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Glossary

Amateur Service—A radio communication servicefor the purpose of self-training, intercommunication
and technical investigations carried out by amateurs, that is, duly authorized persons interested in
radio technique solely with a personal aim and without pecuniary interest.

Auxiliary station—An amateur station, other than in a message-forwarding system, transmitting com-
munications point-to-point within a system of cooperating amateur stations.

Bandwidth—The width of afrequency band outside of which the mean power of the transmitted signal
is attenuated at least 26 dB below the mean power of the transmitted signal within the band.

Beacon—An amateur station transmitting communications for the purposes of observation of propaga-
tion and reception or other related experimental activities.

Broadcasting—Transmissions intended for reception by the general public, either direct or relayed.

Carrier power—Theaverage power suppliedto the antennatransmission line by atransmitter during one
RF cycle taken under the condition of no modulation.

Control operator—An amateur operator designated by the licensee of astation to be responsiblefor the
transmissions from that station to assure compliance with the FCC Rules.

Control point—The location at which the control operator function is performed.

Covenants—Private contractual agreements between two parties. PRB-1 does not apply to such agreements

CW—International Morse codetel egraphy emissions having designatorswith A, C, H, Jor R asthefirst
symbol; 1 as the second symbol; A or B as the third symbol; and emissions J2A and J2B. See the
sidebar, “Classification of Emissions.”

Data—Telemetry, telecommand and computer communications emissions having designators with A,
C,D,F, G, H,Jor Rasthefirst symbol; 1 asthe second symbol; D asthe third symbol; and emission
J2D. Only a digital code of atype specifically authorized in this Part may be transmitted. See the
sidebar, “Classification of Emissions.”

External RF power amplifier—A device capable of increasing power output when used in conjunction
with, but not an integral part of, a transmitter.

External RF power amplifier kit—A number of electronic parts, which, when assembled, isan external
RF power amplifier, even if additional parts are required to complete assembly.

F CC—Federal Communications Commission.
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Frequency coordinator—An entity, recognized in alocal or regional areaby amateur operators whose
stations are eligible to be auxiliary or repeater stations, that recommends transmit/receive channels
and associated operating and technical parameters for such stations in order to avoid or minimize
potential interference.

Harmful interference—Interference which endangers the functioning of a radionavigation service or
of other saf ety servicesor seriously degrades, obstructsor repeatedly interruptsaradiocommunication
service operating in accordance with the Radio Regulations.

I mage—Facsimile and tel evision emissions having designatorswith A, C, D, F, G, H, Jor R asthefirst
symbol; 1, 2 or 3 asthe second symbol; C or F asthethird symbol; and emissions having B asthefirst
symbol; 7, 8 or 9 as the second symbol; W as the third symbol. See the sidebar, “Classification of
Emissions.”

I nformation bulletin—A message directed only to amateur operators consi sting sol ely of subject matter
of direct interest to the amateur service.

International Morse code—A dot-dash code as defined in International Telegraph and Telephone
Consultative Committee (CCITT) Recommendation F.1 (1984), Division B, I. Morse Code.

| TU—International Telecommunication Union.

Key clicks—Undesired switching transients beyond the necessary bandwidth of aMorse code transmis-
sion caused by improperly shaped modulation envelopes.

Mean power—The average power supplied to an antenna transmission line during an interval of time
sufficiently long compared with the lowest frequency encountered in the modulation taken under
normal operating conditions.

Necessary bandwidth—The width of the transmitted frequency band which isjust sufficient to ensure
the transmission of information at the rate and with the quality required under specified conditions.

Out-of-band emission (splatter)—An emission on afrequency immediately outside the necessary band-
width caused by overmodulation on peaks (excluding spurious emissions).

PEP (peak envelope power)—The average power supplied to the antennatransmission line by atrans-
mitter during one RF cycle at the crest of the modulation envelope taken under normal operating
conditions.

Phone—Emissions carrying speech or other sound information having designatorswith A, C, D, F, G,
H, Jor R as the first symbol; 1, 2 or 3 as the second symbol; E as the third symbol. Also speech
emissions having B asthefirst symbol; 7, 8 or 9 as the second symbol; E asthe third symbol. Seethe
sidebar, “Classification of Emissions.”

Power—Power is expressed in three ways: (1) Peak envelope power (PEP); (2) Mean power; and (3)
Carrier power.

PRB-1—Thelimited federal government preemption of local zoning ordinances which statesthat local
zoning authorities must be reasonable and that regulation must represent the minimum practicable to
accomplish its legitimate purpose.

Pulse—Emissions having designators with K, L, M, P, Q, V or W as the first symbol; 0, 1, 2, 3, 7, 8,
9 or X as the second symbol; A, B, C, D, E, F, N, W or X as the third symbol. See the sidebar,
“Classification of Emissions.”

RF—Radio frequency.

Radio Regulations—The latest ITU Radio Regulations to which the United States is a party.

RACES (Radio Amateur Civil Emergency Service)—A radio service that uses amateur stationsfor civil
defense communications during periods of local, regional or national civil emergencies.

Remote control—The use of a control operator who indirectly manipulates the operating adjustments
in the station through a control link to achieve compliance with the FCC Rules.
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Repeater—An amateur station that simultaneously retransmitsthe signalsof other stationson adifferent
channel or channels.

RTTY—Narrow-band direct-printing telegraphy emissions having designatorswith A, C,D, F, G, H, J
or R as the first symbol; 1 as the second symbol; B as the third symbol; and emission J2B. See the
sidebar, “Classification of Emissions.”

Space station—An amateur station located more than 50 km above the Earth’s surface.

Splatter—See Out-of-band emission.

Spread Spectrum (SS)—Emi ssions using bandwi dth-expansion modul ation emissions having designa-
torswith A, C, D, F, G, H, Jor R asthefirst symbol; X asthe second symbol; X asthe third symbol.
Only an SS emission of atype specifically authorized by Part 97 may be transmitted. See the sidebar,
“Classification of Emissions.”

Spuriousemission—An emission, on frequenciesoutsi dethe necessary bandwidth of atransmission, the
level of which may be reduced without affecting the information being transmitted. They include
harmonic emissions, intermodul ation products and frequency conversion products, but exclude out-
of-band emissions.

Telecommand—A one-way transmission to initiate, modify, or terminate functions of adeviceat adistance.

Telecommand station—An amateur station that transmits communicationsto initiate, modify, or termi-
nate functions of a space station.

Telemetry—A one-way transmission of measurements at a distance from the measuring instrument.

Test—Emissions containing no information having thedesignatorswith N asthethird symbol . Test does
not include pul se emissionswith no information or modulation unless pul se emissions are al so autho-
rized in the frequency band. See the sidebar, “ Classification of Emissions.”

Type acceptance—An equipment authorization granted by the FCC. It isused to ensure that equi pment
will function properly in the service for which it has been accepted. Amateur equipment does not
require type acceptance although HF power amplifiers and amplifier kits and VHF receivers do.

radio stations. TheInternational Telecommunication Union (I TU) governstelecommunicationson

the international level and broadly defines radio services through the international Radio Regula-
tions. In the United States, its trust territories and possessions, the agency responsible for nongovern-
mental and nonmilitary stationsisthe Federal Communications Commission (FCC). Title 47 of the US
Code of Federal Regulations governs telecommunications. Different rule Parts of Title 47 govern the
various radio servicesin the US. The Amateur Radio Serviceis governed by Part 97. Some other Parts
are described in the sidebar “Other FCC Rule ‘ Parts'.” The ARRL RFI Book contains adetailed chapter
on these FCC Rule parts which affect Amateur Radio directly and indirectly.

