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ERRATA

Two errors have been found in the Volumes of this Handbook.
The following corrections should be made:

Volume I, page 2-41, last paragraph should be changed to read:

""In obtaining the census of equipments, it is important to include
not only those in operation but those planned for future inatallation. This
information may not neccssarily be available from the Area Frequency
Coordinators, and it may be necessary to contact other installations to
obtain this information. For the Air Force, GEEIA (Ground Electronic
Equipment Installation Agency) is responsible for the installation of ra-
dare. Its headquarters is at Griffiss Air Force Base (Rome, New York),
but it also maintains regional offices in the United States and oversecas.
The regional offices in the United States 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 Baase,
Sacramento, California (Weetern GEEIA). These offices have information
pertinent to radars installed, being inetalled, and planned for installation.
This data will, in general, augment data furnished by Area Frequency
Coordinators, Similarly, Naval Districts and Army Districts will aleo
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) = 3,34 Vu!g (CIN
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PREFACE

Thie 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 {reedom 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 epace 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-coneuming. They require a high order of
technical competence if satisfactory resyites are to be obtained. And it
follows, therefore, that considerable funds are required.

In the paet few years our advances in missile and space elec-
tronics have brought home to both engineers and administrators the vital
role of proper spectrumn 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
syetems 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 Telecommunicatione
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 hae been obtained from many sources and
appropriate credit has been given in the references at the end of each
Chapter. 1am 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 - electronice community,

Chapters 1 through 5 of this Volume have been prepared by Mr.
A. H. Sullivan, Jr., the Editor of the RF] Handbook. Mr. J, A. Hopkins
(with the assistance of Mr. D. M. Agee) was primarily responsible for
arrangement of Appendices ] through V and for Chapter 6. Mr. H. M.
Humbertson handled the production matters and together with Mr. Hopkins
wape 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 18 the hope of ali 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 resousce, It is a
limited resource, however, and differs in many waye from material
commodities. Its optimum utilization requires careful management and
there are many technical, political, and economic difficulties in the so-
lution of management problems. It ia clear, however, that the radio
spectrum is a public domain which must be as carefully conserved ae
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 wae
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 spectrurn, the United States
held four domesetic conferencea 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. Thie
Washington conference dealt with ship-to-shore and broadcasting servicee,

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

e



began to open up, Becauee of the rapidly increasing requirements for
frequency usage in an already overcrowded spectrum, several inter-
national conferences have been held in the yeare 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 sxplicit purpose of this meet-
ing is to re-evaluate rapidly changing requirements for radio {requen-
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 ae originally used. About 15 million kc of this spectrum is used
00 extensively that it has become close to impossible to satis{y new re-
quirements. These requirements are greater by nearly two hundred
times than those at the beginning of World War LI. There hae been a
four fold increase since the Korean War,

2. THE RADIO FREQUENCY SPECTRUM

For practical purposes the radio {requency spectrum can be said
to extend from about ten kilocycles per second (kc/l) to about 40, 000
megacycles per second (mc/s). For working convenience the radio fre-
queucy spectrum has been divided into parts which are related in mul-
tiples of ten. Current band and (requency 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 ba made of each channel
based on geographical and time-sharing assignments. Thue, 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 probleme involved in optimum spectrum utili-
zation,

The whole range of frequencies in the spectrum from 3 ke to
40, 000 mc is not all usable. Natura! 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 systemns in use above
3,000 megacycles, approximately 90% of the spectrum between 3,000 me
and 40, 000 mc is relatively unused compared to the 10% of the spectrum
below 3,000 mc. Below 3,000 mc there are other problems in spectrum
use because some portions are extremely overcrowded and other parts do

1-2
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not have the necessary technical characteristice for some types of com-
munications.

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

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

{2) Propagation characteristics of the upper atmosphere are
erratic and irregular. Diurnal and seanonal 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) Tranemitter 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
{requencies, 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 a2 number of frequencies in the neighborhood of
its basic {requency 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

1-4
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operating frequency from the assigned frequency plus twice the band width
required to convey the particular intelligence desired. The frequency tol-
erance is 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 is that which is the best that
can be met by the industry in the design of equip t. For ple, 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 varistion must therefore be within 180 cycles of
the aseigned frequency. Allowable frequency tolerances are shown in
Figure !-2,

Although all parts of the spectrun are not equally useful for all
purposea, each is in sufficient demand to give rise to allocation and ae-
signment problems. For example, the high-frequeacy portion of the radio
spectrum (3 mc to 30 mc) 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 circuite rather than frequencies due to the fact that more than one
asesigned frequency in generally required for each circuit. The number of
poseible circuits in the spectrum depends upon:

(1) Geographical location of the terminals.

(2) Time of day, season, and phase of the sunspot cycle,
(3) Amount of power used.

(4) Type of antennas used.

{S) Correct uae of propagation characteristics,

{6) Circuit made (radiotelephone, radiotelegraph, etc.).
{7} Man-made and natural interference.

(8) Efficiency and effectivenens of equipment and operator.

>
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Frequency Bands

Categories of Statjons

From 10 to 535 ke

1.

2.

4.
Se

Fixed Stations

-~from 10 to 50 kc
~from 50 k¢ to end of band

Land Stations
(a) Coast Statione

~power above 200 watte
~power below 200 watts

(b) Acronautical Stations
Mobile Stations

Ship Stationse
Atrcraft Stations

Emergency (reserve) ship transmitters,
and lifeboat, lifecraft and survival

craft transmittere
Radio-Navigation Stations
Broadcasting Stations

From 535 to 1605 ke

Broadcasting Stations

From 1605 to 4000 kc

Fixed Statione

~power above 200 watts
-power below 200 watte

Land Stations
() Coast Statione

-power above 200 watts
-power below 200 watts

Figure 1-2, Table of Frequency Tolerances

Tolerance
{in percent)

0,02
0.05

0.02
0,1
0.05
0.5
0.02

20 cycles per second

20 cycles per second

0,005
0.01

0.005
0.01
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3.

S.

1.

3.

(v}

(e)

Frequency Bande
11
Categories of Statione

Aeronautical Stations

-power above 200 watts
«power below 200 watte

Baee Stations

-power above 200 watte
-power below 200 watts

Mobile Stations

Ship Stations
Aircraft Stations
Land Mobile Stations

Radio Navigation Stations

-power above 200 watts
-power below 200 watts

Broadcasting Statione

From 4000 to 30000 kc

Fixed Stations

-power above 500 watts
-power below 500 watte

-

(a) Coaet Stations

(b) Aeronautical Stations

~power above 500 watte
-power below 500 watte

(c) Base Stations

-power above 500 watts
~power below 500 watts

Mobile Stations

Ship Stations
Aircraft Stations

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

Iolerance
{in percent)

0.005
0.01

0,005

0.003
0.01

0,005

0.005
0,01

0. 005
0.0)
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Frequency Bands

—and. _Tolerance
Categories of Stations (in Eercem)
Land Mobile Statione 0.02
Transmitters in lifeboats and survival craft 0.02
4. Broadcasting Stations 0,003
E. From 30 to 100 mc
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 mc
1. Fixed Stationa 0.01
2, Land Stationse 0.01
3. Mobile Statione 0.01
4. Radio Navigation Stations 0.02
5. Broadcasting Stations 0.0023
G. From 500 to 10500 mc 0,75

Figure 1-2 {cont.). Table of Frequency Tolerances

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

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

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

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

a=Fce



(4) To insure operation over the entire sunspot cycle (1} 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 mc, the supply of channels between 6 and 8 mc (taking
into account possible multiple use of each frequency) determines the max-
imum poseible 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 diecrete
frequencies but rather on bande of frequencies. Obviously the wider the
band the more space is occupied in the radio epectrum. There is thue
considerable pressure for maintaining these bandwidths as narrow as is
conaiatent with the se¢rvice 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 programe 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 characteristice and system requirements, Using the symbols shown

