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Preface

The major objective of Second-Class Radiotelephone License IHand-
book, fifth edition, is to prepare the prospective license holder for tak-
ing the required FCC examination. A second-class radiote’ephone
license requires a passing grade for Elements I, 11, and 111 tests. This
book contains the answers to the questions asked in the FCC Study
Guide and Reference Material for Commercial Radio Operator Exami-
nations. Much additional information is included in the introductory
chapters. The extensive appendices are of assistance in understanding
FCC Rules and Regulations and better preparing you for the FCC tests.

The first chapter provides a thorough coverage of operator and sta-
tion licensing requirements. The various types of radio services are
described. In Chapter 2 operating frequencies, propagation character-
istics, and type of emission and modulation are detailed. Chapters 3
and 4 concentrate on the responsibilities of a second-class radiotele-
phone license holder. In learning about test equipment and typical two-
way radio commercial gear you will also be preparing yousself for
employment in the field as well as preparing vourself well for the FCC
tests.

Recently new changes in the broadcast radio services permit the em-
ployment of the second-class radiotelephone license holder. Therefore
an additional chapter has been added to this new edition. Chapter 5
provides an introduction to the broadcast services. Additionally, Ap-
pendix VI covers the appropriate broadcast rules and regulations.

The answers to Elements I and I1 Study Guide Questions are given
in Chapter 6. Chapters 7 through 14 do the same for the Element 111
questions. Questions and answers have been arranged for study in such
form that you can progress logically from one topic to another. This
arrangement permits you to uncover possible weaknesses in your li-
cense preparations. Furthermore, cach of the study guide chapters in-
clude a self-examination and accompanying answers. There are two
100-question tests in Chapter 15 which will give you considerable ex-
perience in preparing for the FCC-type examinations.

Two queries often posed by persons studying for the license exami-
nation are: “What am I qualified to do, and what are my responsibili-
ties as a license holder?” This handbook attempts to answer these im-
portant questions as well as preparing you for the examination.

Epwarp M. NoLL
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CHAPTER

Operator and Station Licensing

1-1. INTRODUCTION

Two-way radio systems, numbering in the millions are installed,
adjusted, repaired, and operated by communications technicians having
a first- or second-class radiotelephone license. Many of these radio
units are operated only by persons with a lower grade of license and,
in some cases, by nonlicensed persons under the supervision of the
licensed operator of a base station. However, the installation, adjust-
ment, and repair of two-way radio gear is handled by a technician who
has at least a second-class radiotelephone license. In fact, this grade of
license, or a higher grade, is a prerequisite for making any adjustments
that influence the operating frequency, power input/output, or modu-
lation level of the transmitter. The holder of a second-class radiotele-
phone license can perform specified duties in radio broadeast stations.
Detailed information about this new opportunity is given in Chapter 5
and Appendix VI.

The purpose of this book is to assist a prospective license holder to
obtain a sccond-class radiotelephone license. Study the book com-
pletely, not only the answers to the study guide questions. Remember
that the study zuide questions are only a guide to preparing for the
examination. The actual FCC examinations are in the form of multiple-
choice questions. These questions are not released and can be changed
at will by the Federal Communications Commission. Nevertheless, if
you can answer and understand vour answers to the Study: Guide
Questions you should have no trouble passing the FCC examination,
The study of the extensive supplementary information given in this
book increases and firms your knowledge of appropriate two-way radio
equipment, broadcast installations and operating procedures. This ad-
ditional information is of assistance in helping vou pick out a correct
answer to some of the more elusive FCC multiple-choice questions.

The first four chapters of the book concentrate on the various two-
way radio services in a manner that helps you understand the responsi-
bilities of a license holder. Typical two-way radio equipment is de-
scribed. Most important, test cquipment and test procedures are de-
tailed. This latzer information is particularly helpful in carrving out

9



10 SECOND-CLASS RADIOTELEPHONE LICENSE HANDROOK

those adjustments which ensure compliance with the FCC technical
standards.

In summary, the book is an aid in securing the license, disclosing to
you the responsibility of such a license, and familiarizing you with the
services you can render as a license holder. You can adjust and service
or supervise the adjustment and servicing of a wide variety of radio
stations. There are a few exceptions, but they are outside the realm of
two-way radiophone. However, the second-class licensee is qualified
to work as a duty operator in a-m and fm broadcast stations, for certain
broadcast-station operations, and for operation and some servicing of
low-power educational fm and tv stations, plus certain broadcast-relay
facilities.

The second-class radiotelephone license holder can also service land-
based and aircraft radar. By passing a supplementary radar examina-
tion, he is also permitted to adjust and service marine radar equipment.

1-2. PREPARATION FOR LICENSE EXAMINATION

The second-class radiotelephone license holder, with respect to two-
way radio systems, can operate, adjust, and maintain any licensed sta-
tion in these radio services. Holders of a third-class radiotelephone li-
cense can perform radio operating duties only, but must be familiar
with radio ll)aw and basic operating procedures. It is not necessary for
the holder of a restricted radiotelephone permit to pass an examina-
tion. Quite often, however, he can perform operating duties only under
the supervision of a person holding a higher-grade license. For these
reasons, a technician entering the two-way radiocommunications field
is advised to study for and obtain the second-class radiotelephone
license so that his knowledge and technical skills can be used more
fullv in the radiocommunications field.

The first step to take is to study for and pass the required FCC exam-
ination. The FCC examination for a second-class radiotelephone license
involves Elements I, II, and III. Element I covers basic laws and it con-
sists of twenty questions, each question with a 5-percent credit value.
Element II has to do with operating practices. It consists of twenty
questions, each with a 5-percent credit value. The twenty questions
of Element II are subdivided so that a candidate may elect to answer
either questions in the maritime ficld (M), or questions of a general
nature (O). Element III is on the subject of basic radiotelephony. It
consists of 100 questions, each with a 1-percent credit value. The pass-
ing grade for each element is 75 percent. Study questions and answers
for these elements are presented in Chapters 6 through 14 of this
handbook. Again, a knowledge of these answers provides the back-
ground needed to pass the license examination.

None of the questions in the examination require an essay-type
answer. Most questions have multiple-choice answers. Element III
is a mixture of multiple choice, and schematic completion and correc-
tion. For multiple-choice questions the applicant must select only one
answer. The letter preceding the answer the applicant considers correct
is indicated by placing an appropriate mark in association with this
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letter on a separate answer sheet. A typical example question follows:
Inductive reactance is measured in:

A. Farads
B. Henrys
C. Ohms
D. Mhos
E. Hertz

The correct answer is ohms; therefore, the letter C would be corre-
spondingly marked on the answer sheet.

After you feel prepared to take the examination, you can request
forms 756 and 756B from the District Office of the Federal Communi-
cations Commission. The offices are listed at the end of this chapter.
These application forms can be filled out prior to your trip to the dis-
trict office. You will also receive an examination schedule so that you
will know when to appear for the examination. The application, along
with an exami.nation fee, must be submitted prior to taking the
examination.

After the license is obtained it must be properly posted. The original
license of each station operator must be posted at the place where he
is on duty except as otherwise provided in the rules governing the class
of station concerned. If the license holder operates, adjusts, or services
two or more stations, the license should be posted at one station and
suitable verifications posted in the others. Verification forms are avail-
able from the Federal Communications Commission. Most second-class
radiotelephone license holders in the two-way communication business
post the original license in their repair station. They also post a verifi-
cation card in cther stations, or they have one on their person whenever
operating or servicing any station under their control.

The exact radio operator authority and posting requirements as they
appear in the FCC Rules and Regulations are as follows:

Sec. 13.61 Operating authority.

(f) Radiotelephone second-class operator license.
Any station except:

(1) Stations transmitting telegraphy by any type of the Morse Code, or

(2) Standard broadcast stations, or

(3) International broadcast stations, or

(4) Fm broadcast stations, or

(5) Noncommercial educational fm broadcast stations with transmitter power
rating in excess of 1 kilowatt, or

(6) Television broadcast stations licensed for commercial operation, or

(7) Ship stations licensed to use telephony and power in excess of 100 watts for
communication with Class I-B coast stations.

