subgroupt 
Moisture 
resistance. 

SubgroupS 
Lift . 

3 12 
3.18 

3.20 

3.21 

46.8 
46.14 

4.6.16 

4.6.17 

}• 

4 

4 1 

4.5.1.5.2 Disposition of sample units. Sam¬ 
ple units which have been subjected to group 
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C inspection shall not be delivered on the 
contract or order. 

4.5.1.5J Noncompliance. If a sample fails 
to pass group C inspection, the supplier shall 
take corrective action on the process and on 
all units of product which can be corrected 
and which were manufactured under the 
same conditions, and with the same mate¬ 
rials. processes, etc, and which are considered 
subject to the same failure. Acceptance in¬ 
spection shall be discontinued until correc¬ 
tive action has been taken. After the cor¬ 
rective action has been taken, additional 
sample units shall be subjected to group C 
inspection (all inspections, or the inspection 
which the original sample failed, at the op¬ 
tion of the Government). Groups A and B 
inspection may be reinstituted: however, 
final acceptance shall be withheld until the 
group C inspection has shown that the cor¬ 
rective action was successful. 

after the filter has reached temperature sta¬ 
bility. An oil spot or spots appearing on the 
paper under the filter, or any oil or imprég¬ 
nant appearing on the outside of the case, is 
considered evidence of leakage. However, 
when a high operating altitude is specified, 
this test shall also be conducted at a tempera¬ 
ture of 26* C. and at the atmospheric 
pressure specified (see 3.1). 

4.S.2.2 Other filtere. Filters shall be im¬ 
mersed for a minimum of 2 minutes in oil 
or water maintained at a temperature within 
^5’ C. of the specified maximum operating 
temperature (see 3.1), during which time the 
filter shall be observed for repetitive bub¬ 
bling. However, when a high operating alti¬ 
tude is specified (see 3.1), this test shall be 
conducted at a temperature of 25* 
C. and at the atmospheric pressure specified. 

4.5 J Inspection of preparation for delivery. 
Unless otherwise specified herein, sample 
items and packs shall be selected in accord¬ 
ance with Specification MIL-P-116 and shall 
be inspected in accordance with methods de¬ 
scribed therein to verify conformance with 
requirements in section 5 of this specification. 

4.6 Methods of examination and test. 

4.6.1 Visual and mechanical examination. 
Filters shall be examined to verify that the 
materials, design, construction, physical di¬ 
mensions, creepage and clearance distances, 
marking, and workmanship are in accordance 
with the applicable requirements (see 3.1, 3.3 
to 3.5 3.3, incl. 3.22, and 3.23). 

4.6.2 Seal (see 3.6). 

4.6.2.1 Liquid- and wax-filled filters. Filters 
shall be placed, with their terminals hori¬ 
zontal, on clean paper, and brought to a case 
temperature within :±5*C. of the specified 
maximum operating temperature (see 3.1) 
for a period of not less than 10 minutes 

4.6.3 Capacitance to ground (when applic¬ 
able) (see 3.7). Capacitance to ground shall 
be measured in accordance with method 305 
of Standard MIL-STD-202. The following de¬ 
tails shall apply: 

(a) Test frequency — 1,000 A 100 
cycles per second (cps) where the 
nominal capacitance to ground is 
1 microfarad (¿) or less, and 60 
± 6 cps where the nominal ca¬ 
pacitance to ground is mure than 
1 4-

(b) Limit of accuracy — within 2 
percent. 

4.6,4 Temperature rise (see 3.3). Filters 
shall be suspended by their terminals and 
shall be energized with rated current at rated 
frequency (see 3.1). Lead wires shall be of 
copper, 6 inches long, and of the size speci¬ 
fied in table XIII. After thermal stability has 
been reached and while the filter is still ener¬ 
gized, the maximum hotspot on the filter case 
shall be determined by the use of thermo¬ 
couples. 
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Table XIII. Load wiro ñttt 

UMrwrwtrflh» WWw Oaa 

Upto 8 _... 
à wo 
24 

8 4- to 5—. 22 
54- to 11. 20 
11+ to 16. 18 
16+to 22. 16 
22+to 82. 14 
32+ toil. 12 
41+ to 55. 10 
65+ to 78. 8 
78+ to 101. 8 
101+ to 135 
135+ to 181.. 2 
181+ to 211.. 1 

4.6.5 Dielectric withstanding voltage (tee 
3.0). Filters ahall be tested in accordance with 
method 301 of Standard MIL-STD-202. The 
following details sind exceptions shall apply: 

(a) Special condition — When a high 
operating altitude is specified (see 
3.1)r a qualification test shall also 
be conducted at the atmospheric 
pressure specified; the qualifica¬ 
tion-test voltage shall be 126 per¬ 
cent of rated voltage. 

(b) Magnitude and nature of test volt¬ 
age — de test voltage of the po¬ 
tential specified in table XIV shall 
be used. 

TABLE XIV. Dielectric uÁthetandinff voltaff et 

Volte 

Up to 100, inci, de.. 
Over 100, de. 
Ac.._.-. 

Volto 

200... 
2 X rated 
2.8 X rated ms 

Volto 

250 
2.5 X rated 
4.2 X rated rm* 

(c) Duration of application of test volt¬ 
age: 

1. For qualification inspection — 
The voltage (see table XIV) 
shall be applied for a period of 

1 minute after the filter has 
reached thermal stability a* 
the maximum operating tem¬ 
perature produced by passage 
of rated current at the rated 
frequency (see 8.1). 

2. For acceptance inspection—Ths 
voltage (see table XIV) shall 
be applied for 1 second. How¬ 
ever, at the discretion of ths 
supplier, the qualification-in¬ 
spection voltage may be ap¬ 
plied for 1 minute. 

(d) Points of application of test voltage 
— The test voltage shall be ap¬ 
plied between the case (ground) 
and all live (not grounded) termi¬ 
nals of the same circuit connected 
together. 

(e) Limiting value of surge current — 
A current-limiting resistor shah 
be connected in series with the 
filter to limit the surge current 
to the maximum rated current or 
1 ampere, whichever is less. 

4.6.6 Insulation resistance (terminal to 
ground) (tee 3 JO). Filters shall be tested in 
accordance with method 302 of Standard 
MIL-STD-202. The following details shall 
apply: 

(a) Test-condition letter — A. 
(b) Special preparations or conditions— 

Measurements shall be carefully 
made to prevent damage to the 
filter seal. When filters fail this 
test due to ambient relative hu¬ 
midity in excess of 60 percent 
they may be retested at any rela¬ 
tive humidity from 20 to 50 per¬ 
cent 

(c) Points of measurement — Betweet 
the case (ground) and all live 
(not grounded) terminals of ths 
same circuit connected together. 

4.6.7 Voltage drop (see 3.11). 
12 



FIGURE 2. 4 e /Uteri; meaiurtment of volta go drop. 

4.6.7.1 For ac filiert. The voltage drop is 
the difference between the input voltage to 
the filter and the output voltage of the filter 
when the filter is carrying rated current at 
rated voltage, with a resistive load at rated 
frequency (see 3.1). The method of voltage 
measurement is shown on figure 2. Measure¬ 
ments shall be made by using expanded scale¬ 
type meters which will enable voltage differ¬ 
ences of less than 1 volt to be read. 

4X7.2 For de filiert (tee 3.1). The voltage 
drop shall be determined in accordance with 
figure 3. Measurements shall be made by 
using a de reading meter. 

4.6.8 Insertion lost. Filters shall be tested 
under load in accordance with Standard 
MIL-STD-220, except that adapters may be 
modified to fit the particular style of the 

filter. Measurements shall be taken at a suffi¬ 
cient number of frequencies to plot a curve 
of insertion loss versus frequency, accurate 
to within dr 3 decibels (db) over the speci¬ 
fied frequency range (see 3.12). 

4.6.8 Insertion loss (check test). Inser¬ 
tion-loss measurements (any method accu¬ 
rate to within ± 3 db) need be made only at 
the lowest and highest frequencies of the 
specified frequency range and at the one in¬ 
termediate frequency; that is, the frequency 
at which the measured insertion loss (as de¬ 
termined from previous insertion-loss tests 
performed during the qualification inspection 
or group B inspection) is closest to the mini¬ 
mum insertion-loss requirements (see 3.12). 

4.6.9 Overload. Filters shall be suspended 
by their conductors in free air at an ambient 
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temperature of 20" C, minimum. A current 
equal to 140 percent of rated current at 
rated frequency shall then be applied for 16 
minutes. After the filter has returned to 
room temperature, the insulation resistance 
and voltage drop shall be measured as spe-
fied in 4.6.6 and 4.6.7, respectively (see 3.13). 

4.6.10 Terminal strength (when applicable) 
(see 3,11). 

4.6.10.1 Pull. A force of the specified mag¬ 
nitude shall be applied to the terminal at the 
point where the lead from the external cir¬ 
cuit connects to it. The force may be applied 
in any direction, including the weakest, and 
shall be increased gradually to the specified 
magnitude and held at that value for at least 
30 seconds (see 3.1). 

4.6.10.2 Bend (applicable only to solder-lug 
terminals) . Any terminal that shows visible 
bending in the terminal-pull test (see 4.6.10.1) 
shall be bent back and forth five times to an 
angle of 45* each side of center (terminal 
bent through an arc of 90*). 

4.6.10.3 Twist. Terminals with external 
screw threads shall be subjected to the tor¬ 
que specified in table XV. 

4.6.11 Flashpoint of imprégnant or potting 
compound. The flashpoint of the imprégnant 
or potting compound shall be measured as 
specified in Publication D92-57. However, the 
paragraphs covering firepoint and precision 
do not apply to this test (see 3.15). 

4.6.12 Effect of soldering (soldered termi¬ 
nals only). Terminals shall be immersed one 
at a time for 3 ± Vt seconds each in a pot 
of molten solder at a temperature of 250* :t 
10* C, to a point Vie a: inch from the 
terminal insulation. Capacitance to ground 
and coil continuity shall be checked 1 hour 
after immersion (see 3.16). 

4.6.13 Vibration (see 3.17). 

4.6.13.1 Low frequency (grade 1). Filters 
shall be tested in accordance with method 
201 of Standard MIL-STD-202. The follow¬ 
ing details and exception shall apply: 

(a) Tests and measurements prior to 
vibration — Not applicable. 

(b) Method of mounting — Securely 
fastened by normal mounting 
means. 

(c) Duration of vibration — 3 hours (1 
hr. in each direction). 

(d) Electrical-load conditions — Rated 
voltage and rated current (see 
3.1) shall be applied continuously 
during vibration. 

(e) Tests during vibration. Attached in¬ 
strumentation shall be such as to 
indicate intermittent open- or 
short-circuiting. 

(f) Examination after test — Filters 
shall be visually examined for evi¬ 
dence of physical damage. 

4.6.13.2 High frequency (grades S and 3). 
Filters shall be tested in accordance with 
method 204 of Standard MIL-STD-202. The 
following details and exceptions shall apply. 

(a) Mounting of specimens — Filters 
shall be rigidly mounted by the 
body. 

(b) Electrical-load conditions — As spe¬ 
cified in 4.6.13.1(d). 

(c) Test-condition letter — A for grade 
2; B for grade 3. 
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(d) Tests during vibration — During 
the lut cycle in each direction, 
an electrical measurement shall 
be made to determine intermit¬ 
tent open- or short-circuiting. 

(e) Examination after test — As speci¬ 
fied in 4.6.13.1(f). 

4.6.14 Salt epray (oorrotion) (ace 3J8). 
Filters shall be tested in accordance with 
method 101 of Standard MIL-STD-202. The 
following details and exception shall apply: 

(a) Test-condition letter — As specified 
(see 3.1). 

(b) Measurements after exposure — 
Not applicable. 

(c) Visual examination — After the 
test, filters shall be visually ex¬ 
amined for corrosion (see 3.18) 
and obliteration of marking. 

4.6.15 Temperature and immersion cycling 
(ate 3.19). 

4.6.15.1 Temperature cycling. Filters shall 
be tested in accordance with method 102 of 
Standard MIL-STD-202. The following de¬ 
tail and exception shall apply: 

(a) Test-condition letter — D. 
(b) Measurements before and after cy¬ 

cling — Not applicable 

4.6.15.2 Immer non cycling. Following tem¬ 
perature cycling, filters shall be tested in ac¬ 
cordance with method 104 of Standard MIL-
STD-202. The following details shall apply: 

(a) Test-condition letter — A. 
(b) Measurement after final cycle — Di¬ 

electric withstanding voltage with 
90 percent of the voltage specified 
in 4.6.5 applied for 5 ± 1 sec¬ 
onds, insulation resistance, and 
insertion loss (check test) shall 
be measured as specified in 4.6.5, 
4.6.6, and 4.6.8.1, respectively. 

(c) Visual examination — After the 
test, filters shall be visually ex¬ 
amined for corrosion (see 8.18) 
and obliteration of marking. 

4.6J6 M mature reeiatance (eee 3.10). Fil¬ 
ters shall be tested in accordance with meth¬ 
od 102, test condition D, of Standard MIL-
STD-202, except that no measurements shall 
be made before and after cycling Filters 
shall then be tested in accordance with meth¬ 
od 106 of Standard MIL-STD-202. The fol¬ 
lowing details and exceptions shall apply: 

(a) Mounting — Securely fastened by 
norma! mounting means. 

(b) Initial measurements — Not applic¬ 
able. 

(c) Polarization voltage — During steps 
1 to 6, inclusive, a de potential 
of 100 volts shall be applied be¬ 
tween the terminals and case. The 
potential applied to the terminals 
shall be positive with respect to 
the case. 

(d) Final measurements — Following 
the 24-hour conditioning period, 
dielectric withstanding voltage 
with 90 percent of the voltage 
specified in 4.6.5 applied for 5 Æ 
1 seconds, insulation resistance, 
and insertion loss (check test) 
shall be measured as specified in 
4.6.5. 4.66, and 4.68.1. respec 
tively. 

(e) Visual examination — After the 
test, filters shall be visually ex¬ 
amined for corrosion (see 3 18) 
and obliteration of marking 

4.6.17 Life. Filters shall be energized with 
rated current at rated frequency, and with 
the specified percent of rated voltage (see 
8.1) applied between the terminals and the 
case for a period of 250 8 hours. During 
this test, the filters shall be suspended by 
their terminals within a test chamber and 
maintained at the specified maximum operat¬ 
ing temperature (see 3.1) throughout the 
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teat The filters shall be separated from each 
other by a distance of not lew than 1 inch, 
to allow free circulation of air past all sur¬ 
faces of each filter. During the life test, ra¬ 
diant shields may be placed between units 
so that the overheating of one filter will not 
affect a nearby filter. Upon completion of the 
life test, dielectric withstanding voltage with 
90 percent of the voltage specified in 4.6.6 
applied for 6 ± 1 seconds, insulation resist¬ 
ance, and insertion loss (check test) shall be 
measured as specified in 4.6.6, 4.6.6, and 
4.6.8.1, respectively (see 3.21). 
5. PREPARATION FOR DELIVERY 
5.1 Preservation and packaging (see 6.1). 
5.1.1 Level A. Filters shall be individually 

protected and unit-packaged in accordance 
with method III of Specification MIL-P-116. 
Prior to packaging, mounting hardware shall 
be assembled to the filter. Unless otherwise 
specified (see 6.1), five unit packages or a 
multiple thereof shall be further packaged in 
intermediate containers conforming to Spe¬ 
cification PPP-B-566, PPP-B-666. or PPP-
B-676. The gross weight of the intermediate 
container shall not exceed 10 pounds. 

5.1.2 Level C. Filters shall be afforded 
preservation and packaging in accordance 
with the manufacturer's normal commercial 
practice. 

5.2 Packing (see 6.1). 

5X1 Level A. Filters packaged as specified 
(see 6.1) shall be packed in overseas-type 
wirebound wood, wood-cleated fiberboard, 
wood-cleated plywood, nailed wood, fiber 
(class 2 or 3, as specified (see 6.1)), or 
wood-cleated paper-overlaid boxes conform¬ 
ing to Specification PPP-B 585, PPP-B-591, 
PPP-B-601, PPP-B-621, PPP-B-636. and 
MIL-B-10377, respectively, at the option of 
the manufacturer. Shipping containers shall 
have case liners conforming to Specification 
MIL-L-10547 ; the case liners shall be closed 
and sealed in accordance with the appendix 

thereto. Case liners for boxes conforming to 
Specification PPP-B-636 may be omitted pro¬ 
vided the center and edge seams and manu¬ 
facturers* joints are sealed with tape, at 
least 1H inches wide, conforming to Specifi¬ 
cation PPP-T-76. Box closures and strap¬ 
ping shall be as specified in the applicable 
box specification or appendix thereto. Fiber 
boxes conforming to Specification PPP-B-
636 may be banded with tape conforming to 
type IV of Specification PPP-T-97 and ap¬ 
pendix thereto in lieu of steel straps. The 
gross weight of wood boxes shall not exceed 
200 pounds: fiberboard boxes shall not ex¬ 
ceed the weight limitations of the applic¬ 
able box specification. 

522 Level B. Filters packaged as specified 
(see 6.1) shall be packed in domestic-type 
wirebound wood, wood-cleated fiberboard, 
wood-cleated plywood, nailed wood, fiber 
(class 1 or 2, as specified (see 6.1)), or wood-
cleated paper-overlaid boxes conforming to 
Specifications PPP-B-586, PPP-B-601. PPP-
B-621, PPP-B-636. and MTI^B-10377, re¬ 
spectively, at the option of the manufacturer. 
Box closures shall be as specified in the ap¬ 
plicable box specification or appendix there¬ 
to. The gross weight of wood boxes shall not 
exceed 200 pounds ; fiberboard boxes shall not 
exceed the weight limitations of the applic¬ 
able box specification. 

5X3 Level C. Filters packaged as specified 
(see 6.1) shall be packed in containers of the 
type, size, and kind commonly used for the 
purpose, in a manner that will insure accept¬ 
ance by common carrier and safe delivery at 
destination. Shipping containers shall comply 
with the Uniform Freight Classification 
Rules, or regulations of other carriers as 
applicable to the mode of transportation. 

5.2.4 General. Insofar as possible and prac¬ 
tical, exterior containers shall be uniform in 
shape and size, shall be of minimum cube 
and tare consistent with the protection re¬ 
quired, and shall contain identical quantities 
of identical items. 

16 



Mn^F-15733D 

5J Marking. Id addition to any special 
marking1 required by the contract or order, 
unit packages, Intermediate packages, and 
exterior shipping containers shall be marked 
In accordance with Standard MIL-STD-129 
(see 6.1). 

6. NOTES 

6.1 Ordering data. Procurement documents 
should specify the following: 

(a) 71110, number, and date of this spe¬ 
cification. 

(b) Title, number, and date of the ap¬ 
plicable detail spécification, and 
the complete type designation 
(see 1.2.1 and 3.1). 

(c) Levels of preservation and packag¬ 
ing and packing, and applicable 
marking (see sec. 5). 

(d) Number of unit packages if other 
than that specified in 5.1.1. 

(e) Class of fiber (see 5.2.1 and 5.2.2). 
6.1.1 For filter type* not covered by thio 

epecifieation. Procurement documents should 
specify the following: 

(a) Title, number, and date of this spe¬ 
cification. 

(b) Voltage, current, and frequency rat¬ 
ings. 

(c) Type of imprégnant. 
(d) Case, terminal, and mounting di¬ 

mensions. 
(e) Weight 
(f) Filter marking. 
(g) Maximum operating temperature. 
(h) Altitude (sea level or high altitude 

(50,000 feet)). 
(i) Minimum capacitance to ground. 
(j) Maximum temperature rise. 
(k) Insulation resistance at room tem¬ 

perature and at maximum oper¬ 
ating temperature. 

(1) Maximum voltage drop. 
(m) Insertion-loss characteristic. 
(n) Overload requirement (percent of 

rated currant). 
(o) Terminal pull. 
(p) Manufacturer's name and part num¬ 

ber. 
(q) Government Identification number, 

if applicable. 
(r) Levels of preservation and packag¬ 

ing and packing, and applicable 
marking (see sec. 5). 

(s) Number of unit packages, if other 
than that specified in 5.1.1. 

(t) Class of fiber (see 5.2.1 and 5.2.2). 
6.1.2 Indirect ehipmenio. The packaging, 

packing, and marking specified in section 5 
apply only to direct purchases by or direct 
shipments to the Government and are not 
intended to apply to contracts or orders be¬ 
tween the manufacturer and prime contrac¬ 
tor. 

6.2 Qualification. With respect to products 
requiring qualification, awards will be made 
only for such products as have, prior to the 
time set for opening of bids, been tested and 
approved for Inclusion in the applicable Quali¬ 
fied Products List whether or not such prod¬ 
ucts have actually been so listed by that 
date. The attention of the suppliers is called 
to this requirement, and manufacturers are 
urged to arrange to have the products that 
they propose to offer to the federal Gov¬ 
ernment, tested for qualification, in order 
that they may be eligible to be awarded con¬ 
tracts or orders for the products covered by 
this specification. The activity responsible for 
the Qualified Products List is Signal Corps; 
however, information pertaining to qualifica¬ 
tion of products may be obtained from the 
Armed Services Electro-Standards Agency 
(ASESA), Fort Monmouth, N. J. 

17 



MIL-F-15733D 

6.3 Solder coating. It is intended that solder 
coatings on parts used for terminals with¬ 
stand extended storage without deterioration 
of soldering qualities or appreciable increase 
in resistance. Pure-tin coatings usually do not 
store satisfactorily. 

Notier. When Government drawing», «petiícatíor.*, 
or other data are need for any purpose other than in 
connection with a definitely related Government pro¬ curement operation, the United State» Government 
thereby Incurs no responsibility nor any obligation whatsoever; and the fact that the Government may 

have formulated, furnished, or in any way »applied the said drawings. epeelficaticma, or other data to not to be regarded by implication or otherwise as in any 
manner bcanaing the holder or any other person or 
corporation, or conveying any righto or perro I storm to manufacture, usa, or sell any patented invention that may in any way be related thereto. 
Caetodiaasi 

Army 'Jigaal Corps 
Navy—Baraaa of Shipe 
Air Foren 

Propari a« activity i 
Army—Signal Corps 
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APPENDIX 

PROCEDURE FOR QUALIFICATION INSPECTION 

10. SCOPE 
10.1 This appendix details the procedure 

for submission of samples, with related data, 
for qualification inspection of filters covered 
by this specification. The procedure for ex¬ 
tending: qualification of the required sample 
to other filters covered by this specification 
is also outlined herein. 

20. SUBMISSION 

20.1 Sample. A sample consisting of 13 
specimens of the highest current rating in 
each insertion-loss characteristic for which 
qualification is sought shall be submitted. 
Each sample shall be accompanied with the 
following information: 

(a) Attenuation curve in accordance 
with Standard MIL-STD-220. 

(b) Certification as to the flashpoint of 
the imprégnant or potting com¬ 
pound based on the Cleveland-cup 
process (see 4.6.11), or a mini¬ 
mum of 200 cubic centimeters of 
the imprégnant used in the filters. 

(c) Schematic diagram of the filter, in¬ 
cluding nominal values of the 
components. 

20.1.1 Alternate terminals. When qualifica¬ 
tion for a specific style of filter has been 
granted in accordance with 30.1 and qualifica¬ 
tion is sought for an alternate terminal de¬ 
sign. seven filters of the same style, with 
the alternate terminal design for which quali¬ 
fication is sought, shall be submitted (see 
30.1.1). 

20.2 Test data. Each submission shall be 
accompanied by test data covering the non¬ 
destructive tests listed in table DC which 
have been performed on the submitted speci¬ 
mens. The performance of the destructive 

tests by the manufacturer on a duplicate set 
of specimens is encouraged, although not re¬ 
quired. All test data shall be submitted in 
duplicate. 

20.3 Certification of material. When sub 
mitting samples for qualification, the manu¬ 
facturer shall submit certification, in dupli¬ 
cate, that the materials used in his filters 
are in accordance with the applicable speci¬ 
fication requirements. 

20.4 Description of items. The manufac¬ 
turer shall submit a detailed description of 
the filters being submitted for test, including 
the type and quantity of imprégnant; mate¬ 
rial, thickness, and applied finish of case; 
and details of the terminal. 

30. EXTENT OF QUALIFICATION 

30.1 Current-rating qualification will be re¬ 
stricted to values equal to and less than the 
current rating submitted. Qualification of 
one insertion-loss characteristic may be the 
basis for qualification of another insertion¬ 
loss characteristic, as indicated in table XVI. 
Qualification of one style may be the basis 
for qualification of another style, as indicated 
in table XVII, provided that the internal 
design and imprégnants are the same. Quali¬ 
fication of grade 3 may be the basis for quali¬ 
fication of grades 1 and 2, or qualification of 
grade 2 may be the basis for qualification of 
grade 1, provided that the internal design 
and imprégnants are the same. 

Table XVI. Inttrtion-losi qualification 

of 

D...... B, C 
H 
K 

J-
L. 
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Taslk XVIL Style 30.1.1 Alternait terminale. Each submission 
of filter» using an alternate terminal (»e« 
20.1.1) will confer eligibility for qualification 
of the terminal submitted, in accordance FLM..... FL67.... FLM— 

FL61 FLM FLM 
with the existing qualification of the style 
inspected. 

»V • OOVtaMMCMT miMTlNfl O*riCC- llfH—<»»♦ f»> 
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MIL-F-15733D 
SUPPLEMENT I 
22 MARCH 1*M 

MILITARY SPECIFICATION 

FILTERS, RADIO INTERFERENCE, 
GENERAL SPECIFICATION FOR 

This supplement forms a part of Military Specification MIL-F-l&733D, 

and hat been approved by the Department of Defense and is mandatory 

for uee by the Departments of the Army, the Navy, and the Air Force. 

DETAIL SPECIFICATIONS 

MIL-F-15733/1— Filters, Radio Interference. Style FL22. 

MIL-F-15733/2 — Filters, Radio Interference, Style FL24. 

MIL-F-15733/3— Filters, Radio Interference, Styles FL51 and FL56. 

MTL-F-15733/4 — Filtere, Radio Interference, Styles FL53 and FL57. 

MIL-F-15733/5 — Filters, Radio Interference, Styles FL54 andFL58. 





MIL-F-15733/1 
11 MARCH :tM 

MILITARY SPECIFICATION 

FILTERS, RADIO INTERFERENCE, STYLE FL22 

Tbia opacification baa b»«n approved fry CM Department of Dofonao and ia man¬ 
datory for ana by Via Doportmenta of iba Army, tba Navy, and tba Air Foran. 

L SCOPE 

1.1 This specification covers the detail re-
quirementa for style FL22 tubular filters. 
These filters are suitable for operation over 
the temperature range of —66® to + 85®C, 
inclusive. 
2. APPLICABLE DOCUMENTS 
2.1 The following specifications, of the 

issue in effect on date of invitation for bids, 
form a part of this specification 
SPECIFICATIONS 

Militaby 
M1L-F-15733 — Filters, Radio Inter¬ 

ference, General 
Specification for. 

(Coplea of apceiAcationa required by contractor» 
Ln connocUun with »prcific procurwmant function* 
should be obtained from th* procuring agency or a* 
directed by th» contracting ot9c«r.) 

3. REQUIREMENTS 

3.1 General. Requirements shall be in 
accordance with Specification MIL-F-15733, 
and as specified herein. 

3.2 Design and construction. Filters shall 
be of the design, construction, and physical 
dimensions specified on figure I 

3.3 Temperature rise. The temperature 
rise shall not exceed 26® C. 

3.4 Voltage drop. The voltage drop shall 
not exceed 0.5 volt 

F8C Mil 
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4.1 Sampling and inspection. Sampling 
»nd inspection shall be in accordance with 
Specification MIL-F-15733, and as specified 
herein. 

4.2 Terminal strength. Terminal strength 
is not applicable. 

4.3 Salt spray (corrosion). Filters shall be 
tested in accordance with test condition A. 

4.4 Life. A potential of 140 percent of 
rated de voltage shall be applied between 
the terminals. 

5. PREPARATION FOR DELIVERY 

5.1 Preparation for delivery shall be in 
accordance with Specification MIL-F-16733. 

6. NOTES 

6.1 The notes specified in Specification 
MIL-F-15733 are applicable to this specifi¬ 
cation. 

Notice. When Government drawings, specifications, 
or other data are used for any purpose other than 
in connection with a definitely related Government 
procurement operation, the United Stetes Govern¬ 
ment thereby incurs no responsibility nor any obli¬ 
gation whatsoever; and the fact that the Government 
may have formulated, furnished, or in any way 
supplied the said drawings, spec fications. or other 
date is not to be regarded by implication or other¬ 
wise as in any manner licensing the holder or any 
other person or corporation, or conveying any rights 
or permission to manufacture, use, or sell any pat¬ 
ented invention that may in any way be related 
thereto. 

Custodians; 
Army—Signal Corpa 
Navy—Burean of Ship* 
Air Force 

Preparing activity: 
Army—Signal Corps 

* u. s. covtaNMfMT emimno erriet: Misu—>»«»— («es) 
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n MAUCH IMO 

MILITARY SPECIFICATION 

FILTERS, RADIO INTERFERENCE, 
STYLES FL51 AND FL56 

FAu »poei/teatioR An* approved by tk» Dopartmmt ef Def moo and w man¬ 
datory for woo fry tAo Dopartmante of tho Army, iko Navy, and tho Air Foroa. 

1. SCOPE 
1.1 This specification covers the detail re¬ 

quirements for bathtub style FL61 (flange¬ 
mount) and FL56 (bulkhead-mount) filters. 
These filters are suitable for operation over 
the temperature range of —55° to + 85°C., 
inclusive. 
2. APPLICABLE DOCUMENTS 
2.1 The following specifications, of the 

issue in effect on date of invitation for bids, 
form a part of this specification : 
SPECIFICATIONS 

Military 
MIL-F-15733 — Filters, Radio Inter-

ference. General 
Specification for. 

(Copie* of «pecificatior.« required by contractor* 
In connection with specific procurement functions 
should be obtained from th* procuring agency or 
a* directed by the contracting offlcer.) 
3. REQUIREMENTS 
3.1 General. Requirements shall be in 

accordance with Specification MIL-F-15733, 
and as specified herein. 

3.2 Design and construction. Filters shall 
be of the design, construction, and physical 
dimensions specified on figure 1. 
3.3 Temperature rise. The temperature 

rise shall not exceed 25®C. 
3.4 Voltage drop. The voltage drop ehall 

not exceed 0.5 volt. 
4. QUALITY ASSURANCE PROVISIONS 

FSC B91S 
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4.1 Sampling and inspection. Sampling 
and Inspection «hall be in accordance with 
Specification MIL-F-16783, and aa «pacified 
herein. 

4.2 Terminal strength. Terminal strength 
la not applicable. 

4J Salt spray (oorroidon). Filters shall be 
tested in accordance with test condition A. 

4.4 Life. A potential of 140 percent of 
rated voltage shall be applied between one 
of the terminals and the case. 

5. PREPARATION FOR DELIVERY 

5.1 Preparation for delivery shall be in 
accordance with Specification MH^F-15733. 

6. NOTES 

6.1 The notes specified in Specification 
MIL-F-15733 are applicable to this specifi¬ 
cation. 

NaUea. Whan Gorernmant drawings, «paclAotiona, 
or other data are nead for any purpoaa other than In 
connaction with a deSnltely related Government pro¬ 
curement operation, th* United Statee Gorernment 
thereby incurs no responsibility nor any obligation 
whataosvar; and th« fact that th# Govern ment may 
hare formulated, furnished, or in any way supplied 
tha aaid drawings, spvclflcationa, or other data la 
not to ba retarded by Implication or otherwise aa 
in any manner licensing tha holder or any other par¬ 
een or corporation, or conveying any rights or per¬ 
mission to manufacture, uaa, or sail any patented 
inrention that may in any way ba related thereto. 

CoetodJana: 
Army—Signal Corps 
Navy—Burea« of Ships 
Air Forre 

Preparing activity: 
Army—Signal Corpa 



MIL-F-15733/4 
22 MARCH 1960 

MILITARY SPECIFICATION 

FILTERS, RADIO INTERFERENCE, 
STYLES FL53 AND FL57 

This spécification Aaa been approved by the Department of Defones and io man¬ 
datory for use by the Departments of the Army, the Navy, and the Air Force. 

1. SCOPE 

1.1 This specification covers the detail re¬ 
quirements for bathtub style FI¿3 (flange-
mount) and FL67 (bulkhead-mount) filters. 
These filters are suitable for operation over 
the temperature range of — 65* to 4- 85' C.. 
inclusive, and the frequency range of 0 to 
400 cycles per second, inclusive. 

2. APPLICABLE DOCUMENTS 

2.1 The following specifications, of the 
issue in effect on date of invitation for bids, 
form a part of this specification: 

SPECIFICATIONS 

Military 
MIL-F-15733 — Filters, Radio Inter¬ 

ference, General Spe¬ 
cification for. 

(Copies of apecifícetions end standards required by 
contractors in connection with specific procurement 
functions should be obtained from the procuring 
agency or as directed by the contracting officer). 

3. REQUIREMENTS 

3.1 General. Requirements shall be in ac¬ 
cordance with Specification MIL-F-15733, 
and as specified herein. 

3.2 Design and construction. Filters shall 
be of the design, construction, and physical 
dimensions specified on figure 1. 

3.3 Temperature rise. The temperature rise 
shall not exceed 25' C. 

3.4 Voltage drop. The voltage drop shall 
not exceed 0.5 volt. 

4. QUALITY ASSURANCE PROVISIONS 

4.1 Sampling and inspection. Sampling and 
inspection shall be in accordance with Speci¬ 
fication MIL-F-15733. and as specified herein. 