1-9
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in Figure 1-3 it is possible to describe the emission of any radio frequen-
cy transmitter by means of 2 combination of aymbole. 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" ia "information',
To perform a mathemnatical or statis tical study of information processes,
it is desirable to coneider small quantities of the information as the
pieces which make up the total information. These emall 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 8o ae to distinguish it
from all other possible mesnages, 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

Type
(1) Amplitude
(2) Frequency
(3} Pulse

n
CET R
Itg

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

Figure 1-3. Symbols for Modulation and Transmission Characteristics
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(2}

(3)

4)
(5)
(6)
]

m
(2)
(3)
(4)
{(5)
()
n

B. Types of Transmission

Type

Absence of any modulation intended
to carry information

Telegraphy without the use of modu-
lating audio frequency

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. )
Telephony

Facaimile

Television

Composite transmissions and cases
not covered by the above

C. Supplementary Characteristics

Double sideband, full carrier

Single sideband, reduced carrier

Two independent eidebands, reduced carriers
Other emiseions, reduced carrier

Pulse, amplitude modulated

Pulse, width modulated

Pulee, phase (or position) modulated

Figure 1-3 (cont,). Symbols for Modulation and
Transmission Characteristics

{none}
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Type of

Meduigtion Type of
or Emiasion Transmiesion Arteriniica Symbnl
Amplitude Absence of any rnodulation A0
Telegraphy without the use of madulat-
ing audio frequency {on-off keyeng) LR S Y At
Telegraphy by the heying of 4 modulat -
ing audio [requency or audio frequen-
ci1es ar by keying of the modulated
emission. (Special case: an unheyed
modulation emission.} I Y A2
Telephony Daouble sideband, futl
carrier Al

Single sidvband, re-
duced carrier Ala

Two independoent side-
handa, reduded carrice Alb

Facoimile Al
Television AS

Composite transmission and rases

nut covered hy abave L, o AR
Composite lranamissions Reduccd carrer A9¢
Frequency Absence of any modulalion R PO

UL Telegraphy without the use of modst-

1ating audio frequency {frequency
ehilt keyng) L]

Telegraphy by the keying of a modu-

lating audio (requency or audio (re-

quencien, or by keying of the modu-

lated ermrssion, (Special cases: an

unkeying emission modulated by andio

frequency.) F2

Figure 1-4. Types of Emission
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Type of

Modulation

Type of
Tvﬁlazv;rcﬁon
—_—

Su) emary
O

or Emission Symbol
Telephony e vt e e e e F3
Facsimile F4
Televieion Fs
Frequency Composits tranamiesion and cases not
(or phase) covered by the above 0000000000 a0 F9
Pulse Abdsence of any modulation intended to
carry information PO
Telegraphy without the use of modulat-
ing audia {requency 0o ocoo0ao 0 o0 P1
Telegraphy by the keying of 3 modulat- Audio frequency or
ed sudio {requency or audio (requen- sudio frequencies mod-
cies, or by the keying of the modulated ulsting the pulse in
pule {Special ¢ an unkeyed mod- amplitude P2
ulated pulae.}
Audio frequency or
audio frequencies mod-
ulating the width of the
pulse P2e
Audio frequency or
audia frequencirs mod-~
ulating the phase (or
position) of the pulse P
Telephony Amplitude modulated P3d
Width maduiatea Ple
Phase (or position)
modulated P
Composite tranemiesion and cases
not covered by the above P9
Figure 1-4 (cont.). Types of Emission
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spectrum. Such a race will eventually be reflected in even less effec-
tive uae of the spectrum due to increased interference.

Any form of intelligence may be tranemitted as bite, The more
complex the intelligence and the faster the tranemission 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 tranemitted in a given time, and the shorter the time interval there
is between them, the greater resemblance there ia between bits of noise
and bits of signal, Thus, as the speed of transmission rises, 80 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 tranemitters 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 cormmunicated per unit time. Thus power
has been traded for bandwidth, As an example, a facsimile picture trans-
mission by ecanning 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 tranemissions.

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-
ment 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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loss of naturalness, speech can be tranemitted by this means over band-
widthe 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 deneity, radioactivity, and magnetic fields, it in
found that such informstion 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 tranemit only
the error. IUf 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 tranemission,

Many of our present forms of information transfer are quite re-
dundant insofar as the use of power and spectrum epace is concerned,
Sp h, for ple, requires far greater bandwidths and a greater
amount of timne {(and thus power) than several other forme 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 Cutler® have pointed out that the known probability of
letter sequences allows tranemiseion 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 this Chapter, we have discussed the overall aspects of spec-
trum utilization and succeeding chapters will contain more detailed in-
formation on spectrum utilization problems as well as the specific mech-
aniems 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 ae 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 wae formed in 1948
and was sponsored by the Institute of Radio Engineers and the Radio~
Television Manufacturers Association (now the Electronice Industries
Association). The study, entitled Radio Spectrum Conservation (sse
relerence 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 conaservation”, which would take agd-
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 discuseed 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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CONSIDERATIONS AND PROBLEMS
IN SPECTRUM UTILUZATION CHAPTER 2

1. SYSTEM AND EQUIPMENT DESIGN

In Chapter 1 of this Volume, we pointed out some of the overall
factors pertsining to spectrum utilization. From the standpoint of the
engineer, conesideration of these factors muet reeult 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 communicatione 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 mechanica) design of components and equipments.
1t 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 ausceptible to radiations outeide
ite assigned portion of the wpectrum.

As has been discuseed in Chapter !, 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 ae 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, theae characteristics are the very key to
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the type of design and spectrum use which we are discussing here. These
characteristics are commonly known as "epectrum signatures." So im-
portant are spectrum signatures now considered by the Department of
Defense that a military standard (MIL STANDARD 449A) hae 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 io 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 tranemitted 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 waes designed, a receiver may vastly
aggravate the spectrum utilization problem. Knowing the epectrum char-
acteristice of transmitters and receivers can allow the aystem manager
to determine the best method of uwe for his equipment, or can serve as

2 basis for additional requiremente for design improvement.

In order to further improve the use of 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 basie. Within the United States, the
Federal Communications Commission issues rules and regulations per-~
taining to the operatign 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. CURRENY 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
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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 eince 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 mc,
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 ite technical
characteristica were little known and when goverament and military
services headed the list of priorities because of war or approaching war.

Introduction of changes in allocation resuiting from technologi-
cal progress must necessarily lag behind new developments and new
possibilities in use of the spectrum. The introduction of these changee
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.



The problem is complicated by the fact that knowledge of 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 of 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 use 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 aide and long-range communications: namely,
waves at these frequenciee 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 thie service, in a realistic allocation, must extend into the region
of the spectrum considerably above 200 ke.

2.3 THE SPECTRUM FROM 200 TO 2,000 KC

Most of the frequency range 200 to 2, 000 ke is used for broad-
casting throughout the world. The international allocation for broad-
casting is 535 to 1605 ke, 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 band 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.

=



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 tone extending about 50 to 75 miles in radius. This
pPhenomenon 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 of 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 excesaive number of statione. 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 of 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 ke
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 ke 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 agreerents 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 thie band over many
years continue to impede the transfer to other frequency ranges.

Radio navigation servicee, primarily aeronautical but including
maritime radio direction finding, occupy frequencies between 200 and
415 ke, 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 otill 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 worid 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 moset
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 ), 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 of this system and the eerv-
ice range desired require that it operate either in this part of 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 dietance, which may be more than 2, 000 miles.
The present systern was largely inetalled during World War Il by the
United States.