Experimentation has been the backbone of Amateur Radio for almost a century and the amateur rules
provide a framework within which amateurs have wide latitude to experiment in accordance with the
basisand purpose of the service. The rules should be viewed as vehiclesto promote healthy activity and
growth, not asconstraintsthat lead to stagnation. A brief overview of Amateur Radio regulationsfollows
with special emphasis on technical standards.

I nternational and national radio regulations govern the operational and technical standards of all

BASIS AND PURPOSE OF THE AMATEUR RADIO SERVICE

There’ s much morein the regulatory scheme than Part 97. The basisfor the FCC regulationsisfound
intreaties, international agreements and statutesthat provide for the allocation of frequenciesand place
conditions on how the frequencies are to be used. For example, Article 32 of the international Radio
Regulations limits the types of international communications amateur stations may transmit and man-
dates that the technical qualifications of amateur operators be verified.
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Other FCC Rule “Parts”

Part 97 is just a small piece of the overall regulatory picture. An up-to-date copy of Part 97 can be
found on the web at http://www.arrl.org/field/regulations/news/part97.The US Code of Federal
Regulations, Title 47, consists of telecommunications rules numbered as Parts 0 through 200. These
Parts contain specific rules for the many telecommunications services the FCC administers. Individu-
als may purchase or obtain from the Web a specific rule Part for a particular service from the Super-
intendent of Documents, US Government Printing Office (see the Address List in the References
chapter). Here is a list of FCC Parts amateurs may find of interest:

Part

0 Commission organization
1 Practice and procedure
2 Frequency allocation and radio treaty matters; general rules and regulations, and type accep-
tance procedures
15 Low-power radio-frequency transmitting devices
17 Construction, marking and lighting of antenna structures
18 Industrial, scientific and medical equipment
73 Radio broadcast services
76 Cable Television Service
90 Private Land Mobile Radio Service
95 Personal radio services, including CB and GMRS
97 Amateur Radio Service

It's the FCC’s responsibility to see that amateurs are able to operate their stations in a manner
consistent with the basisand purpose of the amateur rules. The FCC must al so ensure that amateurs have
the knowledge and ability to operate powerful and potentially dangerous equipment safely without
causing interference to other radio services. The sidebar “ The FCC’s Role” discusses the Commission
in abit more detail. A review of each of the five basic purposes of the Amateur Radio Service, as they
appear in Part 97, follows:

Recognition and enhancement of the value of the amateur service to the public as a voluntary
noncommercial communication service, particularly with respect to providing emergency communi-
cations [97.1(a)].

Probably the best known aspect of Amateur Radio to the general public is its ability to provide
emergency communications. One of the most important aspects of the service is its noncommercial
nature. Amateurs are prohibited from receiving any form of payment for operating their stations.

Continuation and extension of theamateur’ sproven ability to contribute to the advancement of the
radio art [97.1(b)].

For nearly a century, hams have carried on atradition of learning by doing, and since the beginning
have remained at the forefront of technology. Through experimenting and building, hams have pio-
neered advances, such astechniquesfor single-sideband transmissions, and are currently engaged in the
development of new digital schemeswhich continueto improve the efficiency of such communications.
Hams' practical experience has led to technical refinements and cost reductions beneficial to the com-
mercial radio industry.

Encouragement and improvement of the Amateur Radio Service through rules which provide for
advancing skills in both the communication and technical phases of the art [97.1(c)].

Amateurs have always been experimenters and that’ s what sets the Amateur Service apart from
other services. The cost to the government for licensing and enforcement is minimal when com-
pared to the benefit the public receives. Hams have contributed greatly to the development of

29.4 Chapter 29


http://www.arrl.org/field/regulations/news/part97/

Classification of Emissions

§2.201 Emission, modulation and transmission characteristics.

The following system of designating emission, modulation and transmission characteristics shall be
employed.
(a) Emissions are designated according to their classification and their necessary bandwidth.
(b) A minimum of three symbols are used to describe the basic characteristics of radio waves.
Emissions are classified and symbolized according to the following characteristics:
(1) First symbol—type of modulation of the main carrier;
(2) Second symbol—nature of signal(s) modulating the main carrier;
(3) Third symbol—type of information to be transmitted.

Note: A fourth and fifth symbol are provided for additional information and are shown in Appendix 6,
Part A of the ITU Radio Regulations. Use of the fourth and fifth symbol is optional. Therefore, the
symbols may be used as described in Appendix 6, but are not required by the Commission.

(c) First symbol—types of modulation of the main carrier:

(1) Emission of an unmOdUlated CAITIEN ..........uuiiiiiiiiiee e e e e e e e e e e e e e e e s raeeeeeaeas N
(2) Emission in which the main carrier is amplitude-modulated (including cases where subcarriers are
angle-modulated):

e D011 o1 TSIE Yo (=Y o T= 1 (o R A
—Single sideband, fUll CAITIBI ... e e e e e e e s r e e e e e e e e e e e e aans H
—Single sideband, reduced or variable |€Vel CArTIEr ...........cooviiiiiiiiiieeiec e R
—Single sideband, SUPPIESSEU CAITIEI ...ciiieiii ittt e e e e e e e e e e e e e e s s s nnrbreeeeeeaeeeeeeeeeaaanns J
—INdependent SIAEDANAS .......coo e e e ae e e e e e aanne B
—Vestigial SIAEDANG ... a e e e e e e e e e e e e aann C

(3) Emission in which the main carrier is angle-modulated:
—Frequency modulation
—Phase modulation

Note: Whenever frequency modulation (F) is indicated, phase modulation (G) is also acceptable.
(4) Emission in which the main carrier is amplitude- and angle-modulated either simultaneously or in

O

a pre-establiSNEd SEQUENCE ... e e e e e e e e e s e e e st eeeeeeaeeaeeaaaanes D
(5) Emission of pulses!

—Sequence of UNMOAUIALEA PUISES .....ovviiiiii e e e e e e e e e r e e e e e e e e e e aaaes P

—A sequence of pulses:
—Modulated in @amMpPlItUAE ..........e e e e e e e e e e e K
—Modulated iN WIdth/AUIFATION .........c.uiiiiii e L
—Modulated iN POSIION/PRASE ....eeeeiiiiie e e e e e s e e e e e e e e e e s s e nnnnneeaees M
—In which the carrier is angle-modulated during the period of the pulse ........ccccccceeeiiiiiiiiinnnen. Q
—Which is a combination of the foregoing or is produced by other means ...............ccccoeeuinnnnee. \Y