4.2 Terminal strength. Terminal strength 
is not applicable. 

4.3 Salt spray (corrosion). Filters shall be 
tested in accordance with test condition A. 

4.4 Life. A potential of 140 percent of 
rated de voltage shall be applied between one 
of the terminals and the case. 

5. PREPARATION FOR DELIVERY 

5.1 Preparation for delivery shall be in ac¬ 
cordance with Specification MIL-F-15733. 
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6. NOTES 

6.1 The notes specified in Specification 
MlL-F-16733 are applicable to this speci¬ 
fication. 

Notic«. When Government drawing« apeclfieations, or other data ora uaed for any parpo«« other than tn 
connection with • definitely related Govarnmant pro¬ curement operation, th« United State« Gov «ramant 
thereby incurs no responsibility nor any obligation whatsoever; and the fact that the Government may 
have foimulated, furnished, or in any way supplied 

th« «aid drawings, apodfleationa, or other data is not 
to be recarded by implication or otherwise as in any 
manner licensing the holder or any other parson or 
corporation, or conveying any rights or permission to manufacture, use, or sell any patented invent ion that may in any way be related thereto. 
C—tedian« i 

Army—Signal* Carp« 
N«vy—Bare«« ei Ship« 
Air Ferre 

Preparing activity i 
Army—Signal* Corp« 
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22 MARCH IMO 

MILITARY SPECIFICATION 

FILTERS, RADIO INTERFERENCE, 
STYLES FL54 AND FL58 

Thia apaeification hat been approved hy the Department of Defentt and ia man¬ 
datory for nee by the Department* of th* Amy, th* Navy, and th* Air Faroe. 

1. SCOPE 

1.1 This specification covers the detail re¬ 
quirements for bathtub style FL54 (flange-
mount) and FL58 (bulkhead-mount) filters. 
These filters are suitable for operation over 
the temperature range of —55° to + 85®C., 
inclusive, and the frequency range of 0 to 
400 cycles per second, inclusive. 
2. APPLICABLE DOCUMENTS 

2.1 The following specifications, of the 
issue in effect on date of invitation for bids, 
form a part of this specification. 
SPECIFICATIONS 

Military 
MIL-F-15733—Filters, Radio inter¬ 

ference. Genera! 
Specification for. 

(Conies of specifications required by contractor« 
in connection with specific procurement functions 
should be obtained from the procuring agency or 
as directed by the contracting officer.) 

3. REQUIREMENTS 

3.1 General. Requirements shall be in 
accordance with Specification MIL-F-15738, 
and as specified herein. 

3.2 Design and construction. Filters shall 
be of the design, construction, and physical 
dimensions specified in figure 1. 

3.3 Temperature rise. The temperature 
rise shall not exceed 2Ç®Ç. 

3.4 Voltage drop. The voltage drop shall 
not exceed 0.5 volt 

4. QUALITY ASSURANCE PROVISIONS 

FSC 5915 
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1 All dlmenaione ia lachee 

1 Futan *l*o amllable with rndlally-toppad permanent-» tod terminal* 
I Applicable to M>-anpere filter» only. 

Ptavas 1. Style* FLU eiU FL»» filara 
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4.1 Sampling and inspection. Sampling 
and inspection shall be in accordance with 
Specification MEL-F-15733, and as specified 
herein. 

4J Terminal strength. Termina] strength 
is not applicable. 

4.3 Salt spray (corrosion). Filters shall be 
tested in accordance with test condition A. 

4.4 Life. A potential of 140 pereant of 
rated de voltage shall bo applied between 
one of the terminals and the case. 

5. PREPARATION FOR DELIVERY 

5.1 Preparation for delivery shall be in 
accordance with Specification MIL-F-15733. 

4. NOTES 

4.1 The notes specified in Specification 
MIL-F-15733 are applicable to this specifi¬ 
cation. 

Notice. When Government drawings, specifications, 
or other date are used tor any purpose other than in 
connection with a definitely related Government pro-
cur amant operation, the United States Government 
thereby Incurs no responsibility nor any obligation 
whatsoever; and the fact that the Government may 
have formulated, furnished, or in any way supplied 
the said drawings, specifications, or other data ia 
not to be regarded by implication or otherwise as in 
any manner licensing the holder or any other person 
or corporation, or conveying any rights or permis¬ 
sion to manufacture, uae, or sell any patentad in¬ 
vention that may in any way bo related thereto. 

Cm tedia aa : 
Army- Signal Corps 
Navy—Bureau of Ships 
Air Force 

Preparing activity: 
Army—Signal Corps 

Au. S. COVCRMMINT FRIMTIRC OFFICC S2ISI I — IMS— l«Si) 
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MILITARY SPECIFICATION 

MIL-1-16165D(SHIPS) 22 August 1961 SUPERSEDING 
MIL-1-16165C(SHI PS) 25 November 1955 

INTERFERENCE SHIELDING, ENGINE ELECTRICAL SYSTEMS 

1. SCOPE 
1.1 This specification covers requirements for interference shielding items and shielded harnesses 

for engine electrical systems aboard Naval ships, at advance bases, and In the vicinity of electronic 
Installations. It includes the allowable Interference limits for such items and the permissible limits for auxiliary devices normally Installed on electrical wiring systems associated with these engines. 

2. APPLICABLE DOCUMENTS 
2.1 The following documents, of the issue in ef¬ 

fect on date of Invitation for blds, form a part of this specification to the extent spec Hied herein. 
SPECIFICATIONS 

MILITARY MIL-E-16400 - Electronic Equipment, Navy Ship and Shore: General Specification. MIL-I-16910 - Interference Measurement, 
Radio Methods and Limits, 14 Kilocycles to 1000 
Megacycles. 

STANDARDS 
MILITARY MIL-STD-167 - Mechanical Vibrations of 

Shipboard Equipment. 
AIR FORCE-NAVY AN-DI0206 - Plugs-Shielded Aircraft Engine 

Spark. 
AN-4164 - Sleeve-Spark Plug Terminal. 

DRAWINGS 
BUREAU OF SHIPS 90O0-S62O2-73724 - Salt Spraying Machine. 

RE49A501 - Couplings, Spherical Seat. Design Data. 
(Copies of specifications, standards, drawings, and publications required by contractors in connec¬ 

tion with specific procurement functions should be obtained from the procuring activity or as directed 
by the contracting officer.) 

2.2 Other publication«. - The following documents form a part of this specification to the extent speci¬ fied herein. Unless otherwise Indicated, the issue 
in effect on date of invitation for bids shall apply. 

NATIONAL BUREAU OF STANDARDS 
PUBLICATION Handbook H-28 • Screw Thread Standards for 

Federal Services. 
(Applications for copies should be addressed to the Superintendent of Documents. Government Print¬ 

ing Office, Washington 25, D.C.) 
OFFICIAL CLASSIFICATION COMMITTEE Uniform Freight Classslflcation Rules. 
(Application for copies should be addressed to the Official Classification Committee, Park Avenue at 

33rd Street, New York 16, N.Y.) 
3. REQUIREMENTS 
3.1 Qualification . - The Interference shielding 

electrical systems furnished under this specifica¬ tion shall be a product which has been tested and 
passed the qualification tests specified herein and has been listed or approved for listing on the appli¬ cable qualified products list. 

3.2 Design objective. - Reliability of operation 
shall be stressed throughout the design and manu¬ facture ol the shielding. 

3.2.1 Reliability. - The shielding will be sub¬ 
jected to continuou su se for long periods under the 
varied and severe conditions of Military service 
without overhaul and with little maintenance. If it la to meet these conditions it Is imperative that reli¬ ability of operation be considered of prime importance in the design and manufacture of the shielding. The manufacture shall employ all methods possible In the 
process of manufacture which will assure quality and 
maximum reliability consistent with the state of the 
art. In the functional application of parts to equip¬ ment circuits, adequate factors of safety shall be provided in order to insure high equipment reliability 
under all service conditions. The design shall In¬ clude all possible features which will result in reli¬ able and stable operation with reduced requirements 
for adjustment and alignment, reduced frequency of 
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failure, recced requirement for maintenance and 
simplified maintenance thus reducing requirements for highly skilled maintenance personnel. 

3.3 Definitions. - The definitions specified in 3.3.1 through 3.3.4 shall apply to this specification. 
3.3.1 Shielded harness. - A metal covering intimately and totally enclosing and shielding the engine ignition wirtr< system (not a box). 
3.3.2 Shielding item. - Parts, the whole number 

of which comprise a shielding harness. 
3.3.3 Assembly. - A complete equipment, one unit of which is an internal combustion engine. 
3.3.4 Enclosure. - A box which encloses a part 

of the ignition system. Such parts are distributors, 
magnetors, and such. 

3.4 Composition. - The shielding items directly associated with engine electrical systems shall be any of the following as specified (see 8.1): These 
items when assembled together comprise a shielded electrical harness. 

(a) Spark plugs shielded. (b) Cable shielding. (c) Connectors. 
(d) Enclosures. 
(e) Filters. (f) Cable terminal. 

3.5 Devices associated with the primary elec¬ trical system such as generator and regulator, and 
devices associated with the general electrical sys¬ tem such as relays, heaters, windshield wipers, pumps, fans, gauges, and signal devices shall comply with the interference limits specified in 3.14. 

3.6 Suitability .- Shielding items shall not ad¬ 
versely affect the operation of the engines on which they are installed. 

3.7 Protection against corrosion.- Metal parts shall be of corrosion-resisting materials or other materials treated in a manner to render them 
resistant to corrosion when tested as specified in 4.3.6. 

3.8 Coupling fittings. - Coupling fittings may be 
bored for safety wiring to prevent loosening under vibration. 

3.9 Assembly and maintenance. - Shielding items shall be easily assembled and maintained with a minimum of upkeep by normal maintenance person¬ nel. No special tools shall be required. Special tools are defined as those tools not listed in the 

Catalog of Naval Material, General Stores Section. 
(Copies of this catalog may be consulted in the office of the Government inspector.) 

3.10 Joints, - Cable shielding shall be joined to enclosures, fittings, or connectors by means of brazing, welding, or soldering. The seal when 
accomplished shall be mechanically secure, and 
electrically meet the requirements of this specifica¬ tion. 

3.11 Dissimilar 
3.11.1 Except where required for electric rea¬ sons including grounding, contact between dissimilar metals shall be avoided. If dissimilar metals are used, they shall be selected in accordance with Specification MIL-E-16400. 
3.11.2 Where it Is necessary that stationary dis¬ similar metals be assembled in intimate contact with each other and electrical conductivity is nonessential an interposing material compatible to each shall be 

used. Zinc-chromate primer, or equivalent, is acceptable. Insulating material will not be required 
between austenitic corrosion-resistant steel Inserts and aluminum castings. 

3.12 Shielding items. -
3.12.1 Spark plug shielding shall be in accord¬ ance with Standard AN-D1O2O6 and shall be capable of withstanding the torque test specified tn 4.3.2. The assembly of the cable terminal within the plug shield shall be in accordance with Part Number AN-4164-2 or AN-4164-4 of Standard AN-4164. The 

plug shall be sealed against entrance of moisture from the cable of shielding conduit. 
3.12.1.1 The sleeve oí the cable terminal as¬ sembly, if ceramic, shall be of fired glazed alumi¬ num oxide type ceramic. If other materials are 

used, they shall be equally resistant to heat, break¬ 
age, and tearing and evidence to this effect shall be furnished the Government Inspector. 

3.12.1.2 Rubber materials of the cable terminal assembly shall be one of the following two types as 
specified (see 6.1), and shall be capable of wtth-Htanding without deterioration, the temperature tests specified in 4.3.8. 

(a) Type NT - 250 *F. 
(b) Type HT - 400* F. 

3.12.2 Cable shielding conduit .- Cable shielding 
flexible conduit utilized with engines or interconnec¬ tions with associated equipment shall be double braid over sealed bellows conduit of a type approved by the bureau or agency concerned. Brass bel lows-type inner cores shall contain a minimum of 80 percent 

2 
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copper In copper-zinc alloy. Additional corrosion resistant treatment of conduit, such as Irldlte 17P, 
may be used when specified (see 6.1). The metal 
band identifying the manufacturer of the shielding conduit shall be retained permanently on the shielded 
ignition harness. 

3.12.3 Shielding cable connectors. - Connectors, except connection with spark plug, shall be of the 
spherical seat type as shown on Drawing RE49A5O1. Material thickness may be varied from the dimen¬ sions shown to obtain the required strength. Con¬ nectors shall meet the tests specified in 4.3.1 to 4.3.7 Inclusive. The spark plug connector shall 
Incorporate a flat seat ferrule and shall fit the plug as shown on Standard AN-D10206. Connectors of 
other design shall be submitted for approval of the bureau or agency concerned. 

3.12.4 Shielding enclosures. - Shielding enclo¬ sures, other than hermetically sealed units, shall utilize one of the following type of joints, as appli¬ 
cable, between base and cap: 

(a) Type SC - Spherical-cone seating (b) Type MF - Multiple face joint. (c) Type F - Flat joint - The minimum width 
of face shall be 5/16 inch. 

(d) Type WT - Watertight - When specified (see 6.1), type WT shall be watertight, shall be constructed of Naval brass, and shall be any one type of joint as specified in (a), (b) or (c) above. 
3.12.4.1 Caskets. - Caskets, if used, shall be of metallic construction. The gasket shall remain firmly in place on the joint face of either base or cap during disassembly and reassembly. 
3.12.4.2 Shielding enclosures. - Shielding enclo¬ sures shall be capable orwithstandlng the tests spec¬ ified in 4.3.1 to 4.3.7 inclusive. 
3.12.4.3 Fittings. - Fittings for the joining of shielding conduit to enclosures shall be of the spher¬ ical cone seating type and capable of withstanding a 

tightening or twisting torque of 325-inch pounds as specified in 4.3.2. 
3.12.4.4 Fastening devices. - Cover hold-down fasteners or machine screws shall conform to the 

thread configuration as specified in Handbook H-28 and shall be held captive on the removable cover. 
3.12.4.5 Ventilation. - Enclosures containing electrical contacts shall be provided with means for vertilation where needed to prevent corrosion due to products of the sparking. Proof that ventilation 

would not be required shall be submitted by the 
manufacturer, and such proof shall be furnished 

with a sample unventilated enclosure submitted for qualification tests specified Ln 4.2. 
3.12.4.6 Condensation, - Enclosures shall be provided with appropriate means for the drainage of condensation. Enclosures shall be such that engine starting, and operation shall not be adversely af¬ fected by their use. 
3.12.4.7 Test lead connection. - Distributor 

enclosures shall incorporate one additional tower, similar to that provided for spark plug leads. This tower is for the purpose of connecting test leads expeditiously. 
3.13 Temperature. - The shielding effectiveness of shielding items or harness shall not deteriorate under temperature conditions between -54*C. and ♦ 75 C. Tests relative thereto shall be performed in accordance with 4.3.5. 
3.14 Interference. -
3.14.1 Shielding Items, sparkplugs, shielding conduit, connectors, enclosures, filters, and other deviens specified in 3.5 shall be capable of meeting 

the interference limits of Specification MIL-I-16910 
when tested in accordance with 4.3.4. Shielded 
harnesses shall also be capable of meeting these limits. 

3.14.2 Complete assemblies shall be capable of 
meeting the limits specified in 3.14.1, except that, 
where no electronic equipment is associated with the 
wiring of the engine electrical system, radiated limits only shall apply in determining acceptability of the shielding. 

3.14.3 Engine Ignition shielding harnesses shall 
be marked "IF16165" in a conspicuous and durable manner after inspection. 

3.15 Engines In non-crltlcal Naval areas. - Ign I -tion interference from internal combustion engines, in areas 1000 feet distance from electronic devices 
and installations, shall conform to the requirements for such enftines as specified in Specification MfL-
1-16910. Components other than engines, tested separately therefrom shall conform to the interfer¬ ence limits specified in 3.14. 

3.16 New type ignition system. • Information and 
data concerning ignition systems other than high ten¬ 
sion type shall be submitted to the Bureau of Ships for evaluation and approval relative to interference characteristics. 

3.17 Workmanship - Workmanship and material 
shall be of such c^iality that the shielding has elec¬ 
trical characteristics as specified herein, shall be 
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sturdy, of excellent appearance, and of high standard with respect to tolerances and mechanical fit (see 
4.3.1). 

4. QUALITY ASSURANCE PROVISIONS 
4.1 The supplier is responsible for the perform¬ ance of all inspection requirements as specified herein. Except as otherwise specified, the supplier may utilize his own or any other inspection facilities and services acceptable to the Government. Inspec¬ 

tion records of the examination and tests shall be kept complete and available to the Government as 
specified in the contract or order. The Government reserves the right to perform any of the Inspections set forth in the specification where such inspections are deemed necessary to assure supplies and serv¬ 
ices conform to prescribed requirements 

4.2 Qualification testa. - Qualification testa shall be conducted at a laboratory satisfactory to the 
Bureau of Ships. Qualification tests shall consist of the testa specified tn 4.3. 

4.2.1 The minimum number of units of each type or model of shielding items to be submitted for qualification tests shall be as follows: Each item 
shall incorporate identification markings. 

(a) Shielded spark plugs - 6. 
(b) Connectors - 12. (c) Cable shielding conduit - Sufficient for a particular engine harness, and one extra 3-foot length. 
(d) Enclosures - 1 of each type (see 3.12.4). (e) Shielding harness • 1 complete harness and such shielding Items as may be required. (f) Sleeves - 12. (g) Rubber seals associated with sleeve - 12. 

Application lor Qialiflcatton testa shall be made in accordance with "Provisions Governing Qualifica¬ tion" (see 6.2 and 6.2.1). 

4.3.1 Examination of test sample. - The test sample shall be examined for material, workman ship, finish, internal parts, and mechanical fits, with particular emphasis on mechanical fits and con¬ tacts, to determine conformance with this specifica¬ tion. Items may be rejected on the basis of this examination (see 3.17). 
4.3.2 Torque test, - The shielding items shall be assembled in a harness and installed on an appro¬ priate engine or test block. Using a torque wrench 

capable of measuring above 325 pound-inches, a tightening torque of 325 pound-inches shall be ap¬ plied to coupling nuts, towers and fittings under test. 
Any cracking, breaking, or deformation shall be 

cause for rejection. Laboratory tests shall be per¬ formed to determine the extent of any cracking, 
breaking or deformation. Prior to testlr<. all oil, burrs, and other non-uniformltles shall be removed from the threads and mating surfaces. 

4.3.3 Vibration. - Vibration tests shall be per¬ formed In accordance with Standard MIL-STD-167. In preparation for this test, the shielding item shall be assembled in harness form and installed on a teat block or engine. The block with harness shall 
be mounted on the vibration machine. During and upon completion of the test, a visual examination of the shielding Item or harness under test shall be made to detect any loosening or deformation. 

4.3.4 Interference tests. - Interference tests shall be performed in accordance with the applicable 
requirements of Specification MLL-1-16910. The tests shall be conducted following the torque and vibration tests. 

4.3.5 Temperature test, -
4.3.5.1 Shielding items shall be assembled in a standard harness mounted on an appropriate test block or engine and shall be subjected to an ambient temperature of -54*C. (-65 *F.) for a time period of 4 hours. 
4.3.5.2 Shielding items assembled as specified in 4.3.5.1 shall be subjected to an ambient tempera¬ ture of 75*C. for a time period of 4 hours. 
4.3.6 Corrosion resistance. - Unless otherwise specified in the contract or order, the test sample 

shall be subjected to the salt spray test of 4.3.6.1. This test shall be performed after all other tests specified herein are completed. Items tested sepa¬ rately shall have all openings closed which are not normally exposed. Nonwatertight enclosures shall be fitted with special gaskets to preclude leakage to the interior. 
4.36.1 Salt spray test. - Shielding items shall be subjected, under continuous ultra-violet light, to a 20 percent hot salt spray at 130* F. for a period of 

3 minutes, followed by a hot air blast at 130*F. for a period oí 3 minutes. The cycle shall be repeated continuously for 100 hours. Upon completion of the test, the unit shall be washed with fresh water, dried and examined. Examination after the salt spray test shall show no appreciable corrosion in or on the test sample or other damage to parts due to the salt 
spray. During test, all shielding shall be mounted 
in its normal installed position. Test equipment shall be equivalent to the Navy standard salt spray¬ ing machine as shown on Drawing 9000-S6202-73724. 

4.3.7 Interference check tests, - Interference 
check tests shall be performed following the 
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temperature and aalt «pray teats. The test shall be 
at frequencies al which maximum interference was 
obtained tn the test specified Ln 4.3.4. Interference 
values shall not exceed those obtained in the test of 
4.3.4 by more than 20 decibels (db). 

4.3.8 Cable terminal assembly (robber seal) temperature test. - The robber material of the cable 
terminal assembly shall be placed within a tightly 
closed container and subjected to the degrees of temperature specified hereinafter, for a period of 6 hours. No deterioration in form or sealing proper¬ ties shall occur: 

(a) Type NT - 250* F. 
(b) Type HT - 400* F. 

4.3.9 Interference tests at the plant of the equip¬ ment builder . - Interference tests of shielding items and shielding harnesses shall consist of the following: 
(a) Determine that shielding Items are those which are included on the Qualified Prod¬ 

ucts List. (b) Examination of test sample (see 4.3.1). (c) Interference measurement tests (see 
4.3.9.2 and 4.3.4). 

4.3.9.1 When assemblies are too large to make 
the tests specified in 4.3.9(c), practical considera¬ tion shall be given to requiring the testing of inter¬ 
ference producing components separately. 

4.3.9. 2 Interference tests shall be performed 
to the fullest extent necessary to determine conform¬ ance with Specification MIL-I-16910. Testing, how¬ ever, shall be minimized. To this end, satisfactory 
prior test reports on identical equipment of the same manufacturer with identical shielding may be ac¬ cepted in lieu of further testing. A bureau or agency 
concerned letter of approval based on like conditions of equipment and testing may also be accepted in 
lieu of further interference testing. 

5. PREPARATION FOR DELIVERY 
5.1 Domestic shipment and early material usr.-
5.1.1 Shielding. -
5.1.1.1 Preservation and packaging. - Preserva¬ 

tion and packaging shall be sulficient to allord ade¬ 
quate protection against deterioration and physical 
damage during shipment from the supply source to 
the using activity and until early use. 

5.1.1.2 Packing.- Packing shall be accom¬ 
plished in a manner which will insure acceptance by 
common carrier and will afford protection against 
physical or mechanical damage during direct ship¬ ment from the supply source to the using activity 

for early use. The shipping container or method of 
packing shall conform to the Uniform Freight Clas¬ sification Rules and Regulations or other carrier 
regulations as applicable to the mode of transporta¬ 
tion. 

5.1.1.3 Marking. - Shipment marking informa¬ 
tion shall be provided on interior packages and exterior shipping containers in accordance with the 
contractor's commercial practice. The informa¬ tion shall include nomenclature. Federal stock num¬ ber or manufacturer's part number, contract or order number, contractor's name and destination, 

5.2 Domestic shipment and storage or overseas 
ship menf.- The requirements and levels of preser-vallon, packaging, packing and marking for ship¬ ment shall be specified by the procuring activity 
(see 6.1). 

(5.2.1. The following provides various levels of protection during domestic shipment and storage or 
overseas shipment, which may be required when 
procurement is made. 

5.2.1.1 Preservation and packaging. -
5.2.1.1.1 Level A, - The shieidlr« shall be unit 

protected and packaged in accordance with method IB of Specification MIL-P-116. Unit containers shall conform to Specification PPP-B-566, PPP-B-636, 
PPP-R-665 and PPP-B-676 at the option of the con¬ 
tractor. Box closure shall be as specified in the applicable box specification or appendix thereto. 

5.2.1.1.2 Level C. - Preservation and packaging shall be sufficient to afford adequate protection against deterioration and physical damage during shipment from the supply source to the using activity 
and until early use. 

5 2.1.2 Packing. -
5.2.1.2.1 Level A. - Shielding, shall be packed in containers conforming to any one of the following specifications at the option of the supplier: 

Specifications Type or class 
PPP-B-585 Class 3 use PPP-B-591 Overseas type 
PPP-B-601 Overseas type 
ppp-B-621 Class 2 PPP-B-636 Class 2 M1L-B-10377 Overseas type 

Shipping containers shall have caseliners conforming to Specification M1L-L-10547. Caseliners shall be 
closed and sealed in accordance with the appendix 
to Specification MIL-L-10547, Caseliners for class 
2 fiberboard boxes conforming to Specification 
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PPP-B-636 may be omitted provided all corner* and edge seams and manufacturer'a Jointe are aealed with minimum 2 inch wide tape conforming to Speci¬ fication PPP-T-76. Boxea shall be closed and banded in accordance with the applicable box specifi¬ cation or appendix thereto. The gross weight of wood or wood-cleated boxes shall not exceed 200 pounds. 
S. 2.1.2.2 Level B . - Shielding shall be packed In boxes conforming to any of the following specifi¬ cations at the option of the supplier-

Speciftcation 
PPP-B-585 PPP-B-591 PPP-B-601 
PPP-B-621 
PPP-B-636 MTL-B-10377 

Type or clas s 
Class 1 or 2 uae Domestic type Domestic type 
Class 1 
Class 1 Domestic type 

Box closures shall be as specified in the applicable box specification or appendix thereto. The gross weight of wood or wood-cleated boxes shall not exceed 200 pounds. 
5. 2.1.3 Marking. - In addition to any special marking required by the contract or order. Interior packages and exterior shipping containers shall be marked in accordance with Standard MIL-STD-129, and in addition shall Include the electrical and mechanical operational characteristics or ratings (as applicable). ) 
6. NOTES 
6.1 Ordering data. - Procurement documents should specify the following: 

(a) Title, number, and date of this specifi¬ cation. (b) Shielding items required (see 3.4). 
(c) Type of rubber material required (see 3.12.1.2). 

(d) If additional corrosion resistant treatment of conduit is required (see 3.12.2). (e) Whether a watertight Joint Is required (see 3.12.4 (d)). 
6.2 With respect to products requirió qualifica¬ tion, awards will be made only for such products as have, prior to the time set for openly oí bids, been tested and approved for Inclusion in Qualified Prod¬ ucts List QPL 16165, whether or not such products have actually been so listed by that date. The atten¬ tion of the suppliers is called to this requirement and 

manufacturers are urged to arrange to have the prod¬ ucts that they propose to offer to the Federal Govern¬ ment tested lor qualification, in order that they may be eligible to be awarded contracts or orders for the products covered by thia specification. The activity responsible tor the qualified products list is the Bu¬ 
reau of Ships, Department of the Navy, Washington 25. D.C., and Information pertaining to qualification ot products may be obtained from that activity. Ap¬ plication for Qualification tests shall be made In accordance with "Provisions Governing Qualification" (see 6.2.1). 

6.2.1 Copies of "Provisions Governing Qualifica¬ tion" may be obtained upon application to Command¬ ing Officer, Naval Supply Depot, 5801 Tabor Avenue, Philadelphia 20, Pennsylvania. 
Notice. - When Government drawings, specifica¬ tions, or other data are used tor any purpose other than in connection with a definitely related Govern¬ ment procurement operation, the United States Gov¬ ernment thereby Incurs no responsibility nor any obligation whatsoever; and the tact that the Govern¬ ment may have formulated, furnished, or in any way 

supplied the said drawings, specifications, or other data, is not to be regarded by Implication or other¬ wise as in any manner licensing the holder or any other person or corporation, or conveying any rights or permission to manufacture, use, or sell any patented invention that may in any way be related thereto. 
Preparing activity: Navy - Ships Project No. 2920-N006Sh 
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SPECIFICATION ANALYSIS SHEET 

Instruction» 

This sheet la to be filled out by personnel either 
Government or contractor, Involved tn the use of 
the specification In procurement of products for 
ultimate use by the Bureau of Ships 

This sheet is provided for obtaining information 
on the use of this specification which will 
insure that suitable products can be procured 

with a minimum amount of delay and at the 
least coot. 

Comments and the return of this form will bo 
appreciated. 
Fold on dotted Unes on reverse side, staple tn 
comer, and send to Bureau of Ships, Specifications 
and Standardization Branch, Washington 35, D. C. 

Specification 

Organization ~jetty ¡State 

Contract No. 

Quantity of Items Procured (Dollar Amount 

Material procured under a direct Government contract- £•■■■— -j or a subcontract “ | 

1. Kas any part of the specification created problems or required interpretation In procurement? 
a. Give paragraph number and wording. 

b. Recommendations for correcting the deficiencies. 

2. Comment on any specification requirement considered too rigid. 

3. Is the specification restrictive? If the answer is "Yes", in what way? 
I I Ye« I 1 No 

4. Remarks (Attach any pertinent data which may be of use tn improving thia specification. ) 
Place this form and papers In an envelope and send to the Bureau. 

Submitted by (Print name and activity) Date 





MILITARY SPECIFICATION 

MIL-I-16910A (SHIPS) 
AMENDMENT - 2 
1 November 1057 
SüTEhSEDNC-
Amendment - 1 
16 May 1957 

INTERFERENCE MEASUREMENT, RADIO, METHODS AND LIMITS; 

14 KILOCYCLES TO 1000 MEGACYCLES 

This amendment forms a part of Military Specification MIL-l-16910A(SHLPS), 30 August 1054. 

Page 2: Add as paragraph 3.1.11: 

“3.1. 11 Equipment spectrum signature. » An equipment spectrum signature is a summary and pres¬ 
entation of data showing all radio frequency energy radiations, both desired and undesired, of electronic 
equipments that generate electromagnetic energy for either Internal or external use. It also Includes the 
sensitivity characteristics of electronic equipment, Including receivers, that are Influenced by electro¬ 
magnetic energy.” 

Page 3, table 1: Delete and substitute: 

•‘Table I - Interference measuring equipment. 

‘This classification is subject to change on reasonable notice to Include new 
instrumentation of tested and approved superior performance characteristics. ” 

Frequency range Interference instrument Classification1

15 kc. to 15C kc. 
150 kc. to 20 me. 
15. kc. to 40 me. 
20 me. to 40C me. 

20 me. to 400 me. 

150 me. to 1GO0 me. 

400 me. to 100C me. 

Radio Test Set AN/URM-6 
Radio Test Set AN/PRM-1 
Test Set AN/URM-3 
Radio Test Set AN/URM-7 
Noise Field Intensity Meters TS-587/U 
Radio Interference Measuring 
Set AN/URM-47 

Radio Interference Measuring 
Set AN/TRM-4 

Radio Test Set AN/URM-17 

I 
1 
U 
II 
IV 

I 

ID 
I 

Pa je 4, paragraphs 3.4.3 through 3. 4. 3.4: Delete and substitute: 
"3. 4. 3 Short duration interference. - Not more than one of the following exceptions shall be granted 

when applicable: 

“3. 4. 3.1 Interference of less than 1 second in duration occurring not more than once every 30 sec¬ 
onds shall be permitted a limit of ten times (or 20 decibels) above the limits shown on figures 8 and 11. 

“3. 4. 3. 2 Impulsive interference with a repetition rate of not more than 10 pulses per second shall be 
permitted a limit of two times (or 6 decibels) above the limits shown on figures 8 and 11. 

FSC 6625 
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“3.4.3.3 Randomly controlled impulsive interference hiving average repetition rates less than 
10 pulses per second shall be permitted a mínimum limit of 2 times (or 6 decibels) above the limits shown 
on figures 8 and 11 with limit multiplen for lower repetition rates as shown on figure 8a. 

"3. 4.3.4 Interference of less than 1 second in duration occurring not more than once every 3 minutes 
shall be exempt from the requirements of this specification. ” 

Page S, paragraph 3. 8. 1.1. 5: Delete and substitute: 
”3. 6.1.1. 5 Shock hazard. - Where equipment cover* *d by this specification requires the use of radio 

interference filters or capacitors to comply with the interference limits and fall within the definition of 
portable equipment, the maximum safe values of capacitance allowed between the power line and frame or 
chassis of the equipment shall not exceed the value calculated with the following applicable formula: 

(a) For single-phase equipments: 

o npv 

(b) For three-phase equipments: 

Where: 
C* Capacitance in farads. I • 0. UO5 ampere (maximum permissible current). 
V - Phase voltage (hne-to-llne). 
f ■ Power line frequency in cycles per second. 

“3. 6.1. 1. 5.1 Additional requirements. - For portable electric equipment, the general limits shown 
on figures 7, 8, 9 and lu, increased by a factor of ten (2u decibels) shall be applicable. Figure 53 Is a 
graph of power line voltages for single phase equipments versus allowable capacitance for various power 
line frequencies. ” 

I age 6: Add as paragrapn 3. 6. 3. 3: 
"3. 6. 3. 3 Engine generators, venirlos and miscellaneous engine-driven equipments used in noncritical 

areas. - The intvricrrnce r;«diat<A) from engine gencraturs, vehicles and miscellaneous engine-driven equipments intended for use in noncritical areas shall not exceed the limits specified in figure 8b over the 
frequency range 2U to 4UU megacycles when measured at a distance of 5U feet from the nearest part of the 
vehicle or engine-powered equipment under test. The center of the resonant dipole antenna, in vertical 
polarization, of the measuring Instrument shall be 7 feet above ground. ” 

Page 7: Add as paragraphs 3. 8 through 3. 8. 8: 
'*3.8 Equipment spectrum signature. - All electronic equipments that generate electromagnetic 

energy intended (or either interna) or external use (including transmitting und receiving equipments, trans¬ 
fer or conversion equipments having local oscillators or other sources of electromagnetic ener-jy) shall be 
subjected to tests to determine their radio frequency spectrum occupancy characteristics over the fre¬ 
quency range 14 kc. to 1U kmc. These tests shall include radiations under normal operating and switching 
functions of transmit, receive, tuning and band selection. Equipments intended for operation with antennas 
or radiating or receiving elements of any type shall have the transmission line or waveguide to the antenna, 
radiating or receiving element or elements terminated in a shielded dummy load which closely simulates 
the electrical characteristics of the antenna, radiating or pick-up elements. A band rejection filter, 
acceptable to the bureau or agency concerned, tuned to the fundamental frequency, shall be Inserted 
between the dummy load and the measurin i instrument when performing measurements on a transmitter. 
2 
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*'3.8.1 Measurements shall then be made of the electronic equipment over the frequency range 14 kc. 
to 1,000 me. using the Instrumentation specified In table L For frequencies between l.OUU and 
10,000 megacycles, use may be made of commercially available spectrum analyzers or interference and 
field intensity meters. The contractor, laboratory or test facility performing the measurements above 
1,000 megacycles shall provide the bureau or agency concerned with the identification and data concerning 
the measuring Instruments and an estimate of the degree of accuracy of data derived from their use. 