2.4  PRESENT USE OF THE SPECTRUM FROM 2 TO 30 MC
First operations in the frequency spectrum above 2 mc began

at about the time of World War I, A few naval systems were operated
during that war on frequencies near 3 mc. Strange to say, in the light
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of present-day knowledge of 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 of very low power rather
than of propagation limitations as was thought at the time. In the years
immediately following World War [, 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 mc was found to be well suited to long-distance
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 effectivencss 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 mc¢) 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 mc, and therefore the range of 2 to 3.5 mc 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 mc, 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
lese 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 yeara. Broad-
casting in tropical zones was established on the assumption that the
signal-to-noise ratio in tropical regions would be more satisfactory at
{requencies between 2 and 4 mec. 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 8o 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 mec.

The frequency range above 3.5 mc 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 psrmit 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 sunepot activity, all the services in the HF bands except amateur and
other intermittent operations must have {requencies between 3 and 7 mc in
order to maintain communication. During high sunspot activity higher
frequencies can be used, since the total a t of freq: ¥y op availa-
ble is then greater and the range of {requency 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 sunepot activity, on the other hand. congestion and reeultant
interference are great.

During the high-activity portion of the solar cycle, these services
muet have frequencies above 7 mc. Since more channels are available
above 7 mc than below it, the congestion and interference problem is not
s0 serious sbove 7 mc as it is below it, Below 7 mc the problem is ex-
tremely difficult and there appears to be no wholly satiefactory eolution
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 spectrum,

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 mc. The number of users has increased enor-
mously during the past few ycars, 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 b to 25 mc 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 mc) during the evening hours in the three principal reception
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arcas (Europe, the Americas, the Far East). In thec 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 aame channel. Other transmitters operate above and below
the allocated limits of the band.

Even in the absence of interference, the quality of reception in
HF international broadcasting s not good because of the propagation va-
garies of 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 of 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
ie generally less and less listening to HF broadcasts. The public interest
would appear to require a reduction in the total frequency utilization. The
tranemitters which can be justified should operate at still higher power
with eelective 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 mc) can produce serious interference at long distances under
some conditions of the jonosphere. Since the band is elfective 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 most extensive use of 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 useres.

The frequencies in this range of the spectrum are high enough
to permit efficient wide-band modulation of transmitter carrier frequen-
cias, Thersfore 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 basie,

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 of
this range of the spectrum was thoroughly understood.

The band 30 to 60 mc has effective ground-wave transmission
considerably better than that of slightly higher frequencies. Therefore
this portion of the range is more eificient for vehicle-to-vehicle operation
in the mobile service, where low-power transmitters and low antennae
muet be ueed. However, the tranamissions 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 transamission to great distances,
which causes serious interference to other tranamissions. It appears
advisable, from the international allocation standpoint, not to establish
critical or high-power services below about 50 mc, 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
scrvice is not advereely affected by propagation conditions in ite ajr-to-
ground communication anywhere in the range up to 3,000 mc. This serv-
ice has numerous allocated bands from 100 to 3,000 mc, allocated origi-
nally on a basie of equipment availability.

The allocations to aeronautical navigation service are nomewhat
—unwieldy because many of them were set up individually as the require-
ments appeared. The requirementes 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
(lmown as "RTCA SC-31") has been developed and a transition program
under the plan is being implemented. [t is intended to complete the ulti-
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The heart of the SC-31 system is the band 960 to 1,215 mc. Since
these higher frequencies are usable in air-to-ground service and have the
advantage of amall 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 mc. The 60-mc 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 [ill 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 mc and above, is not
wholly effective in any system which must transmit information at a high
time rate as, for instance, television. In such eystems, 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 standarde, 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
systemns 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 Statee 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 defintely 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 simultaneonsly. 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 mc, 76 to 88 mc, 174 to
216 mc, 470 to 960 mc. In the United States the allocations are 54 to 72
mec, 76 to 88 mc, 174 to 216 me, 470 to 890 mc.

Present American television operations are of large magnitude.
The channel width assigned is 6 mc, 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 attentjon must be given to the problem of certain areas having
sparse population, insufficient to justify erection and opefation of tele-
vision stations, which cannot have television broadcast service except
perhape by some special arrangements such as community distribution by
wire or relay transmitters.

The minimum bandwidth of a channel is 6 mc. Several scores of
channels are necessary for good eervice in a large vountry, 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, syetem-operating
problems are simplified il the {requency range is not so great that dissimi-
lar behavior among stations is produced by different propagation character-
istice. The present allocation, extending from 54 to 960 mc, covers the
tremendous range of 906 mc, yet only $72 mc of this space is allocated to
television. The maximum and minimum frequencies are in the ratio of
over 16 to I, 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 mc, 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 wae 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 86-, 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 mc. This region is
now occupied by services which could operate effectively in a higher part
of the spectrum,

Most of the bande allocated to industrial, scientific, medical,
and miscellaneous noncommunication devicea are in the region above 30
mc.  Allocations were made to these devices because it appeared to be
impracticable to construct them {n 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
leascned since allocations were made originally. There is now general
agreement among manufacturers of these devices, based on experience,
that it ie frequently more practicable to provide shielding of the devices
sufficient to prevent troublesome radiation than to provide means for
holding {requencies sufficiently constant to stay within the allocated
bands. Consequently, manufacture is tending in this direction and suc-
cessful shielding is being achieved. It should be emphasized that radi-
ation from industrial devicea, like smoke abatement and the prevention
of the pollution of water supplies, is a matter which is hert checked at
ita inception.

It is likely that muny existing and new devices will have to be
frequency-controlled within allocated bande until svfficient knowledge of
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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 bande,

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

It appears that the present frequency allocations in this field
meet adequately the neede 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
wae by military radar, which began operational uee in 1943, Since then
military radar hae expanded greatly in this region. Commercial uses
have included maritime radar and microwave communication relays.

Another interesting poesibility of the extremely high frequencies
arises from the fact that the physical dimensions of associated radiating
elements are so amall that very high directivity of the radiation ie feasible.
With wavelengths of the order of ] mm (300,000 mc), 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
2perations.

Maritime radar has present allocations as follows:

3,000 - 3,246 mc
5,460 - 5,650 mc
9,320 - 9,500 mc




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 ie 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 instrurent 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 i» satisfactory.

It is important to note that, while the absorption caused by rain
in the tranamission path begins to be appreciable at frequencies in the
vicinity of 5,000 mc in radar operation, it is not equally appreciable in
radio communication operation until frequencies of 20,000 mc 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 mc, 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 {rom 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 {requency 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




television and telephone traffic across 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
inetalled 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 {requency 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 aystemes for particular pur-
poees. For example, pipe-line companies tranaporting oil or gae are
large usere 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 mc, the so-called high frequency portion of the spectrum. Ae
previously pointed out, this part of the spectrum has many usera because
of ite desirable characteristica. 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 2 year world-wide. As one source®
hae 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 mc rather than {rom 3 to 30 mc.
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This is 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,®

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-
neis 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-
catione.

4. SPACE COMMUNICATIONS

Of increasing importance in any consideration of epectrum 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.

b, High power ground-based transmitters.

c. 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. Theaes allocations are shown in Table 2-1. 3 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 “statue’’ 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 ie 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 summarized the principal aspects
of space telecommunications. The conclusions of the staff as presented in
the report were ae follows (in part):®

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 exioting processes of administrative control over the radio spec-
trum through the international allocation and domestic assignment of {re-
quencies.

<. 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 obeservation.

d, Steps taken through the International Telecommunication
Union at its 1959 Administrative Radio Conference represent an important
firet 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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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.

8- In the use of artificial satellites for space relays, the case
for exclusive frequencies without sharing is more controversial, and au-
thorities do not agreec 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. lmmediate 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.

Je 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 reevaluation of bruad national policies in the field of
communications,




5. FUTURE DEVELOPMENTS

As 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 cornmunication relays, and similar develop-
ments are tending to show us directions in 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 tranemitted over considerable
distances with very little loes.