(8) At a ship radar station, the holder of this class of license may not supervise
or be responsible for the performance of any adjustments or tests during or coinci-
dent with the installation, servicing or maintenance of the radar equipment while
it is radiating energy unless he has satisfactorily completed a supplementary exami-
nation qualifying him for that duty and received a ship radar endorsement on his
license certifying to that fact: Provided, That nothing in this subparagraph shall
be constructed to prevent persons holding licenses not so endorsed from ma ing re-
placements of fuses or of receiving-type tubes. The supplementary examination shall
consist of:

(i) Written examination element: 8.
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(g) Radiotelephone third-class operator permit.
Any station except:

(1) Stations transmitting television, or

(2) Stations transmitting tclegraphy by any type of the Morse Code, or

(3) Any of the various classes of broadcast stations other than noncommercial
educational fm broadcast stations using transmitters with power ratings of 10 watts
or less, remote pickup broadcast stations and STL broadcast stations, or

(4) Class I-B coast stations at which the power in the antenna of the unmodu-
lated carrier wave is authorized to exceed 250 watts, or

(5) Class II-B or Class I1I-B coast stations, other than those in Alaska, at which
the power in the antenna of the unmodulated carrier wave is authorized to exceed
250 watts, or

(6) Ship stations or aircraft stations other than those at which the installation

is used solely for telephony and at which the power in the antenna of the unmodu-
lated carrier wave is not authorized to exceed 250 watts:
Provided, That (1) such operator is prohibited from making any adjustments that
may result in improper transmitter operation, and (2) the equipment is so designed
that the stability of the frequencies of the transmitter is maintained by the trans-
mitter itself within the limits of tolerance specified by the station license, and none
of the operations necessary to be perfonneg during the course of normal rendition
of the service of the station may cause off-frequency operation or result in any un-
authorized radiation, and (3) any needed adjustments of the transmitter that may
affect the proper operation of the station are regularly made by or under the im-
mediate supervision and responsibility of a person holding a first- or second-class
commercial radio operator license, either radiotelephone or radiotelegraph as may
be appropriate for the class of station involved (as determined by the scope of the
authority of the respective licenses as set forth in paragraphs (a), (b), (e), and
(f) of this section and Sec. 13.62), who shall be responsible for the proper func-
tioning of the station equipment, and (4) in the cave of ship radiotelephone or air-
craft radiotelephone stations when the power in the antenna of the unmodulated
carrier wave is authorized to exceed 100 watts, any needed adjustments of the
transmitter that may affect the proper operation of the station are made only by or
under the immediate supervision and responsibility of an operator holding a first-
or second-class radiotelegraph license, who shall be responsible for the proper func-
tioning of the station equipment.

(h) Restricted radiotelephone operator permit.

Any station except:

(1) Stations transmitting television, or

(2) Stations transmitting telegraphy by any type of the Morse Code, or

(3) Any of the various classes of broadcast stations other than fm transistor and
booster, stations, or

(4) Ship stations licensed to use telephony for communication with Class I coast
stations on frequencies between 4000 kHz and 30 MHz, or

(5) Radio stations provided on board vessels for safety purposes pursuant to
statute or treaty, or

(6) Coast stations, other than those in Alaska, while employing a frequency
below 30 MHz, or

(7) Coast stations at which the power in the antenna of the unmodulated carrier
wave is authorized to exceed 250 watts;

(8) At a ship radar station the holder of this class of license may not supervise
or be responsible for the performance of any adjustments or tests during or coinci-
dent with the installation, servicing or maintenance of the radar equipment while
it is radiating energy: Provided, That nothing in this subparagraph shall be con-
strued to prevent any person holding such a license from making replacements of
fuses or of receiving type tubes:

Provided, That, with respect to any station which the holder of this class of license
may operate, such operator is prohibited from making any adjustments that may
result in improper transmitter operation, and the equipment is so designed that the
stability of the frequencies of the transmitter is maintained by the transmitter itself
within the limits of tolerance specified by the station license, and none of the opera-
tions necessary to be performed during the course of normal rendition of the service
of the station may cause off-frequency operation or result in any unauthorized radi-
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ation, and any needed adjustments of the transmitter that may affect the proper
operation of ti:e station are regularly made by or under the immediate supervision
and responsibility of a person holding a first- or second-class commercial radio
operator license, either radiotelephone or radiotelegraph, who shall be responsible
for the proper functioning of the station equipment.

Sec. 13.62 Special privileges.

In addition to operating authority granted under Sec. 13.61, the following
special privileges are granted the holders of commercial radio operator licenses:

(a) [Reserve

(b) The holder of any class of radiotelephone operator’s license, whose license
authorizes him to operate a station while transmitting telephony, may operate the
same station when transmitting on the same frequencies, any type of telegraphy
under the following conditions:

(1) When transmitting telegraphy by automatic means for identification, for
testing, or for actuating an automatic selective signaling device, or

(2) When properly serving as a relay station and for that purpose retransmitting
by automatic means, solely on frequencies above 50 MIiz, the signals of a radio-
telegraph station, or

(3) When transmitting telegraphy as an identical part of a program intended
to be received by the general public, cither directly or through the intermediary of
a relay station or stations.

(c¢) The holder of a commercial radio operator license of any class may operate
broadcast stations under the following conditions:

(1) A duty operator in a standard broadcast station of any operating power, or
one cmploying a directional antenna provided the station wuthorization does not
require that the ratio of the antenna currents in the elements be held within a
tolerance which is less than 5% or the relative phase of those currents within a
tolerance which is less than 3°, an fin broadcast station of any authorized power,
or a noncommercial educational fm broadcast station. Adjustments of transmitting
equipment, except when under the immediate supervision of the radiotelephone
first class operator is limited to the following:

(i) Those necessary to commence or terminate transmitter emissions as a rou-
tine matter.

(ii) Those external adjustments that may be required as a result of variations of
primary power supply.

(iii) Those external adjustments which may be necessary to ensure modulation
within the limits required.

(iv) Those adiustments necessary to effect any changes in operating power
which may be required by the station’s instrument of authorization.

(v) Those necessary to change between nondirectional and directional or be-
tween differing radiation patterns, provided that such changes require only activa-
tion of switches and do not involve the manual tuning of the transmitter final
amplifier or antenna phasor equipment. The switching equipment shall be so ar-
ranged that the failure of any relay in the directional antenna to activate properly
will cause the emissions of the station to terminate,

(2) A noncommercial educational fm broadcast station with authorized trans-
mitter power output of more than 10 watts but not in excess of 1 kW: Procided,
That adjustments of transmitting equipment by such operators, except under the
immediate supervision of a radiotelephone first- or second-class operator, shall he
limited to those adjustments set fort{: in subparagraph (1) (i), (ii), and (iii) of
this paragraph.

) A nonconmnercial educational fm broadeast station with authorized trans-
mitter power output of 10 watts or less: Provided, That adjustinents of transmit-
ting cquipment by such operators, except under the immediate supervision of a
radiotelephone first- or second-class operator or a radiotclegraph first- or second-
class operator, shall be limited to those adjustments set forth in subpragraph (1),
(i), (ii), and (iii} of this paragraph,

(4) Should the broadcast transmitting apparatus be observed to he operating in
a manner inconsistent with the station’s instrument of authorization and none of
the adjustments specifically described under subparagraph (1), (2), or (3) of this
paragraph are effective in bringing it into proper operation, an operator holding a
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lesser grade license than that which authorizes unlimited adjustment, with respect
to the class of broadcast station involved, and not acting under the supervision of a
person holding the higher grade license permitting such unlimited adjustment, shall
terminate the station’s emissions.

(5) Except in the case of noncommercial educational fm broadcast stations with
authorized transmitter output power of 10 watts or less the special operating
authority granted in this section with respect to broadcast stations is subject to the
condition that there shall be in regular full-time employment at the station one or
more operators of a class authorized to make or supervise all adjustments, whose
primary duty shall be to effect and insure the proper functioning of the transmit-
ting equipment. In the case of a noncommercial educational fm broadcast station
with authorized transmitter output power of 10 watts or less such o erator(s)
shall nevertheless be available on call to make or supervise any needed adjustments.

(d) When an emergency action condition is declared, a person holding any
class of radio operator license or permit who is authorized thereunder to perform
limited operation of a standard broadcast station may make any adjustments neces-
sary to effect operation in the emergency broadeast system in accordance with the
station’s National Defense Emergency Authorization: Provided, That the station’s
responsible first-class radiotelephone operator(s) shall have previously instructed
such person in the adjustments to the transmitter which are necessary to accomplish
operation in the Emergency Broadcast System.

Sec. 13.6 Operator license, posting of.

The original license of each station operator shall be posted at the place where
he is on duty, except as otherwise provided in this part or in the rules governing
the class of station concerned.

Sec. 13.73 Verification card.

The holder of an operator license or permit of the diploma form (as distinguished
from such document of the card form) may, by filing a properly executed applica-
tion accompanied by his license or permit, obtain a verification card (Form 758-F).
This card may be carried on the person of the operator in lieu of the original license
or permit when operating any station at which posting of an operator license is not
required: Provided, That the license is readily accessible within a reasonable time
for inspection upon demand by an authorized Government representative.

Sec. 13.74 Posting requirements for operator.

(a) Performing duties other than, or in addition to, service or maintenance, at
two or more stations. The holder of any class of radio operator license or permit o
the diploma form (as distinguished from the card form) who performs any radio
operating duties, as contrasted with but not necessarily exclusive of service o
maintenance duties, at two or more stations at which posting of license or permit
is required shall post at one such station liis operator license or permit and shall
post at all other such stations a duly issued verified statement (Form 759).