(6) Cases not covered above, in which an emission consists of the main carrier modulated, either
simultaneously or in a pre-established sequence in a combination of two or more of the following

modes: amplitude, angle, PUISE ........cco i a e e W
(7) Cases NOt OtNEIWISE COVEIEA ......oiiiiiii ittt e e e e e e e e s e e e e e e e e e e e e e s e e eennnneeeeees X
(d) Second Symbol—nature of signal(s) modulating the main carrier:
(1) NO MOdUIAtING SIGNAI ... e e e e e e e e e e s st eeeeeeaaeeeeassansrraraareeeeaeas 0
(2) A single channel containing quantized or digital information without the use of a modulating
subcarrier, excluding time-diviSion MUITIPIEX ...cooeiiiiiee e e 1
(3) A single channel containing quantized or digital information with the use of a modulating
subcarrier, time-diViSION MUITIPIEX ......ueiiiiiiiie i e e e e e e s s s rereeeeeeeeaaanns 2
(4) A single channel containing analog iNfOrMation ...........cccuviiiiiiiiee e 3

1 Emissions where the main carrier is directly modulated by a signal which has been coded into
guantized form (e.g., pulse code modulation) should be designated under (2) or (3).
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(5) Two or more channels containing quantized or digital information ..........cccccccceeeiiiiiiiiiiiiieeeeee, 7

(6) Two or more channels containing analog INformation...........cccccceeeiiiiiiiiiee e 8
(7) Composite system with one or more channels containing quantized or digital information, together
with one or more channels containing analog information ..............cccccviiiii e, 9
(8) Cases NOt OthEIWISE COVEIEA .......ccoi ittt e e e e e e e e s e e e e e e aeeeeseannnsebreneeeeaaeens X
(e) Third Symbol—type of information to be transmitted:?2
(1) NO infOrmMation traNSMUTIEM .......oiiiiie e e e e e e e e e s e s st r e e e e aaeessseasnneesreeeeeeaaeens N
(2) Telegraphy, fOr @Ural rECEPLION .....iiiie e e e e e e e s e e e e e e e e e e e e e e e nnnneeeeees A
(3) Telegraphy, for aUtOMALIC FECEPLION .......uiiiiiiiiiiieee e et e e e e e e e e e e e e e e e e e e e e seneebreeneeeeeaens B
L T = U= T =PRI C
(5) Data transmission, telemetry, teleCoOMMAaNGd ............cccciiiiiiiiiiee e D
(6) Telephony (including sound broadCasting) .........ccooiiiiiiiiiiiiiiiee e e e e E
(7) TEIEVISION (VIGO0 ..ciieeiii ittt ettt e e e e e e e e s s e et e et e eaaeee e e s s sasaaaaaaaeeeeeaaaeeesssannnsssrnnes F
(8) Combination Of the @DOVE .......eeeiiiiiiic e e e e e e e W
(9) Cases NOt OtNEIWISE COVEIEA ........ccoi ittt e e e e e e e e e e e e e e e e e e e s s e sae b b baaeeeeaaaeas X

(f) Type B emission: As an exception to the above principles, damped waves are symbolized in the
Commission’s rules and regulations as type B emission. The use of type B emissions is forbidden.
(g) Whenever the full designation of an emission is necessary, the symbol for that emission, as
given above, shall be preceded by the necessary bandwidth of the emission as indicated in
§ 2.202(b)(1).

2 In this context, the word "information" does not include information of a constant, unvarying nature
such as is provided by standard frequency emissions, continuous wave and pulse radars, etc.

Note: For an electronic copy of this information, see http://www.itu.int/radioclub/rr/aps01.htm.

computer communications techniques. The FCC and industry have al so credited the amateur com-
munity with the development of Low-Earth-Orbit (LEO) satellite technology. The same can be
said for a number of digital modes that have arrived on the scene in the 1990s, such as PacTOR,
CLOVER and PSK31.

Expansion of the existing reservoir within the Amateur Radio Service of trained operators, tech-
nicians and electronic experts [97.1(d)].

Amateurslearn by doing. While all amateurs may not be able to troubleshoot and repair atransceiver,
all amateurs have some degree of technical competence.

Continuation and extension of the amateur’s unique ability to enhance international goodwill
[97.1(e)].

Amateur Radio is one of the few truly international hobbies. It is up to amateurs to maintain high
standards and to represent the US as its ambassadors, because, in a sense, all US amateurs serve that
function.

The FCC’s Role

The Federal Communications Commission (FCC) is the US government agency charged by Con-
gress with regulating communications involving radio, television, wire, cable and satellites. This
includes Amateur Radio. The objective of the FCC is to provide for orderly development and opera-
tion of telecommunications services.

The FCC functions like no other Federal agency. It was created by Congress and it reports directly
to Congress. The FCC allocates bands of frequencies to nongovernment communications services
and assigns operator privileges. (The National Telecommunications and Information Administration
allocates government frequencies.)

29.6 Chapter 29


http://www.itu.int/radioclub/rr/aps01.htm

Federal Restrictions on the Installation of Amateur Stations

The following Federal restrictions apply to amateur antennas:

« Amateurs must take certain actions before placing an amateur station on land of environmental
importance or on land significant in American history, architecture, or culture [97.13(a)].

« Amateurs must protect FCC monitoring stations from harmful interference if an amateur is operat-
ing within one mile of such a facility [97.13(b)].

» Before causing or allowing an amateur station to transmit from any place where its operation could
cause RF exposure in excess of Federal guidelines, an RF exposure evaluation may be required.
[97.13(c)].

* Amateurs must have the FAA’s approval before installing a tower over 200 ft high and the structure
must be registered with the FCC per Part 17 of the Code of Federal Regulations (Construction,
Marking and Lighting of Antenna Structures) [97.15]. See http://www.fcc.gov/WTB/antenna/
what.html.

« Amateurs located near airports must meet additional limitations [97.15]. Details appear in The FCC
Rule Book.

« Amateurs may install an antenna up to 20 ft above the ground or other natural features or on top of
any man-made structure except antenna towers. Such antennas are exempt from the rules de-
scribed in Part 17 of FCC regulations.

« Amateurs must notify the Director of the National Radio Astronomy Observatory if a beacon an-
tenna is planned for the National Radio Quiet Zone, a small area in Maryland, Virginia and West
Virginia [97.203(e)].

A QUICK JOURNEY THROUGH PART 97

The Amateur Radio Service rules, Part 97, are organized in six major subparts: General Provisions,
Station Operation Standards, Special Operations, Technical Standards, Providing Emergency Commu-
nications and Qualifying Examination Systems. A brief discussion of the highlights of each subpart
follows:

General Provisions

Subpart A covers the basics that apply to all facets of Amateur Radio. The “Basis and Purpose” of
Amateur Radio, discussed above, isfound at the beginning of Part 97 [97.1]. Definitions of key terms
used throughout Part 97 form the foundation of Part 97 [97.3].

Theremainder of the subpart is devoted to Federal restrictions on amateur installations (see sidebar),
which include a mention of FCC standards for RF exposure. The ARRL publication RF Exposure and
You details these RF exposure requirements.

Station Operation Standards

Subpart B, “Station Operation Standards,” concerns the basic operating practices that apply to all
types of operation. Amateurs must operate their stations in accordance with good engineering and
amateur practice [97.101(a)]. Part 97 doesn’t always tell amateurs specifically how to operate their
stations, particularly concerning technical issues, but the FCC provides broad guidelines. The use of
good engineering and amateur practice means, for example, that amateurs shouldn’t operate a station
with adistorted signal and that amateurs shouldn’t operate on abusy band like 20 m just to talk to aham
across town. Also, amateurs must share the frequencies with others—no one ham or group has any
special claim to any frequency [97.101(b)]. The station licensee is always responsible for the proper
operation of an amateur station, except where the control operator is someone other than the station
licensee, in which case both share responsibility equally [97.103(a)].