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 1014 cps. A one percent band
of the spectrum at this frequency has a bandwidth of four million mega-
cyclee which would make possible a bjllion telephone conversations at
the same time.* The basic formula for transmission loss in the optical
region is the same as in the radio region:

P A A
] ISP AtiaT.

P, 2? p?
where: P, = Transmitted power
= Received power
= Area of tranemitting antenna

P
A
A_ = Area of receiving antenna
A = Wavelength

D

= 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 Mare, 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 cooperatior. 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 cornmon 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 comnmunications 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



service is 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 & shared frequency basis.

In addition to managing the spectrum so that there are maximum
henefits 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 rescarch 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, paint-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 conaiderations. 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 matteras 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 ll-member International Fre-
quency Registration Board (IFRB) handles the details of radio frequency
registrations which are published in the Table of Frequency Allocations.
The I[FRB also provides advice concerning general utilization of the radio
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spectrum for frequency allocations.

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 reaponsible for adminis-
trative opsrationa. 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
moast 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. '

1t {s important to note that the 1959 ITU Radio Regulations defines
""telecommunications’ as "any transmission, emission or reception of
signs, eignals, writing, images and sounds or intelligence of any nature
by wire, radio, visual. or other electrumagnetic systems." Thue the
word ""telecommunications’ in this context covers broadcasting, radar,
radionavigation, and most other uses of radio emiesions.

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 ia shown in Figure 3- 1.
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YEAR

1906
1912
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 ke/s - 23,000 kc/s
10 kc/s - 60,000 kc/s
10 ke /s - 200 mc/s

10 ke/s - 10, 500 mc/s

10 ke/s - 40,000 me/s

Figure 3-] Meetings of the ITU 1906-1959




At the ITU Radio Conferences, delegates of member nations submit
their proposals for frequency usage. Meetings 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 membere 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
ueers is the responeibility 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 [TU 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)®

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

1 Tranamitters

18 Receivers

II1 Fixed Systems

IV Space Systems

v Wave Propagation

V1 lonospheric Propagation
VI Standard Frequencies and Time Signals
VIII International Monitoring
IX Radio Relay Systems

X Broadcasting

X1 Television

*The initiale 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.
Ae 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 cach 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. THI INTERNATIONAL FREQUENCY REGISTRATION
SOARD (IFRB)

The ll-member International Frequency Registration Board (IFRB) was
established in 1947, Its powers were considerably strengthened at the
Geneva Radic 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 Systern {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.

3. OTHER INTERNATIONAL ORGANIZATIONS
Although the ITU is the internationa) 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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organizations ae the International Scientific Radio Union (URSI), the Inter-
national Astronomical Union (IAU), 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-
cusaed in the United Nations Assembly, Other organizations with a specific
interest in spectrum utilization and frequency allocation include the Inter-
national Civil Aviation Organization {ICAQ), the World Meteorological
Organjzation (WMO), and the Inter-Governmental Maritime Consultative
Organization (IMCO).

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 consiste of an Executive Committee,
responsible for National Coordination of U.S. CCIR papers, and 14 Study
Group Committees correeponding 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 STATVES

One of the vital problems 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 {ree society is {reedom of
communications. Its commerce, its education, its
policies, its spiritual integrity, and ite security depend
upon an unimpeded and unaubservient exchange of in-
formation and ideas,

""One of the hopes for a peaceful world rests upon the
ultimate poasibility of extending this same [reedom 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 2 meeting of the minde 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.

percy



"2}

“(3)

“(4)

The U.S, telecommunication systemn js 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
systemn and be prepared to support measures
necessary to insure the continued strength of

the telecommunication system as a whole.

The U.S, considers the International Telecom-
munication Union to be the competent and appro-
priate international forum for negotiating world-
wide agreements,

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.

{t) Long-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 {or national security and
defense

ii. Frequencies to safeguard life and property
in conditiona 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 {requen-
cies for all other purposes, judged upon
the merits of individual need, "

e



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 optirnwn 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
reésponeibility falls on the State Department, the Interdepartment Radio
Advisory Committee and the Federal Communications Commiseion. How-
ever, these three organizations are but part of the national "communica-
tions - electronice 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 ueing thousands upon thousands of equipmente, 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 spectrwn on an international
basis.

2, 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. Figure4 -1 shows the
government agenciea 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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The heavy use of C-E systems and equipment by the military
organizations is reflected in the large nwnber of military agencies
shown in Figure 4- 1.

As previously mentioned, three of the most important groups
from a spectrum utilization 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 aseisted or advised by other agencies.

3. THE STATE DEPARTMENT

The position of the State Department as the U. S, focal point for
coordination of spectrum utilization internationally has been previously
pointed out, Within the United States, the State Department, through ite
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 Statee 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 eervices, the
Federal Communications Commission, and other government agenciss,
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 Commiesion (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 INTERDEIPARTMENT 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.

S. 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 interatate 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

4-6

==



{nterference-free operation of equipments and systems by licensees, and
the observance of frequency, power, propagation, and operating procedures
as established by the FCC in granting each license.

Some devices radiate electromagnetic energy but do not fall
under the six criteria for licensing of Section 301 of the Communications
Act of 1934, For euch devices, the FCC hae 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 ae they are kept within epacified
limitations and do not cause specific interference. Part 1S 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 iteme.

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 stabilized arc welders,
electronic ovens and RF excited neon eigns.

Garlan and Whipple® have aummarized radiation limite 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
spectrwm 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 1

PART 13 === RADIO RECEIVERS

FREQUENCY INTERFERENCE LIMIT
)
WO AU oems
0.8 9 100 100
9 - W 10 100- 1000° oo‘m“uvtim
» -3 100 1000
-—5 I ] - )2» ]
LI
1% - In 50-150° s RADIATED
74 - 260 1% S| tuvim 1000y
-4 | 10-%0c
-1 | 500** J

* Linear Interpoistion
* Temporarily increased © 1000 uv/m for UNF TV retelvers

TABLE O
PART 15 <-- COMMUNITY ANTENNA TV SYSTEM
FREQUENCY RADIATED LIMIT
UPTO Samc | 15 uvim & 100 foet
!
54 - 132 Mc *20 uvim A 10 feet
132 - 216 M **50 uvim & 10 lect
ABOVE 216 Mc | 15 uvim 2 100 feet
. i
L. );: ::,: In sparsely inhadited area

‘VAILIS FROM GARI AN~ WHISE: £ “CONTAOL OF RADIO FRLOUENC Y
NTERFERENCE 7 ROM NONL ICENDED APFARATUS™ - BEK REFEAENCE 4 )
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TABLE I

PART 15 --- LOW POWER COMMUNICATION DEVICES

FREQUENCY

RADIATED Limit OTHER LimIY

0- 10K

2?wllltmn. |

190 - 80 K

zmwlunlmn ]

$10 - 1600 K

l
10- 10K l[ 20 im #1000 0. >OR<W
|

100 MILLIWATTS INPUT
S TG > °'< 10 FOOT ANTENNA

N 100 MILLlWAﬂS NPT
2.9-2.0m ~ 5 FOOT ANTENNA

RADIATED LIMIT 1 SECOND ON
ABOVE 0 Mc I FOR RECCIVERS > "‘°< ONCE N 30 SECONDS

TABLE TV

PART 15 -~- CENERAL REQU!REMENT

RADIATED LIMIT ¢ 2 M) Irequencies )
A
= 15 uvim #t 2. meters

A . m 152,000
17 meters oo feet

TABLED PAOM GARLAN-WHIFPLE, "CONTROL OF RADIO FASAUENC Y
NTEAF ERENCE PROM NOML ICENSED APPARATUS™ - SEE ARFENENCE 4 )
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TABLE V

PARY 10 -~ 1SM FREQUENCIES
CENTER
FaEQuENGy | TOLERANCE AN
x| AT | L5).22- 1056 TBKe
moe | 0K W0 - MWK
080 K 2K QM0 - OX0 Ke
_wwe [ mm [ m- s
| ek | wk | - zmw
5850 Me LI ST - B MC
12000 M B0M | 17O - NSO M
UNLIMITED RADIATION PERMITTED IN 1SM BANDS