(b) Performing service or maintenance duties at one or more stations. The
holder of a radiotelephone or radiotelegraph first- or second-class radio operator
license who performs, or supervises, and is responsible for service or maintenance
work on any transmitter of any station for which a station license is required, shall
post his license at the transmitter involved whenever the transmitter is in actual
operation while service or maintenance work is being performed: Provided, That in
licu of posting his license, he may have on his person either his license or a verifi-
cation card (Form 758-F): And provided further, That if he performs operating
duties in addition to service or maintenance duties he shall, in lieu of complying
with the foregoing provisions of this paragraph, comply with the posting require-
ments applicable to persons performing such operating duties, as set forth in
paragraph (a) of this section, and in the rules and regulations applicable to each
service.

(c) One or more verified statements (Form 759), as necessary, will be issued
to the holder of a restricted radiotelephone operator permit (card form license)
who because of an operator license posting requirement at one station would not
otherwise be able to comply with a license posting requirement or to carry his per-
mit on his person when so required at another station or stations.
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1-3. LOWER-GRADE LICENSES

Many classes of two-way radio stations can be operated—but not
serviced—by hclders of even lower license grades than the second-class
radiotelephone license. Two such grades are the third class and the
restricted radiotelephone permit. Questions in the third-class examina-
tion are nontecknical and have to do with basic radio laws and operat-
ing practices. Thus the applicant for this license must take only exami-
nation Elements I and II. No examination is required for the restricted
radiotelephone permit.

Such license holders may not adjust and service the radio station
equipment in any manner that could in any way possibly result in im-
proper transmitier operation. In general, for operating a radio station
below 25 MHz it is necessary that the person hold a commercial radio
operator license or permit of any class. An unlicensed person, after
being authorized to do so by the station licensee, may operate a mobile
station during the course of normal rendering of service. while it is
associated with and under the operational control of a base station of
the same station licensee. FFor stations operating above 25 MHz, unli-
censed persons may operate certain base and mobile stations after be-
ing so authorized by the station licensee.

Certain a-m and fm broadcast stations may be operated by the
holder of a third-class radiotelephone permit, provided he obtains a
broadcast endozsement. The broadcast endorsement is obtained by
passing an examination based on FCC element 1X questions.

1-4. FUNDAMENTAL SYSTEMS

In the two-way radio services there are three major station classifica-
tions—mobile, hase, and fixed. A mobile station is one associated with
a moving vehicle such as a truck, automobile, boat, or aircraft. A base
station, often referred to as a land station, has a fixed position and is
used for communicating with one or more mobile stations (and on occa-
sion, with other base or fixed dispatch stations.) The great majority of
two-way radio systems come under the base-mobile classifications and
usually include a single base station and one or more associated mobile
stations.

A fixed station is one in a permanent location used to communicate
with other fixed stations. This form of two-way radio is usually referred
to as point-to-point communications. Normally, in such services, there
are no facilities for communicating with mobile stations. Their princi-
pal objective is to convey information between two or more fixed loca-
tions. This differs from the base station, which also has a permanent
position but is used for the purpose of communicating with mobile
stations.

The most common arrangements of two-way radio stations are shown
in Fig. 1-1. In the simplex arrangement of Fig. 1-1A, the base and mo-
bile units operate on the same frequency (F1). A sequential “on-off”
communications is established in which only one station can transmit at
a given time, but can be heard by all other stations of the system. Each
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mobile station can hear both sides of a conversation between the base
station and any mobile station. Likewise, communications can be estab-
lished mobile-to-mobile when the stations are within range. Although
not common, a simplex arrangement can also be used in a point-to-point
radio system.

The duplex arrangement of Fig. 1-1B is a common two-way radio
arrangement. The base station transmits on one frequency (F1), while

MOBILE POINT-TO-POINT
F1 Fl
Fi Fl
BASE MOBILE FIXED FIXED
(A) Simplex.
FIXED
TERMINAL
o \
F2
| Fl F2
1
BASE MOBILE FIXED
RELAY 2
(B) Duplex.
k1 F2
|
| FIXED
I RELAY 1 1
BASE MOB |
e F2 Fl
1 T
F2
 — FIXED
| TERMINAL
(C) Full duplex. (D) Full duplex, point-to-point.

Fig. 1-1. Two-way radio systems.

the mobile stations use a different frequency (F2). In this arrangement
the base station can communicate with all mobile stations, but the
mobile stations cannot communicate directly with each other. Informa-
tion to be conveyed between mobile units must be transmitted through
the Dbase station. Each mobile station receives only the base station
signal.

Although the duplex arrangement requires two transmitting frequen-
cies (one for the base station and one for the mobile units), it is usually
more satisfactory. It is possible to exert better control over the mobile
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units, and each moble station is not confused by signals coming from
other mobile stations (as with the simplex system).

The duplex arrangement also uses an “on and off” method of trans-
mission. Quite often, frequency F1 is close to frequency F2. In fact, it
is customary at each station to use the same antenna for transmitting
and receiving. A relay, operating in conjunction with the transmit-
receive switching of the station, changes the antenna between trans-
mitter and receiver. It is not uncommon for other segments of the
station equipment to be used in both the “receive” and “transmit”
positions.

A full duplex arrangement is shown in Fig. 1-1C. Operating frequen-
cies F1 and F2 are well-separated; consequently, each station can
transmit and receive at the same time. Each transmitter output is iso-
lated and separated in frequency in order not to block the input of its
companion receiver. With this arrangement, there can be simultaneous
communications between the two stations as in line telephone conver-
sations, If more than one mobile station is included, it will usually he
on a different transmit frequency. The base station can use the same
or a different frequency to establish communications with other mobile
stations.

Full duplex is more common in point-to-point communication serv-
ices than in mobile systems. In the typical arrangement of four stations
shown in Fig. 1-1D, the transmit and receive frequencies of the various
fixed stations are staggered, each station receiving on one frequency
and transmitting on another. ITighly directional antennas are employed,
making it possible to establish duplex—and even full duplex—communi-
cations with minimum interference between stations. Notice that relay
station 1 transmits on F1 and receives on F2, and that relay station 2
transmits on F2 and receives on F1. To permit the use of antenna sys-
tems with the highly directional characteristics needed to prevent inter-
ference, point-to-point stations are usually assigned frequencies which
are in the microwave or upper half of the uhf spectrum.

1-5. CEFINITIONS OF STATION ASSIGNMENTS

There is a variety of station assignments for land, marine, and avia-
tion communications. Some provide communications between land ve-
hicles and their respective basic stations; others, hetween ships: and
still others, between ship and fixed land stations. In the aviation serv-
ices there are aircraft-to-ground stations and aircraft-to-aircraft com-
munications. There are also special assignments that permit communi-
cations between aircraft and seagoing vessels. Likewise, one or several
small planes are often part of a two-way radio system that also includes
land vehicles.

Because there are so many types of stations, it is important for the
licensed radio operator to know the FCC terminology used in distin-
guishing among them. (Refer to Appendixes 1 and II for definitions
and various radio service classifications. Appendixes III and IV con-
tain reference material for the study of Elements I and II; Appendix V.
for the study of Element III.)
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1-6. STATION ASSIGNMENTS AND LICENSING

IZach radio transmitter requires a station license. The transmitter
operators do or do not require an operator’s license, depending on the
radio service they are associated with. For example, in most Maritime
and Aviation Services it is necessary that the operator have a license.
The broadcast operator requires a license. In fact, an operator’s license
is required for practically all radio services that operate below 23 M1z,
In the Citizens Radio Service a station license is required, but the op-
erator is not licensed. Many of the radio services above 25 Mz, in-
cluding the Land Transportation, Public Safety, and Industrial Services
do not require an operator’s license.

IHowever, a distinction must be made between strictly operation and
cquipient maintenance. In most cases, the lower-grade operator li-
censes permit little else than the operation of those controls required in
the normal handling of two-way radiocommunications. Adjustments or
tests during or coincident with the construction, installation, servicing,
or maintenance of a radio transmitter shall be made by or under the
immediate supervision or responsibility of a person holding a first- or
second-class commercial radio operator’s license, either radiotelephone
or radiotelegraph, as may be appropriate for the type of emission em-
ployed. Such a licensee is responsible for the proper functioning of the
radio-transmitter equipment.

There are many poimt-to-point and mobile communications systems
that can be operated, installed, adjusted, and maintained by the second-
class radiotelephone operator. In fact, practically all stations, except
broadcast, radiotelegraph, and amateur stations, come under the au-
thority of a second-class radiotelephone license holder.

The second-class radiotelephone license holder is not authorized for
fixed stations using telephony and power in excess of 100 watts for
communication with coastal telephone stations. In most instances, such
stations also require radiotelegraph facilitics, which come under the
jurisdiction of a radiotelegraph license holder. Similarly, the second-
class radiotelephone license holder is not authorized to operate certain
aeronautical stations because they include radiotelegraph facilities.

The most active two-way radio-frequency bands, which contain the
bulk of the station assignments that require second-class radiotelephone
license holders, are given in Table 1-1. In this handbook, the symbols
shown will be used in identifying the various two-way radio bands.