The requirements for control operators, station control and reciprocal licensing authority are also
addressed in Subpart B. Each station must have a control point [97.109(a)]. A control operator must
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always be at the control point, except in afew cases where the transmitter is controlled automatically
[97.109(b), (c), (d) and (€)]. The purpose of the Amateur Radio Service isto communicate with other
amateurs[97.111]. Certain one-way transmissions are allowed. Amateurs can send aone-way transmis-
sion to:

* make adjustments to equipment for test purposes

e cal CQ

» remotely control devices

e communicate information in emergencies

 send code practice and information bulletins of interest to amateurs [97.111(b)]

Broadcasting to the publicisstrictly prohibited [97.113(b)]. The section on prohibited transmissions
statesthat amateurs cannot: be paid for operating astation, maketransmissionson behalf of an employer,
transmit music (unlessotherwiseallowedintherules), transmit obscenity, useamateur stationsfor news-
gathering purposes or transmit false signals and ciphers. The FCC has relaxed the previously restrictive
business rules to encourage public service and personal communications [97.113].

Station identification is addressed in this subpart. The purpose of station identification isto makethe
source of its transmissions known to those receiving them, including FCC monitors. The rules cover
identification requirements for the various operating modes. Section 97.119 details the station-identi-
fication requirements. Amateurs must transmit their call sign at the end of the communication and every
10 minutes during communications. CW and phone may be used to identify an amateur station. RTTY
and data (using a specified digital code) may be used when all or part of the communications are
transmitted using such an emission. Images (Amateur Television, for example) may be used to identify
when all or part of the transmission isin that mode. A final section addresses restricted operation and
setsforth the conditionsthat must exist in aninterference caseinvolving aneighbor’ sTV or radio before
the Commission canimpose “ quiet hours’—hours of the day when a particular amateur may not operate
an amateur transmitter [97.121(a)]. Imposition of quiet hours by the FCC is rare, however.

Special Operations

Subpart C, “Special Operations,” addresses specialized activities of Amateur Radio including the
various types of stations an amateur may operate. This subpart gives specific guidelines concerning
repeaters, beacons, space stations, Earth stations, message forwarding systems, and telecommand (re-
mote control) stations. These rules are of particular interest to the technically minded amateur. An
amateur may send ancillary functions (user functions) of arepeater on theinput of the repeater—to turn
on and off an autopatch, for example. However, the primary control links used to turn the repeater on
and off, for example, may be transmitted only above 222.150 MHz since such one-way transmissions
are auxiliary transmissions. Every repeater trustee/licensee and user should understand the rules for
repeaters and auxiliary links. An important regulatory approach to solving interference problems be-
tween repeaters is addressed in that section: Repeater station licensees are equally responsible for
resolving an interference problem, unless one of the repeaters has been approved for operation by the
recognized repeater coordinator for the area and the other has not. In that case, the owner of the
uncoordinated repeater has primary responsibility to resolve the problem [97.205(c)]. The control
operator of arepeater that inadvertently retransmits communicationsin violation of therulesisnot held
accountable [97.205(g)]. The originator and first forwarding station of a message transmitted through
a message forwarding system are held accountable for any violations of Part 97. Other forwarding
stations are not held accountable [97.219]. For adetailed explanation, seethe ARRL’s FCC Rule Book.

Technical Standards

Theword standard means consi stency and order—and thisiswhat thetechnical standardsin Subpart D are
al about. The FCC outlines the specific frequency bands available to US amateurs [97.301] as well asthe
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Local Zoning Ordinances, Covenants and Deed Restrictions

Amateurs may be restricted by local antenna zoning ordinances. PRB-1 is a limited preemption of
local zoning ordinances. It outlines three rules for local municipalities to follow in regulating antenna
structures: (1) state and local regulations that operate to preclude amateur communications are in
direct conflict with federal objectives and must be preempted; (2) local regulations that involve place-
ment, screening or height of antennas based on health, safety or aesthetic considerations must be
crafted to reasonably accommodate amateur communications; and (3) such local regulations must
represent the minimum practicable regulation to accomplish the local authority’s legitimate purpose.
Amateurs faced with unreasonable zoning restrictions should request the “PRB-1 package” from the
Regulatory Information Branch at ARRL HQ. The FCC Rule Book gives details.

PRB-1 does not address deed, lease or rental covenants or restrictions; in fact, it specifically
excludes them since such agreements are voluntarily entered into by the buyer or tenant and seller or
landlord in their contract. Because these restrictions are not established by government, they don’t
fall under FCC jurisdiction. Amateurs restricted by covenants or deed restrictions may contact the
Regulatory Information Branch at ARRL HQ for suggested wording that may be written into such
agreements.

sharing agreements[97.303]. (The Refer ences chapter of thisbook includesatable of frequenciesallocated
to the Amateur Radio Service.) The Commission made these standards a basic framework so all types of
amateur operation may peacefully coexist with other radio occupantsin the spectrum neighborhood. Emission
standardsfor RTTY, dataand spread spectrum are discussed, as are standards for the type acceptance of RF
power amplifiers. FCC type acceptance is not needed for most amateur equipment. This gives amateursthe
freedom to experiment without being bound by specific equipment standards.

Providing Emergency Communications

Subpart E, “ Providing Emergency Communications,” addresses disaster communications, stationsin
distress, communications for the safety of life and protection of property and the Radio Amateur Civil
Emergency Service (RACES).

Qualifying Examination Systems

Thefinal subpart of therules, Subpart F, deal s with the examination system and covers exam require-
mentsand elements and standards. In 1983, the Commission del egated much of the exam administration
program to amateurs themselves. The rules provide for checks and balances on volunteer examiners
(VEs), who administer examsat thelocal and regional levels. These checks and balances protect against
fraud and provide integrity for the exam process.

REGULATION, THE ITU AND FREQUENCY SHARING

The International Telecommunication Union (ITU), an agency of the United Nations, plays the vital
role of dividing the spectrum for reallocation by the telecommunications authorities of individual
countries. For convenience in organizing frequency allocations for the various services, the ITU has
divided the world into three Regions: 1, 2 and 3. See Fig 29.1. North and South America and the
adjoining waters comprise Region 2.

Frequency allocations for Amateur Radio and other services can differ among I TU Regions. Today,
there are numerous radio services vying for pieces of the spectrum, all with legitimate purposes. To
accommodate them all, the international and domestic regulatory agencies may allocate the same fre-
guency bands to more than one service. While some of our allocations are exclusive, we share otherson
the basis of priority. In some cases, the Amateur Radio Serviceis primary. In other cases, amateurs are
secondary. Stationsin asecondary service must not cause harmful interferenceto, and are not protected
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from interference caused by
stationsinthe primary service.

The FCC specifies amateur
frequencies and what, if any,
restrictionsapply. Sincethede-
tailed list of frequencies and
the sharing requirementsis far
too long to be included in this
short chapter, they can be
found in Subpart D of Part 97.
The FCC Rule Book and The
ARRL Operating Manual give
details of the sharing require-

: . _ _ ments of each band.
Fig 29.1—Frequency allocations for Amateur Radio and other radio idel] b h
services can differ, depending on location. There are three admin- Guide mes ased' upon the
istrative ITU Regions, each with its own allocations. actual sharing requirements of

amateur frequencies outlined

in Section 97.303 follow:

» A station in a secondary service must not cause interference to and must accept interference from
stations in the primary service.