TABLE VI

PART 18 -~ MEOICAL DIATHERMY

OPERATING g
FREOUENCY OUT-OFBAND RADIATION
13.56 M
AT 3 uvim &t 1000 fost
rY"
|
ANY OTHER
UP 10 815 ¢ 15 wvim at 1000 foat
915 e and sbove TO GREATEST EXTENT PRACTICAL

WITHIN STATE OF ART

(TADPLES FROM GABL AN-WHIRFL
INTERVFERENGE FAOM NONLICENSED APPARATUS "

€, "CONTROL OF RADIO FAKQUENCY
- SEE MEFERENCE 3 )
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TABLE VII

PART 18 -~ INDUSTRIAL HEATERS
{ INCLUDES INDUCTION AND DIELECTRIC )
?::“;,',c"f OUT-0F-BAND RADIATION
UP 10 5715 Me 10 uvim 2t | mile
10 GREATEST EXTENT PRACTICAL
ABOVE 5775 Mc WITHIN STATE OF ART
TABLE VI
PART 18 --- ULTRASONIC EQUIPMENT
e . | RADIATED LIMIY
o o
RADIATION twats ) FIELD STRENGTH DISTANCE
tuvim) (Feet)
uP 10 50 ol o0
UP 10 40 Ke -
200 [GEN_POWER
ABOVE 500 A }——-—m 1000
50 - 1600 Ke I ANY ’—F‘!" 100
[
ABOVEIWOKe | ANY 15 100
l
bNOY TO EXCEED 10 uvim 2t | mhe

TABLES FAOM GARLAN-WHIPSLE,

NTEAFEACNCE FADOM NOM ICENSED AFPARATUS

e

*CONTROL OF RADIO FALQUENCY
SEK REFTRENCE 4 )




TABLE IX

PART 18 --- R.F. STABILIZED ARC WELDERS

OPERATING os.
FREQUENCY OUT-OF-BAND RADIATION

UP 10 5775 Mc 10 uvimm 2t ] mile
TABLE X
PART 18 --- MISCELLANEOUS EQUIPMENT
OPERATING POWER OUT-OF-BAND RADIATION
FREQUENCY (watts ) Cuvim & 1000 feet )
uP 10 50 2]
13.56 fac
a.12 BP—
0.8 OVER 300 » \/c:u. s::w“
UP TO 500 15
ANY OTHER -
UP TO 915 Mc s
GEN._POWER*
OVER 500 ”\J 0
915 Me ANY ] TO GREATEST EXTENT PRACTICAL
and sbove L WITHIN STATE OF ART
[* NOT TO EXCEED 10 uv/m 2 1 mite

(TABLES FROM GARLAN- WHIFBLC, “CONTROL OF NADIO FREGUENCY
INTERF EAENCE FROM NONL ICECNBED APPARATUS” - BEE REFERENGE 4 )
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need for an examination of waye 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 tel ications activities of the
executive branch of the Government and be responsible for
the formulation, after consultation with appropriate agencies,
of over-all policies and standarde 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 standarda for the conduct of their tele-
communications activities within the over-all policies
of the executive branch,

(b) Develop data with regard 1o 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 eection 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 Telecommunications Management,

"Section 3, The authority to aseign 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.
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"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 Managernent 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 masat effactive 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 mecurity; 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 & manner which
permite and encourages the mast 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.

v"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 {urnish him such information, support and
assietance, 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 Figure4 -1, many other agencies play a part in the

"“communications - electronics community. ' Their responsibilities
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and functions 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 avsignments are coordinated through the Director, J-6, Com-
munications -~ Electronics of the Joint Chiefs of Staff, In 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 3

1. REQUIREMENTS FOR SPECIAL PROGRAMS
FOR OPTIMUM SPECTRUM UTILIZATION

Although the allocation and assignment of frequencies is a basic
approach to effective spectrum utilization, it ie 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 relationshipe be carefully controlled. There are six types of
action which are desirable to accomplish this:

A,

B,

Determination of epectrum signatures of all equipments--
thie 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.

Prediction of inter-system and inter-equipment effects
based on A. above. By appropriate prediction methods

and use of mathematical models and computers, the effecte
of large numbers of equipments on each other can be deter-
mined,

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.

Coordination of system planning and operation through con-
ferences and meetings of spectrum users,

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

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 brieflly
described in this Chapter.

2. 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 unlicenesed emitters are
not causing interference, the FCC operates a group of 18 monitaring
stations. The stations are equipped with direction finding facilities so
that unknown interference sources can be located by triangulation,

When FCC measurernent 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,
plue 15 monitor stations owned bty private companies such as RCA,
Mackay, AT&¢T, 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, 1959, 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 COMMITYEES

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 serk 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.
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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,

S. AREA 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 Miseile 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 {requency 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 Mijssile 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.




6. THE DEPARTMENT OF DEFENSE COMPATISILITY
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 in 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-
menta., 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 MIL-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, 1960, 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 characteristice

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 signale.

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 Norton® 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 Hunteville 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 o 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. THE EETF PROGRAM AT FORT HUACHUCA,
ARIZONA

The U.S. Army Electronic Proving Ground at Fort Huachuca has
the reaponsibility 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,

"¢, 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,



*(2) Control of the environment to facilitate
rapid teoting as well as the provision of a {requency
monitoring capability to insure accurate results
without interfering with electromagnetic activity
outside the teet area.

"(3) Teeoting of communication linke in such
a maanner 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, "

8. FUTURE PROGRAMS

It is to be expected that the increasing emphasis on compatibility
in communications-electronice 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 apecifications, 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 RF] problems.

In the Inetitute of Radio Engineers, the Professional Group on
Radio Frequency Interference sponsors annual symposiumas and publishes
ite Traneactions 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-S
(Malitary Electronic Systems) has a Committee M-5.8 which 18 concerned
with RF1. 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 systema 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 effliciency 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 results 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 test procedures, with the ulti-
mate end of realizing interference-free performance of all military
electric and electronic installations.

Thia 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 3 quantitative way with the measurement of RF!
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 RF! 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 epecifications, can accomplish this. The mcasurement of the
interfering aignales themselves is the level at which standardization is best
applied. Consideration of the various types of signals will help define the
problemn and suggest the need for establinhing atandards.

In general, the nature of an inter{ering 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 wignal
amplitude a» 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 teem wave form,
the second, the term frequency distribution. For interference of a ran-
dom, intermitient or impulsive nature, neithcr 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, ecither a ¢cycle or an arbitrary interval., Furthermore,
properties may be delined which can be measured by means of a single
measurement, and these properties may be used to characterize the signal.
The propertics most commonly used are the true average, (rarely used be-
cause it is usually zero); the hall-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
interval,

For purposes of analysis, all inteelering 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 avcrage or root-mean-square valucs. In fact, on some types
of meters reading average or root-mean-square values, an impulsive
type of interference may indicate near zero and yct the interference may
be seriously degrading system performance. Random interfcrence, 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 interfcrence
to be measured.
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Just as the type of meter to be used in measuring generated in-
terference must be chosen according to the type of interference to be
measured, 80 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 terminate in some kind of output device
capable of responding to interference, the simplest and most direct
meane of detecting the presence of interference is by ueing the output
equipment normally inetalled.

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 suaceptibility of the re-
ceivers during the aame measuring process.

The procedures juet 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 conatructed and procedures
have been set up to enable the manufacturer to evaluate his product in 8
way which, as much as posaible, insures satisfactory performance. The
best guarantee is for those in charge of design to become familiar with
the latest issues of military specifications.