*'3.8. 2 The measuring instrument shall be tuned to the oscillator frequency of the equipment under 
test, and to its harmonics, outputs from frequency multipliers and crystal saver circuits, beat frequency 
oscillator outputs, and similar items, and adjusted to give a maximum Indication. A further check for 
spurious energy shall be made by scanning the frequency range of Interest. 

"3.8.3 The data thus obtained is Ln terms of microvolts across the characteristic Impedance of the 
dummy load. This data shall be converted Into decibels above 1 milliwatt and plotted versus frequency on 
graph paper, Codex Book Company, Inc. No. 32,228; 20 divisions per inch by 6 cycles ratio ruling, or 
equivalent. The ordinate on such graph paper shall be from minus 100 to plus 140 dbm. on the left-hand 
side, and in corresponding watts In powers of ten on the right-hand side; and the abscissa shall be from 
10 kc. to 10,000 me. In addition, response curves shall be plotted on graph paper having linear ordinates 
from minus 100 to plus 140 dbm., and a frequency excursion on a logarithmic basis of sufficient cycles to 
accommodate the full frequency coverage of the respective equipmen; 

"3.8. 4 Susceptibility. -

"3.8.4.1 For three discreel frequencies per octave over the tuning range of the receiver, utilizing a 
signal generator as input to the receiver, with both the signal generator and receiver adjusted to same 
frequency, the receiver shall be adjusted to maximum sensitivity. The signal generator output shall be 
reduced to a receiver minimum perceptible level. The output oí signal generator shall be recorded. 

"3.8. 4.2 The receiver shall be tuned, in turn, to each of the frequencies specified in 3.8. 4. I and the 
spectrum range of 14 kc. to 10 kmc. shall be scanned with signal generators. The signal generators Shall 
furnish a minimum input level, to the receiver antenna terminals, of 86 db above the receiver minimum 
perceptible level specified In 3.8.4.1. At those signal generator frequencies at which receiver response is 
obtained, the signal generator output shall be adjusted to obtain the minimum perceptible level originally 
recorded for this receiver frequency. This shall be recorded as V2 and shall be used in the formula 
specified in 3. 8. 4. 3. 

"3. 8. 4. 3 The receiver spectrum signature shall be calculated as follows: 

V2 Decibels rejection • 20 log 

Where: 
VI - Signal generator voltage required for minimum 

perceptible receiver output. 
V2 * Signal generator voltage required for receiver 

output at all frequencies other than desired frequency. 

"3.8. 4.4 The voltages VI and V2 shall be converted into decibels related to 1 milliwatt and plotted 
versus frequency on graph paper as specified in 3. 8.3. 

"3. 8. 4. 5 Such determinations shall be made throughout the tuning range of the receiver al intervals 
not less than those test frequencies per band or frequency octave, whichever Is greater as shown on 
figure 52. The lowest values of signal generator output (V2) obtained shall be the values used for plotting 
curves. 

I 
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"3 8.4.5.1 When using those measuring instruments or receivers capable of frequency scanning, all 
other frequencies not selected (or measurement shall be scanned while monitoring with an oscilloscope, headphones or a loudspeaker. If radio frequency energy or receiver response occurs while scanning, 
measurements shall be made al each frequency al which such energy or response occurs. 

"3. 8. 5 Tests and submission of data. -
'•3. 8. 5. 1 Tests. - The equipment spectrum signature data shall be submitted for the first functioning development model or on Lhe prototype model submitted for prcproducllon Inspection. Or. production con¬ tracts, the equipment frequency spectrum shall be obtained only on ihe first equipment of the production 

run. In the event thaï the first equipment produced cannot be made available for this purpose, Ihe second equipment produced shall be selected. Repetition of this test during the course of a production run is 
required when design changes have been introduced which affect the radiation and susceptibility character¬ 
istics of the equipment. Repetition of the test may also be directed by the Government inspector or required by the bureau or agency concerned. 

'•3.8. 5. 2 Submission of data. - The spectrum signature data obtained shall be submitted to the bureau 
or agency concerned within 3u days of completion of the spectrum measurements. A copy of the fully 
executed "Equipment Characteristics*' form (see 6.9 and figure 51) is part of the spectrum sigrnturc data 
and shall be submitted therewith. The number of copies to be submitted shall be as specified in the contract or order. 

"3. 8. 5. 2. 1 "Equipment Characteristics" form (see figure 51). - The contractor shall execute the 
"Equipment Characteristics” form (see 5. Ö and figure 51) for Inclusion in each progress report submitted 
as required by the contract or order. 

"3.8.6 Use of equipment spectrum signature data - The equipment frequency spectrum signature dau is not required for the purpose of acceptance or rejection of the equipments. This data Is vilally 
important to the bureau or agency concerned for planning installations and for the determination of com¬ 
patibility of this equipment operating in the presence of olher electronic equipments and systems. ” 

Page 26, paragraph 6.7: Delete and substitute: 
"6.7 Interference filters and capacitors. - Interference filters and capacitors employed for ihe reduction of Interference, in order to meet die requirements of this specification should be products which 

have been subjected to the required tests and found satisfactory for inclusion in the Qualified Products. 
Lists of Specifications M1L-F-18344 for fillers and MIL-C-19080 and MIL-C-19624 for capacitors. " 

Page 26: Add as paragraph 6.9: 
"6. 9 Instructions for completion of "Equipment Spectrum Signature" form (see figure 51). - The 

instructions specified hereinafter should be followed for compíéüon of the "Equipment ópêct rum "Signature’' 
form (see figure 51): 

"(a) Item la. - List the frequency band or specific frequencies on which the equipment ïs to operate. Also list the technically feasible limits in which It is believed 
that the required operation can be performed. 

"(b) Items lb, 1c, Id, le, If, 1g and Ih. - Not to be filled In by the contractor. 
"(c) Item 2a. - Lisi joint nomenclature, or service nomenclature. If no nomen-c Ja ture has been assigned, state, "NONE". 
"(d) Item 2b. - Not to be filled in by contractor. 
"(e) hem ?cT List actual frequency bands or frequencies, within the proposed 

band allocation, on which the transmitter can operate satisfactorily. 
"(f) Item 2d, - List type of emission, such as "A3, " "PO, " "F3, ” "A5. " 
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"(g) Item 2e. - List the necessary bandwidth for communication in the ease of 
ÃM anj FM. In the case of pulse and similar emissions, list the band¬ 
width for specified power level points. For example: 5,000 KOS at 
3 db point, etc. 

“(h) Item 2f. - State the pulse repetition rate, rates, or ranges thereof. For 
example: 2C0, 400 and 8C0 p. p. s. ; or 1, 0C0 to 2, 50C p. p. s. (variable). 
For data transmission systems, specify the data rate in bits per second. 

*•(1) Item 2g. - List pulse width range in microseconds. For example: 2 and 4 
microseconds; or 0. 5 to 1.5 microseconds (variable). 

'•(j) Item 2h. - List modulation, if any, and give general description of any 
Coding system. Example: FM subcarrier or cuise time coding. 

“(k) Item 21.- List power in kw. Use peak power and average power in the 
case of pulse emission. 

“(/) Item 2j. - List antenna characteristics indicated. 
•‘(m) fiem 2k~S List type of frequency control. For example: crystal: or, tuneable 

magnetron type 5J26. 
“(n) Item 2/. - Lndicate the frequency stability of the transmitter. 

example: 0. 0C1 percent. 
“(o) Item 2m. - List the status of development of transmitter or system to which 

the submitted data applies. 
“(p) Item 2n, - Not to be filled in by contractor. 
••(g¡ Item 3a. List nomenclature of receiver if not included in system nomenclature. 
"(r) item 3b. ~ Not to be filled in by contractor. 
*’(s) Items 3c, a.-.d 3d. - Fill in as indicated. 
“(t) hem 3e. - List effective frequency selectivity of overall receiver system at 

3 db, 20 db and 60 db points. Example: 2C kc. at 3 db points, etc. 
"(u) Item 3f. - List sensitivity of the receiver In microvolts per meter. 
“(v) Jtem S j. - Slate whether r. f. preselection is employed and type of preselection 

used. For example: Filter, tuned or untuned r. f. stage. 
“(w) Items 2h, 31 and 3j, - Fill in as indicated. 
“(x) ítem 3k.- Indicate type of antenna employed. For example: Half wave dipole, 

3 element YAGI, rhombic, etc. 
“(y) Item 3/. - List antenna gain. 
"(z) ft?m Jm. - List receiver stability. 

“(aa) Item 5n. - List status of development of receiver or system to which the sub¬ 
mitted data applies. 

“fbb) Item 3o. • Not to be filled in by contractor. 
“(cc) Dem 4a. - Il 1» intended Dial the contractor or laboratory give consideration to 

the circumstances under which the system or equipment will be operated 
(operational environment). As a result. Include (available) information as to 
the other equipments and systems which must be accommodated for simulta¬ 
neous operations in the same frequency range and operating area. 

“(dd) Hem 4 b. - There should be indicated, to the extent possible, any limitations 
which it is believed necessary to impose the equipment In order to avoid 
interference between existing equipments or systems and the subject equipment 
systems. 

*‘(ee) Item 4c - Add any information which it is believed will assist In evaluating 
the probability of interference or incompatibility between the proposed equip¬ 
ment and established operations. Where applicable, Include the results of 
any tests conducted to determine the extent of interference or compatibility. ” 

5 
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See 6. 9 for instructions. 

Figure 51 - Typical dan sheet 
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MIL-I-l«910A(SHIP8) 
30 August 1954 
SUFErSTOWS-
MIL-I-16910(SHLPS) 
14 January 1962 

MILITARY SPECIFICATION 

INTERFERENCE MEASUREMENT, RADIO, METHODS AND LIMITS; 

14 KILOCYCLES TO 1000 MEGACYCLES 

1. SCOPE 

1.1 This specification covers methods for use In the measurement erf radio Interference produced 
by electrical, electronic, and mechanical equipment In the frequency range from 14 kilocycles (kc.) 
to 1000 megacycles (me.). It also provides basic limits of radio Interference in table or graph form. 
It is the Intent of this specification to provide means whereby significant and uniform measurements of 
radio Interference produced by electronic, electrical, and mechanical equipment can be obtained with 
consideration for the testing of components and systems. 

2. APPLICABLE DOCUMENTS 

2.1 Ilie following specification, of the Issue in effect on date of Invitation for blds, forms a part 
of this specification: 

SPECIFICATIONS 

NAVY DEPARTMENT 
General Specifications for Inspection of Material. 

(Copies of specifications, standards, drawings, and publications required by contractors in 
connection with specific procurement functions should be obtained from the procuring agency or as 
directed by the contracting officer. ) 

3. REQUIREMENTS 

3.1 Definitions. - For the purpose of this specification, the following definitions shall apply: 

3.1.1 Radio interference.- Radio interference is defined as undesired conducted or radiated 
electrical disturbances, Including transients, within the range erf frequencies covered by this speci¬ 
fication, which may interfere with the operation of electrical or electronic communication equipment 
or other electronic equipment. 

3.1.2 Major unit. - A major unit Is a group of parts or subassemblies, electrically or mechanically 
connected to perform a specific function. (Example: Radio receiver, radar transmitter, sonar trans¬ 
ducer, modulator, propeller synchroniser. ) 

3.1.3 Set. - A set Is a grouping of Items having the same basic name for use In connection with 
or the performance of closely related operations. A set normally consists of a fixed number of major 
units or items, not all having the same basic name, which arc required for the performance of a speci¬ 
fic operational function. A set Is not dependent upon other sets or accessories to perform its function. 

CFO—O —WAV — Mill 
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3.1. 4 System. - A system consists of two or more sets or major units located at two or more 
points with interdependent or Interrelated operations for the accomplishment oí a specific objective. 
(Example: AEW Electronic System. GCS Electronic System, Propeller Control System. ) 

3» !• & Lacoratory tests. - Measurements of radiated radio interference made upon a test Item in 
the laboratory screen room, or In a confined area of low ambient interference level shall be defined as 
laboratory tests. Measurements of conducted radio interference performed under controlled conditions 
of ambient Interference levels (see 4.1.4.3), use of lead or line impedance stabilization device 
(see 4.3.2), and operation of the test item under simulated normal operating conditions are considered 
laboratory tests of conducted interference. In the performance of laboratory tests at conducted inter¬ 
ference, all requirements listed in 4.1 shall be compiled with unless otherwise specified In the individual 
equipment specification. The bO-ohm line coupling device (see 4.3.1.1) shall be used. 

3.1.6 Fjeld tests. - Measurements of radiated radio Interference made upon a test Item In open 
space (as defined tn 3.1.7) with the test Item operating under conditions simulating normal operation 
are defined as field tests. Measurements of conducted Interference made upon a test Item at the actual 
site of Installation of the item and with the test item operating under normal conditions shall be con¬ 
sidered a field test of conducted Interference. Field tests of conducted Interference shall be made by 
attaching the appropriate llne-coupling-devlce (see 4.3.1), at the desired point of test, all measure¬ 
ments being made line-to-ground unless otherwise specified In the individual equipment specification. 
Use of impedance stabilization devices In Une or load Is specifically exempted when making field tests. 

3» 1.7 <^o - T** term "open space" as used tn this specification is intended to designate 
an Ideal site for radiated Interference measurements. This ideal site shall be open, flat terrain at a 
considerable distance (100 feet or more) from buildings, electric Unes, fences, and trees, as well as 
sufficiently free from known underground cables and pipelines. 1^13 site shall have a sufficiently low 
ambient level of radiated Interference to permit testing to the governing radiated Interference l imit 
specified herein or otherwise specified by the individual equipment specification; and In no event shall 
exceed the specification limit at any test frequency selected. 

3.1.6 Interference measurement Instruments. - The instruments employed to perform the 
measurements oí radio Interference described in this specification shall be known as the interference 
measurement Instruments. These Instruments shall comply, insofar as the present sute of the art 
provides, with the performance characteristics specified in 6.1. It shall be the option of the bureau or 
agency concerned to specify the use of any specific Instrument or instruments listed tn table L 

3.1.9 Microvolts per kc. - Interference Intensity in microvolts per kc. Is equal to the number 
or root mean square (r. m.s.) sinewave microvolts (unmodulated), applied to the Input of the measuring 
circuit at its center frequency, which will result in peak response In the circuit equal to that resulting 
from the Interference pulse being measured, divided by the effective bandwidth of the circuit in kilocycles. 
The effective bandwidth is the area divided by the height, of the voltage-response-versus-radio-frequency 
selectivity curve, from antenna to peak detector. 

3.1.9.1 ’Typical bandwidth curves. - Typical 6 decibels (db) bandwidth curves for Interference 
measuring equipment are shown on figures 1 through 6. These values shall be used In determining 
microvolts per meter per kc. as shown on figure 7. 

3.1.10 Portable electric equipment. - Portable electric equipment Includes equipments which are 
equipped with line cords so that their operation from any convenient electric outlet may be possible. 

3.2 Classification of Interference measurement instruments. - Four classes of Interference 
measurement Instruments are available at the date of this specification. Class ID Instruments may 
in the future be promoted to class I or Q, however, class IV instruments will not be promoted and are 
acceptable only because they are In existence or because another Instrument covering that particular 
frequency range has not been developed as yet. 
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3.2.1 Class L - Radio Interference and field intensity meters which have been designed to conform 
with the standards established and which have been approved by the Armed Services performance 
characteristics for these Instruments are as specified In 6.1. 

3.2.2 Class n. - Instruments which have been designed for a special purpose and insofar an 
their Intended special purpose Is concerned conform with the performance characteristics for class I 
Instruments and which have been approved for such special purpose by the Armed Services. 

3.2.3 Class HL - Meters designed as class I or class C Instruments but which have not been 
evaluated. When approved by the Armed Services, these will be redesignated as class I or class n 
instruments. 

3.2.4 Class IV. - Existing meters which are In general use but which do not conform to the 
approved standards7~llse of these Instruments Is permissible unit conditions permit their replacement 
by class I or class n meters only If procured by the contractor prior to the effective date of this 
specification. 

3.2.5 Table I is a listing of Interference measurement instruments with respect to frequency 
range and showing the present classification. 

3.2.6 When measuring equipment other than those specified In table l are proposed for use, the 
test results thereof shall be related to results from the meters of table L 

Table I * Interference measuring equipment. 

; Frequency range * Interference Instrument Classification ; 

: 15 kc. to 150 kc. : Radio Test Set AN/URM-6 
: : Ferris Model 64 AB 
: 150 kc. to 20 me. : Radio Test Set AN/PRM-1 
: : Ferris Model 64 BC 
; : Ferris Model 32A and 32B 
; : Navy Model OF and OF-2 
: 150 kc. to 40 me. : Test Set AN/VRM-3 
: 20 me. to 150 me. : Measurements Corp., Model 58 
: : Measurements Corp., Model 6BA 
: 20 me. to 400 me. : Radio Test Set AN/URM-7 

: Noise Field Intensity Metera T3-587/U 
: 20 me. to 400 me. : Radio Interference Measuring 
: : Set AN/URM-47 
: 40 me. to 1000 me. : RF Interference Test Set AN/URM-28 
: : RF Interference Test Set AN/URM-29 
: 150 me. to 1000 me. : Radio Interference Measuring 

Set AN/TRM-4 
: 400 me. to 1000 me. : Radio Test Set AN/URM-17 

I : 
in : 
I : 
in 
IV : 
IV ï 
n : 
IV 
rv i 
n : 
TV : 

m : 
IV ; 
IV : 

in : 
in : 

*Thls classification is subject to change on reasonable notice to Include new 
Instrumentation of tested and approved superior performance characteris¬ 
tics. 

3. 3 Standard units of Interference.» 

3.3.1 Radiated. - The standard unit of radiated broadband interference shall be microvolts per 
meter per kilocycle bandwidth, based on measurements made In open space, remote from any Influence 
such as reflections, distortions, or disturbances which canned be attributed directly to the sample under 
test. Continuous-wave (cw.) type Interference shall be In terms of microvolts per meter. 
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3.3.2 Conducted. - The standard unit of conducted broadband Interference shall be microvolts 
per kilocycle bandwidth as measured from llne-to-ground. Continuous-wave type conducted inter¬ 
ference shall be In terms of microvolts. 

3. 4 Interference limits. -

3.4.1 Radiated interference limits. - General limits of radiated Interference in terms of the 
standard units are established and presented in graphic form on figures 7, and 8. General limits of 
broadband radiated Interference in terms of Indicated microvolts Is shown on figure 9. If the Individual 
equipment specification references this specification but falls to designate a specific limit, then the 
limits of figures 7 and 8 shall be Intended and adhered to. 

3.4.2 Conducted Interference limits. - Geœral limits of conducted Interference in terms of the 
standard units are established and presented in graphic form on figures 10 and 11. General limits of 
broadband conducted Interference In terms of Indicated microvolts are shown on figure 12. If the 
individual equipment specification references this specification, but falls to designate a specific limit, 
then the limits of figures 10, 11 and 12 shall be Intended and adhered to. 

3.4.3 Short duration interference. -

3.4.3.1 Impulsive Interference with a repetition rate of not more than 10 pulses per second (p. p. a. ) 
Is permitted, a limit of two times or 6 db above the limits shown on figures 7, 8, 8 and 10. 

3. 4.3.2 Interference of less than 1 second In duration, occurring not more than once every 
30 seconds is permitted, a limit of 10 times or 20 db above the limits shown on figures 7, 8, 9 and 10. 

3.4.3.3 Interference of less than 1 second in duration occurring not more than once during a time 
Interval between 30 seconds and 3 minutes Is permitted a limit of 30 times or 31.62 db above the limits 
shown oo figures 7, 8, 9 auf 10. 

3.4.3.4 Interference of less than 1 second Ln duration occurring not more than once every 
3 minutes shall be exempt from the requirements of this specification. 

3.4.4 Determination of Interference type. - To determine, whether observed Interference Is CW 
or broadband the ratio of readings, quasl-peaV to field-intensity, (taken on class I radio Interference 
Instruments) shall be determined. If the ratio QP/FI ts equal to or greater than 1. 8 to 1, the Umit for 
broadband Interference shaU apply. For ratios less than 1.8 to 1; the limit for CW Interference shall 
apply. (See figure 13. ) 

3. 5 Calibration of Interference measuring instruments, - The standard of calibration shall be the 
r. m.s. voltage of an unmodulated sine wave, such as'obtalned from a standard signal generator. 

3. 5.1 Calibration ad th external signal generator. - The Interference measurement Instrument 
calibration with Instrument properly terminated, shall, unless otherwise specified by the bureau or 
agency concerned, be checked using a suitable standard sine wave signal generator In accordance with 
Instructions contained in the instruction manual for the Instrument. The time interval between calibra¬ 
tion checks shall not exceed 6 months, and checks shall be made more often if required by the bureau 
or agency concerned; and in any event shall be made immediately after exposure to conditions which 
might affect calibration. Recalibration of the instrument shall be made when checks Indicate a deviation 
In normal calibration greater than 10 percent. 

3- 0 Specific requirements. - Because of the variety of equipment with respect to size, function, 
power rating, and contemplated use, specific requirements (and test procedures) are Included in this 
specification. The applicable paragraph of specific requirements shall be compiled with In addition to 
compliance with the general requirements specified In 3.1 through 3.5. The invtdldual equipment 
specification will designate which classification Is applicable in cases where there is possibility for 
more than one classification. 
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3.6.1 Electronic and communications equipment. - This portion of the specification provides 
procedures for testing radio, radar, interphone, and electronic communications equipment, to Insure 
satisfactory performance in regard to radio interference when operating in conjunction with other equip¬ 
ment Ln a system. 

3.0.1.1 Interference limits. -

3. 8.1.1.1 Radiated. - Over the frequency range of 0. OH to 1000 me., Interference radiated from 
any unit, cable (including control and Input power cables) or Interconnecting wiring of the equipment 
shall no: exceed the limits specified herein or otherwise specified in the individual equipment specifica¬ 
tion. This requirement specifically Includes oscillator Interfe -ence and spurious emissions In addition 
to random Interference from units, wiring, shielded antenna lead-in and systems. 

3.8.1.1.2 Conducted. - Radio Interference voltage appearing on the external power conductors or 
on any externa) systems connection shall not exceed the limits s.jeclfted herein or otherwise specified 
in the Individual equipment specification over the frequency rang» of 0.15 to 100 me. 

3.8.1.1.3 Receiver oscillator Interference. - Receivers shall not exhibit any oscillator interference 
In excess of the limits specified herein or otherwise specified In the Individual equipment specification 
when subjected to the receiver oscillator Interference test specified in 4.5.1.3.1 and the conducted 
Interference test specified In 4.3. 

3.6.1.1.4 Transmitter key-up Interference. - In the key-up position, the transmitter shall be 
considered equivalent to a receiver, for purposes of test and shall conform to 3.8.1.1.3. 

3.8.1.1.5 Additional requirements. - Where equipments covered by this specification are required 
to comply with minimum values of capacitance (0.1 microfarad Inf) or less), or limiting values of current 
between any exposed meta) part of the equipment and earth ground, and fall within the definition of por¬ 
table electric equipment, the general limits shown on figures 7, 8, 9 and 10, Increased by a factor of 
10 or 20 db, shall be applicable. 

3. 8.1.2 Undesired radiation. -

3.6.1.2.1 Receiver oscillator radiation. - Receivers shall not exhibit any oscillator radiation in 
excess of 400 micromicrowatts when subjected to the receiver oscillator radiation test specified in 
4.5.1.4 and the conducted Interference test specified in 4.3. 

3.6.1.2.2 Transmitter key-up or standby radiation. - Radio frequency radiation under key-up 
or standby (carrier-off) condition shall not exceed 4öO-mT3romicrowatts when measured as specified In 
4. 5.1.4. 

3.6.1.2.3 Transmitter key-down radiation, other than fundamental.- Rad lofrequencyradlatlon 
under key-down or transmit condition, on frequencies other than the fundamental (carrier plus minimum 
sideband frequencies required for the intelligence transmitter) shall not be greater than a level equivalent 
to 50 db below the full power carrier output as measured across the output terminals of the transmitter 
when terminated in an Impedance equivalent to the normal operating load. 

3.6.1.2.4 Radiation from equipment other than receivers or transmitters. - The requirements of 
3.6.1.2.2 shall apply to any equipment when adjusted to a no-output condition. 
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3. fl. 2 Engine generators and miscellaneous engine driven equipment. -

3.0.2.1 This portion of the specification applies to the following equipment, except where this 
equipment Is a component of other equipment subject to more restrictive requirements: 

(a) All engine driven generators and the electrical equipment associated therewith 
providing direct current (d. c. ) or alternating currents (a.c.), of all voltage 
and power ratings, except that the radiated Interference test will not be 
required on units of power output rating greater than 60 kilovolt-ampere (kva.), 
or the conducted Interference test on units of voltage rating greater than 
500 volts a.c. or d.c. 

(b) All types of engines used to power or drive such miscellaneous equipment as bulldozers, 
cranes, graders, rollers, fork lift trucks, compressors, laundry units, and pumps, 
as well as the electrical equipment associated with these equipments. 

3.Ö. 2.2 Interference limits. - All equipment covered In this section shall not emanate Interference, 
either conducted or radiated, In excess of the general limits for Interference as specified herein or 
otherwise specified by the Individual equipment specification. 

3. fl. 3 Vehicles, tactical, - The following types of vehicles shall conform to the requirements for 
tactical vehicles: All types of self-propelled vehicles which receive installations of communication 
equipment, all types of tanks, armored cars, self-propelled cannon, self-propelled cargo carriers, 
half-track personnel carriers, half-crack cargo vehicles, motor transport vehicles, high-speed tractors, 
and motorcycles. 

3.6. 3.1 Self-propelled machinery. - Self-propelled machinery such as excavators, road graders, 
fork-lift tracks, ano slow-ópeed tractors, shall not be considered as vehicles within this scope unless 
otherwise stated In the Individual equipment specification. In this case, the requirements shall be as 
specified In the individual equipment specification. 

3.6.3.2 Limits of Interference for tactical vehicles - Interference limits, both radiated and 
conducted, shall be as specified herein or otherwise specified In the individual equipment specification. 
If limits are not specified In the individual equipment specification, the general Limits of interference 
as shown on figures 7, 8, 10 and 11 shall apply. 

3. fl. 4 Interference testing for large equipment and for high voltage circuits. 

3.6.4.1 Unless specifically required in the individual equipment specificatlon. Interference tests 
in relation to very large stationary electrical or mechanical equipment shall be confined to tests of 
the electrical components separately. If the components conform to the interference requirements 
and are properly assembled, the completed equipment shall be considered to conform to the require¬ 
ments of this specification. 

3.6. 4.2 Interference tests or rotating electrical equipment for use individually or as components, 
shall be confined to machines of less than 60 kva. power Input or output rating. 

3. fl. 4.3 Conducted Interference tests are not required by this specification on circuits of greater 
voltage than 500 volts a.c. or d.c. In the event the contract or order requires tests on circuits of 
greater voltage, the voltage on the wiring associated with the measurement equipment shall be appro¬ 
priately reduced. 
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3.7 Radio Interference free marking. - All equipment determined to comply with this specification 
shall be Identified by a green colored Identification plate permanently attached adjacent to the equipment 
identification plate unless otherwise specified In the individual equipment specification. This identifi¬ 
cation plate shall be inscribed “Interference Free MIL-I-16910’*. 

”4. QUALITY ASSURANCE PROVISIONS 

4.1 Preliminary tests. - Prior to submission of qualification, preproduction or contract suit¬ 
ability models to the Government for official tests, complete radio Interference tests as specified 
herein or by the individual equipment specification shall be performed by the contractor to determine 
that the equipment complies with the applicable specification. A report cf tests certified by the test 
laboratory shall be furnished the Government Inspector. Two copies of this test report shall be for¬ 
warded to the bureau or agency concerned to substantiate the fact that radio interference tests have 
been performed and the specification requirements met. Any expense Incurred as a result of radio 
interference tests shall be borne by the contractor. 

4.1.1 Radio Interference test - The manufacturer shall furnish either directly in his own plant 
or through the facilities of an acceptable commercial laboratory all facilities for performing the inter¬ 
ference testscurved by this specification, including lest equipment, a suitable location for the per¬ 
formance of tests, and qualified technical personnel. Tests shall be performed on not less than one 
representative unit of each design. 

4.1. 2 Equipment not requiring tests. - In general, the following types of equipment are usually 
inherently interference free, and therefore Interference reduction Is not required: 

Reactor, electric 
Resistor 
Rheostat, manual 
Starter, engine 
Starter, motor, manual 
Switchboard, power 
Transformer 
Voltmeter 

Ammeter 
Circuit breaker, manual 
Controller, motor, manual 
Cubicle, power 
Incandescent lighting fixture 
Meter, electric 
Motor, squirrel cage 
Push button 
Änel, welding 

4.1.2.1 Establishing equipment not requiring tests.- As a means of establishing that equipment 
will not require tests, the manufacturer shall forward to the contracting officer a complete description 
of the electric items incorporated in the equipment to be furnished. If It is determined that the equip¬ 
ment falls into the category specified in 4.1.2, no radio Interference tests will be required for that 
specific equipment. 

4.1.3 Equipment which Is Identical with that which was previously tested In accordance with this 
specification, found staisfactory and accepted will not require further testing unless otherwise specified 
by the bureau or agency concerned. A copy of the previous test report, or reference thereto with an 
adequate abstract, shall be forwarded by letter to the bureau or agency concerned to verify the previous 
test results. 

4.1.4 Operating conditions. - Unless otherwise specified herein for specific types and classes of 
equipments or otherwise specified In the individual equipment specification, Interference measurements, 
both radiated and conducted, shall be made at normal operating load (or under simulated normal 
operating conditions) and at oo load (see 4.1. 4. 4). 
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4. 1« 4. 1 Power supply. - The power supply shall be at rated voltage of the equipment under test, 
plus or minus 5 percent. Rated voltage shall be as specified in the individual equipment specification. 

4.1.4.2 Preliminary operation of test sample. - When specifically required by the Government 
inspector, the sample under test shall be operated for a sufficient period of time to approximate normal 
operating conditions. 

4.1. 4.3 Ambient interference level. - It is desirable that the ambient Interference level during 
testing (measured with the test sample”^ energized) be at least 6 db below the allowable specified 
Interference limit. However, tn the event that at the time of measurement the levels of ambient 
interference plus test item interference are not above the specified limit, such tested Hem shall be 
considered in accordance with the specification requirements. This requirement shall apply equally 
to both radiated and conducted ambient Interference levels. 

4.1.4.4 Load.- Unless specifically stated otherwise, (see 4.1.4) a load (either electrical or 
mechanical), capable of loading the test sample up to appropriate rating or simulating normal operating 
conditions shall be used. Transmitters and receivers shall be operated Into a shielded dummy an team 
with simulated load condition. 

4« 1- 4. 5 Temperature. - The ambient temperature of the testing location shall preferably be 
within the range from 10" to 40* Centigrade (C.)(50* to 104* Fahrenheit (F.)). However, measure¬ 
ments made tn temperatures beyond these limits may be accepted provided the test sample, Interference 
measuring Instruments, all indicating devices, and equipment shall be at the testing location for a 
sufficient length of time prior to making of measurements tor the temperature thereof to be equalized 
with the temperature of the testing location. Evidence shall be given that the calibration of the inter¬ 
ference measuring Instruments used is accurate for temperatures outside the stated temperature range. 

4.1.4.6 Humidity. - Measurements shall be made at a time when humidity and temperature 
conditions do not cause condensation of moisture on the apparatus, unless it is normal for the test item 
to operate under such conditions. 

4-1.4.7 Use of Indicating meters during interference measurements. - During the time of 
measurement oi radio interference, no externai electrical meter or electrical indicating device other 
than the interference measuring instrument and its associated leads shall be in the Input or output 
circuits of the sample under test. However, such meters or devices may be located between the power 
supply impedance stabilizing network and the power source or between the load impedance stabilizing 
network and the electrical load. 

4.1.4.8 AU Interference measurements shall be monitored using either a headset or loudspeaker. 
Ilie precaution shaU be taken to check that no feed-back is Introduced into the interference meter by 
the use of the headset or speaker, thereby giving a false Indication of the Interference level being 
measured. 

4.2 Radiated measurements (14 kc. to 1'JQO me.) .- Measurements of radiated Interference shall 
tæ made using the rod or resonant dipole añteñña supplied with the particular test Instrument employed. 
When specifically required tn the individual equipment specification, measurements using a loop antenna 
shall be made over the frequency range of 14 kc. to 2b me. or portions thereof. 

4. 2.1 Antenna orientation and positioning. - 'líjese Interference measuring Instruments equipped 
with rod antennas snail be placed so that the rod antenna Is In the position of maximum pick-up and the 
base of the antenna unless otherwise specified In 4. 5 is 3 feet from the nearest perimeter of the test 
item. These Interference measuring Instruments equipped with resonant dipole antennas shall have the 
dipole positioned for maximum pick-up with the center of the dipole at a distance of 3 feet from the 
nearest perimeter of the test item. 
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4.2.2 Placement of Items ana space limitations. - Ihe teat sample shall, as far as Is practicable, 
be centrally located In the screened room or other area ci low ambient Interference (see figures 14 
and 15). 