» Stationsin one ITU Region shall not cause harmful interference to services in another Region.

» Many other servicessharefrequencieswith amateurson and abovethe 70-cm band, and amateurs must
be mindful of these services.

» Amateurs near large military bases should check Section 97.303 carefully, since additional restric-

tions may apply.

Voluntary Band Plans

Another aspect of frequency sharing is voluntary band plans. Although the FCC Rules set aside portions
of some bands for specific modes, there' s still aneed to further divide amateur bands among user groups by
“gentlemen’ s agreements.” These agreements usually emerge by consensus of the band occupants, and are
sanctioned by a national body like ARRL. These agreements allow many modes of operation to be used by
amateursin agiven band. For example, amateursavoid thedomestic“ DX windows’ set aside on some bands,
so that stations can hear and work weak-signal DX stations. Detailed band plans for the amateur HF bands
can be found in the Refer ences chapter of thisbook. The complete band plans can be found in thefollowing
ARRL books: The FCC Rule Book, The Repeater Directory and The Operating Manual.

Emission Standards and Bandwidth

Likemost of Part 97, thetechnical standardsexist to promote operating techniquesthat make efficient
use of the spectrum and minimize interference. The standardsin Part 97 identify problems that must be
solved. Section 97.307 spells out the standards FCC expects amateur signals to meet. It states, in part:
“No amateur station transmission shall occupy more bandwidth than necessary for the information rate
and emission type being transmitted, in accordance with good amateur practice” [97.307(a)]. Simply
stated, don’t transmit a wide signal when anarrow one will do. Specific bandwidth limits are given for
RTTY and data emissions. Specific bandwidth limits are not given for other modes of operation, but
amateurs must still observe good engineering and operator practice.

The rules state: “Emissions resulting from modulation must be confined to the band or segment
available to the control operator” [97.307(b)]. Every modulated signal produces sidebands. Amateurs
must not operate so close to the band edge that the sidebands extend out of the subband, even if the
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frequency readout says that the carrier is inside the band. Further: “Emissions outside the necessary
bandwidth must not cause splatter or key-click interference to operations on adjacent frequencies’
[97.307(b)]. Therulessimply codify good operating practice. Key clicksor over-processed voicesignal's
shouldn't cause interference up and down the band.

Spurious emissions

Spurious emissions include harmonic emissions, parasitic emissions, inter-modulation products and fre-
guency conversion products, but do not include splatter [97.307(c)]. Definitionsfor necessary bandwidth and
out-of-band emission appear in the Glossary at the beginning of this chapter. Also see Fig 29.2.

Emission standards

The FCCisvery specific concerning spurious emission standards[97.307(d)]. If an amateur transmit-
ter or RF power amplifier wasbuilt after April 14, 1977, or first marketed after December 31, 1977, and
transmits on frequencies below 30 MHz the mean power of any spurious emissions must:

* never be more than 50 mW;

* beat least 30 dB below the mean power of the fundamental emission, if the mean power output isless
than 5 W; and

* be at least 40 dB below the mean power of the fundamental emission if the mean power output is

5 W or more.

The requirement that no spurious emission exceed 50 mW means that above 500 W, the suppression
must be greater than 40 dB. At 1500 W, the suppression must be 44.77 dB. The requirements for
transmitters operating below 30 MHz are shown graphically in Fig 29.3.

The following requirements apply between 30 and 225 MHz [97.307(€e)]:
 In transmitters with 25 W or less mean output power, spurs must be at least 40 dB below the mean

power of thefundamental emission and never greater than 25 W (microwatt), but need not be reduced

further than 10 pW. This means that the spurs from a 25-W transmitter must be at least 60 dB down
to meet the 25-W restriction.
* In transmitters with more

than 25 W mean OUtpUt Spurious | Out of Out of Spurious Emissions ”
power, spurious emissions Emissions | 8and Band
missions Emissions

must be at least 60 dB below
the mean power of the fun-
damental emission.

The situation for transmit-

Il

m””””llhll wiliy
f—

1 il
ters opera_ltlng between 30 and P—— ——
225MHzismorecomplex. The . L Signal y
. . - Frequency —> ecessary . g -
combination of the require- Bondwidth Spurious Emissions

ment that spurious emissions

be less than 25 pW and the  Fig 29.2—Some of the modulation products are outside the neces-

stipulationthat they don’tneed  sary bandwidth. These are out-of-band emissions, but they are not

to be reduced below 10 pw considered spurious emissions. On the other hand, these out-of-
band emissions must not interfere with other stations [97.307(b)].

makes the reqy'rements VaY  The harmonics and parasitics shown in this figure are spurious

significantly with power level.  emissions, and they must be reduced to the levels specified in Part

Thisrangesfrom 0 dB suppres- 97. The FCC states that all spurious emissions must be reduced “to

sion required for a transmitter the_grgategt extent practlcgble [97.307_(0)]. Fu.rther, if any spurious
. emission, including chassis or power-line radiation, causes harm-

whose power is10 uW to 60 dB ful interference to the reception of another radio station, the

of suppression required for licensee of the interfering amateur station is required to take steps

power levelsabove 25 W. The to eliminate the interference.
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requirements for transmitter operation between 30 and 225 MHz are shown graphically in Fig 29.4.
There are no absolute limits for transmitters operating above 225 MHz, although the requirements for
good engineering practice would still apply.

Transmitter Power Standards

Amateursshall not use more power than necessary to carry out thedesired communication[97.313(a)].
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Fig 29.3—Required attenuation of spurious outputs below 30 MHz

Don’'t use 700 W when 10 mis
wide open, for example. No
station may use more than 1.5
kW peak envelope power
[97.313(b)] and no station may
use morethan 200 W in the 30-
m band. Novices and Techni-
cians are limited to 200 W in
their HF segments[97.313(c)].
Amateurs may use no more
than 50 W in the 70-cm band
near certain military installa-
tions [97.313(f) and (g)].

The FCC has chosen and
published the following stan-
dards of measurement: (1)
Read an in-line peak-reading
RF wattmeter that is properly
matched; and (2) calculate the
power using the peak RF volt-
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age asindicated by an oscilloscope or other peak-reading device. M ultiply the peak RF voltage by 0.707,
square the result and divide by the load resistance. The SWR must be 1:1.

The FCC requiresthat you meet the power output regulations, but does not require that you make such
measurementsor possess measurement equipment. Themethodslisted simply indicate how the Commis-
sion would measure your transmitter’s output during a station inspection.

As a practical matter, most hams don’t have to worry about special equipment to check their
transmitter’ s output because they never approach the 1500-W PEP output limit. Many common ampli-
fiersaren’t capable of generating this much power. However, if you do have a capable amplifier and do
operate closeto the limit, you should be prepared to measure your output along the lines detailed above.

External RF Power Amplifiers: Type Acceptance and Standards

In 1978, the FCC banned the manufacture and marketing of any external RF power amplifier or
amplifier kit capable of operation on any frequency below 144 MHz, unless the FCC hasissued a grant
of type acceptancefor that model amplifier. The FCC al so banned the manufacture and marketing of HF
amplifiers that were capable of operation on 10 m to stem the flow of amplifiers being distributed for
illegal use in and around frequencies used by CB operators.