The major two-way radio assignments in the medium-frequency
(mf) band are police radio, marine, and aviation, although there are

Table 1-1. Major Two-Way Radiotelephony Bands

Medium frequency (mf) ... ... ... L 1.6-11.5 MHz
High frequency (hf) ... ... ... .. ... ... ... il 25-50 MHz
Very high frequency (vhfl) ... ... .. ... ... ... ... ... ... 108-135 MHz
Very high frequency (vhf2) ... ... ... ... ... il 152-174 MHz
Ultrahigh frequency (uhfy) ... ... . .. . il 450-520 MHz
Ultrahigh frequency (uhfa) ... ... .. .. . il 930-960 MHz
Vhf pointte-point ... ... 72-76 MHz
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some point-to-point relay assignments and a very limited number of
land-mobile allocations. Because of the great emphasis on small boats,
an increasingly active portion of the spectrum between 1.6 and 3.5 Mllz
has been allocated to small-ship stations operating in coastal and inland
waters. There are numerous aeronautical station assignments, largely
for the benefit of air-carrier services (passenger and cargo). Many
two-way radio aeronautical assignments, particularly for private air-
craft and airdrome facilities, are made in the vhfl band.

The upper portion of the hf spectrum is crowded with mobile assign-
ments. It includes not only the very active Citizens band, but a high
percentage of the Public Service and Land Transportation Services as
well. It is a very active portion of the frequency spectrum insofar as
land mobile-radio equipment is concerned. Each transmitter must in
some way be linked to a second-class radiotelephone license holder.

Similar assignments are made in the two vhf bands. The 72-76-MHz
band has been allocated largely to operational fixed-station use. Point-
to-point relay systems have allocations in this spectrum. In time, most
point-to-point allocations and some of the systems now operating on
this band will use the superhigh frequency (shf) and the upper end
of the uhf bands. A high degree of stability and freedom from inter-
ference can be obtained more readily in the microwave spectrum. The
second-class rad:otelephone license holder will be able to assist in the
development and use of these microwave relay assignments.

Aeronautical radio facilities dominate the vhfl spectrum. The assign-
ments on the vhf2 spectrum are similar to those of the hf band. Land
mobile-radio assignments are predominant. However, railroad radio
and coastal radiomarine allocations are also available.

The allocations on the uhf band are similar to those of the vhf and
hf bands. A number of fixed point-to-point allocations are becoming
available, particularly at the high-frequency end of the ubf band. This
band includes a Citizens-band spectrum and an impressive array of
allocations for lund vehicle, marine, and aviation facilities. Radio navi-
gational aids (including radar) for aeronautical and marine services
are served by unf and higher microwave frequency assignments. Some
mobile radio assignments are also made in the uht television spectrum
between 470-89) Mllz.

The informat.on for the three general classifications of land, aviation,
and marine twe-way radio assignments in Appendix I will give you an
idea of the extensive use of radiocommunications equipment and the
expansive avenues of growth possible. As you can see, your second-
class radiotelephone license will open many transmitter doors for you.

In this chapter, three of the most active two-way radio services will
be discussed in more detail; these are Business Radio, Citizens Radio
and ship-to-shore radiotelephone. Permissible use, license require-
ments, power, and frequency assignments are considered.

1-7. BUSINESS RADIO SERVICE

The Business Radio Service has grown considerably because any
person engaged in a commercial activity is eligible for authorization.
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In addition, the service includes educational and philanthropic institu-
tions, clergymen, ecclesiastical institutions, as well as hospitals, clinics,
and medical associations. A variety of frequencies are available for
assignment in the hf, vhfl, vhf2, uhf, and highcr-frequency bands. As-
signments predominantly are between 27-43 MHz, 150-158 MHz, and
461-470 MHz.

When an application is made for an assignment in the Business Radio
Service, the application shall be accompanied by evidence of frequency
coordination, except where the frequency requested and both immedi-
ately adjacent frequencies are available for assignment in that service.
If trequency-coordination information must be submitted, the appli-
cant may submit a statement from a local frequency-advisory com-
nuttee recommending the specific frequency for assignment which, in
the opinion of the committee, will result in the least amount of inter-
ference to existing stations operating in the area. In lieu of the recom-
mendation of the frequency-advisory committee, all stations operating
in the area on the requested frequency within 75 miles of the proposed
station, and all stations operating on any adjacent frequencies (15 kllz
or less ) and within 10 to 35 miles of the proposed station, must be noti-
fied. The applicant shall submit a written and signed statement that all
existing licensees within the frequency and mileage limits have been
notified of the applicant’s intention to request a particular frequency.

In no instance will an application be granted where the proposed
station is located less than 10 miles from an adjacent-channel station
15 kHz removed.

A statement is required from a frequency advisory committee recom-
mending the specified frequency which in the opinion of the committee
will result in the least amount of interference to existing stations operat-
ing in the particular area. The committee’s recommendations may ap-
propriately include comments on technical factors such as power, an-
tenna height and gain, terrain, and other factors which may serve to
mitigate any contemplated interference. The committee shall not rec-
ommend any adjacent-channel frequency (135 kIlz removed ) to existing
stations which would result in a separation of less than 10 miles. The
frequency advisory committee must be so organized that it is repre-
sentative of all persons who are eligible for radio facilities in the service
concerned in the area the committee purports to serve. The functions
of such committees are purely advisory in character, and their recom-
medations cannot be considered as binding upon either the applicant
or the Commission, and must not contain statements which would
imply that frequency advisory committees have any authority to grant
or deny applications. Where the frequency or frequencies requested or
assigned are within 15 kI1z of a frequency which is avilable to another
radio service, and are assignable only after coordination, the commit-
tee’s statement shall affirmatively show that coordination with a similar
committee for the other service has been accomplished.

It is apparent that a second-class radiotelephone operator should
know the Federal Communications Commission rules and regulations
so that he might assist an applicant in submitting the proper applica-
tion for station authorization.
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1.7-1. Technical Standards

Frequency—It is in the realm of the technical performance, in par-
ticular, that responsibility is in the hands of the second-class radiotele-
phone license holder. Of special concern are frequency and frequency
stability, power input or output, and modulation level. Table 1-2 shows
the frequency-stability requirements for operation in the Industrial
Radio Services, which include business radio.

Table 1-2. Frequency-Stability Requirements for the Industrial Radio Services

Transmitter (input) power
Fixed and base stations Mobile stations
Over 300 300 watts Over3 3 watts
Frequency range watts or less watts or less
R _ 1 ]
MHz Percent Percent Percent Percent
Below 25 ............ 0.005 0.01 0.01 0.02
2510 50 ... .......... .002 .002 .002 .005
5010 450 ............ .0005 .0005 .0005 .005
450 to 470 ........... .00025 .00025 .0005 .0005
470 to 512 ........... .00025 .00025 .0005 .0J05
Above 950 ........... *) *) *) *)

*For microwave fixed equipment, see Sec. 91.111. For other equipment, tolerance will be specified
in the station authorization.

Power—The power that may be used by a station in the Industrial
Radio Services shall be no more than the minimum required for satis-
factory technicai operation commensurate with the size of the area to
be served, and local conditions which affect radio reception and trans-
mission. Except where the power which may be used on a designated
frequency is specifically limited to a lower value, plate-power input to
the final radio-frequency stage in excess of that shown in Table 1-3

Table 1-3. Plate-Power Input to the Final RF Stage

Maximum plate
power input to
the final radio
frequency stage

Frequency range (watts)
1.6-6.0 MHz ... ... ..t ie e 2000
7ERU0) (WRFH cacaoannoncnannnn0c000aa000a000006600000060000000 500
JeUE RF anoo0a000000000000a00000000000000a00000000000000 600
220-470 MHZ ... . e 600
470-512 MHz . 1000 (erp)

will not be authorized. Under actual operation, the plate-power input
to the final rf stage shall not exceed by more than 10% the plate-power
input shown in the FCC radio-equipment list or the manufacturer’s
rated plate-power input for the particular transmitter listed on the
authorization.
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Modulation—Amplitude (A3) or frequency (F3) modulation can be
employed. For A3 emission the maximum authorized bandwidth shall
be 8 kHz. For F3 emission the authorized bandwidth and frequency
deviation are given in Table 1-4.

When amplitude modulation is used, the modulation percentage
shall be sufficient to provide efficient communication and normally
shall be maintained above 70% on peaks but shall not exceed 100% on
negative peaks.

Other Factors—Certain other technical facts are worthy of note. In
specifying the bandwidth, the specified band shall contain those fre-
quencies on which a total of 99% of the radiated power appears, ex-
tended to include any discrete frequency on which the power is at
least 0.25% of the total radiated power. Any radiation in excess of these
limits is considered to be an unauthorized emission. Actual attenuation
figures are given. The mean power of emission shall be attenuated be-
low the mean output power of the transmitter in accordance with the
following:

Table 1-4. Authorized Bandwidth and Frequency Deviation for F3 Emission

Authorized Frequency
Frequency bandwidth deviation
band (MHz) (kHzx) (kHz)
251050 ... ... L. 20 5
5010 150 ............. 20 5
150 to 450 ............ 20 5
450 to 470 ... ........ 20 5
470 t0 512 . ........... 20 5

(1) On any frequency removed from the assigned frequency by
more than 50%, up to and including 100% of the authorized band-
width; at least 23 decibels.