4.2.2.1 Correlation with field tests. - Acceptance. ci Items tested for radiated Interference will be 
based on the performance at the test sample in open space. Certain items may be specifically exempted 
from this correlation requirement by the Individual equipment specification because of unusual else or 
weight, or because the equipment Is to be used ultimately in metallic enclosures, such as aircraft, 
or ships. 

4.2.2.2 Placement cd antennas. - Unless otherwise specified in 4. 5, the measurement antenna 
«mu be oriented and positioned with respect to the test sample as specified in 4.2.1, with the exception 
that when extension of dipole antenna elements would protrude beyond the confines of the screened area 
such dipole elements shall not be extended closer than 1 foot from the confines of the acreened enclosures. 
When shortened (non-resonant) dipole lengths are employed, the reduced effective height shall be taten 
Into consideration when calculating Indicated values of measured interference. 

4.2.2.3 Grounding of Interference measurement instrument. - All measurements of radiated 
Interference made in the screened room shall be made with the interference measurement Instrument 
either bonded to ground, as specified in 4.3.3.4, or resting upon the ground plane and making good 
electrical contact with the ground plane. This provision applies to measurement« of radiated Interference 
In the screened room only. 

4.2. 2.4 Test Item leads. - On those equipments normally equipped with unshielded power or load 
leads, the following procedure shall apply for frequencies above 25 me. A 24-inch unshielded lead 
shall be Installed in place of the normal lead or leads. Radiated measurements shall be made in the 
normal manner outlined In 4.2, 3 feet from the lead or leads. Any reading obtained under these con¬ 
ditions Indicates the presence of Interference on the lead or leads. Where equipment normally operates 
with shielded leads, radiated Interference shall be measured as specified In 4.2.2 through 4.2.2.3. 

4,2.3 Loop antenna method of measurement, (14 kc. to 25 me.).- Measurement of radiated 
Interference made using the loop antenna of the interference measurement Instrument shall be made 
by placing the loop antenna at a distance of 3 feet from the nearest point of the test sample, measured 
from nearest point of sample to axis of the loop antenna. With the Interference measurement instru¬ 
ment in operation and calibrated at the desired frequency, the loop antenna shall be oriented and 
positioned with respect to the lest sample for maximum meter indication of Interference. 

4,3 Conducted measurements (14 kc. to 20 me.) aircraft, flight; and (150 kc. to 100 • c.) 
non-flight equipment. - All measurements^ conducted Interference shall oe made from line to ground 
unless otherwise specified herein. Balanced input line-coupling devices shall not be used. Line¬ 
coupling devices shall be as specified in 4.3.1. The &O-ohm line shall be used unless otherwise 
designated by the Government Inspector. Test procedures shall conform with figure 16 insofar as is 
practicable. 

4.3.1 Line-coupling devices. - Line-coupling devices are described as follows: Test lead lengths 
will vary in accordance with the particular coupler used and thus is prescribed in conjunction with each 
individual coupler. 

4.3.1.1 50-ohm line. - The50-ohm line shall cons 1st of a lest lead of 50-ohm coaxial cable, 
(RG-9A/U) or equivalent 1/2-inch outer diameter, double braid shielded or better, and a 50-ohm 
terminating device at the input of the measuring Instrument (such as is provided with class I instruments). 
The length of this lead shall be as needed, and shall be connected to the measurement terminal of the 
Impedance stabilisation network. Correction factors for various cable lengths shall be as shown on 
figure 17. 
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4. 3-1. 2 test line. - For measurements of conducted Interference under field test conditions, 
the test line shall consist of he 50-ohm line specified In 4.3.1.1 but shall be connected to the power 
terminals of the lest item through a 0.1 microfarad capacitor placed in series with the ungrounded lead 
of the test line. 

4. 3.2 Line and load Impedance stabilization network . - The stabilization network specified In 0.2 
and shown on figures 1'8 through Í4 shall be used unless" the insertion of this device causes malfunctioning 
of the test Item. This device shall be Inserted in power leads only. A terminal shall be provided on thin 
device, fitted with a type N connector, to which the interference measurement Instrument cable may be 
attached for conducted Interference measurements. The ground plane of this device shall be the asme 
as that of the test item or shall be made a part of the test Item ground plane by means of bonding in 
accordance with 4.3.3.4. Oie such network shall be Inserted, where called for, in each power or 
electrical load lead when making measurements (see figure 25). 

<3.2.1 Cable correction factor.- Meter readings shall be multiplied by a correction factor 
depending on the frequency and on the length of RG-UA/U cable used between the stabilization network 
and the Interference meter. 'PHs correction factor shall be as shown on figure 17. 

4.3.3 Ground planes, bonding, and grounding. -

4.3.3.1 Ground planes. - A copper or brass ground plane, 0.010*Inch thick minimum for copper, 
0.025 Inch thick minimum for brass, 12 square feet or more In area shall be used in all cases where a 
shielded room Is to be used. The ground plane shall be bonded to the shielded room at Intervals no 
greater than 3 feet. 

4.3.3.2 When a ground plane Is not specified, or when the use of a shielded room is Impracticable, 
the test sample shall be placed on a solid support for operation. The support may be solid earth, steel, 
or iron flooring, metal bedplate, metal-sheet covered planking, or the like. If the test sample Is 
Intended for normal operation with shock or vibration mounts that Insulate the sample from the founda¬ 
tion, the sample shall be grounded to Its support or foundation by bridging the Insulating mounts In a 
manner similar to that employed at the place of Installation and used by means of bonding straps. If 
bonding straps are provided with the test item, then these shall be used In Heu of the type specified 
In 4.3. 3.4. 

4.3.3.3 The test Item shall be grounded tn a manner simulating actual usage conditions, where 
practicable, whether the test is performed In a screened room or not. It is not necessary to ground 
the Interference measurement instrument except by means of the connecting leads utilizing the 
instrument as a two-termlnaj voltmeter. 

4.3.3.4 When bonding straps must be furnished, such straps shall have a width to length ratio of 
1 to 6 or greater, shall have a minimum thickness of 0.025 Inch, and shall be copper or brass metal 
straps, not braid. 

4.3.3. 5 Internally grounded equipment. - When the test Item is furnished with an Internal ground 
terminal connection, and when this connection Is used tn actual Installation conditions, the ground lead 
shall be brought out and connected to the ground plane simulating actual installation conditions in addition 
to grounding the framework or chassis of the test item. 

4.3.3.0 Test sample leads. - Hie leads of the test sample when furnished unterminated shall be as 
short as possible outside the enclosure of the test sample. Tbese leads shall be connected to the test 
terminal. If shielded leads are supplied, these leads shall be used for the test. 
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4. 4 Test procedures. - T^e following requirements shall be adhered to unless otherwise stated In 
the Individual equipment specification: 

4.4.1 Measurements under type testing conditions shall be made on not less than three frequencies 
per octave. The frequencies selected shall be chosen in such a manner as to prevent crowding of readings 
at one end of the band and shall be at calibrated points. Measurements during production testing shall be 
made on not less than one frequency for each octave. When using those Instruments capable of frequency 
scanning, all other frequencies not selected for measurement shall be scanned while monitoring with 
headphones or a loudspeaker. If Interference peaks appear while scanning, measurements shall be 
made at each frequency at which such a peak occurs. 

4. 4. 2 If station reception Is encountered at any frequency, another frequency on one or the other 
side of the station frequency shall be used. 

4.4.3 Unless otherwise specified in the Individual equipment specification, those measurement 
Instruments equipped with peak (slldeback) circuitry shall be set In the peak (slldeback) position for 
measurement of broadband Interference. Those Instruments not equipped with the peak (slldeback) 
circuitry shall be set In the quasl-peak position. Methods of conversion of the readings so obtained 
Into the standard units of Interference will be provided by the bureau or agency concerned. All Instru¬ 
ments shall be set In the quasl-peak position for measurement of CW type interference. The results 
of measurements made in this manner will determine the acceptability of the test sample. 

4. 6 Specific test conditions and test methods. -

4. 6.1 Electronic and communications equipment. -

4.6.1.1 Interference tests. -

4. 5.1.1.1 In general, all Interference tests shall be conducted In accordance with applicable 
figures but with the following modifications and additional instructions. 

4.5.1.1.2 The modes of operation, arrangement of equipment Interconnecting cable assemblies, 
and supporting structures shall be such as to simulate an actual Installation insofar as Is practicable. 
Shielded loads or cables shall be used only where they will be so used in actual practice. 

4. 5.1. 2 Interference meter adjustment, ■ 

4. 5.1.2.1 The acceptability of the test item with respect to CW Interference shall be governed by 
the measurement made with the function switch of the interference measurement instrument, regardless 
of class, set tn the quasl-peak (or equivalent) position. 

4. 5.1.2.2 The acceptability of the test Item with respect to broadband radio Interference shall be 
governed by the measurement made with the function switch of the Ferris model 32A set to the "radio 
noise" position; the Measurements Corporation Model 58 function switch set to the "peak" position; 
the TS-587/U, AN/PRM-1, and AN/UHM-6 function switch set to the "peak" position. 

4. 5.1.3 Communication equipment. -

4. 5.1.3.1 Receiver oscillator interference. - This test shall be conducted In a shielded room 
provided with shielded power line /liters which are effective over the frequency range in which measure¬ 
ments are to be made. The power supply voltage to the receiver under test shall be carefully main¬ 
tained at a constant value throughout the measurement, as the interference varies with variation tn 
input voltage. 
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4. 5.1.3.1.1 Receiver antenna termination.- T^ose receivers designed to operate under normal 
conditions with an antenna termination ot 50 ohms, shall be coupled to the antenna input of the Inter¬ 
ference measurement instrument using a 50-ohm Impedance matching network such as is supplied with 
class 1 measurement Instruments. Those receivers designed to operate under normal conditions with a 
high impedance antenna termination shall be coupled to the antenna Input of the interference measurement 
Instrument through a 500-ohm impedance network, constructed of non-inductive resistors. All trans¬ 
mission-line cabling shall be shielded coaxial cable with type N connectors when possible or with clip 
fasteners If necessary. Cable lengths shall not be excessive. 

4. 5.1.3.1.2 Ilie interference measurement instrument shall be tuned to the oscillator frequency 
of the receiver under test and adjusted, through frequency tuning, to give a maximum Indication on the 
meter of the measurement equipment. 

4. 5.1.3.1.3 Control setting. - All controls on the receiver under lest shall be adjusted to give 
MAXIMUM output meter indication on the measurement instrument. If the receiver under test has an 
antenna trimmer, the trimmer shall be adjusted for MAXIMUM indication. 

4. 5.1.3.1.4 Shielding. - In all of the foregoing test methods, care shall be exercised to be certain 
that excessive leakage does not affect the results. Leakage may be through power lines, phone or output 
cords, or may be due to poor bonding or shielding of either the receiver under test or the measuring 
apparatus. Leakage can be checked by employing a good low Impedance short circuit at the antenna 
terminals of the receiver under test and measuring the apparent voltage developed. It should be possible 
to keep leakage down to 0.1 percent of the open circuit voltage. If it is not this low, better shielding 
and bonding are probably required. Complete shielding around the antenna terminals Is extremely 
important. 

4.6.1.4 Undestred radiation test, -

4. 5.1.4.1 General. - The receiver to be measured is considered as a radio frequency generator 
having an unknown generated voltage and Internal Impedance. It is possible that at several frequencies 
the receiving antenna will be the conjugate of this internal Impedance and will taxe maximum power from 
the receiver. For this reason, radiation is specified in terms of maximum possible radio 
frequency (r.f. ) power which can be taken from the antenna terminals. 

4. 5.1.4.2 Test equipment. - It Is recommended that two adjoining double copper shielded booths 
be used for making radiation measurements. If a. c. power is used, each booth shall be provided with 
shielded power line filters which are effective over the frequency range tn which measurements are to be 
made. One booth shall contain the receiver to be measured, the dummy antenna load, and a signal 
generator. The second booth shall contain the voltmeter (measuring) receiver and its associated output 
Indicating meter. 

4. 5.1.4.3 Power supply voltage. - The power supply voltage to the receiver under test and all 
associated measuring equipment shall be carefully maintained at a constant value throughout the mea¬ 
surement, as the radiated power varies as the square of the voltage. 

4. 5.1.4.4 Connections to voltmeter (measuring) receiver.- The antenna terminals of the receiver 
under test shall be connected to Its appropriate load and fed Into tire antenna Input of the voltmeter 
receiver. The voltmeter receiver shall be tuned to the oscillator frequency of the receiver under test 
and shall be adjusted to give a 1000 cycles per second (c.p. s.) beat note output. The output level of the 
voltmeter receiver shall be adjusted as necessary to maintain some arbitrary reference on the outout 
meter below resonant overload. 
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4.5.1.4. 5 Control setting. - AU controls on the receiver under test shaU be adjusted to give 
maximum output meter Indication on the voltmeter reàelver. lí the receiver under test has an antenna 
trimmer, the trimmer shaU be adjusted for maximum radlitlon. The volume control oí the receiver 
under test affects radiation Indirectly by affecting plate supply voltage or tube capacitance. Usually 
maximum radiation occurs at minimum volume setting. 

4.5.1.4.6 Power. - After the maximum radiated output Indication has been obtained, the receiver 
under test shall be'removed from the circuit and a signal generator, operating on the same frequency 
as the radiated signal, shaU be substituted for the receiver under test. The signal generator output 
shaU be adjusted to give the same voltmeter receiver output as was obtained from the recelver^mder 
test. The power In watts is then the signal generator voltage squared divided by the load resistance. 
It Is usually more convenient to express the power in mlcromlcrowatls or as microwatts In powers of ten. 

4. 5.1.4.7 Loads. - The value of the loads and the amount of their reactance must be icnoam at the 
frequencies Involved^ £ower computations may be eliminated by using a separate log to log plot of 
microvolts versus power for each load used. A curve of power versus load resistance shaU then be 
plotted, and from this curve the maximum power is obtained. Thia shall be done at each frequency 
where a measurement is desired. 

4. 6.1.4.8 Shielding. - In aU of the following test methods, care shall be exercised to be certain 
that excessive leakage does not affect the results. Leakage may be through power lines, phone or output 
cords, or may be due to poor bonding or shielding of either the receiver under test or the measuring 
apparatus. Leakage can be checked by employing a good low impedance short circuit at the antenna 
terminals of the receiver under test and measuring the apparent voltage developed. It should be possible 
to keep leakage down to 0.1 percent of the open circuit voltage. If it is not this low, better shielding 
and bonding are probably required. Complete shielding around the antenna terminals Is extremely 
Important. 

4.5.1.4.0 Accuracy. - The accuracy of aU of the test depends on the voltage accuracy of the signal 
generators so frequent calibration Is necessary. For communication receivers at frequencies of 200 me. 
and below. It has been found that sufficient accuracy is obtained by determining the power obtained in the 
optimum pure resistance load without attempting to tune out the reactive component. 

4.5.1.4.10 Measurements at frequencies 30 me. and below. -

4.5.1.4.10.1 Accuracy. - Al frequencies of 30 me. and below, a wafer switch may be used to 
change the connections from the receiver under test to the signal generator without Introducing appreci¬ 
able error. The external switch lead lengths can be reduced by employing a switch can and plug tn loada 
as shown on figure 26. 

4.5.1.4.10. 2 Load. - An arbitrary load (consisting of a nonlnductlve resistor with extremely 
short leads) shall be used. The maximum radiated power shall be determined for several loads (not 
less than five). 

4; 5.1.4.10.3 Decoupler resistor. - A decoupler resistor, having approximately ten times the 
resistance of the load shall be' inserted In the input line to the voltmeter receiver. It shall prevent the 
voltmeter receiver's Input Impedance and the shunt capacity of the Interconnecting cable from loading 
the receiver under test. The decoupler shall be readily replaceable so it can be maintained at approxi¬ 
mately ten times the load value. Too high a value of decoupler results In loss of sensitivity to weak 
radiation, while too low a value results in the voltmeter receiver and cable loading the receiver under 
test and giving too favorable Indications. 
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4.5.1.4.11 Measurements at frequencies above 30 to 200 me, - Above 30 me., the convenience of 
switching from the receiver under test to the signal generator shall be sacrificed tn favor of transfer of 
coaxial cable. The loads themselves shall also be made with less inductance. The shielded radial 
arrangement of nonlnductlve resistors and connections shown on figure 27 accomplish these purposes. 
One of the loads Is made up with five radial wires as a short circuit for leakage tests. This arrange¬ 
ment is good up to 200 me. The input cable to the voltmeter shall contain a decoupler resistor as 
specified In 4.5.1.4.10.3. 

4. 5.1. 4.12 Measurement at frequencies above 200 me.- When It becomes necessary to measure 
radiation at frequencies above 20Ö me., an arrangement similar to that shown on figure 28 will be 
necessary. This high frequency system consists of a high Q coaxial Une operated as an auto-transformer 
to match the Impedance of the voltmeter receiver -to that of the receiver under test. No decoupling 
resistor is needed. The Une length and the position of the input and output taps are all adjustable and are 
set to give maximum voltmeter receiver response. The signal generator is then substituted for tbe 
receiver under test. AU adjustments are reset for maximum and the generator output is adjusted to 
give the same voltmeter receiver output. The maximum radiated power is then the generator voltage 
squared divided by the generator resistance, which must be known. 

4.6.2 Engine generators and miscellaneous engine driven equipment, -

4.5.2.1 Radiation tests, engine generators and miscellaneous engine driven equipments.- Tbe 
radio Interference radiated from engines and engine driven equipment shall be measured on each side 
at a distance of 5 feet from the frame or other structural extremity normaUy considered as an outer 
dimension under operating conditions. 

4.6.2.1.1 Miscellaneous engine driven equipments (other than engine generator units) having a 
single engine shall be tested with the measurement antennas positioned as shown on figure 29, 30 or 31 
whichever is applicable. 

4. 5. 2.1. 2 Engine generator units shall be tested with the measurement antennas positioned as 
shown on figure 32 33, or 34, whichever Is applicable. 

4. 5.2.1.3 Engine driven equipments (other than engine generator units) having more than one 
engine shall be tested with the measurement antennas positioned as shown on figure 29, 30 or 31 
relative to each engine. 

4. 5.2.1. 4 Engines intended as general purpose prime movers and those which are normally operated 
without surrounding structure shall be tested with the measurement antennas positioned as shown on 
figure 29, 30 or 31, except that the distance (5 feet) shall be measured from the outer extremity of the 
engine. 

4. 5.2.1. 5 Radiation tests shall be performed with all electrical units of the engine or equipment 
in operation. Battery condition or electrical load shall be such that the charging system or output voltage 
regulators are in operation throughout the tests. 

4. 5.2.1. 8 Rod antenna, 150 kc. to 38 me. - The rod antenna of the measuring equipment shall be 
in a vertical position 5 feel from the equipment with Its base at the approximate height of the vertical 
center of the engine as shown on figures 29 and 32. 

4. 5.2.1.7 Resonant dipole antenna, 20 to ¡000 tnc. - The dipole antenna shall be oriented in a 
horizontal plane parallel toandat a distance of 5 feet from the outer extremity of the equipment under 
test, as shown on figures 30 and 33. 
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4. 6.2.1.8 Antenna AT-292/URM-29, 40 to 1000 me. - The antenna 3tn 11 be so placed and oriented 
that the apex of the cone shall be 5 feet from the extremity of the equipment under test at a height of 
1 foot above the top of the engine as shown on figures 31 and 32. The antenna configurations used for 
the various frequency ranges are shown on figure 36. 

4. 5.2.2 Conducted Interference tests, engine generator units. - Conducted interference shall be 
measured between each Une and ground at the power output terminals using the appropriate 50-ohm 
unbalanced coupling network for the measuring equipment used. 

4. 5. 2.2.1 Load.- Measurements shall be performed at half and full load. The electrical load 
shall be primarily resistive and shall be connected to tbe output terminals erf the unit through a 75-foot 
unshielded cable of appropriate current carrying capacity. 

4.5. 2.3 Alternate test method. - Engine generator and miscellaneous engine driven equipment may 
also be tested"In accordance with 4. 5. 1 if so specified by the bureau or agency concerned. 

4. 5. 3 Vehicles, tactical. -

4. 5.3.1 Qjtslde radiation tests. - The radio interference radiated from all tactical vehicles 
shall bo measured on at least three sides, over the frequency range erf 0.15 to 1000 me. Radiation tests 
shall be conducted with all electrical equipment in the vehicle In operation. 

4. 5. 3.1.1 Over the frequency range 0.15 to 40 me., the test equipment shall be located as shown on 
figures 36. 37. 38. 39. 4T 41. 4^ and 41 Whenever the measurement equipment is placed on the vehicle. 
It shall be Insulated therefrom by a non-conducting material of adequate size. With the measurement 
equipment located on the fender as close as possible to the engine compartment and arranged so that the 
antenna Is situated near the lateral axis of the engine, the rod antenna shall be sloped across the engine 
compartment so that the tip of the antenna is located In a vertical plane through the edge ai the opposite 
fender or similar outermost extremity of metal, but the midpoint of the antenna shall not be placed closer 
than 1 foot from the top of the engine compartment. When testing front or rear radiation, depending upon 
location of engine compartment, the measurement equipment shall be located so that the base of the antenna lies 
in same horizontal plane as the lop of the front radlatorgrtll or rear lower edge of top radiator grllL 
The rod antenna shall be sloped across the engine compartment so that the midpoint of the antenna Is 
not more than 24 Inches nor less than 12 Inches above the engine compartment. U the antenna Is 
unobstructed with the measurement equipment as close as possible to the vehicle or engine compartment, 
the antenna shall be sloped so that the midpoint is 12 Inches above the engine compartment. 

4. 5. 3.1.2 Over the frequency range of 40 to 1000 me., the antenna of interference test equipment 
shall be located as shown on figures 44, 45, 46, 47, 40 and 49. 

4. 5.3. 2 Inside radiation test for turreted vehicles (tactical).- In addition to the outside radiation 
test (see 4. 5.3.1), all turreted type tactical vehicles shall have an Inside radiation lest conducted over 
the frequency range of 1.5 to 40 me. Inside radiation tests shall be conducted with all electrical equip¬ 
ment in the vehicle in operation. 

4. 5. 3.2.1 The measurement equipment shall be placed on an insulating board on the outside of the 
vehicle as close as possible to each antenna outlet normally provided In the vehicle. A 9-foot length of 
antenna lead-In wire (W-128) shall be routed successively in each lateral direction around the inside of 
the vehicle as shown by routings A and B on figure 50, and connected to the measurement equipment 
with the shortest possible length erf antenna wire external to the vehicle. The Inside radiation tests 
shall be conducted with all hatches closed in order to minimize pick-up erf ambient aolse. The radio 
interference shall be measured for both routings of the anteuna wire at each antenna outlet location over 
the frequency range of 1.5 to 40 me. 
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4.6.3.3 Conducted Interference test (tactical vehicles). - This test will be made on all types ci 
tactical vehicles designed for Installation at communication equipment, and on electrical accessories 
far such vehicles, over the frequency range of 1. 5 to 40 me. The conducted Interference level shall 
be measured with the required coupling network connected successively between each pair of terminals 
Intended to supply power to communications equipments and between each such terminal and ground, at 
each electrical terminal box, contact block, or connector. 

4-6 Inspection procedures. - For Naval purchases, the general Inspection procedures shall be In 
accordance with General Specifications for Inspection of Material. 

5. PREPARATION FOR DELIVERY 
6.1 Not applicable. 

0. NOTES 

ö. 1 Performance characteristics of reference measuring Instruments, -

6.1.1 Radio Interference and field intensity meters for the range erf 0.015 to 25 me. - The 
following characteristics are at radio Interference and field Intensity meters Intended for use under 
this specification for the measurement of radio interference. 

0.1.1.1 The reference measuring Instrument should use the superheterodyne circuit with a f m-
brated output Indicator In the second detector and an audio frequency amplifier for the operation of 
headphones. 

0.1.1.2 The reference Instrument should be provided with a rod antenna and input connections 
for loop and probe antennas and for two terminal assymetrlcal voltage measurements. 

e. 1.1.3 For adjustment purposes, the reference instrument should Include a signal source to be 
used as a secondary or transfer standard, which should be calibrated In terms of the primary standard. 

8. 1.1.4 The primary standard for reference calibration should be the r. m. s. voltage of an 
unmodulated sine wave, such as obtained from a standard signal generator. 

0.1.1.5 For measurement of field intensities, the value In r.m.s. microvolts per meter should 
be calculated from a voltage calibration and the value of the effective height of the rod antenna or the 
loop constants as stated In the manufacturer’s certificate. 

8.1.1.6 Frequency ranges.-

8.1.1.8.1 The reference measuring instrument or instruments may have one or two of the 
following frequency ranges: 

(a) Range A, 14 to 150 kc. 
(b) Range B, 150 kc. to 2 me. 
(c) Range C, 2 to 25 me, 

8.1.1.8. 2 The frequency range covered should be continuous within any range. 

8.1.1.6.3 Two range meters may cover either ranges A and B, or ranges B and C. In either 
case, at least a 5 percent frequency overlap between ranges should be provided. 
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6.1.1.8. 4 The indicated frequency, In all ranges, should be correct to within 2 percent. 

6.1.1.7 Radio frequency voltage and field Intensity ranges (minimum). • 

0.1.1.7.1 The radio frequency voltage range for two-termlnal assymetrlcal voltage measurements 
made without external multipliers should Include for frequency range A, 10 microvolts to 1 volt; for 
frequency range B, 10 microvolts to 1 volt; for frequency range C, 10 microvolts to 1 volt. 

6.1.1.7.2 The radio frequency field intensity measurements range with rod antenna should Include 
for frequency range A, 10 microvolts per meter to 2 volts per meter; for frequency range B, 20 micro¬ 
volts per meter to 2 volts per meter; for frequency range C, 20 microvolts per meter to 2 volts per 
meter. 

6.1.1.7.3 A small loop or loops should be supplleo which may be used for probing operations. 

6.1.1.8 Indicating output meter scales.- The indicating Instrument output meter should have two 
scales as follows: 

(a) Scale 1, approximately linear, calibrated In decibels above 1 microvolt. 
(b) Scale 2, two decades, approximately logarithmic, calibrated in microvolts. 

0.1.1.0 Antennas. -

6.1.1.0.1 Each meter should be provided with rod antenna adjusted to give an effective height of 
approximately 1/2 meter. 

6.1.1.9.2 The meter should be provided with connections and an Input combination following good 
engineering practice to permit the use of a loop antenna for field Intensity measurements. 

6.1.1.9.3 The meter should be provided with connections for a shielded loop probe not more than 
2 Inches in diameter. 

6.1.1.10 Input Impedance. -

6.1.1.10.1 The input impedance for use as a two terminal voltmeter should be at least 50,000 ohms 
below 150 kc., at least 5,000 ohms below 2 me., and at least 400 ohms below 25 me. 

8.1.1.11 Attenuator. -

8.1.1.11.1 At least five steps of attenuation should he provided with ratios of 1, 10, 100, 1000 
and 10,000 so connected In the circuit as to have substantially no effect on the Input impedance. 

6.1.1.11.2 At leàst two of the four decades of the attenuator should be ahead of the amplifying tubes. 

fl. 1.1.12 Sensitivity. -

0.1.1.12.1 The standard sensitivity of the meter should be such that with a sine wave signal of 
the minimum strength specified in fl. 1.1.7 applied to the input terminals at any frequency within the 
tuning range, an angular deflection of the output indicator due to the signal of not less than 5 percent 
of full scale deflection will occur on scale 1. 

6.1.1.13 Audio sensitivity and fidelity. -

8.1.1.13.1 The audio sensitivity should be sufficient to provide 100 milliwatts across a 000-ohm 
load with a minimum input voltage specified In 6.1.1.7 modulated 30 percent. 

17 



Ml 1^1-IflBlOA (SHIPS) 

6.1.1.13.2 The audio amplifier response, when applied to the proper terminating impedance 
should not vary more than 15 percent from its value at 400 c.p. a. for a frequency range of 100 to 
4.000 c.p.s. 

fl. 1.1.14 Selectivity. -

6.1.1.14.1 The overall selectivity or effective bandwidth at standard meters over their entire 
frequency range should be known. Such data should be furnished in the form of tables or curves when 
r. f. stages ahead of the intermediate amplifier stages Influence overall equipment bandwidth. 

0.1.1.14.2 It is recommended that no over-coupled or stagger-tuned circuits be used. 

fl. 1.1.16 Cross-modulated selectivity. - At least one tuned circuit embodying good engineering 
practice should be used ahead at the first radio frequency amplifier la order to minimise cross-modu¬ 
lation. 

fl. 1.1.1 fl Spurious response rejection. -

6.1.1.10.1 Spurious response rejection (including primary image) is a measure of the degree to 
which the equipment is capable of rejecting signals off resonance, which, when combined with the 
fundamental or any harmonic or the conversion oscillator system, produce Intermediate frequencies 
which are amplified by the l.f. amplifier and result In spurious responses. It Is expressed In terms 
of the attenuation, In decibels relative to the desired signals, Introduced to Image frequencies or other 
spurious responses with respect to a desired signal. 

0.1.1.10. 2 Tbe spurious response rejection should be 60 db or better, throughout the frequency 
range of the meter. 

fl. 1.1.17 Detector circuits. - Suitable switching arrangements should be provided In the detector 
circuit to permit selection of tbe proper circuit constants and means for obtaining any one of the 
three measurements specified in G. 1.1.17.1, 0.1.1.17.2 and 6.1.1.17.3. 

0.1.1.17.1 Average value. - The circuits and time constant for this measurement should be such 
that the output meter Indication will not change more than 6 percent when the carrier Is modulated 
80 percent at a frequency equal to 1/2 the nominal l.f. bandwidth. 

fl. 1.1.17.2 ^uasi-peak value. - Tbe charge time and discharge time at the circuit for this 
measurement should be: 

(a) Charge time 1 * 0. 6 mllllsecona 
(b) Discharge time 6Æ ♦ 120 milliseconds 

6.1.1.17.3 Peak value. - Tbe circuits should provide means for measurement of the peak value of 
the Lf. envelope In the detector circuits. The “«lldeback" method may be used for this purpose. 

fl. 1.1.17. 4 Conversion factors for quasl-pealt only Instruments. - On those instruments without a 
peak reading circuit, the curves shown on figure ¿ï may be utilized tõ determine what the true peak is if 
the repetition rate of the Impulsive Interference Is known. 

fl. 1.1.18 Automatic gain control. - If automatic gain control is used, the threshold of operation 
of the AGC should be low enough to obtain essentially logarithmic Indicating meter response and the 
time constant In quasi-peak position should be short compared to the detector time constants. Also the 
output meter actuating voltage should be a single valued function at the AGC voltage. 
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6.1.1.19 Overload characteristics. -

6.1.1.19.1 The overload factor is the ratio between the value of the sine wave input voltage which 
causes 10 percent departure from linearity to the v^lue of the lower Input voltage which causes full* 
scale deflection of the indicating instrument. 

6.1.1.19.2 In making the test to determine overload factor, during the application of the higher 
voltage the ÄGC voltage should be held constant at the value which existed when the full scale deflection 
was obtained. The test should be made for each of the five positions of the step attenuator and the 
smallest ratio so obtained shall be taken as the overload factor of the instrument. 

6.1.1.19.3 The overload factor should be 12 ♦ 2 db. 

6.1.1.19.4 The circuit characteristics should, in addition to meeting these specific requirements, 
minimise the likelihood of overloading the first r.f. stage by sharp pulses applied at the Input before 
operation of the meter Is limited by the overload factor. 

6.1.1.20 Indicating Instrument characteristics. * 

6.1.1. 20.1 The Indicating Instrument, with Its circuit resistance as used In the meter, should be 
nearly critically damped with a preferred overshoot of 1 to 6 percent. 

6.1.1.20.2 Under the conditions of use In the meter, the response time of the Indicating 
instrument should be 275 ♦ 75 milliseconds. 

6.1.1.20.3 The response time Is the time required after an abrupt change has occurred In the 
measured quantity to a new constant value until the pointer, or indicating means, has come to apparent 
rest In Its new position. 

6.1.1.20.3.1 Since, In some Instruments, the response time depends on the magnitude of the 
deflection, a value corresponding to an Initial deflection from aero to end scale is used In determining 
the response time for rating purposes. 

6.1.1.20. 3.2 The pointer is at apparent rest when it remains within a range of 3 percent of either 
side of Its final position. 

6.1.1.21 Shielding and filtering. - The shielding or filtering of the equipment and those circuits 
to which external connections should be made by external shielded cables should be such that with equip¬ 
ment tuned to a signal of any frequency and of any field intensity within its normal range and the antennas, 
transmission lines, loops, or any input devices disconnected, the radio noise meter indication should 
decrease by a factor of at least 1,000 or 60 db. 

6.1.1. 22 Power supply. -

6.1.1.22.1 The equipment should operate satisfactorily with the power supply units specified in 
6.1.1.22.2 and 6.1.1.22.3. 

6.1.1.22.2 A battery power supply unit should be available as an operational part of the meter. 
It should be capable of satisfactorily operating the meter for a continuous period of 6 hours. Provision 
should be made to permit Intermittent monitoring of battery voltages. 

6.1.1.22.3 An a.c. power supply unit should be available as a unit that may physically replace the 
battery power unit. It should be capable of satisfactorily operating the meter from a power source of 
105 to 125 volts, single-phase, 50 to 400 c. p. s. 

6.1.1.23 Output receptacles. - Three output receptacles, fitted with such radio-frequency filters 
as may be necessary, should be provided. 
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8. 1.1. 23.1 A receptacle for connection of a 0 to 1 ma. recording milliammeter should be so 
connected that the recording Instrument and the indicating Instrument may be used simultaneously. 

6.1.1.23.2 A shielded receptacle should permit connection of an oscilloscope to the output of the 
a.f. amplifier. One plug and a properly shielded cable at least 3 feet long should be provided with the 
meter. The connections and shielding should be such that proper use of the oscilloscope will not affect 
the accuracy of the meter. 