Amateurs may still use amplifiers capable of operation on 10 m. Whilethe rules may makeit difficult
to buy anew amplifier capable of operation on 10 m, the FCC allows amateurs to modify an amplifier
to restore or include 10-m capability. An amateur may modify no more than one unit of the same model
amplifier in any year without a grant of type acceptance [97.315(a)].

Of course, amateursare permitted to build amplifiers, convert equipment from any other radio service
for this use or to buy used amplifiers. When converting equipment from other services, it must meet all
technical standards outlined in Part 97, and it can no longer be used in the service for which it was
intended since the type acceptance would have been voided. Nonamateurs are specifically prohibited
from building or modifying amplifiers capable of operation below 144 MHz without FCC type accep-
tance[97.315(a)]. All external amplifiers and amplifier kits capable of operation below 144 MHz must
betype accepted by the FCC in order to be marketed [97.315(b)]. A number of amplifiers, manufactured
prior tothe April 28, 1978, cutoff wereissued awaiver of the new regulations[97.315(b)(2)]. Amateurs
may buy or sell an amplifier that has either been type accepted, granted awaiver or modified so that the
grant isno longer valid. There are restrictions that would be valid regardless of whether the amplifier
was capabl e of operation below 144 MHz. Some amplifiers marketed before April 28, 1978, are covered
under the waiver if they are the same model that was granted a waiver [97.315(b)(2)]. An individual
amateur may sell his amplifier regardless of grants or waivers, provided that he sellsit only to another
amateur operator [97.315(b)(4)]. Amateurs may also sell aused amplifier to abonafide amateur equip-
ment dealer [97.315(b)(5)]. The dealer could sell those amplifiers only to other hams [97.315(b)(5)].

In some cases, the FCC will deny type acceptance. Some features that may cause adenial are (1) any
accessible wiring which, when altered, would permit operation in a manner contrary to FCC rules;
(2) circuit boards or similar circuitry to facilitate the addition of components to change the amplifier’s
operation characteristics in a manner contrary to FCC rules; (3) for operation or modification of the
amplifier in a manner contrary to FCC rules; (4) any internal or external controls or adjustments to
facilitate operation of the amplifier in a manner contrary to FCC rules; (5) any internal RF sensing
circuitry or any external switch, the purpose of which isto place the amplifier in the transmit mode;
(6) the incorporation of more gain than is necessary to operate in the amateur service.

CONCLUSION

A common thread in Amateur Radio’s history has been a dynamic regulatory environment that has
nurtured technological growth and diversity. This thread continues to sew together the elements of
Amateur Radio today and prepare it for tomorrow’s challenges.

Regulations  29.13



	Introduction to the CD-ROM
	The ARRL Handbook
	Cover
	Contributors
	Copyright
	Contents
	Foreword
	The Amateur's Code
	Schematic Symbols Used in Circuit Diagrams
	Handbook Software
	The ARRL-At Your Service
	ARRL Handbook CD Companion Software

	Introduction
	1 - What is Amateur Radio?
	Hobby of Diversities
	Tech or Novice: It's Your Choice
	What's in a Call Sign?
	Ham Radio Action
	Getting Started
	Hams as World Citizens
	The Administrators: ITU and FCC
	The ARRL
	Welcome!
	Glossary
	Resources

	2 - Activities
	Awards 
	Contests 
	Nets 
	Ragchewing 
	Amateur Radio Education 
	ARRL Field Organization 
	Emergency Communications 
	ARES and RACES 
	Military Affiliate RADIO Service (MARS) 
	Direction Finding (DF) 
	Satellite Operation 
	Repeaters 
	Image Communications 
	Digital Communications 
	Microwave and VHF/UHF Weak-Signal Operating 

	3 - Modes
	What is a Mode?
	CW
	AM
	Angle Modulation: FM and PM
	SSB
	Digital Modes
	PSK31
	Spread Spectrum
	Glossary


	Fundamental Theory
	4 - Mathematics for Amateur Radio
	Mathematical Terms and Symbols
	Significant Figures and Decimal Places
	Laws of Exponents
	Equations
	Measurement Units and Constants
	Trigonometry
	Coordinate Systems
	Complex Algebra
	Logarithms
	Integration and Differentiation

	5 - DC Theory and Resistive Components
	Glossary
	Introduction
	Series and Parallel Resistances
	Power and Energy
	Circuits and Components

	6 - AC Theory and Reactive Components
	Glossary 
	Alternating Current, Frequency and Wavelength 
	Capacitance and Capacitors 
	Inductance and Inductors 
	Quality Factor, or Q of Components 
	Calculating Practical Inductors 
	Ohm's Law for Reactance 
	Impedance 
	Resonant Circuits 
	Transformers 

	7 - Digital Signal Theory and Components
	Digital Fundamentals 
	Number Systems 
	Physical Representation Of Binary States 
	Combinational Logic 
	Sequential Logic 
	Digital Integrated Circuits 
	Computer Hardware 

	8 - Analog Signals and Components
	Glossary
	Introduction
	Analog Signal Processing
	Analog Devices
	Practical Semiconductors


	Practical Design and Projects
	9 - Safety
	Antenna and Tower Safety
	Electrical Wiring Around the Shack
	Safe Homebrewing
	RF Radiation and Electromagnetic Field Safety
	Other Hazards in the Ham Shack

	10 - Real-World Component Characteristics
	Lumped vs Distributed Elements
	Low-Frequency Component Models
	Components at RF
	Thermal Considerations
	CAD Tools for Circuit Design
	Low-Frequency Transistor Models

	11 - Power Supplies and Projects
	Glossary 
	Alternating-Current Power 
	Rectifier Types 
	Rectifier Circuits 
	Filtration
	Regulation
	High-Voltage Techniques 
	Batteries and Charging 
	Emergency Operations 
	Power-Supply Projects 
	Project: A Series-Regulated  4.5- to 25-V, 2.5-A Power Supply 
	Project: A 13.8-V, 40-A switching  Power Supply 
	Project: 28-V, High-Current Power Supply 
	Project: A 3200-V Power Supply 

	12 - Modulation Sources (What and How We Communicate)
	Voice Modes 
	Amplitude Modulation (AM) 
	Frequency Modulation (FM) 

	Text (Digital) Modes 
	Morse Telegraphy (CW) 
	Baudot (ITA2) Radioteletype
	ASCII 
	AMTOR 
	Packet Radio 
	PACTOR 
	PACTOR II 
	G-TOR 
	CLOVER-II
	PSK31 

	Image Modes 
	Facsimile 
	Slow-Scan Television (SSTV)
	Fast-Scan Television 

	Radio Control 
	Spread Spectrum 

	13 - RF Power Amplifiers and Projects
	Types of Power Amplifiers 
	Design Guidelines and Examples 
	Project: The Sunnyvale/Saint Petersburg Kilowatt-Plus
	Project: A 6-Meter Kilowatt Amplifier Using the Svetlana 4CX1600B 
	Project: A 144-MHz Amplifier using the 3CX1200Z7 
	Project: A 2-m Brick Amp For Handhelds 