(2) On any frequency removed from the assigned frequency by
more than 100%, up to and including 250% of the authorized band-
width; at least 35 decibels.

(3) On any frequency removed from the assigned frequency by
more than 250%, at least 43 + log,o (mean power output in watts) dec-
ibels or 80 decibels, whichever is the lesser attenuation.

The maximum audio frequency required for satisfactory radiotele-
phone intelligibility in these services is considered to be 3000 Hz. A
low-pass filter must be included for each transmitter that is operated on
a frequency in the ranges of 25 to 50 MHz or 150 to 174 MHz, and
which is provided with a modulation limiter. Such a filter shall be in-
stalled between the modulation limiter and the modulation stage, and
at audio frequencies between 3 kHz and 15 kHz the filter shall have an
attenuation greater than the attenuation at 1 kHz by at least 40 log,,
(f/3) decibels. At audio frequencies above 15 kHz, the attenuation
shall be at least 38 decibels greater than the attenuation at 1 kHz.

Transmitter Measurements—When two-way radio equipment is in-
stalled, when it is changed, and at scheduled intervals, the FCC re-
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quires that transinitter measurements be made and recorded. Test
equipment must be such that measurements can he made well within
the established tolerance for the particular radio service. It is apparent
then that the second-class radiotelephone license holder is in a position
to provide a continuing technical service to the licensee of a two-way
radio system. In fact, such a license holder can be involved w:th the
initial planning and application for a station authorization, he can as-
sume the responsibility for the installation plus the change and expan-
sion activities of the system, and finally, he can perform the required
FCC measurements. The actual FCC rules and regulations as they
apply to the Industrial Radio Services, including business radio are
as follows:

Sec. 91.108 Transmitter measurements.

(a) The licensce of each station shall employ a suitable procedure to determine
that the carrier frequency of each transmitter authorized to operate with a plate
input_power to the final radio frequency stage in excess of three watts, is main-
tained within the tolerance prescribed in this part. This determination shall be
made, and the results thereof entered in the station records, in accordance with
the following:

(1) When the transmitter is initially installed;

(2) When any change is made in the transmitter which may affect the carrier
frequency or the stability thereof;

(3) At intervals not to exceed one year, for transmitters employing crystal-
controlled oscillators;

(4) At intervals not to exceed one month for transmitters not employing crystal-
controlled oscillators.

(b) The licensee of each station shall employ a suitable procedure to determine
that the plate power input to the final radio frequency stage of each base station
or fixed station transmitter authorized to operate with a plate input power to the
final radio frequency stage in excess of three watts, does not exceed the maximum
figure specified on the current station authorization. Where the transmizter is so
constructed that a direct measurement of plate current in the final radio frequency
stage is not practicable, the plate input power may be determined from a measure-
ment of the cathode current in the Enal radio frequency stage. When the plate in-
put to the final radio frequency stage is determined from a measurement of the
cathode current, the required record entry shall indicate clearly the quantities that
were measured, the measured values thereof, and the method of determining the
plate power input from the measured values. This determination shall be made
and the results thereof entered in the station records, in accordance with the
following:

(1) When the transmitter is initially installed;

(2) When any change is made in tKe transmitter which may increase the tians-
mitter power input,

(3) At intervals not to exceed one year.

(c) The licensee of each station shall employ a suitable procedure to determine
that the modulation of each transmitter, authorized to operate with a plate input
power to the final radio frequency stage in excess of three watts, does not exceed
the limits specified in this part. This determination shall he made and the results
thereof entered in the station records, in accordance with the following:

(1) When the transmitter is initially installed;

(2) When any change is made in the transmitter which may affect *he modu-
lation characteristics;

(3) At intervals not to exceed one year.

(d) The determinations required by paragraphs (a), (b), and (c) of this scc-
tion may, at the option of the licensee, be made by any qualified engineering mea-
surement service, in which case the required record entries shall show the name
and address of the engineering measurement service as well as the name of the
person making the measurements.
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(e) In the case of mohile transmitters, the determinations required by para-
graphs (a) and (c) of this section may e made at a test or service bench: Pro-
vded, That the measurements are made under load conditions equivalent to actual
operating conditions: And provided further, That after installation in the mobile
unit the transmitter is given a routine check to determine that it is capable of
being received satisfactorily by an appropriate receiver.

1-8. STATION LICENSE

Radio transmitters in the two-way radio services may not be oper-
ated without a station license. Such authorization is granted by the
FCC. The necessary application form can be requested from the FCC
in Washington, D.C., or from their district offices.

The second-class radiotelephone license holder should be familiar
with the rules and procedures for obtaining such a station license, and
he should be prepared to help the potential user to select the service
most appropriate for his particular industrial, commercial, or profes-
sional needs. He can also assist the user in making a wise selection
of equipment and choice of frequency for the communication to be
handled. Finally, he can lend a hand in completing the application and
provide the necessary guidance until the system is in operation. The
seccond-class radiotelephone license holder who can follow through
from the initial planning to its culmination will be in the most advan-
tageous position to attract new customers and users. He will also make
himself rather indispensible in the maintenance and expansion of the
present system.

ITe must know what category a potential user falls into with regard
to the various two-way radio services. ( These categories are presented
in this chapter and Appendix 1.) Complete information can be obtained
from the respective FCC Volumes.

A sample license-upplication form (FCC Form 400) is shown in
Fig. 1-2. Tt is this form that must be completed when applying for a
station authorization in various radio services, including Business
Radio. The meanings of specific items are as follows:

Item 1 (c¢) refers to the type of emission. For example, 20F3 refers
to the use of frequency modulation with an assigned bandwidth of
20 kHz. Item 1 (d) is the maximun input power.

Items 2 and 3 are self-explanatory. They include the transmitter ad-
dress and the location of the transmitter control points. (The two may
or may not be the same.)

Item 4 applies to all mobile stations, and to base and fixed stations
at temporary locations. Describe as accurately as possible the area in
which the stations or units of the stations normally will be operated.
Antenna structure is covered in item 3 and includes the height of the
antenna applied for in this application to its highest point above the
around level and the height of the antenna structure itself (building,
tower, ete.), plus information concerning the elevation above mean sea
level of the ground at the antenna location.

The radio license service for which vou are making application and
the class of stations are covered in item 6. Item 7 asks for individual
and business addresses.
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The facts requested in 8 through 12 are obvious. Item 11 refers to
the continuous sharing of radio facilities, such as to provide service to
some of your mobile units installed in vehicles belonging to other per-
sons separately engaged in transportation activities who are not licens-
ees. Information must be given as to whether this communication serv-
ice will be rendered without charge or on a nonprofit cost-sharing basis.
Detailed information can be obtained from the rules and regulations of
the appropriate radio service.

Item 13 asks for a system diagram of the proposed radio system in-
cluding fixed or mobile systems involving two or more stations. Indi-
:ate the relative location of principal cities and towns and show the
relative location of each existing and/or proposed station. Additional
information is given in item 14 if the transmitter is not on the commis-
sion’s radio equipment list,

Item 15 verifies your eligibility and must include a general descrip-
tion of your business or activities and how the radio system is to be
employed in this activity. Include any information that will aid in the
eligibility determination. In items 17 and 18 complete information is
given with regard to antenna structure and use.

In some services, the FCC grants the station license immediately; in
others, a construction permit is granted first. Final license is then
granted after the station has been constructed and placed in operation,
in compliance with technical standards of performance. The local FCC
District Office must be notified when construction is completed and
before tests are started.

The main station license is posted at a fixed or base station location.
Separate transmitter-identification cards should be filled in and at-
tached to each mobile transmitter (Fig. 1-3).

It is the responsibility of the sccond-class radiotelephone license
holder to keep an eye on the expiration date of the various transmitters
with which he is concerned. He should take the necessary steps to re-
new all licenses within two months before they expire.

1.9. CITIZENS RADIO SERVICE

The Citizens Radio Service has had a phenomenal growth as attested
by the more than a million transmitters now in operation. Segments of
the frequency spectrum have been set aside in the Citizens Radio Serv-
ice to provide for a private short-distance radiocommunications service
for the business or personal activities of licensees, for radio signaling,
and for the control of remote objects or devices by means of radio. Any
citizen of the United States who is 18 or more years of age (or 12 vears
for a Class-C station) may obtain a station license if his application
mects the requirements of the service. Partnerships, associations, trusts,
or corporations meeting the requirements, including any state, terri-
torial, or local governmental entity, or any service organization or asso-
ciation, inchiding civil defense, may be’ licensed. The classes of CB
stations are:

Class-A station: A station in the Citizens Radio Service licensed to he
operated on an assigned frequency in the 460- to 470-MI1z band and
with a transmitter output power of not more than 50 watts.
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UNITED STATES OF AMERICA FCC Form 452.C
FeoeraL CoMMUNICATIONS COMMISSION (March 1960)
TRANSMITTER IDENTIFICATION CARD

1. Station call sign:

2. Name and Address of Permittee or Licensee:

AN

Class-C station. A station in the Citizens Radio Service licensed to
be operated on an authorized frequency in the 26.96- to 27.23-Mllz
band, or on the frequency 27.255 MHz, for the control of remote ob-
jects or devices by radio, or for the remote actuation of devices which
are used solely as a means of attracting attention, or on an authorized
frequency in the 72- to 76-MHz band for the radio control of models
used for hobby purposes only.