6.1,1. 23. 3 A standard telephone jack should be provided for connection at headphones. 

6.1.2 Radio Interference and field Intensity meters for the range at 2C to 1000 me. - 'Hie following 
characteristics are of radío interference and field intensity meters for the range oí 20 io 1000 me. per 
second Intended for use under this specification for the measurement of Interference. 

0.1.2.1 The reference meters should use the superheterodyne circuit with a calibrated output 
Indicator following the second detector and an audio frequency amplifier for the operation of headphones 
and oscilloscope. 

6.1. 2.2 The reference meters should be provided with calibrated antennas and with input 
connections for probe antennas and for two-term Inal voltage measurements. 

6.1.2.3 The primary standard for reference calibration should be the r. m. s. voltage of an 
unmodulated sine wave, such as obtained from a standard signal generator. 

6.1.2.4 For calibration purposes, the meters should Include a signal source to be used as a 
secondary or transfer standard, which should be established tn terms of the primary standard. 

6.1.2.5 For field intensity measurements, the value should be calculated from (a) the voltage 
calibration and (b) the value of the effective length of the antenna. For other Input devices requiring 
calibration, appropriate factor should be provided to arrive at the true voltage. 

6.1.2.6 Frequency ranges. -

6.1.2.8.1 T^e recommended frequency ranges for these meters are: 

(a) Range A 20 to 250 me. 
(b) Range B 200 to 1000 me. 

6.1.2. 6.1.1 Meters with different frequency ranges are suitable If they conform In all other respects 
with this specification. 

8.1. 2.8.2 There should be at least a 5 percent overlap In frequency at any discontinuity caused by 
a band or meter change. 

6.1. 2.6.3 The Indicated frequency should be correct to within 2 percent. 

8. 1.2.7 Radio frequency voltage range. -

8.1.2.7.1 The radio frequency voltage range for two-termlnal assymetrlcal voltage measurements 
without external multipliers should be: 

(a) Frequency range A 5 microvolts to 1 volt. 
(b) Frequency range B 10 microvolts to 1 volt for recommended bandwidth 

of 0. 10 me. ano 30 microvolts to 1 volt for recom¬ 
mended bandwidth of 1.0 me. (see 6. 1.2. 14). 
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6.1.2.8 Output instrument scales (Indicating). - The output indicating instrument should have a 
scale of two decades approximately logarithmic. It Is desirable to Include a (one decade), approximately 
linear voltage scale. 

fl. 1.2.9 Antennas and probes. -

0.1.2.9.1 Antennas with calibrations should be provided throughout the frequency range. It is 
recommended that the maximum total length should be 10 feet (3.05 meters). 

0.1.2. 9. 2 A substantially non-metallic tripod should be furnished with the antenna members so 
mounted that the direction of polarization In the vertical plane may be rotated through at least 
90 degrees. The height of the antenna center should be adjustable to at least 1/4 wave length above the 
ground level. 

0.1.2.9.3 The transmission line connecting antennas to the meter should be at least-20 feet 
(0.32 meters) long. An extension line 20 feet (6.32 meters) long should be provided. U the attenuation 
along these lines Is such as to cause an error in reading field intensity of 10 percent or more, cuuves 
showing corrections should be furnished. 

0.1. 2. 9. 4 The shielding of the transmission line should be at least as good as RG-55/U cable. 
(This cable has double braid of tinned copper wires No. 30 A. W.O. ) 

6.1. 2. 9. 5 The meters should be provided with connections for shielding loop probes. The probes, 
Included with the meters, should have sufficient Insulation over the shielding to permit safe contact with 
low voltage (not over 600 volts) apparatus under test. The diameter of the probes should be: 

(a) Frequency range A 3 Inches (5.08 cm. ) or smaller. 
(b) Frequency range B 1 inch (2.54 cm.) or smaller. 

6.1. 2.10 Input Impedance. -

6.1.2.10.1 The Input of instruments should be of the coaxial type for a nominal Impedance of 
52 ohms. Overall performance, In accordance with the requirements of this specification, should be 
in terms of a two-termlnal assymetrlcal voltmeter referred to this coaxial input. 

fl. 1. 2.10.2 A device of minimum Insertion loss should be furnished as a separate unit that will 
present the highest practical impedance to the circuit under measurement. Such high impedance devices 
may be provided with controls for adjustment to resonance over the equipment frequency range. A 
calibration chart Should be furnished with the unit to allow calibrated operation as a voltmeter. 

fl. 1.2.11 Attenuator. -

6.1.2.11.1 An attenuator should be provided with ratios of 1, 10, 100, 1,000 and 10,000 and 
should be so connected io the circuit as to have substantially no effect on the input Impedance. 

0.1.2.11.2 At least three of the attenuator decades should be ahead of the amplifying tubes. 

6.1. 2.11.3 The attenuator accuracy based on sine wave measurements should be within plus or 
minus 1 db on each attenuator position. 

6.1.2.12 Sensitivity. -

6.1.2.12.1 The standard sensitivity should be such that with a sine wave signal of the minimum 
strength stated tn fl. 1.2.7 applied to the input terminals at any frequency within the tuning range, an 
Increase in angular deflection of the output indicator of not less than 5 percent of full-scale deflection 
will occur. 
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6.1.2.12.2 The Internal noise level should be not more than 30 percent of the minimum signal 
values given under ranges A and B of 6.1.2.7 on step one of the attenuator and less on other steps 
of the attenuator. 

6.1.2.12.3 It Is recommended that an additional gain of at least 10 db above that specified In 
6.1.2.12.1 be provided for measurement of low level signals. 

8.1.2.13 Audio sensitivity and fidelity. -

6.1.2.13.1 The audio sensitivity should be defined as the value of the radio frequency sine wave 
voltage modulated 30 percent at 400 c.p. s. that Is necessary to produce 10 milliwatt to a 600-ohm lead 
in the audio output. 

6.1. 2.13.2 'I’he audio sensitivity as defined above should be at least: 

(a) Frequency range A 5 microvolts. 
(b) Frequency range B 10 microvolts. 

6.1.2.13.3 The audio response voltage, when Impressed on the proper terminating Impedance, 
should not vary more than plus or minus 30 percent from Its value at 400 cycles In the range of 
100 to 10,000 c. p. s. 

8.1.2.14 Bandwidth. - TTw recommended nominal bandwidths of the meter circuits are as follows: 

(a) Frequency range A 0.10 me. per second at -6 db. 
(b) Frequency range B 0.10 me. per second at -6 db and 1.0 me. per second at -6 db. 

6.1.2.14.1 The manufacturer should state the overall bandwidth as a function of frequency In terms 
of average single frequency voltages and also in terms of average single frequency voltages squared. 

6.1.2.14.2 It Is recommended that no over-coupled circuits be used 

6.1.2.15 Cross response rejection. - At least one tuned circuit embodying good engineering 
practice should be used ahead of the first radio frequency amplifier to minimise cross-modulation 
and over-loading. 

6.1.2.16 Spurious response rejection. - Spurious response rejection (including primary image) is 
a measure of the degree to which the equipment is capable of rejecting those signals off resonance, 
which when combined with the fundamental or any harmonic or the conversion oscillator system, produce 
intermediate frequencies that are amplified by the Intermediate frequency amplifier and result in 
spurious responses. Degree of rejection Is expressed in terms of the attenuation, tn db relative to the 
desired signals, introduced to image frequencies or other spurious responses with respect to a desired 
signal. 

6.1.2.16.1 The spurious response rejection should be 40 db or better. 

6.1.2.17 Detector circuits. - Switching arrangements should be provided In the detector circuit 
to select the proper circuit constants to obtain any one of the three measurements Indicated in 
6.1.2.17.1, 6.1.2.17.2 and 8.1.2.17.3. 

6.1.2.17.1 Average value. - The charge time and discharge time of the circuit for this measure¬ 
ment should be equal to or less than 1/5F where F Is the nominal bandwidth. 

22 



MIL-I-1091QA(SHIP6) 

6.1.2.17.2 Quast-peak value. - The charge time and discharge time of the circuit for thia 
measurement should be: 

(a) Charge time 1 ♦ 0.5 millisecond (closer tolerances are desirable). 
(b) Discharge time 800 ♦ 120 milliseconds (closer tolerances are desirable). 

ft. 1.2.17.3 Peak value. • The circuits should provide means for measurement of the peak value of 
the Intermediate frequency envelope in the detector circuits. The "slldeback” or equivalent method 
should be used for this purpose. 

fl. 1.2.17.4 Conversion factors for quasi-peak only instruments. - On those instruments without a 
peak reading circuit, the curves shown on figure 51 may be utilised to determine what the true peak is if 
the repetition rate of the impulsive Interference Is known. 

fl. 1.2.18 Automatic gain control. - If automatic cpln control Is used, its threshold of operation 
should be sufficiently low to obtain essentially logarithmic indicating instrument response. “Die meter 
actuating voltage should be a linear function of the automatic gain control voltage. 

8.1.2.19 Over load characteristics. - The overload factor Is the ratio of the peak va lue erf the 
pulse Input voltage that causes 10 percent departure from linearity to the peak value of pulse Input 
voltage that causes full-scale deflection of the indicating instrument. Here, peak value refers to 
fl. 1.2.17.3. The duration of the pulse signal used should be less than the reciprocal of the effective 
bandwidth. 

fl. 1.2.19.1 In making the test to determine the overload factor during the application of the higher 
voltage, the automatic gain control voltage, If used, should be held constant at the value that existed 
when the full-scale deflection was obtained. The test should be made for each position of the attenuator. 

8.1.2.19.2 The overload factor should be 18 ♦ 2 db. 

fl. 1. 2.20 Indicating Instrument characteristics. -

fl. 1.2.20.1 'Die Indicating Instrument, with its circuit resistance as used In the meter, should be 
nearly critically damped with a preferred overshoot of not less than 1 percent nor more than fl percent 

8.1.2. 20. 2 Under the conditions of use In the meter, the response time of the indicating instrument 
should be 275 ♦ 75 milliseconds. 

fl. 1.2.20.3 The response time Is the time required, after an abrupt change has occurred in the 
measured quantity, for the pointer, or Indicating means to come to apparent rest In Its new position. 

ft. 1. 2.20. 3.1 Since, In some instruments, the response time depends on the magnitude erf the 
deflection, a value corresponding to an initial deflection from tero to end scale Is used In determining 
the response time for rating purposes. 

6.1.2.20.3.2 The pointer Is at apparent rest when It remains within a range of 3 percent of either 
side of Its final position. 

6.1.2.21 Shielding and filtering. - The shielding and filtering of the equipment and those circuits 
to which external connections should be made by external shielded cables, should be such that with 
equipment tuned to a signal of any frequency and of any field intensity within Its normal range and the 
antennas, transmission lines, loops, or any input devices removed, the Instrument indication should 
decrease by at least 80 db in all attenuator positions. Attention should be given to minimice the penetra¬ 
tion through instrument case of fields outside the frequency of the meter. 

6.1.2.21.1 Any limitation In the use of the calibrating source due to external fields should be 
stated by the manufacturer. 
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6. 1.2.22 Power supply. -

6.1.2.22.1 The equipment should operate according to specification from the following power 
sources: 

(a) From d.c. source of 6 volts. 
(b) From an a.c. source of 105-126 volts and 

210-250 volts. 50 to 1,000 c.p.s. 

6.1.2.22.2 The power consumption should not be greater than 125 watts. 

6.1.2.22.3 The effects of changes Ln source voltage on the calibration should be stated by the 
manufacturer. 

6.1.2.23 Output receptacles. - Three output receptacles, fitted with such radio frequency filters 
as may be necessary, shoukf be provided. 

6.1.2.23.1 A receptacle for connection of a 0 to 1 ma. recording milliammeter or remote Indicating 
meter should be so connected that either one may be used simultaneously with the Indicating Instrument 
on the radio noise meter. 

6.1.2.23.2 A shielded receptacle should permit connection of an oscilloscope to the output of the 
audio frequency amplifier. One plug and a properly shielded cable at least 3 feet long should be provided 
with the meter. The connections and shielding should be such that proper use of the oscilloscope MU 
not affect the accuracy of the meter. 

6.1.2.23.3 A standard telephone jack should be provided for the connection of headphones. 

6.2 Une and load Lmpedyee stabilization network. - The network described herein should be used 
when making measurements of conducted Interference, as specified Ln 4.3. One network should be 
Inserted, where called for, In each power or electrical load leak when making measurements. 

6.2.1 Performance characteristics. - 'Rie performance characteristics of this device will permit 
conducted measurements oftestitems oí the following voltage ratings: 

D. c. 600 volts 
60 cycles 440 volts 
400 cycles 230 volts 
800 cycles 115 volts 

6.2.1.1 The current carrying capacity is 50 amperes, d. c. to 800 cycles a. c. The maximum 
voltage drop at 50 amperes Is not over 1 percent of tbe supply volUge. The shunt current drawn by 
the network Is 0. 5 ampere maximum at 115 volts, bOO c.p. a. It Is estimated that this Impedance 
stabilization device will permit conducted Interference tests of about 00 percent of items requiring 
such tests. 

«. 2. 2 Design of network. - Working drawings and an electrical schematic of this device are 
Included as figures 19 through 24. A curve showing the average input Impedance of the stabilization 
network is shown on figúre 23. 

6.3 Design.- Radio Interference should be carefully considered In the basic design of all equip¬ 
ment major units, assemblies, and systems. Electrical and electronic equipment should operate satis¬ 
factorily not only alone, but also in conjunction with other such equipment which may be placed nearby. 
This requires that the operation of all such equipment should not be adversely affected by radio inter¬ 
ference voltages and fields reaching It from external sources, and also requires that such equipment 
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should not Itself be of a source of radioInterferences which might adversely affect the operation of other 
nearby equipment.. Therefore, design should be such that the least practical amount of radio inter* 
ference is inherently generated and propagated before interference reduction major units are applied. 
Such radio interference reduction major units and techniques that should be used, such as filtering, 
shielding and bonding, should be In conformance with good engineering practice and should be used 
efficiently In order to minimize space and weight penalties. All possible advantages should be Uken 
of the use of radio interference source reduction such as the use of mica capacitors directly at the inter¬ 
ference source. The recommendations In the following paragraphs will aid In meeting these require¬ 
ments. 

6.3.1 Major unit placement. - Major units should be placed and circuitry arranged in such order 
as to result In a minimum 0/ coupling and in the use of a minimum of filter major units. 

6.3.2 Case shielding. - 'Die number of mechanical discontinuities In the case (such as covers, 
Inspection plates, front plates, and joints), should be kept to the minimum. AU necessary mechanical 
discontinuities tn the case should be electrically continuous across the Interface of the discontinuity so 
as to provide a low Impedance current path throughout the frequency range specified in this specification. 
A multiple point spring-loaded contact Interface Is suggested as a desirable method of obtaining a low 
Impedance electrical continuity. Where ventilation openings are necessary, they should be so designed 
or screened as to permit conformance with the limits ci radiated interference specified. Expanded 
mesh or bond screening of fine mesh, wlU assist Ln meeting these limits if used to cover aU louvers 
and other openings In such a way as to have low impedance electrical continuity with the case around the 
entire periphery of the mesh. Electrical bonding should be provided where access doors or cover plates 
form a part of the shielding. Hinges, in themselves, are not considered as satisfactory conducting 
means for bonding. 

6. 3. 3 Shielded antenna lead-In. - When practicable, communications equipment should be so 
designed that proper operation may be obtained when used with a shielded antenna lead-In. 

6.3. 4 Radio interference filters. - Where additional Interference reduction is required after 
careful design In conformance with the foregoing, the Interference reduction major units should be 
Installed inside the enclosing case of the interference source. Filter assemblies not hermetically 
sealed should employ only hermetically sealed metallic encased capacitors, and should be capable of 
withstanding all of the service operating conditions of the Interference source. As a second choice, 
where space does not permit the Installation of filters within the case of the Interference source, they 
may be attached to the outside of the case of the interference source, provided that the wiring between 
the Interference source and the filter Is properly shielded, and mat the filler Is permanently bonded 
thereto. Separately Installed interference filters should not be used unless specifically authorized by 
the individual equipment specification, in which ease a shielded Interconnecting cable should be used 
between the Interference source and the externally mounted filter. The shielding should be permanently 
bonded to the equipment and the filter case. 

6. 3. 5 Bonding. - Bonding should be accomplished by clean, metal-to-metal contact wherever 
possible. Bond jumpers should only be used when other direct means are Impractical. Internal or 
sub-assembly bonding of units and provisions for Installation or mounting bonding should be such as to 
provide ad quate current path, Interference-free operation and safety of personnel where voltages are 
in excess of 30 volts. Where sliding, swinging, or hinged construction is used, adequate bonding should 
be provided for all operating conditions. Where rail or slide mounted construction is used for adjust¬ 
ment or servicing, there should be adequate provisions (usually two or more) for attachment of bond 
jumpers, with a quick detachable feature. All bond jumpers should be wide, thin, solid metallic strips 
rather than braid. (This does not apply to high current Jumpers. ) 
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6.4 This specification covers only radio Interference requirements and methods of determining 
compliance therewith; therefor, the details of performance of the equipment and the ordering Information 
must be specified elesewhere. Attention of design engineers is invited to the items listed below which 
may be expanded In the individual equipment specification: 

(a) Laboratory tests of conducted Interference, if all do not apply (see 3.1.5). 
(b) Point of test, if line-to-ground does not apply (see 3.1.6). 
(c) Radiated interference limits (see 3.1.7, 3.4.1, and 3. 6.1.1.1). 
(d) Conducted interference limits (see 3.4.2 and 3.6.1.1.2). 
(e) Applicable classification of Interference instruments (see 3.2 and 3.6). 
(f) Receiver oscillator Interference limits (see 3.6.1.1.3). 
(g) Requirements for self-propelled machinery, if required (see 3.6.3.1). 
(h) Radiated and conducted interference limits for tactical vehicles (see 3.6. 3.2). 
(I) Test for very large stationary electrical or mechanical equipment If other than specified feeel&4 
(j) Preliminary radio Interference tests, If other than specified (see 4.1). 
(k) Conditions under which radiated and conducted Interference measurements shall be made, 

If not at normal operating load and at no load (see 4.1.4). 
(1) Rated voltage (see 4.1.4.1). 
(m) Use of loop antenna for radiated Interference measurement, if desired (see 4.2). 
(n) Items exempted from open space radiated Interference tests, If any (see 4.2.2.1). 
(o) Test procedures, if other than those In 4. 4. 
(p) Position in which measurement Instruments shall be set for measurement of 

broadband interference, if other than peak (slldeback) (see 4.4.3). 

6. 5 Measurement techniques tn the presence of internal noise. - Internal noise Is that energy 
present Inherently in the Input circuit ana which causes a meter Indication with no radio frequency 
input In the measuring Instruments specified In 6.1. Dils Internal noise is caused by thermal agitation 
in the resistance of the Input circuit and the tubes used In the first stages of the Instrument. It has been 
determined that It Is advantageous not to balance out the Internal noise present In measuring Instruments 
as the sensitivity of the Instrument would be impaired. This internal noise has been Uken into account 
In the limits curves shown on figures 7 and 10. 

6.6 Interference reduction by proper design. - Interference minimisation should be considered 
In the basic design of the equipment. As a means of insuring that interference minimization is considered 
In the Initial design, motors and generators should be of such design and construction that when operated 
at no-load, half-load, or at full-rated-load with no external filtering, the indicated quasi-peak conducted 
interference shall not exceed 5000 microvolts within the frequency range of 0.15 to 20 me. 

6.7 Radio Interference filters. - Radio interference filters or capacitors employed for the 
reduction of interference should be Navy approved types in accordance with Specification M1L-F-15733. 

6.7.1 Interference reduction networks other than filters, such as are sometimes used for special 
applications Including portable electric tools, need not be submitted separately for qualification approval 
as a filter, but should be capable of conforming to any requirements, concerning operation, heating, 
dielectric, capacitance, for a particular equipment In which the network may be installed. 

6.8 Shielding. - When flexible metallic conduit and associated connectors are used they should 
conform to Specification MIL-R-16165, In Heu thereof, rigid metallic conduit properly installed for 
cable shielding may be used. 

Patent notice. - When Government drawings, specifications, or other data are used for any purpose 
other than in connection with a definitely related Government procurement operation, the United States 
Government thereby incurs no responsibility nor any obligation whatsoever; and the fact that the Govern¬ 
ment may have formulated, furnished, or in any way supplied the said drawings, specifications, or other 
data Is not to be regarded by Implication or otherwise as in any manner licensing the holder or any other 
person or corporation, or conveying any rights or permission to manufacture, use, or sell any patented 
invention that may in any way be related thereto. 

Custodian: 
2Q Bureau of Ships 
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BROADBAND RADIATED INTERFERENCE LIMITS — EXPRESSED IN TERMS 
OF STANDARD UNITS 

FIGURE 7 
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8ROA0SAN0 RADIATED INTERFERENCE LIMITS-EXPRESSED IN 
TERMS OF INDICATED MICR<M>LTS FOR PARTICULAR INSTRUMENTS 

FREOUCACT — UC*ACTCLE I 
FIGURE 9 



miautNcv- «(•ACYCLta FIGURE 10 



CW (SINE WAVE) CONDUCTED INTERFERENCE—EXPRESSED IN TERMS OF STANDARD UNITS 

Mt«ACTCLC« FI0URE II 
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FIGURE 12 
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f 5 NOTE: Broodband interference limits apply even when the ratio 
e J QP/FI ts less than 2 if the interference detected covers 

f J a frequency span of f/2 to f+ f/2 or greater (f being 
§ ~ the frequency of maximum amplitude of the detected 

interference measured on Fl) and If the interference 
y measured is in excess of peak broadband limits at the 

frequencies f/2 and f+f/2 as determined above. 

FIGURE 13 
CHART FOR DETERMINING TYPE OR CHARACTER OF 

INTERFERENCE 



Figure 14r Rod antenna orientation and positioning. 



Figure 15. -Dipole antenna orientation and positioning. 



1. Filtered power source. 
2. Power leads. 
3. Interference measurement instrument. 
4. Impedance stabilization network. 
5. Leads, (see 4.3.1.1) 
6. Test sample. 

7. Leads as short as practicable. 
8. Mechanical load where required. 
9. Item 5 as required. 
10. Item 4 as required. 
11. Electrical load where required. 
12. Ground plane. 

Figure 10- General test procedures for conducted interference measurements. 



FACQUCNCY IN MCNACVCLtt FIGURE 17 





COIL PATA (50 amps,)-

1. L = 4.9 mlcrohenrys at l.u tnc. 
2. 18 Turns #10 wire, heavy insulated. 
3. Bakelite tubing 1-5/8 inches diameter. 

NOTE; 

1. For use above 50 amperes, replace coil with 
5 microhenry coll of suitable dimensions 
capable of carrying desired current. 

Figure 19«. Impedance stabilization network. 



Figure 20. - Matching connector for use with the Perris meter, model 32A and 32B. 



NOTE: SHADED PORTIONS TO BE DISCARDED. 

PL-259 PLUG ASSEMBLY 
MODIFIED PLUG 

ÜG-23B/U JACK ASSEMBLY MODIFIED JACK 

Figure 21. - Parts used In the construction of connector oí 
ligure It before and after modflcatlons. 



REAR VEW 

BONO TO SHIELD 

Figure 22- Drawing of an alternate connector for use with the 
íhrrU meter, model 32a ana 32B. 
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Figure 25, - procedure for use of Une and load Impedance stabilization network. 







MEASURE 

SLOT F0« SLIOtHO 
wxTAcrs r□ 
JOMES COMMECTOMS 

MATCH 

FIGURE 28 

RECEIVER OSCILLATOR RADIATION MEASUREMENT 

200 MC TO AT LEAST 1000 MC TOP VIEW 

USING QUARTER OR THREE QUARTER WAVE LINE 



Figure 29. -Rod intenna positioning miscellaneous engine driven 
equipments. 



Figure 30 - Dipole antenna positioning miscellaneous 
engine driven equipments. 



Figure 31. - Antenna positioning antenna AT-292/URM 29 
miscellaneous engine driven equipments. 



Figure ?2. - Rod antenna positioning engine 
generator units. 



Figure J3. - Dipole antenna positioning engine 
generator units. 



Figure 34. - Antenna positioning antenna AT-292/rrRM-?o 
engine generator units. 



40 to 55 me. used with Tuning Unit 
TN-16( )/APR-4 

96 to 305 me. used with Tuning 
Unit TN-17( )/APR-4 

56 to 95 me. used with Tuning 
Unit TN-16( )/APR-4 

306 to 1000 me. used with R. F. 
Tuner TN-187( )/URM-2fl 

Figure 35. - Antenna AT-292( )/URM-29 and mast 
sections AB-21/GR for outside radia¬ 
tion test 40 to 1000 me. 



NOTE: 
1. The test set shall be located on the longitudinal axis of 

the vehicle. 
2. The top of the test set shall be in the same plane as the 

top of the radiator grill. 
3. The test set shall be located as close as possible to the 

vehicle withcxit the center of the antenna exceeding 
2 feet from tqp of engine compartment or approaching 
closer than 1 foot thereto. 

Figure 36. - Antenna position for trucks front radiation test, 
0.15 to 40 me. 



NOTE: 
1. The test set shall be Insulated from the body of the vehicle with a non¬ 

conducting material. 
2. The rod antenna shall be located as close as possible to the lateral axis 

at the engine. 
3. The tip of the antenna shall be located in a vertical plane through the edge 

of the opposite fender or similar outermost extremity of metal, but the 
midpoint of the antenna shall not be placed closer than 1 foot from the 
top of the engine compartment for any vehicle. 

4. A side radiation test shallbe performed with the test set located on both 
right and left fenders. 

Figure 37. - Antenna position for trucks side radiation 
tests, 0.15 to 40 me. 



NOTE: 
1. The test set shall be located on the longitudinal axis ci 

the vehicle. 
2. The antenna base shall be in the same plane as the top 

of the radiator grill. 
3. The test set shall be located as close as possible to the 

vehicle without the center of the antenna exceeding 
2 feet from top of engine compartment or approaching 
closer than 1 foot thereto. 

Figure 38.-Antenna position for trucks front radiation test, 14 kc. to 25 me. 



NOTE: 
1. The test set shall be insulated from the body of the vehicle with a 

non-conducting material. 
2. The rod antenna shall be located as close as possible to the lateral 

axis of the engine. 
3. The antenna shall be located in a vertical plane with the midpoint of 

the antenna no closer than 1 foot from the side of the engine com¬ 
partment for any vehicle. 

4. A side radiation test shall be performed with the test set located on 
both right and left fenders. 

Figure 39.-Antenna position for trucks side radiation tests, 14 kc. to 25 me. 



41" ROO 

NOTE: 

1. The antenna shall be placed along the longitudinal axis of the vehicle. 
2. The base of antenna shall be tn the same plane as the lower rear 

edge at the air outlet grill. 

3. All tests shall be conducted with the gun rotated perpemllcular to the 
longitudinal axis of the vehicle. 

4. The test set shall be located as close as possible to the vehicle with¬ 
out the mid-point of the rod antenna exceeding 2 feet from top of 
engine compartment or approaching closer than 1 foot thereto. 

Figure 42.-Antenna position for tanks and tank type vehicles, 
end radiation test, 14 kc. to 25 me. 



41'ROO 

NOTE: 
1. The test set shall be Insulated from the body of the vehicle with a 

non-conducting material. 
2. Gun shall be rotated perpendicular to the longitudinal axis of 

the vehicle. 
3. The rod antenna shall be located as close to the lateral axis of 

the engine as possible. 
4. The midpoint of the antenna shall not be placed closer than 1 foot 

from the top cf the engine compartment for any vehicle. 
5. A side radiation test shall be performed with the test set located 

on both the right and left fender. 

Figure 43. - Antenna position for tanks and tank type vehicles -
radiation side radiation, test 14 kc. to 25 me. 



NOTE: 
1. Radiation testa are required on three sides at each truck over 

frequency range 40 to 1000me.with same antenna and “Ground 
Plane’’ positioning. 

2. Prior to tilting, “Groind Plane" shall be In the same horizontal 
plane as top of radiator. 

3. Antenna tilted so that extension of “Ground Plane" intersects 
front or sides of engine compartment at midpoint. 

Figure 44.- Antenna positioning of test set AN/URM-29( ) in 
radiation test at trucks 40 to 1000 me. 



MDPOtNT OF FRONT OR 
SDE OF ENOIK COMPART¬ 

NOTE: 
1. Radiation tests are required on three sides of each truck over 

frequency range 25 to 100 me. with same antenna positioning. 
2. Dipole antenna shall be 1 toot above plane of top of radiator grill, 

oriented horizontally, with dipole parallel to plane of front or 
side of vehicle. 

Figure 45. - Antenna positioning at test set in radiation test of trucks, 
25 to 1000 me. 



MIDPOINT OF ENGINE 
COMPARTMENT 

NOTE: 

1, Gun shall be routed perpendicular to the longitudinal axis 
of the vehicle. 

2. The antenna shall be located as close as possible to the 
lateral axis of the engine. 

3. Prior to tilting, “Ground Plane'* shall be In the same horlzonUl 
plane as the lower edge of the air outlet grill. 

4. Antenna tilted so that extension ci "Ground Plane” Intersects 

near side of engine compartment at vertical midpoint. 

5. A side radiation test shall be performed, with the antenna 
located on each side, on the lateral axis of the engine. 

Figure 46. - Antenna position for Unks and tank type vehlcles-
radiatlon 40 to 10O0 me. 



MIDPOINT OF ENGINE COMPARTMENT 

NOTE: 
1. The test shall be conducted with the gun rotated perpendicular to 

the longitudinal axis of the vehicle. 
2. The antenna shall be placed along the longitudinal axis of the 

vehicle. 
3. Prior to tilting, “Ground Plane” shall be in the same horizontal 

plane as the lower edge of the air outlet grill. 
4. Antenna tilted so that extension of "Ground Plane” intersects rear 

of engine compartment at midpoint. 

Figure 47. - Antenna position for tanks and tank type vehicles 
radiation, 40 to 1000 me. 



REAR OF ENGINE COMPARTMENT 

NOTE: 
1. The test shall be conducted with the gun rotated perpendicular to 

the longitudinal axis of the vehicle. 
2. The antenna shall be placed along the longitudinal axis of the 

vehicle, with dipole 1 foot above plane of lower edge of air 
outlet grill. 

3. Dipole shall be oriented horizontally and positioned paralied to 
end of tank. 

Figure 4H. - Antenna position for tanks and tank type vehicles radiation, 
25 to 1000 me. 



NOTE: 

1. Gun shall be rotated perpendicular to the longitudinal axis of 
the vehicle. 

2. The antenna shall be located as close as possible to the 
lateral axis of the engine with dipole 1 foot above plane of 
lower edge of the air outlet grill. 

3. A side radiation test shall be performed, with the antenna located 
on each side, on the lateral axis of the engine. 

4. Dipole shall be oriented horizontally and positioned parallel to 
side at tank. 

Figure 49. - Antenna position for tanks and tank type vehicles radiation 
25 to 1000 me. 



NOTE: 
1. Tb« test set shall be Insulated from the body of the vehicle with a non¬ 

conducting material. 
2. A radiation test Is required for both antenna routings at each antenna 

outlet on the vehicle. 

Figure 50. - Antenna positioning for Inside radiation test 1.5 to 40 me. 



MIL-1-17623 (NAVY) 
AMENDMENT - 3 
2 July 1057 superseding-
Amendment - 2 
26 January 1955 

MILITARY SPECIFICATION 

INTERFERENCE, RADIO, REQUIREMENTS, METHODS 

AND LIMITS (14Kc TO 1000 Me) FOR ELECTRIC OFFICE 

MACHINES. PRINTING AND IJTHOGRAPKIC EQUIPMENT 

This amendment forms a part of Military Specification MIL-1-17623(NAVY), 10 ¡September 1963, and 
has been concurred Ln by all Interested bureaus of the Department of the Navy and the Marine Corps. 

Page 3, paragraph 3.5.5, line 1: Delete "Portable electric equipment" and substitute "Additional 
requirements". 

Pago 4; Add the following paragraph: 

*‘3. 6. 2 Design. - Interference reduction shall be performed Ln the basic design of all equipments and 
systems. Interference free components shall be selected. Commutator type motors before Incorporation tn 
the machine, shall without the addition of filters, not to exceed the interference characteristics of 2000 micro¬ 
volts quast-peak conducted (universal motors 5000) within the frequency range of 150 kc. to 20 me." 

Page 4: Add as paragraph 3.7: 

"3.7 Radio interference free marking. • All equipment determined to comply with this specification 
shall be identified by a green colored identification plate inscribed 'Interference Free Specifica¬ 
tion M1L-1-17623'. " 

Page 5, paragraph 4.2. 1, lines 3 and 5: Delete "1 foot" and substitute "3 feet". 

Page 7, paragraph 6. 2: Add the following: 

"(w) Blueprint machines. 
"(ww) Direct process reproduction machines. " 

Page 8, paragraph 6.3- Delete. 

Custodian: Preparing activity: 
Bureau of Ships Navy - Bureau of Ships 

Other interest: 
Navy - AMCS 





Mll-|.I7M3(MAVT) 
10 sirTIMM» 1»«» 

MILITARY SPECIFICATION 

INTERFERENCE, RADIO, REQUIREMENTS, 
METHODS AND LIMITS (14 Kc TO 1000 Me) 
FOR ELECTRIC OFFICE MACHINES, PRINTING 
AND LITHOGRAPHIC EQUIPMENT 

1. SCOPE 

1. 1 This specification covers the radio interference requirements associated witn electric officv 
machines, printing and lithographic equipment. 