	14 - AC/RF Sources (Oscillators and Synthesizers)
	How Oscillators Work 
	Phase Noise 
	Oscillator Circuits And Construction 
	VHF And UHF Oscillators 
	Frequency Synthesizers 
	A Summing-Loop Synthesizer
	Direct Digital Synthesis 
	Exploring The Synthesizer In A Commercial MF/HF Transceiver 
	Synthesizers: The Future 
	Bibliography and References 


	15 - Mixers, Modulators and Demodulators
	The Mechanism of Mixers and Mixing 
	Practical Building Blocks for Mixing, Modulation and Demodulation 
	Testing and Calculating Intermodulation Distortion in Receivers 
	Project: A High-Dynamic-Range MF/HF Front End 
	Project: A Synchronous AM Detector for 455 kHz 
	References 

	16 - Filters and Projects
	Basic Concepts 
	Filter Synthesis 
	Filter Design Using Standard Capacitor Values 
	Chebyshev Filter Design (Normalized Tables) 
	Quartz Crystal Filters 
	Monolithic Crystal Filters 
	SAW Filters 
	Transmission-Line Filters 
	Helical Resonators 
	Active Filters 
	Project: Crystal-Filter Evaluation
	Project: Band-Pass Filters for 144 or 222 MHz 
	Switched Capacitor Filters  
	Project: A Continuously Variable Bandwidth Audio Filter 
	Project: A BC-Band Energy-Rejection Filter  
	Project: Second-Harmonic-Optimized (CWAZ) Low-Pass Filters  
	Project: The Diplexer Filter 
	Other Filter Projects  
	References

	17 - Receivers, Transmitters, Transceivers and Projects
	A Single-Stage Building Block
	Multistage Systems
	Coupling Networks 
	The Amateur Radio Communication Channel 
	The UHF/Microwave Channel 
	Receiver Design Techniques 
	Modern Receiver Design Methods 
	Project: D-C Receiver Design Example 
	The Superheterodyne Receiver 
	VHF and UHF Receivers 
	Project: GaAs FET Preamp for 430 MHz 
	Transmitter Design 
	Transverters 
	Transceivers
	Project: A Rock-Bending Receiver for 7 MHz 
	Project: A Wideband MMIC Preamp 
	Project: A Binaural I-Q Receiver 
	Project: A Superregenerative VHF Receiver 
	Project: A 30/40 W SSB/CW 20-m Transceiver 
	Project: The NorCal Sierra: An 80-15 M CW Transceiver 
	Project: A Broadband HF Amplifier Using Low-Cost Power MOSFETs 
	Project: An Experimental 1/2-W CW Transmitter 
	Project: A Drift-Free VFO 

	18 - Digital Signal Processing
	DSP Fundamentals 
	Processing Signal Sequences 
	Digital Filters 
	Nonlinear Processes 
	Demodulating Signals 
	Decimation and Interpolation 
	DSP Hardware and Development Tools 
	Bibliography

	19 - Transmission Lines
	Transmission Line Basics 
	Reflections on the Smith Chart
	Waveguides 
	Bibliography 

	20 - Antennas and Projects
	Dipoles and the Half-Wave Antenna 
	Project: A 135-ft Multiband Center-Fed Dipole 
	Project: A Trap Dipole for 40, 80 and 160 m 
	Project: 80-m Broadband Dipole with Coaxial Resonator Match 
	Project: A 40-m and 15-m Dual-Band Dipole 
	Project: A Resonant Feed-Line Dipole 
	Project: A Simple Quad for 40 Meters 
	Vertical Antennas 
	Project: Dual-Band Verticals for 17/40 or 12/30 m 
	Project: A Tree-Mounted HF Groundplane Antenna 
	Inverted L and Sloper Antennas 
	The Half-Sloper Antenna 
	Project: 1.8-MHz Inverted L 
	Project: The AE6C Dual-Band Inverted-L Antenna 
	Project: Simple, Effective, Elevated Ground-Plane Antennas 
	Yagi and Quad Directive Antennas 
	Project: A Five-Band, Two-Element HF Quad  
	Loops 
	Project: The Loop Skywire 
	Project A Small Loop for 160 m 
	HF Mobile Antennas 
	Base, Center or Distributed Loading 
	Project: A Remoteley Tuned Analog Antenna Coupler
	VHF/UHF Antennas 
	Project: 1/4-Wavelength Antennas For Home, Car And Portable Use 
	Project: An All-Copper 2-M J-Pole 
	VHF/UHF Yagis 
	Project: 3 and 5-Element Yagis for 6 m 
	Project: A Portable 3-Element 2-m Beam 
	High-Performance VHF/UHF Yagis 
	Project: A High-Performance 432-MHz Yagi 
	Project: A High-Performance 144-MHz Yagi 
	SWR Analyzer Tips, Tricks and Techniques  
	SWR Analyzer Hints 
	The MFJ-249 
	MFJ-247 Hints 
	Project: A QRP Accessory Pack For The MFJ-259 
	An Ethernet Analyzer 
	Determining Complex Impedance With an Autek Research RF-1 
	Project: The "Gadget" 


	21 - Propagation
	Fundamentals of Radio Waves
	Sky-Wave Propagation and the Sun
	MUF Prediction
	Propagation in the Troposphere 
	Extraterrestrial Propagation
	Noise and Propagation
	Further Reading

	22 - Station Setup and Accessory Projects
	Fixed Stations 
	Mobile and Portable Installations 
	Project: The TiCK-2-a Tiny CMOS Keyer 2 
	Project: Vintage Radio T/R Adapter 
	Project: Quick and Easy CW With Your PC 
	Project: A Simple Voice Keyer
	Project: A Vacuum Manipulator For Chip Compnents 
	Project: An Expandable Headphone Mixer 
	Project: Audio Break-Out Box 
	Project: An SWR Detector Audio Adapter 
	Project: PC Voltmeter And SWR Bridge 
	Project: The Tandem Match- An Accurate Directional Wattmeter
	Project: A Remotely Controlled Antenna Switch  
	Project: A Trio of Transceiver/Computer Interfaces 
	Project: A Computer-Controlled Two-Radio Switchbox 
	Project: TR Time-Delay Generator 
	Project: A Simple 10-Minute ID Timer 
	Project: High-Power ARRL Antenna Tuner for Balanced or Unbalanced Lines 
	Project: Using PIC Microcontrollers in Amateur Radio Projects 
	Bibliography

	23 - Repeaters, Satellites, EME and Direction Finding
	Repeaters 
	Satellites 
	Project: The 4 × 3 × 5 MHz Filter for Mode J 
	Project: Parabolic Reflector and Helical Antennas for Mode S 
	Project: Mode-S Receive Converter 
	Project: A Simple Junkbox Satellite Receiver 
	Project: An Integrated L-Band Satellite Antenna And Amplifier 
	Selected Satellite References
	Earth-Moon-Earth (EME) 
	Radio Direction Finding 
	Project: The Simple Seeker 
	Project: An Active Attenuator for VHF-FM 
	RDF Bibliography


	Construction Techniques
	24 - Component Data
	Component Values 
	Component Markings 
	Resistor Markings 
	Resistor Power Ratings 
	Capacitor Markings 
	Surface-Mount Resistor and Capacitor Markings 
	Inductors And Core Materials 
	Transformers 
	Semiconductors 
	Diodes 
	Transistors 
	Integrated Circuits 