Class-D station. A station in the Citizens Radio Service licensed to
be operated for radiotelephony, only, on an authorized frequency in
the 26.96- to 27.23-MHz band and on the frequency 27.255 Mlz.

A station license is required; no operator’s license is required. How-
ever, a commercial radio operator license of the proper class (minimum
second-class radiotelephone license) is required for adjustments to any
Citizens radio transmitter during installation, testing, or servicing, that
may cause the transmitter to operate off-frequency or in a manner
which may in other ways violate the rules. This regulation emphasizes
that almost all repairs on Citizens band equipment should be made by
the holder of a first- or second-class commercial license, either radio-
telegraph or radiotelephone. The second-class radiotelephone license
holder should have an understanding of the legal applications for CB
equipment so he can properly guide a prospective customer or user.

Fig. 1-3. Transmitter identification card.

95.83 Prohibited uses.

(a) A Citizens radio station shall not be used:

(1) For engaging in radio communications as a hobby or diversion, i.e., operat-
ing the radio station as an activity in and of itself.

NOTE: The following are typical, but not all inclusive, examples of the types of
communications evidencing a use of Citizens radio as a hobby or diversion which
are prohibited under this rule:

“You want to give me your handle and I'll ship you out a card the first thing in
the momning;” or “Give me your 10-20 so I can ship you some wallpaper.” (Com-
mugicz)itions to other licensees for the purpose of exchanging so-called “QSL”
cards.

“I'm just checking to see who is on the air.”

“Just calling to see if you can hear me. I'm at Main and Broadway.”
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“Just heard your call sign and thought I'd like to get acquainted;” or “Just pass-
ing through and heard your call sign so I thought I'd give you a shout.”

“Just sitting here copying the mail and thought I'd give you a call to see how you
were doing.” (Referring to an intent to communicate based solely on hearing an-
other person engaged in the use of his radio.)

“My 10-20 is Main and Broad Streets. Thought I'd call so I can see how well this
new rig is getting out.”

“CGot a new mike on this rig and thought I'd give you a call to find out how my
modulation is.”

“Just thought T would give you a shout and let you know I am still around.
Thanks for coming back.”

) “Clear with Venezaela, Just thought I'd let you know I was copying you up
ere.

“Thought I'd give you a shout and see if you knew where the unmodulated car-
rier was coming from.”

“Just thought I'd give you a call to find out how the skip is coming in over at
your location.”

“Go ahead breaker. What kind of a rig are you using? Come back with your
10-20.”

(2) For any purpose, or in conncction with any activity, which is contrary to
Federal, State, or local Jaw.

(3) For the transmission of communications containing obscenc, indecent, or
profane words, language, or meaning.

(+4) To carry communications for hire, whether the remuneration or benefit re-
ceived is direet or indirect.

(5) To conmmunicate with stations authorized or operated under the provisions
of other parts of this chapter, with unlicensed stations, or with U.S. Government or
foreign stations (other than as provided in Subpart E of this part) except for com-
munications pursuant to R.R. 94.85(b) and 95.121 and, in the case of Class-A sta-
tions, for communications with the U.S. Govermment stations in those cases which
require cooperation cr coordination of activities.

(6) For any com:munication not directed to specific stations or persons, except
for: (i) Emergency and civil defense communications as provided in R.R, 95.85(h)
and 95.121, respectively, (ii) test transmissions pursuant to R.R. 9593, and (iii)
communications from a mobile unit to other units or stations for the sole purpose of
requesting routing directions, assistance to disabled vehicles or vessels, information
concerning the availability of food or lodging, or any other assistance necessary to
a licensee in transit.

(7) To convey program material for retransmission, live or delayed, on a broad-
cast facility.

{NOTE: A Class-A or Class-D station may be used in connection with the ad-
ministrative, engincering, or maintenance activities of a broadeasting station; a
Class-A or Class-C station may be used for control functions by radio which do not
involve the transmission of program material; and a Class-A or Class-D station may
be used in the gathering of news items or preparation of programs: Provided, That
the actual or recorded transmissions of the Citizens radio station are not broadcast
at any time in whole or in part.

(8) To interfere maliciously with the communications of another staticn.

(9) For the direct transmission of any material to the public through public
address systems or similar means.

(10) To transmit superfluous communications, i.c., any transmissions which are
not necessary to communications which are permissible.

{11) For the transmission of music, whistling, sound cffects, or any material for
amusement or entertainment purposes, or solely to attract attention.

(12) To transmit the word “MAYDAY” or other international distress signals,
except when a ship aireraft, or other vehicle is threatened by grave and imminent
danger and requests immediate assistance,

(13) For transmitting communications to stations of other licensees which re-
late to the technical performance, capabilities, or testing of any transmitter or
other radio equipn:ent, including transmissions concerning the signal strength or
frequency stability of a transmitter, except as necessary to establish or maintain
the specific communication.
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(14) For relaying messages or transmitting communications for a person other
than the licensee or members of his immediate family, except: (i) Communications
transmitted pursuant to Secs. 95.85(h), 95.87(b) (7), and 95.121; and, (ii) upon
specific prior Commission approval, communications between Citizens radio sta-
tions at fixed locations where public telephone service is not provided.

(15) For advertising or soliciting the sale of any goods or services.

(16) For transmitting inessages in other than plain language. Abbreviations,
including nationally or internationally recognized operating signals, may be used
only if a list of all such abbreviations and their meaning is kept in the station
records and made available to any Commission representative on demand.

(b) A Class-D station may not be used to communicate with, or attempt to
communicate with, any unit of the same or another station over a distance of more
than 150 miles.

(¢) A licensee of a Citizens radio station who is engaged in the business of sell-
ing Citizens radio transmitting equipment shall not allow a customer to operate
under his station license. In addition, all communications by the licensee for the
purpose of demonstrating such equipment shall consist only of brief messages ad-
dressed to other units of the same station.

Duration of transmissions. (a) All communications or signals, regardless of their
nature shall be restricted to the minimum practicable transmission time. The radia-
tion of energy shall be limited to transmissions modulated or keyed for actual per-
missible communications, tests, or control signals. Continuous or uninterrupted
transmissions from a single station or between a number of communicating stations
is prohibited, except for communications involving the immediate safety of life or
property.

(b) Communications between or among Class-D stations shall not exceed 5
consecutive minutes. At the conclusion of this 5-minute period, or upon termination
of the exchange if less than 5 minutes, the station transmitting and the stations par-
ticipating in the exchange shall remain silent for a period of at least 5 minutes and
monitor the frequency or frequencies involved before any further transmissions are
made. However, for the limited purpose of acknowledging receipt of a call, such a
station or stations may answer a calling station and request that it stand by for the
duration of the silent period. The time limitations contained in this paragraph may
not be avoided by changing the operating frequency of the station and shall apply
to all the transmissions of an operator who, under other provisions of this part, may
operate a unit of more than one Citizens radio station.

(¢) The transmission of audible tone signals or a sequence of tone signals for
the operation of the tone-operated squelch or selective calling circuits in accordance
with Sec. 95.47 shall not exceed a total of 15 seconds duration. Continuous trans-
mission of a subaudible tone for this purpose is permitted. For the purposes of this
section, any tone or combination of tones having no frequency above 150 Iz per
second shall be considered subaudible.

(d) The transmission of permissible control signals shall be limited to the mini-
mum practicable time necessary to accomplish the desired control or actuation of
remote objects or devices. The continuous radiation of cnergy for periods exceeding
3 minutes duration for the purpose of transmission of control signals shall be limited
to control functions requiring at least one or more changes during each minute of
such transmission. However, while it is actually being used to control model aircraft
in flight by mcans of interrupted tone modulation of its carrier, a Citizens radio
station may transmit a continuous carrier without being simultaneously modulated
if the presence or absence of the carrier also performs a control function. An ex-
ception to the limitations contained in this paragraph may be authorized upon a
satisfactory showing that a continuous control signal is required to perform a con-
trol function which is necessary to insure the safety of life or property.

Tests and Adjustments—The following information is of particular
significance because it spells out exactly the increasing importance of
the second-class license in the Citizens Radio Service.

All tests or adjustments of Citizens radio transmitting equipment involving an

external connection to the radio frequency output circuit shall be made using a
nonradiating dummy antenna. However, a brief test signal, either with or without
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modulation, as appropriate, may be transmitted when it is necessary to adjust a
trausmitter to an antenna for a new station installation or for an existing installa-
tion involving a change of antenna or change of transmitters or when necessary for
the detection, measurement, and suppression of harmonic or other spurious radia-
tion. Test transmissions using a radiating antenna shall not exceed a total of 1
minute during any 5 minute period, shall not interfere with communications already
in progress on the operating trequency, and shall be properly identified as required
by Sec. 95.95, but may otherwise be unmodulated as appropriate.