2. THE ROLE OF SPECIFICATIONS
AND STANDARDS IN RFt REDUCTION

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

The introduction of military specification MIL-1-26600 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 RFL 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 mat. 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 s 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 arising
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 RF! control technology over
the past decade has come a corresponding increase in military specifica-
tions on RFL. 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 epecifications 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 epecifications.

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 reetrictions can result in the shut-down of the offend-
ing source. It has the legal responeibility 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 RF1 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 RFI-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 RF1
control requirements. Only when the individual user violates good in-
terference control practice can the FCC utilize 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 epecification,
causes a lack of effective control which places a significant obstacle in
the road to obtaining electromagnetic compatibility.

The comprehensiveness of the FCC's role in RFI control is best
demonstrated by citing some examples of the area in which it performs
ite functions. Besides its routine control over licensed operations, the
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FCC takes measurements and sets limits in threce 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, varics, necesearily, from case lo case.
Such mechanisme as electric motors, 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 RF1 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 carnpus 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 ie the general requirement that output from devices of this
type shall not exceed 15 microvolts per meter at a distance of V/2n
meters.

The operation of ISM equipment, which is defined as any device
that uses electromagnetic wavee 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 ycars, but the
problems of regulating RF stabiliced 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 of permanent rules governing this type of radiation,
arc welders are temporarily subject to the limits now applied to industrial
heating equipment.

3. DEFICIENCIES IN MILITARY SPECIFICATIONS
AND STANDARDS

30 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-1-26600.

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 radiste from any unit, cable (including
control, pulse, 1F, video, antenna transmission and power cables) or
interconnecting wiring over the {requency range of 0.15 to 10, 000 mc for
CW and pulsed CW interference and 0. 15 to 400 mc 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 {rom 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 aignal 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 interf{erence meter.

Freguency Microvolts Antenna
0.10 to 25 mc 100, 000 4! inch rod
25 to 35 mc 100, 000 35 mc dipole
35 to 1000 mc 100, 000 tuned dipole
1000 to 10, 000 mc 100, 000 non-directive antennas"
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Firet, consider the implications of 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 teeted, No consideration is given to the fact that the RFI polarization
might be different {rom the antenna polarization for some equipments but
not for others. This meamns 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 80 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 & better arrangement can be cotablished, 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 sane argunents. 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 impuylse 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 2 military specification o allow broadband suscepti-
bility measurement would be an irnportant step in filling this lack.

The lack of any definition in MIL-1-26600 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 acrose the antenna terminals,

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

c. the lack of knowledge of the mechanism and location of
the radiated interfering energy.

Because of these factors, it is necessary, when designing a system that
will not interfere with iteelf, to make more specific tests than are out-
lined in the epecification. For any epecific equipment, all these factore
are determinable, but they require measurements far beyond MIL-1-26600.

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 Teat Procedures

Exieting epecifications 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 aleo, 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 instantaneocus 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 aquipment is the most elfective 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.

< Compliance Criteria

There is, at present, a distinct gray area between abso-
lute acceptance of an itemn 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 emall 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 RF! 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. ., 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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of interference in communications-electronics (C-E) equipments from

other C-E cquipments and electrical equipments. Special emphasis is

given to the more comprehenaive specifications utilized by the military
services and the FCC. (See Appendix V for a reprint of all specifica-
tions and etandards discussed in this section).

Figure 4-1 is a listing in tabular form of the specifications that
cover measurements, suppresaion, 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 8 component or
syetern for the government. The measurements required by each speci-
fication were generalized for inclusion on the chart,

4.2  MIL-1-6181D

MIL.1-6181D (which superseded MIL-1-006181C) was originated
in November 1959. Thie specification is mandatory for use by the Depart-
ment of the Army, Navy, and Air Force; the Signal Corps is custodian of
the s pecification, 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 ke 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 ke to 25 mc. 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 ke to 10, 000 mc for CW and pulsed CW interference, and
from 150 ke to 400 mc 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,
oacillator frequencies, and other spurious f{requencies that may be en-
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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 ke to
10,000 mc. Measurements are usually made up to the 20th harmonic
or 1000 mc, whichever is higher, but not above 10, 000 mc. 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 ke to
10, 000 mc 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 mg, whichever is higher, but not to exceed 10,000 mc.
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 mc; no degradation
in performance may be noted when a 100, 000 uv 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 uv RF signal 1s radiated over the frequency
range of 150 kc to 10,000 mc rom a signal generator; the input and out-
put of the equipment under the test are shielded.

Receiver intermodulation teats are performed over the entire
frequency range. Two signal generators are used that have a dynamic
range of 100 db (luv into 500) and separated by a frequency that corres-
ponds to the test frequency. Receiver front end rejection measurements
are made by tuning a signal generator set at 80 db above mds over the
frequency range of 150 ke to 10, 000 mc and monitoring the output for any
undesirable response.

4.3 MIL-1-26500
MIL-1-26600 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 epecification covers the design requirements, in-
terference test procedures, and limits for electrical and electronic sero-
nautical equipment including ignition systems, to be installed in or associ-
ated with weapon eyetems 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-1-6181D, with the exception that no military measuring equipmente
are specified for performing the teate.

4.4 MIL-i-16910A

MIL-1-16910A was originated in August 1954 and the latest amend-
ment is dated Novernber 1957. Thise 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 mc. 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 discuseed under MI1L-1-6181D.
Interference must be measured on the inside and outside of vehicles to
determine the radiated and conducted interference levels. 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/ke of
bandwidth. The measurement setups 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-1-16910A, re-
quires measurements on the equipment spectrum signature. The test
must be performed for all equipment aperating functions over the fre-
quency range of 14 ke to 1000 me.

4.5  MIL-]-117488

MIL-1-11748B was originated in November 1958 and amended
in June 1959; this specification is used by the Department of the Army.

6-13

e



.

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 mc,
for all electrical and electronic systema of ground vehicles, engines,
engine driven equipments, railroad rolling stock, water craft, and air
vehicles,

The specification delincates 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
sclection 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 MIL-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 Nava) 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 ke to 10,000 mc.

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 characteriotice of electromagnetic shielding
enclosures used for electronic test purposes over the frequency range
100 kilocycles to 10, 000 megacycles. This standard covers the same
teste 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) wae 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 etandard 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 i2, 000 mc.

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 tranemitters: 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
responees, overall susceptibility, intermodulation, adjacent signal in-
terference, pulee desensitization, CW desensitization, dynamic range,
and oscillator radiation, In addition to the transmitter and receiver
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tests, 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-5-5786

MIL-5-5786 (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 mc. 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-1-9622

MIL-1-9622 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 epecification is essentially a design spec for the blanker,
and operating requirements are detailed for the various subassemblies.
Aleo included in the specification are the system operational tests, en-
vironmental tests, and mechanical tests required for inspection and ac-
ceptance of the end itemn.

4.11  MIL-5-10379A

MIL-5-10379A (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 mc, for all internal combustion engine-
driven vehicles, tactical and nontactical procured by the Ordnance Corps



for all the services to permit satiefactory reception of intelligence with
high seneitivity 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 cars, self-propelled cannons, half-tracke, 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 measuremente (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 [requency 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 suppreesion system to the procur-
ing activity,

4.12  MIL-1-116838

MIL-1-11683B (which supersedes MIL-1-11683A) wae originated
in January 1956 as a Limited Coordination Military Specification by the
Department of the Army (Sig C). The specification covere the require-
ment for radio interference reduction in the frequency range of 0. 15 to
1000 mc for all internal combustion engine-driven generators, and all
miscellaneous internal combustion engine-drtven 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.

6-17

pEice



Interference limits and measurements vary for the various types
of equipment. The RFIl 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 goverament 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 superesedes MIL-1-00605]1B) wae 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 eubsyetems, 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-
eystem 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 systern 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-1-6181D or MIL-1-26600,

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-157330

MIL-F-15733D (which supersedes MIL-F-15733C and MIL-F-
18344A) was originated in March 1960 and amended in April 196},
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The specification has been approved by the Department of Defense and
ie 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 dc), for use primarily in the reduction of broad-
band radio interference.