2. APPLICABLE SPECIFICATIONS, STANDARDS, DRAWINGS, AND PUBLICATIONS 

2. 1 The following specifications, of the issue in effect on date of invitation for bids, f rm a part of 
this specification: 

SPECIFICATIONS 

MILITARY 
JAN-C-17 - Cables, Coaxial and Twin-Conductor, for Radio Frequency. 
MIL-C-7; - Connectors ”N” fur Rauio Frequency Cables. 

(Copies of specifications, standards, and drawings required by contractors in cor.nectun with S|<cific 
procurement functions should be obtained from the procuring agency or as directed by the cci.lraetiru 
officer. ) 

3. REQUIREMENTS 

3. 1 Definiti« r:s. - For the purpose of this specification, the following definitions shall apply: 

3. I. I Radic interference. - Radio interference is defined as ur.aesired conducted or ruaiutea ek trical 
disturbances, which may interfere with the operation of electrical or e.eclronic communication c-q- pm nt 
or other electronic equipment. 



MIL-bl7û23(NAVY) 

3. 1. ; M.crov Its r«r kilTiClc. - Interference intensity in microvolts per kilocycle (kc. ) is equa. to 
tee t.utruvr -f roul-meai>-square (r. m.s.) sine wave microvolt* (unmodulated), applied to trie input of 
tn«? measuring circuit at its center frequency, wnlch will result in peak response in the circuit equal to 
tnat resulting from tne interference pulse being measured, divided by tne effective bar.uwiuth of tne 
circuit in kilocycles. The effective bandwidth is tne area divided by the height, of the vodage-response-
versus-radiu-frequency selectivity curve, fr tn antenna to peak detector. 

3. 1.3 F.rtatle electric equipment. - Portable eieclric equipment inclûtes certain 4 tne equipments 
I.sled above wh ch are equ.pp^u witn line coras so trial their operation from any con /«nient electric outlet 
may be possible. 

3. 2 Ciuss;ficati:n .! interfercr.ee measurement instruments. - F-ur classes of interference instru¬ 
ments are available at tne ouïe vi U..s specification. Class ill instruments nay in tne future be promoted 
to ciaos I or class 11; however, class IV instruments will not be promoted atu are acceptable only because 
tney are in existence or because another instrument covering that particular frequency range has not teen 
developed as yet. 

3. 2. 1 Class I. • Radio interference ano field Intensity meters which have oeen uesigned to conform 
wilti Ui* stanuaras established and which have been approved by trie Armeu services. 

3 2. 2 Cl »cs II. - Instruments wmeh nave been designed for a special purpose and insofar as their 
intended special puroose is concerned c .nform with tne specifications for class I instruments and which 
have been ai/proveu for such special purpose by tne Armed services. 

J. 2. 3 Cl-;. b III. - Meters designed as class I or class 11 instruments but which have not been evaluated. 
When approver uy the Armed services, mese will be redesignated as class I ur class 11 instruments. 

3. 2.4 Class IV. - Existing meters whicn are tn general use but wnicn do not conform to the approved 
Standards. Joe cf these instruments is permissible until conditions permit their replacement by class I 
or class 11 meters only if procure u oy the contractor prior to the effective date of this specification. 

3. 2. 5 Table I is a listing of interference measurement instruments with respect to frequency range 
unu the present classification. 

3. 2.6 When measur.ng equipment other man th»se specified in tat le I are proposed for use, tne test 
results thereof shall be related to results from the meters of table 1. 

Taele I - Interference measuring equipment. 

Frequency range Interference instrument Classification1

i4 to 260 kc. 
IbO kc. to 2b me. 

160 kc. to 4.1 me. 

20 to 163 me. 

20 to 400 me. 

40 to 1000 me. 

400 to 1003 me. 

Radio Test Set AN/UKM-d 
Test Set AN/r HM-l 

Ferris Moue) 3 .A ar.; 32 b 
Navy Moue; OF and Or-2 
kadl^ Interference Measuring 
Set AN/UKM-3 
Measurements Corp., Model 68 
Measurements Corp , Mouel 58A 
Radio Tust Set AN/L'RM-7 
Noise Field Intensity Meter TS-687/U 
Rauio Interférence Measuring 
Set Ali/URM-47 

KF Interference Test Set AN/URM-28 
Radic Interference Measuring 
Set AN/URM-2a 

Radia Test Set AN/URM-17 

1 
1 
IV 
IV 

11 
IV 
IV 
II 
IV 

Hi 
IV 

IV 
Ill 

‘This classification is subject to change on reasonable notice to include new inslru-
2 mentation of tested and approved superior performance characteristics. 
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3. 3 Standard units of radiated interference. -

3.3. 1 br.axand interference. - Radiated oroaoban; interference measured in clase proximity to trie 
interference source, snail be in terms of antenna induced m.crovolis per Kilocycle uanawiutn, utilizing 
the antenna specified for each measuring instrument. 

3. 3.2 Continuous * ave interference. • Continuous wave type interference snail be tn terms of antenna 
induced mlcrov-ltu, utilizing the antenna specified for measuring equipment. 

3.3.3 Measurement of radiated broadcand lnterferer.ee will be influenced by conaucting objects, 
including personnel, in the vicinity cf Ine antenna which cnm.je tne current distribution In the anlenni 
resulting in a changea effective height and antenna terminai impedance. 

3.4 Stanuard units of conaucted intcrferer.ee- -

3.4. 1 Sr aaoand interference. - The standard unit of conducted broadband interference shall be 
microvolts per Kilocycle bandwidth as measured from line-to-grounu. 

3.4. 2 Continuous wave interference. - Continuous wave type conducted interference snail oe in terms 
of microvolts. 

3. 5 Interference limits. -

3.5. 1 Radiated. - General limits of radiated interference in terms of the stanuard units are establisned 
and presented in graphic form on figures » ano 2. Over the frequency range of .4 kc* Io iCdO mega¬ 
cycles (me.), interference rad lateo from any unit, cable (in.luding control and input power catlusi or 
interconnecting wiring of the equipment shall not exceed the limits specified herein or otherwise specified 
in the individual equipment si«cif;cation. This requirement specifically inclûtes oscillator interference 
ana spurious emissions in aoaition to random interference from units, wiring, and systems. 

3. 5. 2 C jtviucted. - General limits of conducted interference in terms of the sUr.oard units are 
established and presented in graphic form on figures 3 and 4. Radio interference voltage appearing or. tne 
external power conductors or on any external systems connection snail n<.l exceeu the limits specified 
herein or otherwise specified in the individual equipment specification over the frequency range of 
150 kc. to 20 me. 

3.5 3 Short durati on interference. -

3. 5 3. 1 Impulsive interference with a repetition rale of not more than 10 pulses per second is permitleu, 
a limit of two Urr.es or o decibels above th» limits snewn on figures i, 2, 3, and 4. 

3. 5. 3. 2 Interference of less than one second in duration, occurring tut more than once every 3J secouu» 
is permitted, a limit of 10 times or 20 decibels above the limits snown on figures 1, 2, 3, and 4. 

3. 5. 3. 3 Interference of less than one second in duration occurring not more than once every 3 minutes 
shall be exempt from the requirements of this specification. 

2.5.4 Determination cf interference t\cc. • To determine whether observed interference Is continuous 
*ave (CW) or broadband, the ratio cf reading-, quusi-peak to field intensity, shall be determined. If tne 
r t C»P/F! is equal tc or greater tr.an 2 to 1, the limit for broadband interference shall apply. For ratios 
.cas than 2 to 1 tne limit tor CW interference shall apply (see fig. 5). 

3. 5. 5 Portable electric equipment. - Where equipments covered by this s ^vilicaU or. ore required to 
cm ply with minimum values >f capacitance (J. 1 microfarad or less), or limiting values of current 
oeueen any exposed metal part of the equipment ano earth ground, and fall within the definition of portable 
electric equipment, the general limits shown on figures 1, 2, 3, and 4, increased by a factor of 10 or 
:.û decibels, shall be appllcaole. 

3 
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3.6 Calibration of interference measuring nstr urr.er.ts - The standard of calibration shall be 
the r. m. s voltage of an unmodulated sine wav«, auch as obtained from a standard signal generator. 

3 6. 1 Calibration with external signal general .r. • The interference measurement Instrument cali¬ 
bration with the instrument properly ter mina leu snail, unless otherwise specified in the individual equip¬ 
ment specification, be checked using a standard sine wave signal generator in accordance with Instruc¬ 
tions contained in the instruction mani ai for the instrument. The time Interval between calibration 
checks shall not exceed 60 days, and cnecas shall be maue more often if required by the bureau or agency 
concerned, and in any event shall be made immediately after exposure to conditions which might affect 
calibration. Recalibraticn of the instrument shall be made wnen checks indicate a deviation in normal 
calibration greater than 10 percent. 

4 SAMPLING, INSPECTION, AND TEST PROCEDURES 

4. 1 Interference measurements. - Measurements shall be conducted to determine compliance 
with 3. 5, and a report indicating the results of the tests shall be submitted to the bureau or agency 
concerned. The manufacturer shall be responsible for furnishing all measuring equipment, qualified 
personnel, and test facilities, including test space, where tne ambient interference does not exceed the 
limits specified in 3.5. The number of equipments to be tested shall be specified In the individual equip¬ 
ment specification. 

4.1. 1 Operating conditions^ - Interference measurements, both radiated and conducted, shall be made 
at normal operating load (or under simulated normal operating conditions) and at no load (see 4.1.1.4) 
where such conditions may be attained. 

4. 1. 1. 1 P jwer supply. - The power supply shall be at rated voltage of the equipment under test, 
♦ 5 percent. Rated voltage shall be as specified In the individual equipment specification. 

4.1.1.2 Preliminary operation cf test sample. • When specifically required by the Government 
inspector, the sample unoer lest shall be operated for a sufficient period oí time to approximate normal 
operating conditions. 

4. 1. 1. 3 Ambient Interference level. - Il Is desirable that the ambient interference level during 
testing (measured with the test sample deenergized) be at least 6 db below the allowable specified Inter¬ 
ference limit. However, in the event that al the time uf measurement the levels of ambient interference 
plus test item Interference are nol above the specified limit, such tested item shall be considered in 
accordance with the specification requirements. This requirement shall apply equally to both radiated 
and conducted ambient Interference levels. 

4. 2. 1.4 Load. - Unless otherwise specified in ihe individual equipment specification, a load (either 
electrical or mechanical), capable of loading ‘.he test sample up to appropriate rating and simulating 
normal operating conditions shall be used. 

4.1. 1.5 Temperature. - The ambient temnera’ure of the testing location shall preferably be within 
the range from 10 to 4û Centigrade (C. ) (oO* to .04* Fahrenheit (F. )). However, measurements made 
in temperatures beyond these limits may be accepted provided the test sample, interference measuring 
instruments, all indicating devices, and equipment shall be at the testing location for a sufficient length 
of time prior to making of measurements for the temperature thereof to be equalized with the tempera¬ 
ture of the testing location. Evidence shall be giver, tnal tne calibration of the interference measuring 
Instruments used is accurate fqr temperatures uutsiae the slated temperature range. 

4 1. 1.6 Humid.ty. - Measurements shall be maje at a time when humidity and temperature conditions 
do not cause condensation of moisture on tne apparatus, unless il is normal for the test item to operate 
under such conditions. 

4 
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4.1. 1.7 Use p( mdicaiir.q meters during interferen ce m easurements - During the time of measure¬ 
ment of radio interference, no external electrical meter or electrical indicating oevice other tnan tne 
interference measuring instrument and its associated leads snail be in the input or output circuits of the 
sample under test. However, such meters or devices may be located between the power supply iinpeuance 
stabilizing network and the power source or between the load impedance stabilizing net*ork and the 
electrical load. 

4. 1. 1.8 All Interference measurements shall be monitored using either a headset or louispeaker 
The precaution shall be taken to check that no feed -baca is introduced into the interference meter by the 
use of the headset or speaker, tnereoy giving a false indication of tne interference level ceing measu-ed. 

4 1.2 Test sample leads. - Where furnished, the test sample line cord Shall be removed. The test 
sample leads to the line impedance stabilization network specified tn 4. 1. 3 snail œ _4 inches ♦ 1 Inch in 
length and shall be arranged so that the distance between them and from each lea i to groupe or grounded 
enclosure is a nominal of 2 inches. 

4. 1. 3 Line stabilization network. - The line stabilization network shown on figures Ê and v snail be 
used as illusir-teJ on figures ò, 7, 8, &, and 12 for all rad ated and conducted radio interference tests, 
unless the insertion of the device causes malfunctioning of the test item. One sucn network shall be 
inserted in each power supply lead and electrical load lead (¡f used) when mailing measurements (see tig. 12). 
A terminal snail be provided on the device, fitted with a type N connector conforming to Specifica¬ 
tion MIL-C-71, to wnich tr.e interference measurement instrument may oe connected, by means ol a 
50-ohm RG-9A/U or R3-9B/U coaxial cable conforming to Specification JAN-C-17, for conducted inter¬ 
ference measurements. The 5J-ohm caoie snail be terminatea in 50 ohms fcr all conducted interference 
tests. For radiated interference tests, the 5d-ohm cable and termination are omitleo. The equipment 
under test snail be connected to the same side of the network as the 0. 1-microfarad capacitor The 
ground plane of the network enclosure snail be the same as tnat of the lest item or snail be made a part 
of the test item ground plane by means of bonding in accordance with 4.4. 2.4. 

4.1.3.) Performance characteristics. • Tne current carrying capacity of the network is 50 amperes 
direct current (d.c.) to 8Jd cycles alternating current (a.c.). The maximum voltage drop at 50 amperes 
is not over 1 percent of the supply voltage. The performance characteristics of the device will permit 
measurements of lest items of the following voltage ratings: 

600 volts 
440 volts 

D.c. 
60 cycles 
400 cycles 230 volts 
800 cycles 115 volts 

4. 1. 3. 2 Design of network. • Working drawings and an electrical schematic of tne device are included 
as figures 10, 11, and 12. A curve showing the average input impedance of ine stabilization network is 
shown on figure 11. 

4. 2 Radiated measurements (14 kc. to 1003 me.). - Measurements of radiated interference shall be 
made using the rod or resonant dipole antenna supplied with the particular test instrument employed. 

4. 2. 1 Antenna orientation and positioning. - Those Interference measuring instruments equipped with 
rod antennas shall be placeo so that the rod antenna is in a vertical position and the base of the antenna, 
unless otherwise specified in the individual equipment specification, is 1 foot from me nearest perimeter 
of the test item (see fig. 6). Those interference measuring instruments equipad with resonant dipole 
antennas shall have the dipole positioned horizontally w.th center of the dipole at a distance oí 1 foot from 
the nearest perimeter of the lest item. The dipole shall be oriented so that its length is tangential to the 
nearest perimeter (see fig. 7). Within the limitations imposed by the test location and the requirements 
above, the antenna and instrument shall be moved about so as to obtain maximum indication. External 
wires or straps shall not be attached to the interference measuring instrument tor grounding purposes 
during field tests. 

5 
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4.2. 2 Plie»".«»nt of to-ns u?t i space limitations. - The test sample shall, as far as is practicable, oe 
centrally locaUrd In ine screened room or other area of low ambient Interference (see figs. 6 and 7). 

4.2.2. I Placemen: ~t antennas, - The measurement antenna shall be oriented and positioned with 
respect to tne test sample as s^cified in 4. 2. 1 with the exception that when extension of dipole antenna 
elements in the horizontal position would protrude beyond the confines of me shielded area such dipole 
elements shall not te extended closer than 1 foot from the wails of the shielded enclosure. When 
shortened (nonresonar.t) dipole lengths are employed, the reauced effective neiyht shall be tauen into 
consideration when calculating indicated values of measured interference. 

4.3 3rcjr.i.r,g f interference measurement .nstrument. - All measurements of radiated interference 
made in l: - ¿:.k l ;».d enclosure shall be maue with tne interference measurement instrument either 
bonded to ground in accordance with 4.4.2. 4, or resting upon tne ground plane and making good electrical 
contact with the ground plane. This provision applies to measurements of rauiated interference in tne 
shielded enclosure only. 

4 4 Conducted measu rements (150 kc. to 20 me. ). - All measurements of conducted interference snail 
be made from line-to-ground, unless otherwise specified in the individual equipment specification. 
Balanced input line-coupling devices shall not be us«»d unless specified in the individual equipment specifi¬ 
cation. Line-coupling devices shall be as specified in 4. 1. 3. The 50-ohm line shall be used unless other¬ 
wise specified by the Government inspector. Test procedures shall conform to figure A insofar as Is 
practicable. 

4.4.1 Conducted interference measurements on power leads shall be made at tne end of the terminated 
50-ohm cable of the network specified in 4. 1.3 and figure 9. A separate network shall be used for eucn 
ungrounded lead, and all networks shall be left in place for complete radio interference tests. 

4.4.2 Ground planes, bonding, and grounding. -

4.4. 2.1 Ground planes. - A copper or brass ground plane, 0.010 inch thick minimum for copper, 
0. 025 inch thick minimum for brass, 12 square feet or more In area shall be used in all cases wnere a 
shielded enclosure Is to be used. The ground plane shall be bended to the shielded enclosure at intervals 
no greater than 3 feet. 

4.4. 2. 2 When a ground plane is not specified, or when the use of a shielded enclosure is impracticable, 
the test sample shall be placed on a solid support for operation. The support may be solid earth, steel, 
or iron flooring, metal bedplate, metal-sheet covered planting, or the like. If the test sample is intended 
for normal operation with shock or vibration mounts that insulate the sample from the founoation, the 
sample shall be grounded to its support or foundation by bridging the insulating mounts in a manner 
similar to that employed at the place of installation and use by means of bonding straps. If bonding straps 
are provided with the test item, then these shall be used in lieu of the type specified in 4. 4. 2. 4. 

4.4. 2.3 The test item shall be grounded in a manner simulating actual usage conditions, where practi¬ 
cable, whether the test is performed tn a shielded enclosure or not. It is not necessary to ground the 
interference measurement instrument except by means of the connecting leads utilizing the instrument as 
a two-terminal voltmeter, except when measurements are made in a shielded enclosure. 

4.4. 2.4 When bonding straps must be furnished, such straps shall have a wldth-to-length ratio of 
1 to 5 or greater, shall have minimum thickness of 0.025 inch, and shall be copper or brass metal straps, 
not braid. 

4.4. 2. 5 Internally grounded equipment. - When the test item is furnished with an internal ground 
terminal connection, anu when this connection Is used in actual installation conditions, tne ground lead 
shall be brought out and connected to the ground plane simulating actual installation conditions in addition 
to grounding the framework or chassis of the test item. 

6 
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4.5 Test procedures. - Measurements under acceptability testing conditions on a preproduction model 
shall be made on not less than three frequencies per octave. Tne frequencies selected shall be cnosen in 
such a manner as to prevent crowding of readings at one end of the bano and shall be at calibrated points. 
Measurements during production testing shall be made on not less than one frequency for each octave. 
When using the instruments capable of frequency scanning, all other frequencies not selected for measure¬ 
ment shall be scanned while monitoring with headphones or a loudspeaker. If Interference peaks appear 
while scanning, measurements shall be made at each frequency at which such a peak occurs. 

4. 5. 1 If station reception is encountered at any frequency, another frequency on one or the other side 
of the station frequency shall be used. 

4.5. 2 The measurement instruments equipped with peak (slideback) circuitry shall be set in the 
peak (slideback; position for measurement of broadband interference. The instruments not equipped with 
the peak (sliaeoack) circuitry shall be set in the quasi-peak or radio noise position. Methods of con¬ 
version of the readings so obtained into the standard units of interference will be provided by the bureau 
or agency concerned. All instruments shall be set in the quasi-peak or radio noise position for measure¬ 
ment of CW type interference. The results of measurements made in this manner will Determine the 
ucceptaoility of the test sample. 

4.5. 2. I C ?r recti, r. for pulse recurrence frequer.es (p, r, f ). - For radio interference measurements 
witr. a nor.peak reaoing instrument (Ferris 32, Measurements Corporation 5H and AN/URM-2R) a correction 
shall oe mace in accordance witn figures 13, 14, and 16 when the p. r.f. of the interference is greater or 
less than 23 pulses per second (p. p.s. ) cf the pulses of greatest amplitude. 

5. PREPARATION FOR DELIVERY 

5.1 Not applicable. 

6. NOTES 

6. 1 This specification covers only radio interference requirements and methods of determining 
compliance therewith; therefore, the details of performance to the equipment and the ordering information 
must be specified elsewhere. Attention of design en jinfers is invited to the items listed below which may 
be expanded in the Individual equipment specification; 

(a) Radiatea interference limits (see 3. 5. 1). 
(b) Conducted interference limits (see 3. 5.2). 
(c) Instrument used to chocx calibration (see 3. <3. 1) 
(d) Number of equipments to be tented (see 4.1) 
(e) Rated voltage (see 4. 1.1. I). 
(f) Lead to be used for testing (see 4. 1.1.4). 
(g) Distance of antenna from test item (see 4.2. 1). 
(h) P^int of test, if line-to-grouno does not apply (see 4.4). 
(I) Line-coupling device (see 4.4). 

6. 2 Tjpe of equipment, • The following is a partial list of the equipment covered by this specification: 

(a) Accounting and posting machines. 
(b) Auding machines. 
(c; Addressing machines. 
(d) Autographic registers 
(e) billing machines. 
(f) bookkeeping machines. 
(j) Calculating machines. 
(h) Camera (with arc lights). 
( D Cash registering machines. 
0) Change making machines. 
(k) ChecK cancelling, cutting, dating, endorsing, numbering, perforating, signing, 

sorting, and writing machines. 
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(I) Coil counting, sorting, and wrapping machines. 
(m) Composing machines. 
(n) Duplicating machines, such as direct process, offset, and stencil paper principle. 
(o) Embossing machines. 
(p) Envelope folding, handling, mailing, opening, and sealing macnines. 
(q) Folding machines. 
(r) Grainers. 
(s) Graphotypes. 
(t) Lithographic presses. 
(u) Microfilming, enlarging, and printing equipment. 
(v) Multiliths. 
(w) Paper cutting machines. 
(x) Paper drilling macnines. 
(y) Paper fastening machines. 
(z) Paper folding machines. 
(aa) Payroll machines. 
(bb) Perforating machines. 
(cc) Photo offset plate reproducers. 
(dd) Postage meters. 
(ee) Postal permit mailing machines. 
(tí) Postmarking and cancelling machines. 
(gg) Printing presses. 
(hh) Proportional spacing typing machines. 
(Il) Punch card tabulating and accounting machines. 
(jj) Shorthand writing machines. 
(kk) Sound recording and reproducing devices used for dictation, transcription, 

telephone recording, conference recording, and similar office functions. 
(//) Stamp affixing machines. 
(mm) Stapling machines. 
(nn) Tabulating machines. 
(oo) Time recorders. 
(pp) Time stamps. 
(qq) Typewriters. 
(rr) Vacuum printing frames. 
(ss) Varitypers. 
(it) Whlrlers. 
(uu) Wire stitching machines. 

6. 3 Design. - Radio interference should be carefully considered in the basic design of all equipment 
major units, assemblies, and systems. Electrical and electronic equipment must operate satisfactorily 
not only alone, but also in conjunction with other such equipment which may be placed nearby. This 
requires that the operation of all such equipment should not be adversely affected by radio Interference 
voltages and fields reaching it from external sources, and also requires that such equipment should not 
Itself be a source of radio Interferences which might adversely affect the operation of other nearby 
equipment. Therefore, design should be such tnat the least practical amount of radio interference is 
inherently generated and propagated before interference reduction major units are applied. Such radio 
interference reduction major units and techniques that must be used, such as filtering, shielding, and 
bonding, should be in conformance with good engineering practice and should be used efficiently in order 
to minimize space and weight penalties. All possible advantages should be taken of the use of radio 
interference source reduction such as the use of mica capacitors directly at the interference source. 

Measurement techniques in the presence of internal noise. - Internal noise is that energy present 
inherently in the input circuit and which causes a meter indication with no radio frequency input in the 
measuring instruments. The internal noise is caused by thermal agitation tn the resistance of the input 
circuit and the tubes used in the first stages of the instrument. The internal noise has been taken into 
account in the limits curves shown on figures 1 and 3. 
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Notice. - When Government drawings, specifications, or other data are used for any purpose other 
than in connection with a definitely related Government procurement operation, the United States 
Government thereby incurs no responsibility nor any obligation whatsoever; and the fact that the 
Government may have formulated, furnished, or In any way supplied the said drawings, specifications, 
or other data, Is not to be regarded by Implication or otherwise as in any manner licensing the holder, 
or any other person or corporation, or conveying any rights or permission to manufacture, use, or 
sell any patented Invention that may in any way be related thereto. 

Custodian: 
Bureau of Ships 

Other interest: 
MC 
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HOTKi Broadband interference limit» -pply even 
vhen the ratio QP/FI le less than 2 If the 
interference detected covers a frequency span of 
f/2 to f+f/2 or greater (f being the frequency of 
maximum amplitude of the detected Interference 
measured on FI) and If the interference measured Is 
In excess of peak broad band limits at the frequencies 
f/2 and f+f/2 as determined above. 

Figure 5 

CHART FOR DETERMINING TYPE OR CHARACTER OF 
INTERFERENCE 



Figure 6.- Rod antenna orientation and positioning. 



Figure 7.- Dipole antenna orientation and positioning. 



Q EQUIPMENT UNDER TEST (NOISE SOURCE) 

@ GROUND PLANE (TABLE TOP) SEE 4.4.2 

@ RADIO INTERFERENCE MEASURING INSTRUMENT 

(4) BONDING STRAPS. SEE 4.4 2.4 

(5) TEST SAMPLE POWER LEADS SEE 4.1.2 

(6) LINE STABILIZATION NETWORK SEE 4.I.S 

@ MATCHING CONNECTOR FOR FERRIS METER SEE FIG 9 ANO 16; FOR STOOOARO AN/PRM-I 

METER SEE FIG 9 (CU/197). 

@ SIX FEET OF RG-9/U CABLE TERMINATED IN TYPE N CONNECTORS 

(9) FILTERED POWER INPUT LEADS 

“items 7 ANO 6 ARE OMITTED WHEN MAKING RADIATED INTERFERENCE TESTS. 

TYPICAL TEST SETUP FOR RADIO INTERFERENCE TESTS 

Figure 8 
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© EQUIPMENT UNDER TEST (NOISE SOURCE) 

©GROUND PLANE (TABLE TOP) SEE 4.4.2 

© RADO INTERFERENCE MEASURING INSTRUMENT 

@ BONDING STRAPS. SEE 4.4.24 

@ TEST SAMPLE POWER LEADS SEE 4.1.2 

© LINE STABILIZATION NETWORK SEE 4.1.3 

©MATCHING CONNECTOR FOR FERRIS METER SEE FIG 9 ANO 16. FOR STOOOARD AN/PRM-I 

METER SEE FIG 9 (CU/197). 

© SIX FEET OF RG-9/U CABLE TERMINATED IN TYPE N CONNECTORS 

© FILTERED POWER INPUT LEADS 

* ITEMS 7 AND 8 ARE OMITTED WHEN MAKING RADIATED INTERFERENCE TESTS. 

TYPICAL TEST SETUP FOR RADIO INTERFERENCE TESTS 

Figure 8 



TEST 
SAMPLE 
INPUT 

COIL DATA (50 AMPS)-

I. L=4.9 MICROHENRYS AT 1.0 MC. 

2. 16 TURNS NO 10 WIRE, HEAVY INSULATED. 

3. BAKELITE TUBING 1-5/8 INCHES DIAMETER. 

NOTE i 

I. FOR USE ABOVE 50 AMPERES, REPLACE COIL WITH 5 MICROHENRY 

COIL OF SUITABLE DIMENSIONS CAPABLE OF CARRYING DESIRED 
CURRENT. 

2. THE VALUES GIVEN FOR THE COMPONENT PARTS OF THE NETWORK 

ARE NOMINAL. REGARDLESS OF CONSTRUCTION OR DEVIATION FROM 

NOMINAL VALUES, THE NETWORK MUST HAVE AN INPUT IMPEDANCE 
TO WITHIN 10% OF THAT GIVEN IN FIGURE 10. 

LINE STABILIZATION NETWORK AND TYPICAL METER CONNECTION FOR 

CONDUCTED MEASUREMENTS 

Figure 9 
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Tigure 12. - Procedure for use of Une and load Impedance stabilization network. 
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MIL-I-25171(USAF) 
15 March 1955 

MILITARY SPECIFICATION 

INTERFERENCE LIMITS AND TESTS FOR 
MODIFIED OR RECONDITIONED AIRCRAFT 

1. SCOPE 

1.1 This specification covers interference limits applicable to 
aircraft being modified or reconditioned. 

2. APPLICABLE DOCUMENTS 

2.1 The following specification of the issue in effect on the date of 
invitation for bids forms part of this specification: 

SPECIFICATIONS 

Military 

MIL-F-15733 Filters, Radio Interference 

(Copies of documents required by contractors in connection with specific 
procurement functions should be obtained from the procuring activity or 
as directed by the contracting officer.) 

3. REQUIREMENTS 

3.1 General. - The modifying activity, contractor, or repairing activity 
shall be responsible for the installation engineering of all equipment to 
achieve an interference-free aircraft. 

3.1.1 Failure to meet Requirements. - Where it can be demonstrated to 
Government representative that interference caused by a certain compo¬ 
nent cannot be eliminated by means within the contractors control, in¬ 
cluding reasonable external application of shielding or filtering, the 
procuring activity shall be notified immediately. 

3. 2 Performance. - There shall be no undesirable response from 
electronic receivers above the area noise level, or malfunctioning of 
other electronic equipment, due to radio interference produced by any 
or all electrical, electronic, and other equipment of the aircraft, when 
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MILITARY SPECIFICATION 

INTERFERENCE LIMITS AND TESTS FOR 
MODIFIED OR RECONDITIONED AIRCRAFT 

1. SCOPE 

1.1 Thia specification covers interference limits applicable to 
aircraft being modified or reconditioned. 

2. APPLICABLE DOCUMENTS 

2.1 The following specification of the issue in effect on the date of 
invitation for bids forms part of this specification: 

SPECIFICATIONS 

Military 

MIL-F-15733 Filters, Radio Interference 

(Copies of documents required by contractors in connection with specific 
procurement functions should be obtained from the procuring activity or 
as directed by the contracting officer.) 

3. REQUIREMENTS 

3. 1 General. - The modifying activity, contractor, or repairing activity 
shall be responsible for the installation engineering of all equipment to 
achieve an interference-free aircraft. 

3. 1. 1 Failure to meet Requirements. - Where it can be demonstrated to 
Government representative that interference caused by a certain compo¬ 
nent cannot be eliminated by means within the contractors control, in¬ 
cluding reasonable external application of shielding or filtering, the 
procuring activity shall be notified immediately. 

3. 2 Performance, - There shall be no undesirable response from 
electronic receivers above the area noise level, or malfunctioning of 
other electronic equipment, due to radio interference produced by any 
or all electrical, electronic, and other equipment of the aircraft, when 
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tested as specified herein. This requirement applies to the entire 
frequency range of all installed electronic equipment and to the 
entire frequency range of all electronic equipment for which complete 
installation provisions have been made. 

3. 3 Transient Responses . - Undesirable transient responses are exempted 
from the requirements specified herein if they cause no malfunctioning 
and occur only during ground engine starting, or if they cause no mal¬ 
functioning, are less than 1 second in duration and do not recur during 
normal operation more frequently than once every three minutes. Un¬ 
desirable aural transient responses are further exempted if their 
duration is less than three seconds and they do not occur more than 
once per flight. 

3. 4 Method and Material . - The method and material used to accomplish 
suppression or elimination of radio interference, such as the installation 
of filtering, bonding, and shielding, shall be in accordance with good 
engineering practice. Where a proposed method has not been previously 
approved for U.S. Air Force use, the contractor shall forward, with 
the proposal, substantiating engineering data for its use. 

3. 4.1 Filters . - Filters shall be in accordance with the requirements 
of Specification MIL-F-15733 and shall be installed only when it is 
demonstrated to the procuring activity that they are necessary to insure 
compliance with this specification. 

4. QUALITY ASSURANCE PROVISIONS 

4.1 Identification Of Tests. - The two tests outlined herein are identified 
as follows: 

a. Interference Compliance Test 
b. General Acceptance Test 

4. 2 Interference Compliance Test. -

4.2.1 Aircraft To Be Tested. - Each aircraft being modified or recon¬ 
ditioned shall be submitted to an interference compliance test. 

4. 2. 2 Test Equipment. -

4. 2. 2.1 Electronic Receivers. - Electronic receivers for conducting 
tests under this specification shall be taken from stock equipment of 
the aircraft, shall meet the sensitivity requirements for the individual 
equipment, and shall be acceptable to the procuring activity. 

2 
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4. 2. 2. 2 Output Meter. - An alternating current output meter of at least 
1000 ohms per volt input impedance, with a damping factor not more than 
0.7 (critical), and capable of measuring audio outputs at >10 db below 
one milliwatt at 600 ohms, shall be used for measuring audio outputs of 
receivers when conducting radio interference tests in aircraft. 

4. 2. 2. 2.1 Electronic Voltmeter . - During tests of aircraft utilizing 
Interphone Equipment AN/AIC-10, an electronic voltmeter capable of 
indicating signal levels of one millivolt shall be used to measure the 
interphone output. 

4.2.2. 3 Headsets . - Standard low-impedance headsets, such as HS-33-A 
or HS-38-A, shall be used for detecting interference in the audio output 
of receivers, except, when the output of AN/AIC-10 interphone equipment 
is being monitored, in which case, Headset-Microphone H-78/AIC-10 or 
other equivalent headset shall be used. When special headsets are 
required for a special equipment, they shall be used with that equipment 
during the tests. 

4. 2. 3 Test Conditions and Procedures. • 

4.2, 3.1 Installation. - Prior to test, all electronic and electrical equip¬ 
ment shall be properly installed in the aircraft. 