	Other Sources Of Component Data 
	Copper Wire Specifications
	Color Code for Hookup Wire 
	Aluminum Alloy Characteristics 
	Crystal Holders 
	Miniature Lamp Guide
	Metal-Oxide Varistor (MOV) Transient Suppressors 
	Voltage-Variable Capacitance Diodes 
	Zener Diodes
	Semiconductor Diode Specifications 
	European Semiconductor Numbering System (PRO Electron Code) 
	Japanese Semiconductor Nomenclature 
	Suggested Small-Signal FETs 
	Low-Noise Transistors 
	VHF and UHF Class-A Transistors 
	Monolithic Amplifiers (50 Ohm) 
	General Purpose Transistors 
	RF Power Amplifier Modules 
	General Purpose Silicon Power Transistors
	RF Power Transistors
	Power FETs 
	Logic IC Families 
	Three-Terminal Voltage Regulators
	Op Amp ICs
	Triode Transmitting Tubes
	TV Deflection Tubes 
	EIA Vacuum-Tube Base Diagrams 
	Properties of Common Thermoplastics
	Coaxial Cable End Connectors

	25 - Circuit Construction
	Shop Safety 
	Tools and Their Uses 
	Project: A Deluxe Soldering Station 
	Project: Soldering-Iron Temperature Control  
	Electronic Circuits 
	From Schematic to Working Circuit
	Mechanical Fabrication 

	26 - Test Procedures and Projects
	DC Instruments and Circuits 
	AC Instruments and Circuits 
	Project: The Microwatter 
	Frequency Measurement  
	Project: A Marker Generator with Selectable Output 
	Project: A Dip Meter with Digital Display 
	Frequency Counters 
	Other Instruments and Measurements 
	Project: A Wide-Range Audio Oscillator 
	Project: Measure Inductance and Capacitance With A DVM 
	Project: A Six Digit Programmable Frequency Counter and Digital Dial 
	Oscilloscopes
	The Modern Scope 
	Project: An HF Adapter for Narrow-Bandwidth Oscilloscopes 
	Project: A Calibrated Noise Source 
	Project: A Noise Bridge for 1.8 Through 30 MHz 
	Project: A Signal Generator for Receiver Testing 
	Project: Hybrid Combiners for Signal Generators 
	Receiver Performance Tests 
	Transmitter Performance Tests 
	Glossary 

	27 - Troubleshooting and Repair
	Safety First 
	Getting Help 
	Theory 
	Test Equipment 
	Where To Begin 
	Various Approaches 
	Testing Within A Stage 
	Typical Symptoms and Faults 
	Troubleshooting Hints 
	Components 
	After The Repairs 
	Professional Repairs 


	Operating Practices
	28 - Electromagnetic Interference (EMI)
	The Scope Of The Problem 
	Responsibility 
	EMC Fundamentals 
	Cures 
	Specific Cures 

	29 - Regulations
	Glossary
	Other FCC Rule "Parts" 
	Classification of Emissions
	The FCC's Role 
	Federal Restrictions on the Installation of Amateur Stations 
	Local Zoning Ordinances, Covenants and Deed Restrictions 


	30 - References
	General/Electronics 
	US Customary to Metric Conversion Factors
	Abbreviations List
	ARRL Handbook Address List
	Technical Information Packages 
	TIS Bibliography List  
	Voltage-Power Conversion Table

	Components/Equipment 
	Measured inductance for #12 Wire Windings 
	Large Machine-Wound Coil Specifications 
	Small Machine-Wound Coil Specifications 
	How to Use the Standard Value Capacitor (SVC) Filter Tables
	5-Element Chebyshev Low-Pass Filter Designs- 50-Ohm Impedance, C-In/Out for Standard E24 Capacitor Values
	7-Element Chebyshev Low-Pass Filter Designs- 50-Ohm Impedance, C-In/Out for Standard E24 Capacitor Values 
	5-Element Chebyshev Low-Pass Filter Designs- 50-Ohm Impedance, L-In/Out for Standard-Value L and C 
	7-Element Chebyshev Low-Pass Filter Designs- 50-Ohm Impedance, L-In/Out for Standard-Value L and C 
	5-Branch Elliptic Low-Pass Filter Designs- 50-Ohm Impedance, Standard E12 Capacitor Values for C1, C3 and C5 
	5-Element Chebyshev High-Pass Filter Designs- 50-Ohm Impedance, C-In/Out for Standard E24 Capacitor Values
	7-Element Chebyshev High-Pass Filter Designs- 50-Ohm Impedance, C-In/Out for Standard E24 Capacitor Values
	5-Branch Elliptic High-Pass Filter Designs- 50-Ohm Impedance, Standard E12 Capacitor Values for C1, C3 and C5 
	Relationship Between Noise Figure and Noise Temperature 
	Pi-Network Resistive Attenuators (50 Ohm)
	T-Network Resistive Attenuators (50 Ohm) 

	Antennas/Transmission Lines 
	Tower Manufacturers 
	Antenna Wire Strength 
	Impedance of Various Two-Conductor Lines 
	Standard vs American Wire Gauge 
	Attenuation per Foot for Lines  
	Equivalent Values of Reflection Coefficient, Attenuation, SWR and Return Loss 
	Guy Wire Lengths to Avoid 

	Modes 
	Morse Code Character Set 
	The ASCII Coded Character Set 
	ITA2 (Baudot) and AMTOR Codes 
	Baudot Signaling Rates and Speeds 
	Code Conversion, ITA1 through 4 (Notes 1 and 2) 
	Conversion from ASCII to Morse and Baudot
	Data Interface Connections 
	EIA-449 37-Pin Connector Assignments 
	EIA-449 9-Pin Connector Assignments 
	ISO 2593 Pin Allocations for V.35 Interfaces 
	RTTY Control Sequences (from CCITT Recommendation S.4) 
	EME Software 

	Operating and Interference 
	Voluntary HF Band Plans for Considerate US Operators 
	TVI Troubleshooting Flowchart 
	TV Channels vs Harmonics 
	US Amateur Bands/Power Limits 
	VHF/UHF/EHF Calling Frequencies 
	ITU Regions 
	Allocation of International Call Signs
	FCC-Allocated Prefixes for Areas Outside the Continental US 
	DX Operating Code 
	W1AW Schedule 
	ARRL Procedural Signals (Prosigns) 
	The RST System 
	Q Signals
	CW Abbreviations 
	ITU Recommended Phonetics 
	ARRL Log 
	ARRL Operating Awards 
	ARRL Membership QSL Card 
	Mode Abbreviations for QSL Cards 
	US/Canada Map 
	ARRL Grid Locator Map for North America 

	Emergency Communications 
	Operating Aids for Public Service 
	Principles of Emergency Communication 
	ARES Personal Checklist 
	ARES/RACES 
	The Interaction Between the EOC/NCS and the Command Post(s) in a Local Emergency 
	Organization and Interaction of ARES and NTS 
	Typical Station Deployment for Local ARES Net Coverage in an Emergency 
	Typical Structure of an HF Network for Emergency Communication 

	Message Handling 
	Amateur Message Form 
	A Simple NTS Formal Message 
	Handling Instructions 
	ARL Numbered Radiograms
	How to be the Kind of Net Operator the Net Control Station (NCS) Loves 
	Checking Your Message 
	Tips on Handling NTS Traffic by Packet Radio 

	Templates