The specification contains design and conetruction 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 lmpregnant, vieual 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 1 to MIL-F-15733D was dated March 1960 and con-
taine detailed design and construction data on 8 styles of filters,

4.15  MIL-1-161650

MIL-1-16165D (which supersedes MIL-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 paseed the following qualification tests: torque, vibration, inter-
ference, temperature teats, corrosion resistance, salt spray, interfer-
ence check, cable terminal assembly temperature tesl, and interference
teste at the plant of the equipment builder. Interference tests are per-
formed in accordance with the applicable sections of MIL-1-16910A, and
the limite of the interference check test are 2ls0 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  MIL-I1-17622

This specification was originated in September 1953, 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
[requency range of 150 ke to 20 mc, and radiated interference measure-
ments are required over the frequency range of 14 kc to 1000 me. Con-
ducted interference limite are specified for any radio interference voit-
age appearing on the external power conductors or on any external eys-
ten 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 1n effect when the measure-
ments are conducted are specified. The equipment interconnections are
shown in pictorial form for various tests. 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 poetage meters
adding machinea dictating machines
calculating machines stapling machines
cash registers time recorders
folding machines typewriters
multilith equipment varitypes

4.17  MIL-1-25171

MIL-1-2517]1 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
an specified. This requirement applies to the entire frequency range of
all installed electronic equipment and to the entire {requency 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. Methods and materials are specified
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for suppressing or eliminating the interference. The test conditions and
procedures that must be followed while performing the test are specified.

4.18  MIL-5TD-220A

MIL-STD-220A (which supersedes MIL-STD-220) was originated
in December 1959. This etandard has 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-chm system, the insertion loss of feed-through suppression
capacitors, and of single- and multiple-circuit, radio-frequency filters
at frequencies up to 1, 000 me.

The teat circuit required for measuring the insertion lose is
epecified, aleo, the RF-dc-insertion-loss-maeasuring equipment is shown
in detailed plans. All test equipment must be well shiclded 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  MiIL-8-5087A

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 aleo 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 comnmunica-~
tions services. This part contains rules that epecify under which con-
ditions the operation of incidental and restricted devicen may operate
without a license. No incidental or restricted radiation device that fails
to conform to FCC Part 15 or which causes harmf{ul interference may be
operated without a station license. This part defines the radio spectrum
as exiating between 10 ke and 3, 000, 000 mc, Items governed by this
rule include incidental radiation devices (a device not intentionally de-
signed to generate RF onergy), 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 10 contains the requirements whereby any medical
diathermy equipment, induastrial heating equipment, or miscellaneous
equipment may operate without a license. Medical diathermy equipments
include any apparatus which tranemits 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 procesa. 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 ke to 30,000 mc. 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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COMPARISON OF R¥FI SPECIFICATIONS
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Figure 6-1. Comparison of RFI Specifications
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SYMBOLS APPENDIX |

Amplifier gain

Effective area

Emissive surface

Propagation factor for other than free space line-of-sight
Penetration or absorption loss in db ineide the barrier
Effective aperture of antenna

>u>>>>>>

-

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

Receiver response function

Amplification occurring between the point where the interference
is introduced and the output, with no {eedback

Aperture physical size

Autornatic gain control
Amplitude modulation
AVNL  Automatic video noise limiting

A
A
o
A
P
AB Feedback factor
AGC
AM

AZ Azimuth

A Antenna effective aperture

a Average coil diameter

a Aperture dimension in wavelengths

B Beam area in (radians)’ at half-power points

B Magnetic flux deneity

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

b Core width in inches

b Length of coil winding
bw Bandwidth
C
(o
[

Constant dependent upon material
Thermal capacity of the active element
Capacitance

e



C-E Communication electronic

Co Distributed capacitance of a aingle layer coil
CRT Cathode ray tube
cw Continuous wave
Cc Coupling reactance to mixer grid
C'P Mixer grid plate capacitance
in Input capacitance of mixer
Co Mixer output capacitance
*C Degrees centigrade
cm Centimeters
cos Cosine
cpe 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
D

D

d

d

d

Distance {from origin in miles
/2 Far field
Length of waveguide
Differential element of solid angle
Distortion generated in the amplifier

dA Elemental aperture area

db Decibels

dbm Decibels above a milliwatt

d Ep Differential electric field at point "p"

d, Distance from antenna in wavelengths

dl.. Line-of-sight distance between antennas

do Distance between Rx and Tx in miles

-d—d{ Operator for differentiation with respect to time

da riation in the amplitude of transmission expressed in decibels
du ~aange in transmssion for an octave change in frequency
E Electromotive force

E Energy

E Generator voltage (dc)

1-2

==



EBW Exploding bridge wire

EED Electroexplosive devices
EL Elevation
ERP Effective radiated power
E, Field inteneity after passing through a shield
Es Field intensity before passing through a shield
E Maximum safe field strength
max
Eo Maximum {ield intensity at the aperture
EP Total electric field at point "'p"
Ex Electric field intensity
e Absolute charge on an electron
e Dielectric constant of a coaxial transmission line
e 2.718
®0 Open circuit local oscillator voltage
L Supplied eignal
F Characteristic constant of the emissive surface
F Electric or magnetic field intensity at a known distance from
surface
F Force
F1 Field intenaity
FiM Field intensity meter
FM Frequency modulation
F(p) Field distribution over the aperture surface
FSK Frequency shift keying
FST Fast time constant
!‘H Correction factor depending on "h'' direction aperture illumination
Fh Correction factor (illumination in horizontal directian}
F“ Intermediate freguency
rl.o Local oscillator frequency
Fm Frequency in megacycles per osccond
F° Electric or magnetic field intensity at the surface
F'P Spurious frequency
1-'t Transmission factor
Fv Correction factor (illumination in vertical direction)
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F Correction factor depending on "'V' direction aperture illumination
f

Radiation frequency

f: Carrier {frequency

‘c Cutoff frequency

‘o Receiver tuned frequency

{fe Frequency of infinite attenuation
G Power gain (isotropic source)

GCA Ground control approach
G(9, ¢} Gain function of the antenna relative to an isotropic radiator

Gc Composite antenna gain

Gn Tranemitter gain at frequency In

GO Maximum gain

GR Gain of RX antenna

Gro Far-field gain of receiver

G.r Gain of TX antenna

Gt Antenna gain

Gto Far-field gain of transmitter

g Conductivity

gal/hr  Gallons per hour

gCs 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, 8,0) Spectrum signature of the transmitter

Ho) Hankel {unctions of first and second order and of the first and
Ho ) second kind. The subscripts refer to the order of the Hankel
H,) function; the unprimed symbols are Hankel functions of the
H, ) first kind, and the primed symbols are Hankel functions of the

second kind.
Hr( 8, & {)Transfer function of receiver section

H Magnetic field intensity

1-4
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IF
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Current (dc)

External interfering signal

Mean current

Total flux for a unit length of wire
Instantaneous automatic gain control
Intermediate frequency

Maximum no-fire value

Current

‘&3

Efficiency

Number of coil turns per inch
Degrees Kelvin

Boltzmann constant

Kilohm

Empirical constants for each window

Kilovoltampe
Kilowatt

Inductance

Distance between maxima and minima in the cyclic variations
in field intensity along a radial line from the antenna aperture
Total length of test cable

Receiver line loss in db

Transmitter line loss in db

Effective length of conductor perpendicular to field
Largest linear dimension of antenna

Length of bridge wire

Pounds

Inductive internal impedance of the generator

Log.