4. 2. 3. 2. Test Locations . - For all tests, locations shall be chosen where 
area noise level is at a minimum. In instances where the area noise level 
exceeds the receiver system background level by 8 db appropriate measures 
shall be taken to insure that the area noise does not ’'mask'’ the inter¬ 
ference from electronic or electrical devices being tested. For receivers 
having unshielded lead-ins, utilizing the frequency range below 20 mes, 
the following procedure is considered a satisfactory method to overcome 
the effect of high area noise level: 

4. 2. 3. 2. 1 Adjustments of Receivers . - All electronic receivers for con¬ 
ducting tests (below 20 mes) shall be adjusted for maximum performance 
with antenna disconnected at the point of entry of the aircraft and the 
receiver lead-in connected, in series with an appropriate capacitor, to 
the inside skin of the aircraft at a point as near as practicable to the feed 
through insulator. In order to reduce the coupling of external signals and 
interference to the lead-in the external antenna shall be disconnected and 
removed from the vicinity of the feed through insulator for this test. 

3 



MIL-I-25171(USAF) 

4. 2. 3. 2. 2 Excessive Noise Level« . - In case area noiae levels are 
encountered which exceed 8 db above the receiver noiae, on receivera 
above 20 mes, the teats shall be delayed until auch time aa the area 
noiae is within thia limit or the airplane shall be moved to another 
area, or tested during flight within an area not exceeding the 8 db 
limit. 

4.2. 3. 3 Power Source. - During all testa, the power source voltages 
shall be maintained within the limits normally available in the aircraft. 

4.2. 3. 4 Controls . - All electronic receivers for conducting tests shall 
be adjusted for maximum performance. Where provided, external gain 
controls shall be ’’full on”, squelch circuits inoperative, modulated 
continuous wave (MCW) reception employed, and all external antenna 
trimmers adjusted for maximum sensitivity at a mid-frequency of the 
range covered. No internal modification shall be made unless specified 
in the contract or modification specification for the aircraft. 

4.2. 3. 5 Aural Output Measurement. - Electronic equipment which provides 
an aural output shall have a headset and an output meter connected in 
parallel at the normal operating positions. The jack box or control panel 
gain control shall be "full on", and all other jack boxes or control panels 
shall be set on a position other than the position on which the test is being 
accomplished. In an electronic system where any receiver output is 
normally fed into a radio-interphone amplifier, the headset and output 
meter shall be connected in the amplifier output circuit. The controls 
for the radio-interphone amplifier shall be adjusted for the conditions 
of normal system operation. 

4.2. 3.6 Test Frequencies . - Tests for the presence of radio interference 
in the output of each electronic receiver shall be made at a representative 
number of frequencies within the range of the equipment while all other 
equipments and systems which are potential sources of radio interference 
are in operation. Whenever possible, test frequencies shall be selected 
on the basis of listening tests covering the entire frequency range. 
Acceptable demonstration by the contractor or modifying activity at a 
limited number of frequencies shall not be construed as a waiver of 
the requirements for interference free operation throughout the frequency 
range. 

4. 3 General Acceptance Test . 

4 
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4. 3.1 Aircraft to be Tested. - A general acceptance test will be per¬ 
formed on all aircraft in which an aircraft component, which is a po¬ 
tential source of radio-interference, has been exchanged, installed, 
or modified. This requirement does not apply where the aircraft 
component exchange, installation, repair, or modification has been 
accomplished prior to an interference compliance test. 

4. 3. 2 Test Conditions and Procedures . - The test conditions and 
procedures for the general acceptance test shall be as specified for 
the interference compliance test, except that no output meter need 
be used, and quantitative measurements are not required. 

5. NOTES 

5.1 Use. - The purpose of this specification is to obtain radio-inter-
ference-free performance of electronic installations in modified or 
reconditioned aircraft by providing interference limits and methods 
of test for a complete aircraft. 

5.2. Definitions . 

5.2.1 Receiver Noise Level . - Receiver noise level is defined as the 
’’hiss", in cases of equipments with aural outputs, "grass" or "snow" 
in visual types, which is inherent to the equipment. This may be 
measured in aural output equipment by placement of the equipment 
with the antenna terminal terminated by a suitable phantom antenna 
in a radio-shielded room and measuring the output under those condi¬ 
tions. Noise level of a location is the noise audible from a receiver 
or seen on a visual type receptor with no radio signal input. 

5.2.2 Radio Interference. - Radio interference to any electronic equip¬ 
ment is defined as any disturbance or disturbances which cause unde¬ 
sirable response or malfunctioning of any electronic equipment. 

5.2. 3 Malfunctioning . - Malfunctioning is defined as that type of output 
which departs from normal due to interference, in such a manner that 
the operator or actuating mechanism is unable to differentiate opera¬ 
tionally between desired and undesired signals. Examples are the 
undesired actuating of an auto-pilot, and the introduction oí a fixed 
target on a radar scope. 

5.2.4 Undesirable Response. - Undesirable response is defined as a 
recognizable interruption to the normal output which introduces no mal¬ 
functioning. Examples are snow on a radar scope, and static in headsets. 

5 
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5.2. 5 Rework. - Rework is defined as any modification or change in 
the aircraft or its components, or in assembly procedure, other than 
the replacement of defective parts, performed as a result of the air¬ 
craft failing to meet any test specified herein. 

5. 3 Phantom Antennas . - Ground tests may facilitate the locating of 
the interference sources and the coupling paths into the receivers. 
For such tests, usual area interference and other interference exter¬ 
nally coupled via the antenna can be eliminated by terminating receiver 
antenna lead-ins at the skin of the aircraft, using suitable phantom 
antennas. 

PATENT NOTICE: When Government drawings, specifications, or other 
data are used for any purpose other than in connection with a definitely 
related Government procurement operation, the United States Government 
thereby incurs no responsibility nor any obligation whatsoever; and the 
fact that the Government may have formulated, furnished, or in any way 
supplied the said drawings, specifications, or other data, is not to be 
regarded by implication or otherwise as in any manner licensing the 
holder or any other person or corporation, or conveying any rights or 
permission to manufacture, use, or sell any patented invention that may 
in any way be related thereto. 
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AMENDMENT 2 
9 May I960_ 
Superseding 
AMENDMENT 1 
17 June 1959 

MILITARY SPECIFICATION 

INTERFERENCE CONTROL REQUIREMENTS, 

AERONAUTICAL EQUIPMENT 

This amendment forms a part of Military Specification 
MIL-I-26600(USAF) dated 2 June 1958 

Page 1, paragraph 2.1: Add ’’MIL-I-6181 Interference Control Require¬ 
ments, Aircraft Equipment. ” 

Page 4, paragraph 3. 5.1: Delete and substitute: 

”3.5.1 Class I. - Class I equipment is electrical or electronic 
equipment including special purpose test equipment installed in 
or closely associated with airborne weapons systems. This 
class shall be subdivided into two subclasses, defined as follows: 

”3. 5.1.1 Class la . - This subclass applies to equipment and sub¬ 
systems intended for installation in manned aircraft that do not 
carry missiles as operational combat armament. The interference 
control requirements for this class shall be in accordance with 
MIL-I-6181. 

”3. 5.1.2 Class lb. - Class lb equipment shall be all class I 
equipment (see 3.5.1) other than that included in class la 
(see 3. 5.1.1). Requirements and tests for class lb shall be in 
accordance with figure 1. Class lb specifically includes the 
following equipments: 

a. Ground support equipment. 

b. Air vehicles carrying missiles as operational combat 
armament. 

c. All missiles. ” 

Page 5, Figure 1, delete "Class I” heading and substitute "Class lb. ” 
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AMENDMENT 2 

Page 15, Add new paragraph: 

”3. 5. 4 Clase IV . - Claes IV equipment consista of machine tools 
and electrically powered portable hand tools. Examples are: 

a. Machine tools such as lathee, drill preseee, shapers, table 
saws, stamping presses, handsaws, grinders, etc. 

b. Hand tools such as drills, sabre saws, circular saws, rivet¬ 
ing guns, polishers, vacuum cleaners, impact wrenches, 
screwdrivers, etc. 

"3. 5. 4.1 Class IV Limits . - A 40 db relaxation or increase in limits 
applies to figure 8 for radiated limits and to figures 3 and 5 for con¬ 
ducted limits. Figures 2, 4, 6, 7 and 9 do not apply to clase IV 
equipment. Radiated interference shall be measured at 3 feet over 
the frequency range of 0. 15 to 400 me. Conducted interference shall 
be measured over the frequency range of 0. 15 to 25 me. No measure¬ 
ments are required above 400 me and no susceptibility tests shall be 
made. " 

Page 44, paragraph 6. 2. 4: Delete and substitute: 

”6. 2. 4 Antenna System Correction. - The antenna system correction 
factor should be specified by the interference measurement instru¬ 
ment manufacturer. ” 

Page 46, paragraph 6. 6: Add the following: "Nonadjustable antennas are 
available in certain frequency ranges that can be used in lieu of the tuned 
dipole. The purpose of these antennas is to reduce measurement time by 
eliminating time spent in adjusting the dipoles. Only nonadjustable 
antennas, furnished by interference instrument manufacturers and 
approved for use by the procuring activity, should be used. Infoimation 
as tu which antennas have been approved should be obtained from the 
instrument manufacturer and not the procuring activity. ” 

WWDPER-2 
ALP/nd 
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MIL-I-26600(USAF) 
2 June 1958_ 
Superseding 
MIL-I-006181C(USAF) 
6 June 1957 

MILITARY SPECIFICATION 

INTERFERENCE CONTROL REQUIREMENTS, 
AERONAUTICAL EQUIPMENT 

1. SCOPE 

1.1 This specification covers design requirements, interference test 
procedures and limits for electrical and electronic aeronautical equip¬ 
ment, including ignition systems, to be installed in or associated with 
weapon systems or support systems. 

1. 2 Classification. - The test procedures which are specified cover the 
following types of tests: 

a. Interference Tests: Conducted and radiated tests which measure 
the magnitude of the interference signals emanating from the equipment 
under test. 

b. Susceptibility Tests: Conducted, radiated, intermodulation and 
front-end rejection tests which determine whether an equipment will operate 
satisfactorily when exposed to external interference signals. 

2. APPLICABLE DOCUMENTS 

2.1 The following documents, of the issue in effect on date of invitation 
for bids, form a part of this specification: 

SPECIFICATIONS 

Military 

MIL-I-6051 Interference Limits and Methods of Measure¬ 
ments, Electrical and Electronic Installation 
in Airborne Weapons Systems and Associated 
Equipment 
Test Reports, Preparation Of 
Suppression, Radio Interference, General 
Requirements for Vehicles (and Vehicular 
Subassemblies) 

MIL-T-9107 
MIL-S-10379 

FSC-None 
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(Copies of documents required by contractors in connection with specific 
procurement functions should be obtained from the procuring activity or 
as directed by the contracting officer.) 

3. REQUIREMENTS 

3. 1 General 

3.1.1 Operation. - Electrical and electronic equipment shall operate 
satisfactorily, not only independently but also in conjunction with other 
such equipment which may be placed nearby. This requires that the 
operation of all such equipment shall not be adversely affected by 
interference voltages and fields reaching it from external sources, and 
also requires that such equipment shall not, in itself, be a source of 
interference which might adversely affect the operation of other equip¬ 
ments. The limits specified herein are established to ensure that the 
weapons system will meet the requirements of MIL-I-6051 or other 
applicable system specification. 

3. 1. 2 Short Duration Interference. - Interference resulting from manual 
operation of switches, but not including any electrical or electromechanical 
operations resulting from the manual switching, may deviate from the 
limits as indicated below. Ignition components used only during engine 
starting may deviate from the limits by 20 db. Other short duration 
interference may deviate from the limits as indicated below. Approval 
shall be obtained from the procuring activity before using these deviations. 

Maximum Duration Maximum Recurrence Deviation Permitted 

1 second Once in 3 minutes 20 db 
3 seconds Twice per normal No limitation 

operational period 

3. 1. 2. 1 The deviations permitted for short-duration interference shall not 
apply to equipments which are intended for use in unmanned weapons systems 
unless specifically authorized by the procuring activity. 

3. 2 Design 

3.2.1 Interference-Free Design. - Interference control shall be considered 
in the basic design of all electronic and electrical equipment, components, 
assemblies, and systems. This design shall be such that, before inter¬ 
ference control components are applied, the amount of interference in-

2 
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herently generated and propagated is the minimum achievable. The 
application of interference control components that must be used, such 
as filtering, shielding, and bonding, shall conform to good engineering 
practice and, whenever possible, shall be an integral part of the system. 
Whenever additional interference control components are necessary, the 
use of miniaturized components is preferred. 

3. 2. 2 Susceptibility. - The equipment shall be designed to minimize 
susceptibility to interference from other sources. The enclosing case 
construction shall be designed not only to minimize interference pro¬ 
pagation, but also to minimize interference pickup from external sources. 
Whereconducted energy on the power leads or any external leads might 
cause interference, the leads shall be isolated from other leads to avoid 
coupling, and, where necessary, shall have line filters at their entry 
into the enclosing case. Receiving antenna inputs, or any other low-
level signal circuits shall be low impedance, or of balanced design, so 
that coaxial or other shielded transmission lines can be used to insure 
an interference-free installation. Routing of receiving antenna input 
or any low-level signal circuit within the equipment shall be so designed 
and installed that interference is not picked up from power or control 
leads due to circuit coupling. Antenna or low-level signal circuit return 
paths or ground paths shall be so arranged that interference will not 
oc-ur due to common conductive paths with other circuits, or with the 
enclosing case grounding path. 

3. 2. 3 Case Shielding. - The number of mechanical discontinuities in 
the case (such as covers, inspection plates, and joints) shall be kept 
to a minimum. All necessary mechanical discontinuities in the case 
shall be electrically continuous across the interface of the discontinuity 
so as to provide low impedance current path. Multiple-point spring-
located contacts are suggested as a desirable method of obtaining low 
impedance continuity. Ventilation openings shall be designed to permit 
conformance to the radiated interference limits. Electrical bonding 
shall be provided where access doors or cover plates form a part of 
the shielding. Hinges, in themselves, are not considered satisfactory 
conductive paths. 

3. 2. 4 Chassis, Case, and Mounting Continuity. - The mating surface of 
the chassis, case, and mounting shall be free of all insulating finishes 
in order to provide a continuous electrical bond between these items and 
to enable the installing activity to accomplish bonding contact to the 
basic structure. Such surfaces shall be covered with removable pro¬ 
tective coating to prevent corrosion prior to assembly. This require¬ 
ment shall take precedence over any conflicting requirements in specifi¬ 
cations on finishes. 

3 
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3. 2. 5 Component Placement. - Components shall be placed and 
circuitry arranged to obtain minimum undesired coupling and to 
require a minimum number of filter components. 

3. 2. 6 Line Shielding. - It is preferred that interference reduction be 
accomplished inside the equipment when such means give results equal 
to or better than the use of a shielded line. Any line shielding used shall 
be approved by the procuring activity and shall be prescribed as an in¬ 
stallation requirement. 

3. 2.6.1 Under no condition shall line shielding be used for primary power 
leads to equipment. 

3. 2. 6. 2 Equipment requiring antennas, but not employing waveguides, 
shall be designed to utilize shielded coaxial cable as lead-in. When it has 
been determined that a single braid shield is not adequate, a double or 
triple braid or a solid shield shall be used as required. 

3.2.7 Interference Control Components. - When additional interference 
control components are required after careful design in accordance with 
the foregoing paragraphs, components shall be used that conform to the 
environmental requirements for the equipment. Hermetically sealed 
interference control components shall be used even though the equipment 
is not hermetically sealed. Separately installed and external components 
shall not be used unless specifically authorized by the procuring activity. 

3. 2. 8 Vehicles and Vehicular Subassemblies . - The requirements of 
MIL-S-10379 shall be applicable in lieu of the requirements of this specifi¬ 
cation for vehicles and vehicular subassemblies. This applies only to the 
equipment necessary for operation of the vehicle itself; any electronic 
equipment or ground support equipment installed or used in the vehicle and 
all equipment installed or used in trailers, vans et cetera, shall meet the 
requirements of this specification. 

3. 3 Subsystems . - When the procuring activity requires that this specifi¬ 
cation be applied to a group of units or equipments that are designed to 
operate together, the group shall be tested as a subsystem, and each indi¬ 
vidual item does not have to be tested separately, 

3. 4 Interfere nce Control Plan. - The contractor shall submit a detailed plan 
describing his interference control program and the engineering design 
aspects of the interference control program shall be emphasized. Such 
information shall be included as the circuits to be shielded and filtered, 
methods of eliminating spurious emanations and responses, methods of 
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eliminating spurious resonances, method of obtaining continuous 
shielding on equipment using pressure or hermetic seals, thickness 
of case material required to provide adequate shielding on high power 
r-f equipment, selection of interference-free components to be used on 
equipment, and any other pertinent information. This plan shall be 
submitted to the procuring activity within 90 days after the award of a 
contract. 

3. 5 Interference Control Requirements. - All equipment tested for 
compliance with this specification shall conform to the interference 
control requirements set forth in figure 1 for the appropriate equipment 
class. For the purposes of this specification, all unwanted signals shall 
be considered as continuous wave (cw), pulsed cw, or broadband impulsive 
interference. 

3.5.1 Class I. - Class I equipment is electrical or electronic equipment 
including special purpose test equipment, installed in or closely associated 
with airborne weapons systems. 

3.5.2 Class II. - Class II equipment is a collection of electronic and elec¬ 
trical devices which operate together as a support system and is intended 
to directly support airborne weapons systems; examples are early warning 
systems, guidance systems, control and communications systems, and 
tracking systems. These systems are usually installed in buildings, 
shelters, vans, et cetera. 

3. 5. 3 Class III. - Class III equipment is the individual electrical and 
electronic equipment which is used with a surface system. Included are: 

a. Electronic equipment such as receivers, transmitters, teletype¬ 
writers, countermeasures equipment, navigation and identification, wire 
terminal equipment, radio relay equipment, modulators, and associated 
power supplies and subassemblies. 

b. Electrical equipment used in conjunction with electronic systems 
such as heaters, air conditioning units, lighting equipment, et cetera. 

c. Electrical power equipment such as generators, converters, 
rectifiers used to furnish power to electronic equipment. 

3.6 Interference Measuring Instruments. - The instruments used to perform 
the measurements required by this specification shall be the best commercial 
equipment available that are capable of peak and field intensity measure¬ 
ments. All suitable commercially available instruments approved by the Air 
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INTERFERENCE TESTS ANO LIMITS 

TEST CLASS I CLASS u CLASS tn 

PAP AM A PM FIGURE PARAGRAPH FIRURE MNAMAP M FIGURE 

a. CONDUCTED 

1. 5TABIUZATION NETWORK 

2 CURRENT PROBE 

tl RADIATED 

I-MEASURED AT 1 FOOT 

2 MEASURED AT 3 FEET 

3.MEASURED AT 2S FEET 

C. ANTENNA CONDUCTED 

L TRANSMITTER KEY-UP OR RECEIVER 
2TRANSMITTER KEY-DOWN 

d susceptibility 
1. RADO FREQUENCY CONDUCTED 

2 AUDIO FREQUENCY (DNOUCTED 
3. RADIO FREQUENCY RADIATED 

4. INTERMODULATION 

S. FRONT END REJECTION 

4.3.1.1 

4.3.1.2 

4.3.2 

NOT RECH 

NOT REQI 

4.3.3.1 

4.3.X2 

4. 3.4.1.1 

4.3.4.1.2 

4.3.4 .2 

4.3.4.3 

4.3.A4 

2,5 

4,5 

sa®,« 
JI RED 

JIREO 

10 

4.3.1.1 

4.3.1.2 

NOT RE QI 

NOT REQl 

4.3.2 

NOT RE QI 

NOT REQ I 

NOT REQI 

NOT REQI 

NOT REQI 

NOT REQU 

NOT RE QU 

2,3 

<3 

JIR ED 

JIRE D 

6JA» 

JIREO 

JI RED 

IR ED 

MR ED 

IKED 

MR ED 

M R ED 

4.3.1. 1 

4.3.1.2 

NOT RE QUI 

4 .3.2 

NOT REQ UI 

4.3.3.1 

4.3.3.2 

4.3.4.1.1 

4.3.4.1.2 

4.3.4.2 

4.3.4.3 

4.3.4.4 

23 
4,5 

Í E D 

MA« 
RE D 

10 

FIGURE I. INTERFERENCE CONTROL REQUIREMENTS 
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FIGURE 7 Narrow Band (CW) Radiated Limits 
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FIGURE 8 Broad Band and Pulsed CW Radiated Interference Limite 
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FIGURE 10 Receiver Front End Rejection 
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Force are listed in 6. 2 according to their ability to determine compli¬ 
ance with this specification. 

4. QUALITY ASSURANCE PROVISIONS 

4. 1 Gene ral 

4. 1. 1 Testing. - All tests and test reports specified herein shall be 
accomplished by the contractor and shall be subject to approval and veri¬ 
fication by the procuring activity. When the procuring activity waives 
verification, the tests and test reports shall be approved and verified by 
a qualified representative of the contractor’s quality Control department. 
Evidence of quality control verification and approval, either Government or 
contractor, shall be contained in the test report. The Government further 
reserves the right to have a technical representative of the procuring 
activity present during the testing. 

4. 1. 2 Test Plan. - The contractor shall submit a detailed test plan to the 
procuring activity showing the means of implementation and the application 
of the test procedures in this specification to the equipment being procured. 
Included shall be the proposed method of testing for the requirements in 
figure 1, and additional details such as: 

a. Nomenclature and serial numbers of test equipment to be used 

b. Methods of calibration to be used 

c. Detector functions to be used on measuring equipment 

d. Methods of loading and triggering 

e. Operation of test sample 

f. Control settings on test sample 

g. Frequencies at which interference might be expected, local 
oscillator, intermediate frequencies, multipliers, etc. 

This test plan shall be submitted before any interference testing is started. 

4.1. 3 Test Report . - A test report conforming to MIL-T-9107 shall be 
submitted to the procuring activity prior to submission of the preproduction 
model for acceptance. In addition to the requirements in MIL-T-9107, the 
test report shall include such details of testing as: 

16 
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a. Nomenclature of interference measuring equipment 

b. Serial number of interference measuring equipment 

c, Date of last calibration of interference measuring equipment 

d. Detector functions used on interference measuring equipment 

e. Internal noise level of instrument used on detector function at 
each test frequency 

f. Descriptions of procedures used (methods of loading and trig¬ 
gering, etc, operation of and control settings on test sample, etc.) 

g. Measured line voltages to test sample 

h. Test frequencies 

i. Method of selection of test frequencies 

j. Type of interference measured 

k. Measured level of interference at each test frequency 

1. Specification limit at each test frequency 

m. Graphs showing items e, h, k, and 1 

n. Photographs of the test setup and test sample 

o. Sample calculations (showing how item k was obtained for all 
antennas used). 

p. Description and sise of screened enclosure 

q. Ground plane used if test is not performed in screened enclosures 

r. Description of open space area, if used 

s. Ambient interference levels 

t. Measured impedance of line stabilization network. 

17 
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4.1. 3. 1 Examples of Sample Calculation 

a. Interference measuring equipment 
Frequency of cw measurement 
Antenna factor (DM Antenna) 
Cable loss correction factor 
at 460 me 

Meter reading 

NF-105 
460 me 
+8 db 

43 db 
+40 db 

Interference level = meter reading + cable loss + antenna factor = 
40 + 3 

+ 8 = 51 db 

b. Interference measuring equipment 
Frequency of broadband radiated 
measurement 

NM-ZOB 
500 kc 

Antenna factor 
Cable loss correction factor 
Meter reading 
Effective random bandwidth 

0 db or 1 
0 db or 1 
9 microvolts 
3400 cps 

Impulse bandwidth = 1. 4 x 3400 = 4760 cps = 4760 kc 

Interference level = meter reading + antenna factor + cable loss 
impulse bandwidth 

= 9x1x1 - 1.89 Antenna induced microvolts 
4. 76 kc 

= 65. 5 db above 1 microvolt per me (antenna induced) 

4. 1. 3. Z Identification of Test Sample. - The test sample shall be completely 
identified in the test report with complete nomenclature, manufacturer, and 
serial number. All suppression work performed on the test sample during 
the interference tests shall be fully described in words as well as by the 
test data in the test report. 

4. 1. 4 Operation of Measuring Instruments. - For both conducted and ra¬ 
diated interference measurements, the instruments used shall be calibrated 
and operated as indicated in their respective instruction manuals, unless 
otherwise permitted by this specification. 

18 
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4. 1, 4.1 Calibration. - Interference measuring instrumentation shall be 
maintained in a known condition of accuracy. Periodic checks on the 
calibration accuracy shall be made with laboratory generators. Re¬ 
calibration shall be accomplished when the standardised gain setting 
fails to reflect a meter reading within plus or minus 20 percent of the 
known input signal. Substitution type measurements can be used in 
lieu of the calibrated method. 

4.1. 4. 2 Generator Accuracy . - Laboratory-type signal generators and 
impulse generators capable of an output voltage accuracy of at least 20 
percent shall be used to calibrate interference measuring instruments 
and for substitution measurements. 

4.1.4. 3 Broadband Interference Measurement. - Broadband interference 
shall be measured by using an impulse generator with the substitution 
technique, or by calibrating the interference measuring instrument so 
that it reads directly in decibels above one microvolt per unit bandwidth. 
The peak detector function on the interference measuring instruments 
shall be used for broadband and pulsed cw measurements. 

4.1. 4. 4 CW Interference Measurements. - CW interference shall be 
measured by calibrating the interference measuring instrument so that 
it reads directly in decibels above one microvolt or by using a signal 
generator with a substitution technique. 

4.1. 4.5 Pulsed CW Interference Measurements. - Pulsed cw shall be 
measured in accordance with the procedures and limits used for broad¬ 
band interference. 

4.1.5 Bonding Measuring Instrument. - Interference measuring instrument 
utilizing dipole antennas shall be bonded to the ground plane or shielded 
enclosure with the ground clip on the power cord. Instruments used for 
conducted measurements shall not be bonded to the ground plane except 
through the interconnecting coaxial cable. 

4.1. 5.1 The counterpoise on rod antennas shall be bonded to the ground 
plane with a strap of such length that the rod antenna can be positioned 
correctly. The strap shall be as wide as the counterpoise. This applies 
to rod antennas utilizing the interference measuring instrument as a 
counterpoise, and to rod antennas mounted on a separate counterpoise. 
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4. 1. 5. 2 The interference measuring instruments shall be physi¬ 
cally grounded with only one connection. If the copper strap is used, 
neither the ground clip, the ground terminals, nor the power supply 
shall be connected to ground. 

4.1.6 Monitoring. - The interference measuring instrument shall be 
monitored with a headset, loudspeaker, oscilloscope, or other indi¬ 
cating devices, during all measurements. Precaution shall be taken 
to ensure that the monitoring does not influence the meter reading on 
the interference measuring equipment. 

4.1. 7 Test Frequencies. - The interference measuring instrument shall 
be slowly turned through each frequency octave and the frequencies at 
which maximum interference or susceptibility is obtained shall be 
selected as test frequencies. Test frequencies shall not be selected 
prior to the interference test. The witnessing official or Government 
representative shall certify in the test report that the test frequencies 
were selected after each octave was scanned. A minimum of three 
measurements shall be made in each frequency octave. 

4.1. 8 Tuning. - The interference measuring instrument shall be tuned 
to and measurements made at the fundamental frequency and all har¬ 
monics of equipment containing oscillator circuits. Additional checks 
shall be made by scanning for and measuring any signal or spurious 
response that can be anticipated. 

4. 1. 9 Power Line Stabilization Network. - The power line stabilization 
network is shown in figure 11. One each network shall be inserted in 
each ungrounded power supply lead supplying power to the test sample, 
and shall be used for the complete radio interference tests. The net¬ 
work enclosure shall be bonded to the ground plane. 

4. 1. 9. 1 Performance Characteristics. - The current carrying capacity 
of the network shown is 50 amperes de to 800 cycles ac. The maximum 
voltage drop at 50 amperes is not over 2 percent of the supply voltage. 
The performance characteristics of this device will permit measure¬ 
ments of test items at the following maximum voltage ratings: 

60 cycles 
400 cycles 
800 cycles 

de 600 volts 
440 volts 
230 volts 
11 5 volts 
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IODO ODD 

INPUT 

POWER 

TEST 

SAMPLE 

COAXIAL 
TERMINAL 
FOR 
MEASURING 
SET 

7-RESlSTOR DATA* R,«IOOO OHM, I WATT CARBON 

(■CAPACITOR DATA. Ci «.I UF. BOO VOLT DC, BATHTUB 
I Q* I UF, BOO VOLT DC. BATHTUB 

^CAPACITORS SHALL BE MOUNTED ON I - INCH 
‘INSULATING BLOCKS 

4[C0IL DATA: LI « 5 MICROHENRIES, IS TURNS SINGLE 
HAVER, 4- IN WINDING LENGTH 

3-WIRE DATA : AWG B, BOO VOLT, .310 INCH DIA iOD> 

■FORM DATA: S 'M IN LENGTH, 3-IM DIA.<00*. .123-IN WALI 
2 DRILL a/s - IN HOLE T/iB-INCH PROM EACH 
HND. 

rENCLOSURE DATA: 14 GAUGE • B S S > ALUMINUM 
' ^SUGGESTED SIZE * ^B-IN. ■ 4.IN.« 4-IN. 

FIGURE II POWER LINE STABILIZATION NETWORK 
SCHEMATIC DIAGRAM 
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FIGURE 12 INPUT IMPEDANCE OF LINE STABILIZATION NETWORK 
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4.1. 9. 2 Design of Typical Network. - Working data and an electrical 
schematic drawing of this device are included in figure 11. The network 
shall have a nominal impedance, looking into the test sample terminal, 
within plus or minus 10 percent of that given in figure 12 when the power 
line terminal is open circuited, and when a 50-ohm termination is 
connected to the noise meter terminal. This is a network for currents 
up to 50 amperes; it is not anticipated that networks with a higher rating 
will be required since another measurement method using a current 
probe is available. 

4. 2 Test Conditions 

4.2.1 Ambient Interference Level. - It is desirable that the ambient 
interference level during testing, measured with the test sample deener¬ 
gized, be at least 6 db below the allowable specified interference limit. 
However, in the event that at the time of measurement the levels of 
ambient interference plus test item interference are not above the speci¬ 
fied limit, the test item, etc. This requirement shall apply equally to 
both radiated and conducted ambient interference levels. A shielded 
enclosure can be used if necessary or desired. If a shielded enclosure is 
used, the minimum length shall be such that a 35-mc tuned dipole can be 
placed in the room with at least 12 inches clearance between the antenna 
extremities and the shielded enclosure. 

4. 2. 2. Ground Plane. - A copper or brass ground plane, 0. 01 inch 
thick minimum for copper, 0.025 inch thick minimum for brass, 12 
square feet or more in area with a minimum width of 30 inches, shall 
be used. In a screen room the ground plane shall be bonded to the shielded 
room at intervals no greater than 3 feet and at both ends of the ground plane. 
The ground plane and screen room walls may be considered equivalent to 
an aircraft fuselage for purposes of simulating a normal installation. For 
large equipment systems mounted on a metal test stand, the test stand may 
be considered, for testing purposes, to be a part of the ground plane and 
shall be bonded accordingly. When a shielded room is not used, the 
measuring equipment may be placed on a solid support for operation. The 
support may be solid earth, steel or iron flooring, metal bedplate, metal-
covered planking, or the like. 

4. 2. 3 Bonding. - Only the provisions included in the design of the equipment 
and specified in the installation instructions shall be used to bond units, such 
as equipment case and mount, together or to the ground plane. Where 
bonding straps are required to complete the test setup, they shall have a 
length not greater than 5 times the width, shall have a minimum thickness 
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of 0.025 inch, and shall be copper or brass metal straps, not braid. Con-* 
nections made with such bond straps shall have clean m etal-to-metal contact. 

4. 2. 3. 1 Shock and Vibration Isolators . - Test samples shall be secured to 
mounting bases incorporating shock or vibration isolators, if such mounting 
bases are used in the installation. The bonding straps furnished with the 
mounting base shall be connected to the ground plane. Where mounting 
bases do not incorporate bonding straps, bonding straps shall not be used in 
the test setup. 

4. 2. 3. 2 External Ground Terminal. - When an external terminal or con¬ 
nector pin is available for a ground connection on the test sample, this 
terminal shall be connected to the ground plane if the terminal is normally 
grounded in the installation. If the installation conditions are unknown, 
the terminal shall not be grounded. 

4.2. 3. 3 Portable Equipment. - Portable equipment shall be tested while 
it is bonded to the ground plane and also when it is not bonded to the 
ground plane. Portable equipments that are intended to be grounded through 
a power cord shall not be bonded to the ground plane by other means. 

4. 2. 4 Power Supply Voltage. - The power supply voltages shall be within 
the tolerance specified in the detail specification for the test sample. The 
voltages shall be measured at the power line terminals on the line stabili¬ 
zation networks. The test sample shall be operated at the line voltage, 
within the above tolerance, which causes maximum conducted interference 
or susceptibility at 0. 5 me. 

4. 2. 5 Arrangement and Operating Conditions. - The general arrangement 
of equipment, interconnecting cable assemblies, and supporting structures 
shall be such as to simulate actual installation and usage insofar as 
practicable. The front surface of each unit shall be located 4 inches 
* 1/2 inch from the edge of the ground plane; interconnecting cables shall 
be routed between the units and the edge of the ground plane. In those 
cases where equipment size exceeds the ground plane dimensions, or 
where more than two line stabilization networks are required, the above 
instructions shall be adhered to as closely as possible. 