Operator license requirements.—(a) No operator leense is required for the opera-
tion of a Citizens radio station except that stations manually transmitting Morse
Code shall be operated by the holders of a third- or higher-class radio-telegraph
operator license,

(b) Except as provided in paragraph (¢) of this section, all transmitter adjust-
ments or tests while radiating energy during or coincident with the construction,
installation, servicing, or maintenance of a radio station in this service, which may
affect the proper operation of such stations, shall be made by or under the immedi-
ate supervision and responsibility of a person holding a first- or second-class com-
mercial radio operator license, cither radiotelephone or radiotelegraph, as may be
appropriate for the type of emission employed, and such person shall be responsible
for the proper functioning of the station equipment at the conclusion of such adjust-
ments or tests. Further, in any case where a transmitter adjustment which may
affect the proper operation of the transmitter has been made, while not radiating
energy, by a person not the holder of the required commercial radio operator license
or not under the supervision of such licensed operator, other than the factory as-
sembling or repair of equipment, the transmitter shall be checked for compliance
with the technical requirements of the rules by a commercial radio operator of the
proper grade hefore it is placed on the air.

(¢) Except as provided in Sec. 95.53 and in paragraph (d) of this section, no
commercial radio operator license is required to be held by the person performing
transmitter adjustments or tests during or coincident with the construction, installa-
tion, servicing, or maintenance of Class-C transmitters, or Class-1 transmitters used
at stations authorized prior to May 2.4, 1974 Provided, that there is compliance
with all of the following conditions:

(1) The transmitting equipment shall be crystal-controlled with a crystal ca-
pable of maintaining the station frequency within the prescribed tolerance.,

(2) The transmitting equipment either shall have been factory assembled or shatl
have been provided in kit form by a manufacturer who provided all components
together with full and detailed instructions for their assembly by nonfactory per-
sonnel;

(3) The frequency-determining elements of the transmitter, including the
crystal(s) and all other components of the crystal oscillator circuit, shall have been
preassembled by the manufacturer, pretuned to a specific available frequency, and
sealed by the mamifacturer so that replacement of any component or any adjust-
ment which might cause off-frequency operation cannot be made without breaking
snch seal and thereby voiding the certification of the manufacturer required by
this paragraph;

(4) The transmitting equipment shall have been so designated that none of the
transmitter adjustments or tests normally performed during or coincident with the
installation, servicing, or maintenance of the station, or during the normal rendition
of the service of the station, or during the final assembly of kits or partially pre-
assembled units, may reasonably be expected to result in off-frequency operation,
excessive input power, overmodulation, or excessive harmonics or other spurious
emissions: and

(5) The manufacturer of the transmitting equipment or of the kit from which
the transmitting equipment is asseinbled shall have certified in writing to the pur-
chaser of the equipment (and to the Commission upon request) that the equipment
has bheen designed. manufactured, and furnished in accordance with the specifica-
tions, contained ir. the foregoing subparagraph of this paragraph. The manufac-
turer’s certification concerning design and construction features of Class-C or Class-
D station transmitting equipment, as required if the provisions of this paragraph
are invoked, may be specific as to a particular unit if transimitting equipment or
general as to a group or model of such equipment, and may be in any form adeq-
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uate to assure the purchaser of the equipment or the Commission that the condi-
tions in this paragraph have been fulfilled.

(d) Any tests and adjustments necessary to correct any deviation of a trans-
mitter of any class of station in this service from the technical requirements of the
rules in this part shall be made by or under the immediate supervision of a person
holding a first- or second-class commercial operator license, either radiotelephone
or radiotelegraph, as may be appropriate for the type of emission employed.

1-10. TECHNICAL REQUIREMENTS

Some of the frequency and other technical requirements are as
follows:

The frequencies listed in the following tables are available for use by Class-D
mobile stations employing radiotelephony only, on a shared basis with other sta-
tions in the Citizens Radio Service, and subject to no protection from interference
due to the operation of industrial, scientific, or medical devices within the 26.96-
27.28 M1Iz band.

(1) The following frequencies, commonly known as channels 1 through 23, may
be used for communications between units of the same station:

MHz MHz MHz MHz
26.965 27.035 27.115 27.185
26.975 27.055 27.125 27.205
26.985 27.065 27.135 27.215
27.005 27.075 27.155 27.225
27.015 27.085 27.165 27.255'
27.025 27.105 27175

'The frequency 27.255 MHz is also shared with stations in other services.

(2) Only the following frequencies may be used for communication between
units of diflerent stations:

MHz Channel MHz Channel
27.075 . e 10 77/:U?8 ooccc0000000000ancccanaa 14
27.085 ... i 1 27135 i 15
27005 e 12 ?Y/?55 5000000000000 0A000000000 23
27005 i 13

Channel 9 (27.065 MIiz) is for emergency communications only.

95.43 Transmitter power.

(a) Transmitter power is the power at the transmitter output terminals and de-
livered to the antenna, antenna transmission line, or any other impedance-matched,
radio-frequency load.

(1) For single-sideband transmitters and other transmitters employing a reduced
carrier, a suppressed carrier or a controlled carrier, used at Class-D stations, trans-
mitter power is the peak envelope power.

(2) For all transmitters other than those covered by pragraph (a)(1) of this
section, the transmitter power is the carrier power.

(b) The transmitter power of a station shall not exceed the following values
under any condition of modulation or other circumstances.

Transmitter
Class of station power in watts
A 50
C—27.255 MHz 25
C—26.995-27.195 MHz 4
C—72-76 MHz 0.75
D—Carrier (where applicable) 4
D—Peak envelope power (where applicable) 12
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95.45 Frequency tolerance,

(a) Except as provided in paragraphs (b) and (c¢) of this section, the carrier
frequency of a transmitter in this service shall be maintained within the following
percentage of the authorized frequency:

Frequency tolerance
Class of station Fixed and base Mobile
A 0.00025 0.0005
C - 0.005
D — 0.005

(b) Transmitters used at Class-C stations operating on authorized frequencies
between 26,99 and 27.26 Mllz with 2.5 watts or less mean output power, which
are used solely for the control of remote objects or devices by radio (other than
devices used solely as a means of attracting attention), are permitted a frequency
tolerance of 0.01 percent.

(c¢) Class-A stations operated at a fixed location used to control base stations,
through use of a mobile-only frequency, tolerance of 0.0005 percent.

95.49 Emission limitations.

(a) Each authorization issued to a Class-A Citizens radio station will show, as a
prefix to the classification of the authorized emission, a figure specifying the maxi-
mum bandwidth to be occupied by the emission.

(b) (Reserved)

(¢) The authorized bandwidth of the emission of any transmitter employing
amplitude modulation shall be 8 kHz for double sideband, 4 kllz for single side-
band and the authorized bandwidth of the emission of transmitters eniploying fre-
quency or phase modulation (Class F2 or F3) shall be 20 kllz. The use of Class
F2 and I3 emissions in the frequency band 26.96-27.28 Mlz is not authorized.

(d) The mean power of emissions shall be attenuated below the mean power of
the transmitter in accordance with the following schedule:

(1) When using emissions other than single sideband:

(i) On any frequency removed from the center of the authorized bandwidth by
more than 50 percent up to and including 100 percent of the authorized bandwidth:
at least 25 decibels.

(ii) On any frequency removed from the center of the anthorized bandwidth by
more than 100 percent up to and including 250 percent of the authorized band-
width: at least 35 decibels;

(2) When using single-sideband emissions:

(i) On any fregaency removed from the center of the authorized bandwidth by
more than 50 percent up to and including 150 percent of the authorized band-
width: at least 25 decibels:

(ii) On any frequency removed from the center of the authorized bandwidth by
more than 150 percent up to and including 250 percent of the authorized band-
width: at least 35 decibels;

(3) On any frequency removed from the center of the authorized bandwidth by
more than 250 percent of the authorized bandwidth: at least 43 plus 10 logi (mean
power in watts) decibels.

(¢) When an vnauthorized emission results in harmful interference, the Com-
mission may, in its discretion, require appropriate technical changes in equipment
to alleviate the interference.

95.51 Modulation requirements.

(a) When donnle sideband, amplitude modulation is used for the telephony,
the modulation percentage shall be sufficient to provide efficient communication
and shall not exceed 100 percent.

(b) Each transmitter for use in Class-1D stations, other than single sideband,
suppressed carrier, or controlled carrier, for which type acceptance is requested
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after May 24, 1974, having more than 2.5 watts maximum ontput power shall be
equipped with a device which automatically prevents modulation in excess of 100
percent on positive and negative peaks.

(¢) The maximum andio frequency required for satisfactory radiotelephone in-
telligibility for use in this service is considered to be 3000 Hz.