Insertion loss of filter




M Masse

MDs Minimum discernible signal
MPMVS Mid-pulse minimum visible signal
MsSL Mean sea level

N Number of turna in the loop
N Radar system noise
N Number of decibels

db
n Number
P Power
P Presoure
P Mean power
PD Pulee duration
PD Power density at distance D from transmitter
PN Spectral density power
PR Power received
PRR Power density due to reflection
P.r Power peak
pTR Power within the RX bandwidth
Pt Transmitter power
PP1 Planned position indicator
PRF Pulse repetition frequency
P, Power at the harmonic
TN
PTN Actual power fed to antenna from the transmitter
Pdn Power density
Pln Tranemitted power at frequency F_fed to the antenna
n
P Multiple positive integer of the LO frequency
P Polarization mismatch in db

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

p=RC



RLOS

rpm

nunun

s(1)
(s/n
S/N

SRN

SSB
STC

[ e I B N |
"

(1]

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

Internal resistance of the generator
Input resistance of mixer circuit and tube
External damping on local oscillator

Ressative part of intrinsic medium
Fresnel region

Radio frequency

Radio frequency interference
Receiver

Radio line-of-sight

Root mean square

Radius

Mean radius

Revolutions per minute

Shielding effectiveness in db
Switch

Target signal

Depth of penetration

Power spectral density
Signal-to-interference

Signal-to-noise

Power level received through test antenna

Single sideband
Sensitivity time control
Signal generator power fed to the antenna

Surface density
Surface density of charge

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

Radiator temperature

Effective temperature of a source emitting energy to the nth lobe

1-7
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TASO
TSI
TV
X

tr

UHF

- <

Effective noise temperature of the sky

Television Allocations Study Organization
Threshold signal-to-interference ratio
Television

Transmitter

0-100% rise and fall time

Ultrahigh frequency

Peripheral velocity

Vertical dimension of rectangular aperture
Very high {requency

Voltage standing wave ratio

Vacuum tube voltmeter

Open circuit voltage

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

Power density at the aperture

Power density at point "'p"

Inductive reactance
Reactive part of intrinsic medium

Distance along a radial line from antenna aperture

Admittance
Desired signal

Impedance
Antenna impedance

Intrinsic impedance of the medium
Impedance of the load

Impedance of the source

=



a
e

g circuit
BE

-Af

-

NWRE

Attenuation constant of the medium

Phase constant of the medium

Feedback circuit

Fractional part of the output voltage which is added to the
external input signal

Difference between generator frequency and receiver frequency

Permittivity of air
Intrinsic impedance of the medium

Elevation angle to receiver site
Phase of surface reflection coefficient
Vertical beamwidth in radians at the half-power point

Propagation constant of the medium
Propagation loss that provides loss in excess of the free-epace
loss

Wavelength
Cutoff wavelength

Cutoff wavelength of the waveguide

Permeability
Micromicro (1079
Average incremental permeability

Microhenry (10 ")
Given mean

Microvolt (107%

Angular frequency in radians per second
Ohm
Solid angle representing effective antenna beam

3.142
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[ Magnitude of surface reflection coefficient

P Resistivity of the material

4 Stefan-Boltzman constant

< Conductivity

% Relative conductivity

% Scattering crose section of the obstacle
a3 Variance

T Mean carrier lifetime

9, Horizontal beamwidth in radians at half-power point
@radians Electrical length of transmission line
[} Azimuth angle to receiver site

[} The plane of the loop

[} Phase lag due to path length difference
k4 Output of detection system
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DEFINITION OF TERMS APPENDIX 1l

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
{requency 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 RF and audic
frequency energy. The change in power level is expressed in db.

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

Broadband Radiated Interference (microvolts per meter per kilocycle
of bandwidth)- Interference having & 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 RF and
A¥ 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 1n 1ts 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 1s not sufficient to cause sparking.
It is evident as a bluish glow and, in air, produces ozone.

-1
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Coupling Factor (referring to receivers) - The ratio of antenna input
voltage to the voltage input required at the various coupling
paths 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 P, /Ps.

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

dbm/m’ (decibels relative to 1 milliwatt per square meter) - Decibels
relative to 1. 0 milliwat(/me!er' 2 10 logio where P s
the power in milliwatts and A is the effective area in square
meters over which P is measured.

dbm/m® /me or dbm/m? /ke (decibels relative to 1 milliwatt per square
meter per megacycle or per kilocycle bandwidth) - Decibels
relative to }. 0 milliwatt/meter? /mc or 1.0 milliwatt/meter? /ke
=10 loglog , where P is the power in milliwatts and A is the
effective area in square meters over which P is measured, and
B 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 1s 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.

11-2
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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
existe, is in full operating condition.

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

Effective Height - This is & 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
avaijlable 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 {requency 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? /A,
where D is the maximurn aperture dimension of the largest an-
tenna, and ) is the wavelength of measurement. In no case shall
this distance be less than 3\,

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 of 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 Teats.

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/JURM.-XX may be 0.15 to 0.4 mc and 1.5 to
1000 mc, 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 cornponent frequency in 2 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 syastem.

3. Bus - A conductor by which clectronic 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 impodance as the ratio of cause to
effect leada to the idea which regards the entire system as a
single network,

Improvement Threshold - The minimumn signal-to-interference ratio
neceasary at the input to produce an intelligible signal at the
output,

Impulsive Bandwidth - That bandwidth which is a function of the pulse
repatition rate, pulae width, charge time of weighting circuits,
and the overload factor. No definite converaion 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 itsell.

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 8 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 measurementa 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 2 radar transmitter or a power pack, to perform a
specific function,

Microvolts per kc - Interference intensity in microvoits per ke is equal
to the number of rms sine wave microvolts (unmodulated), applied
to the input of the measuring circuit at ite 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 dividec
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 of any portion of the output signal,
This level is obtained by initially setting the input aignal 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 limnits, the mean powers radiated
are each equal to 0.5% of the total meau 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:
fto2f, 2f to 4f, 4f to Bf.

Open Space - A site on flat terrain with no physical obstructions within
100 feet, and having low ambient level of radiation within the

11-?
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Orient - To turn or place in a2 certain position relative to a direction or
point of reference.

Oscillator Interference - Spurious energy from a local oscillator, aleso
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 referance point in a tranamission 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 neceseary 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 ie completely without
regularity in ite detailed properties.

Receiver - Apy electronic equipment in which unwanted signale may cauese
an undesirable responase.

Receiver Input Coupler - A shielded network whose ineertion lose 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 receivar's ability to discriminate againet
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-elevatable Antennas - Antennas designed to elevate through an angle
less than BO®, 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 &
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 characteristice 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 undesived 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 receivere 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
calied the low, mean, and high test {requencies 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 Transients - Transients resulting frorn 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 electromagnetie
energy not required for its normal operation,

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

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,

Transmiesion 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 transmitied 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 {rom 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
3 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 l: 0.15t0 0.4 mc
Band 2: 0.35t0 0.92 mc
Band 3: 0.9 to 2.45 mc
Band 4: 2.4 to 6.3 mc
Band 5: 6.0 to15.4 mc
Band 6: 15.0 t030.0 mc

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

0.15 to 30 mec with head T+l lnstalled
20 to 220 mc with head T-2 Installed
200 to 410 mc with head T-3 Installed
400 to 1000 mc with head T-4 Installed

Undesirable Response - Any audible, visible, or otherwise measurable
response of a receiver not produced by a denired 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 1lI

The references in this Appendix are for use with all four Volumes
of the RF1 Handbook., Each reference will be found in one or more sections
in the Appendix in accordance with its subject matter.
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May, 1949.
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DECIBEL EQUIVALENTS TO CURRENT, VOLTAGE, AND POWER RATIOS

1. Vogelman, J.H.: The Derivation and Application of the Decibel,
Eng. Div. Watson Labs., Rsport No. LESV-2-092447, April 24,

1947

DIGITAL SYSTEMS

1. Wier: Digital Data Communication Techniques, Proceedings of
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