4. 2. 5. 1 Dummy Antennas . - Any dummy antenna used shall have electrical 
characteristics which closely simulate those of the normal antenna, and 
should be shielded where possible. The dummy antenna shall be capable 
of handling the power required and shall contain any unusual components 
which are used in the normal antenna (such as filters, crystal diodes, etc). 
When the nominal antenna impedance is 50 ohms, a 50-ohm (± 20 percent 
from 0. 15-1000 me) dummy antenna shall be used. 
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4. 2. 5.1.1 A 5-foot length of double shielded coaxial cable shall be 
used between a transmitter and its dummy antenna. 

4, 2. 5. 2 Test Sample Leads, - The test sample leads to the power line 
stabilization network shall be 24 inches jh 1 inch in length and shall be 
so arranged that the distance between the leads and from each lead to 
ground or grounded enclosure is approximately 2 inches. In those cases 
where more than two power line stabilization networks are required, the 
above instructions shall be adhered to as closely as possible. 

4. 2. 5. 2.1 Interconnecting Leads. - Interconnecting leads between boxes 
comprising a test sample shall not he less than 2 feet and not more than 
5 feet long. Leads between the test sample and external leads shall be 
5 feet long. 

4. 2. 6 Antenna Orientation and Positioning in Shielded Enclosures . -
Those interference measuring instruments which use a rod antenna shall 
be so placed that the rod antenna is in a vertical position and the instru¬ 
ment panel or counterpoise is 6 inches below the level of the ground plane. 
The rod antenna shall be located at the point where maximum interference 
or susceptibility indications are obtained when it is moved along a line 
parallel with the edge of the ground plane. Those interference measuring 
instruments which use a resonant dipole antenna shall have the dipole 
positioned parallel with the front edge of the ground plane. Its height 
shall be 12 inches + 1 inch above the level of the ground plane and its 
center shall be adjacent to the geometrical center of the units under test. 
The rod or the dipole antenna shall be located at the distance from the 
test sample specified in figure 1, and the typical test setups. When the 
dimensions of the dipole or directive antenna become smallerthan the 
test layout, the antenna shall be moved parallel to the edge of the ground 
plane to keep its sensitive elements adjacent to the point of maximum 
leakage or susceptibility. At frequencies from 25 up to and including 
35 megacycles, the measurements shall be taken with the dipole antenna 
adjusted to 35 me. The dipole antenna shall be adjusted to the proper 
length at all frequencies above 35 me. 

4. 2. 7 Antenna Orientation and Positioning (Free Space) . - Those inter¬ 
ference measuring instruments which use a rod antenna shall be so 
placed that the rod antenna is in a vertical position. Those interference 
measuring instruments which use a dipole antenna shall be so placed 
that the antenna is parallel with the test sample and on the same level 
as the midpoint of the test sample. The antenna shall be at the distance 
from the test sample specified in figure 1. The antenna shall be located 
at a point around the perimeter of the test sample where maximum inter¬ 
ference signal is received. 
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4.2. 8 Load« . • The equipment under teat shall be loaded with the full 
mechanical and electrical load, or equivalent, for which it ia designed. 
This requirement specifically includes electrical loading of the contacts 
of mechanisms which are designed to control electrical loads even 
though such loads are physically separate from the equipment under 
test. Operation of voltage regulators and other circuits which operate 
intermittently is required. The loads used shall simulate the resistance, 
inductance, and capacitance of the actual load. 

4. 3 Test Methods 

4. 3.1 Conducted Interference . - Radio interference voltages, in the fre¬ 
quency range of 0. 15 to 25 me, generated by the equipment or system in 
excess of the values indicated in figures 2, 3, 4, and 5 shall not appear 
on any conductor, external to the system, which could conduct inter¬ 
ference to other equipment. Typical test setups for these measurements 
are shown in figures 13 and 14. Measurements may be omitted on leads 
deemed incapable of conducting interference into other equipment by the 
procuring activity. 

4. 3.1.1 Conducted Interference Using Stabilization Network, - Conducted 
interference measurements on input power leads, 50 amperes and under 
shall be made by connecting the interference measuring instrument to 
the noise meter terminal on the line stabilization network with a 6-foot 
length of 50-ohm double-shield coaxial cable. 

4. 3.1. 2 Conducted Interference Using Current Probe. - Conducted inter¬ 
ference measurements on power lines over 50 amperes and other lines 
shall be made with a clamp-on interference current measuring device. 
Examples of cases where this requirement applies are measurement on 
electrical load lines, inverter output lines, high current (over 50 amperes) 
power lines, etc. Measurements might be required on shielded leads in 
some cases. 

4. 3.1. 2.1 Position of Probe. - The current probe shall be positioned at 
the point of maximum interference on the lead to be tested. This 
maximum interference point shall be located at each test frequency. The 
location of the current probe shall be fully described in the test report. 

4. 3.2 Radiated Interference. - Radiated interference fields in excess of 
the values given in figures 6, 7, 8, and 9 shall not radiate from any unit, 
cable (including control, pulse, IF, video, antenna transmission and 
power cables), or interconnecting wiring over the frequency range of 0. 15 
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to 10, 000 me for cw and pulsed cw interference and 0. 15 to 400 me for 
broadband impulsive interference. This requirement includes the 
transmitter fundamental spurious radiation, oscillator radiation, other 
spurious emanations, and broadband interference. This does not in¬ 
clude radiation emanating from antennas. Test setups are illustrated 
in figures 15, 16, 17, 18, 19, 20, 21, 22, and 23. Equipments which 
do not utilize electronic circuits and which are incapable of producing 
oscillations, either intentional or unintentional, are exempt from 
measurements above 400 me. 

4. 3. 3 Antenna-Conducted Spurious Emanations 

4. 3. 3.1 Transmitter Keyop or Receiver . - The rf output of any trans¬ 
mitter keyup or receiver shall not exceed 40 db above 1 microvolt for 
cw or 60 db above 1 microvolt per me for impulse interference at any 
frequency between 0. 15 and 10, 000 me. Measurements above 1000 me 
will not be required providing the contractor can furnish satisfactory 
evidence to the procuring activity that such measurements do not re¬ 
sult in any significant data. 

4. 3. 3. 2 Transmitter Keydown. - The transmitter shall be operated into 
a dummy load. A suitable coupling device shall be used to sample the 
transmitter output and protect the measuring equipment. Bridge "T“ 
rejection networks, filter rejection network, or other adequate devices 
shall have the approval of the procuring activity. Attention should be 
given to oscillator frequency and harmonics, outputs from frequency 
multipliers and crystal saver circuits, beat frequency oscillator out¬ 
puts, etc. External filters shall not be used unless approval is ob¬ 
tained from the procuring activity. Spurious emanations shall be below 
the fundamental power by the value obtained from the following formula 
at any frequency between 0. 15 and 10,000 me: Requirements in decibels 
below the fundamental =80+10 log (transmitter power in watts). 
Measurements above 1000 me will not be required providing the con¬ 
tractor can furnish satisfactory evidence to the procuring activity that 
such measurements do not result in any significant data. 
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FIGURE 17 TYPICAL TEST SETUP FOR RADIATED MEASUREMENTS < MICROWAVE-DIRECTIVE 
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FIGURE IS TYPICAL TEST SETUP FOR RADIATED MEASUREMENTS 
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FIGURE I» TYPICAL TEST SETUP FOR RADIATED MEASUREMENTS 
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CLASS D EQUIPMENT 
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FIGURE 20 TYPICAL TEST SETUP FOR RADIATED MEASUREMENTS 
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FIGURE 2 1 TYPICAL TEST SETUP FOR RADIATED MEASUREMENTS 
(ROD ANTENNA) 
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FIGURE 22 TYPICAL TEST SETUP FOR RADIATED MEASUREMENTS 
(DIPOLE ANTENNA» 
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FIGURE 21 TYPICAL TEST SETUP FOR RADIATED MEASUREMENTS 
‘ MICROWAVE DIRECTIVE ANTENNA> 
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SHIELDED DUMMY ANTENNA 
SIGNAL GENERATOR 
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4. 3.4 Susceptibility. - Equipment, such as navigation light flashers, 
windshield wipers, fuel pump motors, etc, deemed incapable by the 
procuring activity of being affected by the applied extraneous signals 
are exempt from susceptibility requirements. On receivers, all 
external and internal controls shall be set for maximum signal plus 
noise to noise ratio. All external or internal controls for squelch 
or limiting shall be set to give minimum limiting action. On other 
equipment all external and internal controls shall be set for maximum 
indication of susceptibility, or, if this causes an equipment to mal¬ 
function or to become inoperable as a result of such a control 
setting, the critical control shall be adjusted as directed in the in¬ 
struction manual. The radio frequency signal shall be modulated 30 
percent, 400 or 1000 cps, on equipments that are not designed for 
other modulation frequencies or for special forms of modulation. 
When testing other equipment, the modulation frequency or any other 
special form of modulation shall be used to modulate the radio frequency. 

4. 3. 4. 1 Conducted Susceptibility. - The voltages specified shall be 
those voltages which are calculated to exist across the output ter¬ 
minals of the signal source when no load other than that necessary 
to meet the requirements as to source impedance is connected to 
the signal generator. A matching network suitable for use at re¬ 
quired test frequencies and voltages shall be used to obtain the proper 
source impedance. Blocking capacitors having neglibible impedance 
at the test frequency may be inserted in the leads from the signal 
source to the equipment under test if required for the protection of 
the signal source. 

4. 3. 4. 1.1 Radio Frequency Conducted. - No change in indication, mal¬ 
functioning, or degradation of performance shall be produced in any 
equipment when an rf signal of 100, 000 microvolts, from a source 
having an impedance of 50 ohms is applied to the test sample as shown 
in figure 24. Tests shall be made over the frequency range of 0. 150 
me to 10, 000 me. 

4. 3. 4. 1. 2 Audio Frequency Conducted. - No change in indication, mal¬ 
function, or degradation of performance shall be produced in any equip¬ 
ment when a sine wave audio frequency signal of 3 volts rms is applied 
between each ungrounded power lead and ground as shown in figure 25. 
Measurements shall be made over a frequency range of 50 to 15, 000 cps. 

4. 3. 4. 2 Radio Frequency Radiated. - No change in indications, mal¬ 
function, or degradation of performance shall be produced when the 
equipment is subjected to a radio frequency field. This field shall be 
established with a signal generator driving the antenna listed below. 
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Care shall be taken to use matching networks, when required. The 
voltages specified are those calculated to exist across the antenna 
terminals. The test setup is shown in figure 26 for the rod antenna 
and is similar to figures 16 and 17 for the other antennas, with the 
signal source replacing the interference meter. 

Frequency Microvolts Antenna 

0. 10 to 25 me 
25 to 35 me 
35 to 1000 me 

1000 to 10, 000 me 

100,000 41 inch rod 
100,000 35 me dipole 
100,000 tuned dipole 
100,000 nondirective antennas 

4. 3. 4. 3 Intermodulation. - Receivers, preamplifiers, or antenna 
couplers shall not produce an output indication when two sine wave signals, 
representing undesired signals, are connected to the Input terminals of 
the test sample. The two frequencies shall be chosen so that their sum 
or difference is equal to the test frequency and so that neither will give 
an output when applied alone. The magnitude of each shall be at least 
100 db above 1 microvolt at the test sample terminal; one shall be modu¬ 
lated 30 percent with a 1000 cycle signal, and the other 30 percent with 
a 400 cycle signal. Impedance matching networks shall be used as re¬ 
quired. 

4. 3. 4. 4 Receiver Front End Rejection. - Front end rejection of receivers 
shall be equal to or greater than the limit shown in figure 10 except that 
image frequencies outside the tuning range of the receiver shall be 60 db. 
This requirement shall apply to each tuning unit on receivers with plug¬ 
in or separate tuning units. Dimension a in figure 10 shall not be greater 
than 20 percent of fc. This test shall be performed with any signal 
generators equipped with an accurate attenuator and capable of a signal 
output at least 80 db greater than the minimum signal perceptible at the 
tuned frequency of the particular receiver being tested. If necessary. 
Hatching networks shall be used to obtain a 50-ohm (+ 20 percent) out¬ 
put. All measurements shall be corrected to account for any changes in 
output voltages due to addition of matching networks and shall be equal 
to the open circuit voltage at the output terminals. With the signal 
generator and receiver connected with a 50-ohm coaxial cable and 
tuned to the same frequency, the generator setting which gives the 
minimum per.ceptible reading above the receiver background noise shall 
be noted. Modulation may be used in conjunction with an output meter if 
the receiver is not equipped to give meter indications of cw signals. The 
frequency range between 150 kc and 10,000 me shall then be scanned with 
the generator output preferably set at least 80 db above the output origi¬ 
nally noted. Those frequencies at which output signals are obtained 
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shall be investigated to obtain the generator reading which corresponds 
to the original receiver output signal. Since all signal generators emit 
a substantial amount of harmonics, care should be taken that the re¬ 
ceiver is not erroneously rejected because of such spurious signal 
content. Front end rejection is calculated with the following formula: 

Front end rejection = 20 log V^/Vj 

Vj= Signal generator voltage required for minimum perceptible 
receiver output on channel or frequency under test. 

V¿= Signal generator voltage required for minimum perceptible 
receiver output at all other frequencies. 

When this test cannot be accomplished due to the possibility of crystal 
burnout or for other reasons, the test signals shall be injected into the 
test sample by using a suitable antenna fed from a signal generator. 
The test procedure to be used shall be included in the test plan. 

5. PREPARATION FOR DELIVERY 

5.1 This section is not applicable to this specification. 

6. NOTES 

6.1 Intended Use. - The test procedures and limits specified herein are 
intended to insure that aeronautical, electrical, and electronic equipments 
will operate properly in service use when subjected to certain radio and 
audio interference voltages, and will not cause the malfunction of other 
equipments by generation of interference voltages. This specification 
applies to components or systems as specified by the procuring activity 
or by the detail specification. 

6.2 Instrumentation. - The applicable interference measuring instruments 
which are currently commercially available are listed in table I according 
to their compliance with this specification. Instruments that have been 
modified to meet category A requirements should not be used unless a 
distinctive non-removable label has been attached by the instrument 
manufacturer; any restrictions on the usage of the modified instrument, 
or associated accessories, should be indicated on the label. 
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6.2.1 Category A. - Category A instruments are those interference 
measuring instruments which adequately measure the parameters of 
interference signals as required by this specification and which are 
approved by the Air Force. Any combination of category A instru¬ 
ments may be used for the required measurements. 

6.2.2 Category B. - Category B instruments are those existing instru¬ 
ments which are in use but which do not adequately measure the parameter 
of interference signals as required by this specification. Use of these 
instruments is permissible until conditions permit their replacement by 
category A instruments, if: (a) the category B instrument was procured 
prior to 29 May 1953, and the instrument is listed in the table; or (b) 
if a category A instrument is not commercially available in the same 
frequency range. 

6. 2. 3 Category C, - Category C instruments should not be used unless 
specifically authorized by the procuring activity. 

6. 2. 3.1 Category C-l. - Category C-l instruments are those which have 
recently been developed to meet category A requirements that have not 
been evaluated by the Air Force. 

6. 2. 3. 2 Category C-2. - Category C-2 instruments are those which have 
been recently developed but do not meet category A requirements, and 
which can presumably be modified by the manufacturer to attain a category 
A rating. 
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TABLE I<!> 
Cate« Commercial 
gory Frequency Range Nomenclature Manufacturer 
A 0. 15 to 25 me NM-ZOA, B Stoddart 

0. 15 to 30 me T-A/NF-1O5 (2) Empire 
20 to 400 me NM-30AU)(Ser No. 191-1 or Stoddart 

higher) 
20 to 200 me T-l/NF-105 Empire 
200 to 400 me T-2/NF-105 Empire 
400 to 1000 me T-3/NF-1O5(4) Empire 
375 to 1000 me NM-50A<5>(Ser No. 2Z2-1 and Stoddart 

higher) 
1000 to 10, 000 me F IM Polarad 

B 375 to 1000 me NM-50A< 5l (Scr No. 190-50 and Stoddart 
below) 

C-l 375 to 1000 me NM-50B Stoddart 

C-2 0. 15 to 30 me T-A/NF- 105<6> Empire 
20 to 400 me NM-30A^(lower than Ser. No. 

191-1) Stoddart 
400 to 1000 me T-3/NF-1O5 (7> Empire 

(1) This table is subject to change upon reasonable notice to include 
new instruments having superior performance characteristics and 
to change the category of older instruments which have become 
obsolete-

(2) This category applies only to tuning units purchased after 
11 March 1957 

(3) This category applies only when power supply 91226«! is used. 

(4) This category applies to instruments purchased after 9 May 1956. 

(5) These instruments can be modified to category A requirements by 
the manufacturer. 

(6) This category applies to instruments purchased prior to 11 March 
1957. The manufacturer can supply information on the changes 
necessary to modify the tuning units to category A requirements. 

(7) This category applies to instruments purchased prior to 9 May 1956. 
These instruments can be modified to category A requirements by 
the instrument manufacturer. 
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6, 2. 4 Antenna System Correction. - The following factors when added 
to the reading that is obtained on the interference measuring instrument, 
convert to antenna induced microvolts and compensate for mismatch, 
input impedance, et cetera. The instrument reading, before the addi¬ 
tion of this factor, is that voltage which is calculated to be at the input 
of the coaxial cable or input connector. 

Instrument Antenna System Correction (DB) 

0 
8 

14 
8 

NM-20A, B 
NM-30A (90833-2 antenna) 
NM-30A (90832-2 antenna) 
NM-50A 

NF-105 (DA antennas) 
NF-105 (DM antennas) 

11 
8 

6.3 Bonding. - The requirements of MIL-B-5087 are recommended for 
study as a guide toward design for compliance with the bonding require¬ 
ments of this specification. 

6. 4 Additional Information. - The information contained in the handbook, 
"Design Techniques for Interference-Free Operation of Airborne Elec¬ 
tronic Equipment, " is recommended as a guide towards design for com¬ 
pliance with this specification. Organizations with a military contract 
can obtain the handbook, at no cost, from ASTIA, Publication No. 
ATI-159699. Organizations without a military contract can order the 
handbook as Report No. P. B. 111051 from the Department of Commerce, 
Office of Technical Services, Washington 25, D. C. A check for $11.50, 
payable to the Treasurer of the United States, must accompany the order. 

6. 5 Definitions 

6. 5. 1 Interference. - Interference is defined as any electrical or electro¬ 
magnetic disturbance, phenomenon, signal or emission, manmade or 
natural, which causes or can cause undesired response, malfunctioning 
or degradation of performance of electrical and electronic equipment, 
or premature and undesired location, detection or discovery by enemy 
forces, except deliberately generated interference (electronic counter¬ 
measures). 

6. 5. 2 Susceptibility. - As used herein, susceptibility is defined as that 
characteristic which causes an equipment to malfunction or exhibit an 
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undesirable response when its case or any external lead or circuit, 
excepting antennas, is subjected to the specified radio or audio fre¬ 
quency voltage or field. 

6.5. 3 Ambient Interference. - Ambient interference, for the purpose 
of this specification, is the interference level emanating from sources 
other than the test sample, including the internal background noise of 
the interference measuring equipment. 

6. 5. 4 Antenna Induced Microvolts . - Antenna induced microvolts is 
that voltage which exists across the open-circuited antenna terminals. 

6.5.5 Impulsive Interference. - For the purposes of this specification, 
all broadband noise, including random noise, is considered to be im¬ 
pulsive interference. 

6. 5. 6 Octave. - An octave is a frequency ratio of 1 to 2, i. e. , from 
1 to 2 me, 2 to 4 me. 500 to 1000 me et cetera. 

6. 5. 7 Microvolts per MC. - The nearest approach to a standard unit 
of measurement of broadband radio interference is in terms of micro¬ 
volts per megacycle. Interference intensity in microvolts per mega¬ 
cycle is equal to the number of root mean square sine wave micro¬ 
volts (unmodulated) applied to the input of the measuring circuit at 
its center frequency that will result in detector peak response in the 
circuit equal to that resulting from the interference pulse being 
measured, divided by the impulse bandwidth of the circuit in mega¬ 
cycles. The impulse bandwidth is the area divided by the height of 
the voltage response versus radio frequency selectivity curve from 
antenna through the peak detector. Impulse bandwidth is approxi¬ 
mately equivalent to the bandwidth between the 0. 45 voltage points 
on the selectivity curve. 

6. 5, 8 Impulse Bandwidth. - The impulse noise bandwidth of the inter¬ 
ference measuring instrument should be used in calculations involving 
broadband noise. Effective (random) bandwidth should not be used. 

6.5.9 Radio Receiver Front End Rejection. - Front-end rejection is the 
measured capability of a receiver, expressed in decibels, in rejecting 
signals at the antenna terminals that are outside the channel, or fre¬ 
quency, to which the receiver is tuned. 
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6. 5. 10 Weapon System. - A weapons system is an instrument of combat, 
such as an air vehicle, together with all related equipment, both airborne 
and ground baaed, the skills necessary to operate the equipment, and 
the supporting facilities and services required to enable the instrument 
of combat to be a single unit of striking power in its operating environment, 

6. J. JI Supporting Systems. - A supporting system is a system composed 
of techniques, skills, and equipment, the composite of which is not an 
instrument of combat but which is in support of an operational role or 
mission. 

6. 5.12 Aeronautical Equipment. - Aeronautical equipment, for the pur¬ 
pose of this specification, is equipment, either airborne or ground 
based, that is used in conjunction with weapons or supporting systems 
and is under the cognisance of the Air Services. 

6.5. 13 Open Space . - The term open space, as used in this specification, 
is intended to designate an ideal site for radiated interference measure¬ 
ments. This ideal site should be open, flat terrain at a considerable 
distance (100 feet or more) from buildings, electric power lines, fences, 
trees, underground cables, and pipe lines. This site should have a 
sufficiently low ambient level of radiated interference to permit testing 
to the governing radiated interference limit at any test frequency 
selected. 

6. 6 Standard Antennas . - Because of the nonuniformity of the electro¬ 
magnetic field which usually exists close to a test sample, it is impera¬ 
tive that tests for radiated interference be conducted with antennas 
identical to those specified. Attempts to correlate results obtained 
with other antennas by reducing the results to microvolts per meter, 
based upon plane wave calculations and antenna effective height, may be 
erroneous and will not be accepted as indicating compliance with this 
specification. 

6. 7 Operator and Observer Positions. - In those cases where the opera¬ 
tor’s or observer's location seems to vary a measurement reading, a 
minimum distance of 3 feet should be maintained between his body and 
the antenna; the operator should change position slightly until a maximum 
reading is obtained. In all cases, as few observers as possible should 
be present in the screen room during the radiated measurements. 
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6. 8 Impulse Generators. - Satisfactory impulse generators can be 
obtained from Empire Devices Products Corporation, 38-15 Bell 
Boulevard, Bayside 61, New York, and from Stoddart Aircraft 
Radio Company, 6644 Santa Monica Boulevard, Hollywood 38, 
California. 

6. 9 Current Probes. - Current probes are available from Stoddart 
Aircraft Radio Company. 

6. 10. Conversion Charts» - Figure 27 provides a convenient method 
for converting microvolts per kilocycle bandwidth to decibels above 
1 microvolt per megacycle. Figure 28 converts microvolts to decibels 
above 1 microvolt. 

6. 11 Coaxial Switches. - Coaxial switches can be used to advantage for 
measurements where many manipulations of coaxial cables are required 
during tests. 
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NOTICE: When Government drawings, specifications, or other data 
are used for any purpose other than in connection with a definitely 
related Government procurement function, the United States Govern¬ 
ment thereby incurs no responsibility nor any obligation whatsoever, 
and the fact that the Government may have formulated, furnished, or 
in any way supplied the said drawings, specifications, or other data 
is not to be regarded by implication or otherwise as in any manner 
licensing the holder or any other person or corporation, or conveying 
any rights or permission to manufacture, use, or sell any patented 
invention that may in any way be related thereto. 
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1. SCOPE 
1.1 This specification provides for the 

establishment and maintenance of a calibra* 
tion system to control the accuracy of the 
measuring and test equipment used to assure 
that supplies and services presented to the 
Government for acceptance are in conform¬ 
ance with prescribed technical requirements. 

1.2 Applicability. This specification applies 
to all contracts under which the contractor is 
required to maintain measuring and test 
equipment in support of contract require¬ 
ments. 

1.3 Significance. This specification and any 
procedure or document executed in imple¬ 
mentation thereof shall be in addition to and 
not in derogation of other contract require¬ 
ments. 

2. APPLICABLE DOCUMENTS (None.) 
3. REQUIREMENTS 
3.1 General. The contractor shall establish 

or adapt and maintain a system for the cali-

bration of all measuring and test equipment 
used in fulfillment of his contractual require¬ 
ments. The calibration system shall be co¬ 
ordinated with his Inspection or Quality 
Control Systems and shall be designed to 
provide adequate accuracy in use of meas¬ 
uring and test equipment. All measuring and 
test equipment applicable to the contract, 
whether used in the contractor’s plant or at 
another source, shall be subject to such con¬ 
trol as is necessary to assure conformance 
of supplies and services to contractual re¬ 
quirements. The calibration system shall pro¬ 
vide for the prevention of inaccuracy by 
ready detection of dificiencies and timely 
positive action for their correction. The con¬ 
tractor shall make objective evidence of ac¬ 
curacy conformance readily available to the 
Government representative. 

3.2 Description. The contractor shall pro¬ 
vide and maintain a written description of 
his calibration system covering measuring 
and test equipment and measurement stand¬ 
ards. The portion dealing with measuring 
and test equipment shall prescribe calibra¬ 
tion intervals and sources and may be main-
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tained on the documents normally used by 
the contractor to define his inspection opera¬ 
tions. The description for calibration of 
measurement standards shall consist essen¬ 
tially of a listing of the applicable measure¬ 
ment standards, both reference and transfer, 
and shall provide nomenclature, identifica¬ 
tion number, calibration interval and source, 
and environmental conditions under which 
the measurement standards will be applied 
and calibrated. The description of the cali¬ 
bration system and applicable procedures 
and reports of calibration shall be available 
to the Government representative. 

3.2.1 Adequacy of standards. Standards 
established by the contractor for calibrating 
the measuring and test equipment used in 
controlling product quality shall have the 
capabilities for accuracy, stability, and range 
required for the intended use. 

3.2.2 Environmental controls. Measuring 
and test equipment and measurement stand¬ 
ards shall be calibrated and utilized in an 
environment controlled to the extent neces¬ 
sary to assure continued measurements of 
required accuracy giving due consideration 
to temperature, humidity, vibration, cleanli¬ 
ness, and other controllable factors affecting 
precision measurement. When applicable, 
compensating corrections shall be applied to 
calibration results obtained in an environ¬ 
ment which departs from standard condi¬ 
tions. 

3.2.3 Intervals of calibration. Measuring 
and test equipment and measurement stand¬ 
ards shall be calibrated at periodic intervals 
established on the basis of stability, purpose, 
and degree of usage. Intervals shall be short¬ 
ened as required to assure continued ac¬ 
curacy as evidenced by the results of pre-
ceeding calibrations and may be lengthened 
only when the results of previous calibra¬ 
tions provide definite indications that such 
action will not adversely affect the accuracy 
of the system. 

3.2.4 Calibration procedures. Written pro¬ 
cedures shall be prepared or provided and 

utilized for calibration of all measuring and 
test equipment and measurement standards 
used to assure the accuracy of measurements 
involved in establishing product conform¬ 
ance. The procedures may be a compilation 
of published standard practices or manu¬ 
facturer’s written instructions and need not 
be rewritten to satisfy the requirements of 
this specification. Th procedure shall require 
that calibration be performed by comparison 
with higher accuracy level standards. 

3.2.5 Calibration source. 
3.2.5.1 Domestic contracts. Mer suring and 

test equipment shall be calibrated by the 
contractor or a commercial facility utilizing 
reference standards (or interim standards) 
whose calibration is certified as being trace¬ 
able to the National Bureau of Standards, 
has been derived from accepted values of 
natural physical constants or has been de¬ 
rived by the ratio type of self-calibration 
techniques. Reference standards requiring 
calibration by a higher level standards lab¬ 
oratory shall be calibrated by a commercial 
facility capable of providing the required 
service, a Government Laboratory under ar¬ 
rangements made by the Contracting Officer, 
or by the National Bureau of Standards. All 
reference standards used in the calibration 
system shall be supported by certificates, re¬ 
ports, or data sheets attesting to the date, ac¬ 
curacy, and conditions under which the re¬ 
sults furnished were obtained. All subordi¬ 
nate standards and measuring and test equip¬ 
ment shall be supported by like data when 
such information is essential to achieving the 
accuracy control required by this specifica¬ 
tion. In those cases where no date is required, 
a suitably annotated calibration label on the 
item shall be sufficient to satisfy the support 
data requirements of this paragraph. Certifi¬ 
cates or reports from other than the Na¬ 
tional Bureau of Standards or Government 
Laboratory shall attest to the fact that the 
Standards used in obtaining the results have 
been compared at planned intervals with the 
National Standard either directly or through 
a controlled system utilizing the methods 
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outlined above. The contractor »hall be re¬ 
sponsible for assuring that the sources pro¬ 
viding calibration services, other than the 
National Bureau of Standards or a Govern¬ 
ment Laboratory, are in fact capable of 
performing the required service to the satis¬ 
faction of this specification. All certificates 
and reports shall be available for inspection 
by authorized Government representatives. 

3.2.5.2 Foreign contracts. The provision» 
in paragraph 3.2.5.1 shall apply with the ex¬ 
ception that the National Standards Labora¬ 
tories of countries whose standards are com¬ 
pared with International or U. S. National 
Standards may be utilized in lieu of the U. S. 
National Bureau of Standards. 

3.2.6 Application and records. The applica¬ 
tion of the above requirements will be sup¬ 
ported by records designed to assure that 
established schedules and procedures are 
followed to maintain the accuracy of all 
measuring and test equipment, and support¬ 
ing standards. The records shall include a 
suitably identified individual record of cali¬ 
bration or other means of control for each 
item of measuring and test equipment and 
measurement standards, providing calibra¬ 
tion interval and date of certification of re¬ 
sults of last calibration. In addition, the in¬ 
dividual record of any item whose accuracy 
must be reported via a calibration report or 
certificate will quote the report or certificate 
number for ready reference. These records 
shall be available for review by authorized 
Government personnel. 

3.2.7 Calibration labelling. Measuring and 
test equipment and measurement standards 
»hall be labeled to indicate the date of last 
calibration, by whom it was calibrated, and 
when the next calibration is due. When the 
size or functional characteristics limit the 
application of labels, an identifying code 
shall be applied to the item to reflect serv¬ 
iceability and due date for next calibration. 
When neither labeling or coding is practical 
the system shall provide suitable procedures 
for monitoring of recall records to assure 

adherence to calibration schedules. Labels, 
codes, or recall records for items which are 
not required to be used to their full capabili¬ 
ties, or items which require functional check 
only shall indicate the applicable condition. 

3.2.8 Control of subcontractor calibration. 
The contractor shall be responsible for as¬ 
suring that his subcontractors have a cali¬ 
bration system which essentially meets the 
requirements of this specification. 
4. QUALITY ASSURANCE PROVISIONS 

4.1 Government verification. All operations 
performed by the contractor in compliance 
with this specification will be subject to Gov¬ 
ernment verification at unscheduled inter¬ 
vals. Verification will include but not be 
limited to the following: 

(a) Surveillance of calibration opera¬ 
tion for conformance to the es¬ 
tablished system. 

(b) Review of calibration results as 
necessary to assure accuracy of 
the system. 

5. PREPARATION FOR DELIVERY 
(None.) 

6. NOTES 

6.1 Intended use. *011» specification is to 
be used as a part of contractual documents, 
by reference in the contract, as a basis for 
the establishment of workable system within 
the contractor's facility and between the 
contractor and his subcontractors for the 
control of accuracy of measuring and test 
equipment and standards used in support of 
contract requirements. 

6.2 Definitions. 

6.2.1 Calibration. Comparison of a meas¬ 
urement standard or instrument of known 
accuracy with another standard or instru¬ 
ment to detect, correlate, report, or elimi-
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nate by adjustment, any variation in the ac¬ 
curacy of the item being compared. 

6.2.2 Measuring and test equipment. All 
devices used to measure, gage, test, inspect, 
or otherwise examine items to determine 
compliance with specifications. 

6.2.3 Measurement standard (reference). 
Standards of the highest accuracy order in 
a calibration system which establish the 
basic accuracy values for that system. 

6.2.4 Measurement standard (transfer). 
Designated measuring equipment used in a 
calibration system as a medium for trans¬ 
ferring the basic value of reference stand¬ 
ards to lower echelon transfer standards or 
measuring and test equipment 

6.2.5 Interim standard. An instrument 
used as a standard until an authorized stand¬ 
ard is established. 

6.3 Supersession and ordering. 

6.3.1 Amendments and revisions. When¬ 
ever this specification is amended or revised 
subsequent to ita contractually effective date, 
the contractor may follow or authorize his 
subcontractor to follow the amended or re¬ 
vised specification provided no increase in 
price or fee is involved. The contractor shall 
not be required to follow the amended or re¬ 
vised specification except as a change in the 
contract. If the contractor elects to follow 
the amended or revised specification, he shall 
notify the Government representative in 
writing of this election. 
Notice. When Government drawings, specifications, 

or other data are used for any purpose other than in 
connection with a definitely related Government pro¬ 
curement operation, the United States Government 
thereby incurs no responsibility nor any obligation 
whatsoever; and the fact that the Government may 
have formulated, furnished, or in any way supplied 
the said drawing's, specifications, or other data is 
not to be regarded by implication or otherwise as 
in any manner licensing the holder or any other 
person or corporation, or conveying any rights or 
permission to manufacture, use, or sell any patented 
invention that may In any way be related thereto. 

Custodian« : 
Army—Ordnance Corps 
Navy—Bureau of Naval Weapons 
Air Force—Air Force Systems Command 
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