Compliance with technical requirements—

(a2) Upon receipt of notification from the Commission of a deviation from the
technical requireiients of the rules in this part, the radiation of the transmitter in-
volved shall be suspended immediately, except for necessary tests and adjustments,
and shall not be resumed until such deviation has been corrected.

(b) When any Citizens radio station licensee receives a notice of violation indi-
cating that the station has been operated contrary to any of the provisions con-
tained in Subpart C of this part, or where it otherwise appears that operation of a
station in this service may not be in accordance with applicable technical standards,
the Commission may require the licensee to conduct such tests as may be necessary
to determine whether the cquipment is capable of meeting these standards and to
make such adjustments as may be necessary to assure compliance therewith. A
licensee who is notified that he is required to conduct such tests and/or make ad-
justments must, within the time limit specified in the notice, report to the Com-
mission the results thereof. )

(¢) All tests and adjustments which may be required in accordance with para-
graph (b) of this section shall be made by, or under the immediate supervision of,
a person holding a first- or second-class commercial operator license, either radio-
telephone or radiotelegraph as may be appropriate for the type of emission em-
ployed. In each case, the report which is submitted to the Commission shall be
signed by the licensed commercial operator. Such report shall describe the results
of the tests and adjustments, the test cquipment and procedures used, and shall
state the type, class, and serial number of the operator’s license. A copy of this re-
port shall also be kept with the station records.

1-11. MARINE RADIOTELEPHONE

The maritime industry was the first enthusiastic and world-wide user
of two-way radio. Two-way radio is compulsory on most ocean-going
and Great Lakes vessels. Furthermore, any vessel, regardless of size,
that is transporting more than six passengers for hire and is navigated
in the open seas or any tidewater within the jurisdiction of the United
States adjacent or contiguous to the open seas, must be equipped with
an acceptable radio installation. The FCC may exempt from the pro-
vision of this part any vessel or class of vessels where the route or con-
dition of the voyage or other condition or circumstances are such as to
render a radio installation unreasonable, unnecessary, or ineffective.
Many shipboard installations must include radiotelegraph facilities,
and, therefore, most operators must have a radiotelegraph license.
Vessels equipped with a compulsory radiotelephone installation only,
require a minimum second-class radiotelephone license.

One might conclude from the previous discussion that all ship sta-
tions are of the compulsory type. However, there are many vessels ex-
cluded at present from the compulsory radio installation. These are the
teeming numbers of small commercial and pleasure boats, sailing boats,
certain yachts, etc. Ilowever, even on these types of boats, a two-way
radio is often found necessary or convenient. In most cases the operator
license is a restricted radiotelephone operator’s permit that is obtained
without taking an examination. Here again (as in the Citizens band
service), installation, repair, service, and maintenance are the responsi-
bility of a person with a first- or second-class radiotelcphone or radio-
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telegraph license. All transmitter adjustments, while radiating energy
that may affect the proper function of such stations, shall be made by
or under the immediate supervision and responsibility of a person with
a minimum scecond-class radiotelephone license.

Many ship radiotelephone stations operate in the 1.6-3.3-MI1Iz band.
The frequency of 2182 MHz is the calling and distress frequency.
Shiphoard stations must maintain an efficient listening watch on this
frequency while the station is open and not transmitting on other fre-
quencies. Shipboard transmitters in this band must be c.lpdblv of trans-
mitting on this frequency, and if the transmitter is used for other than
safety communications, it shall also be capable of transmitting on at
least two other so-called working frequencies. There are also intership
frequencies that may be employed. These frequencices are limited to use
for safety and other operational communications and, in the case of
commercial transport vessels, for business communications.

A number of definite operating procedures must be obeyed. Before
transmitting, always listen on the channel to be used so as to minimize
interference. You must give your call sign whenever you call another
vessel or coast station and again when vou finish the conversation.
Except when talking on the intership frequency, where the maximum
time limit for conversations is three minutes, you must break and an-
nounce your call sign if your ship-to-shore conversation lasts more than
15 minutes. Make your calls short (not more than 30 seconds) and do
not call the same station again for 2 minutes.

If vou hear a radio conversation not intended for you, you cannot
lawfully use the information in any way. Do not forget that safety is
the primary reason for having shipboard radio. Distress and safety have
absolute priority. This is the reason for setting aside the 2.182-MI1z and
156.8-MHz distress frequencies. The operator transmits on these fre-
quencies when i distress and maintains a watch on these frequencies
to help another in distress.

It is necessary to keep a radio log; each page must be numbered,
must have the name of the vessel and call sign, and must be signed by
the operator. Start and end of the watch on the distress frequencies
must be recorded. All distress and alarm signals and related communi-
cations transmitted or intercepted and all emergency and safety signals
and related communications transmitted shall be recorded in the log as
completely as possible. A record of all installations, service, or main-
tenance work performed, which may affect the proper operation of the
station, must also be entered by the licensed operator (minimum sec-
ond-class radiozelephone license) doing the work, including his signa-
ture, address, class of license, and the serial numker and expiration
date of his license. A rules summary and distress procedure follows:

Ship Radiotelephone Rule Reminders

1. Post stat:on license.

2. MMave operator’s license available.
3. Listen on 2.182 M1z or 156.8 M117.
4. Use 2.162 Mllz only for calling distress, urgencey, or safety.
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5. Listen before transmitting. Avoid interference with distress or
other communications in progress.

6. When your hear MAYDAY-listen. Don’t talk unless vou can
actually help.

7. No rag chewing.

§. Talk 3 minutes, wait 10 minutes.

9. Give your call sign.

10. Keep a log.

I1. Answer violation notices.

12. Use of indecent language or profanity on the air is a criminal

offense.
13. FALSE OR FRAUDULENT DISTRESS SIGNALS ARE PRO-
IIBITED.

If You Are in Distress

L. Send radiotelephone alarm signal, if possible, to attract attention
of other ships.

2. Say slowly and distinctly on the distress frequency of 2.182 Mllz,
or 156.8 MlIz:

a. MAYDAY, MAYDAY, MAYDAY
This is (Call Sign, repeated 3 times)

b. Give the name of your ship.

¢. Give yvour geographical position.

d. Tell the nature of the distress.

e. Explain what kind of assistance vou need.

t. Give any information that will help you to be rescued. (For
example, color of ship, type of ship, length of ship, etc.)

3. Repeat distress call and distress message at intervals until you get
an answer.

4. Try any other available frequency to get help, if you get no an-
swer to your distress call sent on 2,182 M1z or 156.8 MHz.

5. Give priority to DISTRESS, URCENCY, and SAFETY messages
in that order.

1.12. TECHNICAL CONSIDERATIONS

Frequency—Much of the small boat ship-to-shore and ship-to-ship
radiotelephone communications takes place in the 1605-3500-kHz spec-
trum. As mentioned previously, the distress and main calling frequency
is 2182 kllz. All marine radiotelephones are equipped to transmit and
receive on this frequency. Except for use in the Great Lakes and the
Gulf of Mexico, 2738 kHz is also an important frequency. 1t is used
mainly in the transmission of safety communications and certain per-
missible operational communications.

Spotted throughout this spectrum are various land-based maritime
stations. Ship charts and maps give the assigned frequencies for the
various ports and locations. Thus appropriate transmit and receive crys-
tals must be installed in marine radiotelephones to permit contact with
the various marine stations.
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On those vesseis carrying more than six passengers for hire, transmit/
receive facilities on 2182 kHz and 2638 kHz and at least one ship-to-
shore working frequency are compulsory. Such a transmitter and re-
ceiver combination must be capable of A3 (until January 1, 1977) or
A3H transmit and receive facility.

(7) Conversion from double-sideband (dsb) to single-sideband
(ssb) emissions in the band 1605-4000 kHz shall be effected in accord-
ance with the schedule set forth in paragraph (c¢) of section R.R.
83.351.

(c) Assignment to ship stations of radiotelephony frequencies in the
band 2000-2850 kllz will be subject to the following schedule and lim-
itations:

(1) New installations of transmitters employing A3 emission will
not be authorized.

(2) Transmitters employing A3 emission which were authorized
(see section 83.139(c)) prior to January 1, 1972, may continue to be
used by the same licensee until January 1, 1977.

(3) New installation and after January 1, 1977 all installations of
transmitters employing ssb emissions (2.8A3A, 2.8A3H, and 2.8A3]) on
frequencies in thke band 200-2850 kHz will be authorized subject to the
following additional limitations:

(i) The ship station is equipped for use of F3 emissions on frequen-
cies in the band 156-162 MHz;

(ii) Prior to initiating a call on the frequencies, a ship station shall
first attempt to communicate on the appropriate vhf frequencies. If no
reply is received to the call made on vhf, then the frequencies in the
band 2000-2850 kHz may be used for authorized communications:
Provided, however, that on the Great Lakes, simultaneous transmission
on mf and vhf is permitted for ship safety messages.

(4) After January 1, 1977, radiotelephony frequencies in the band
2000-2830 kl1z shall not be used by a ship station for intership commu-
nication when in ports or harbors, or on lakes or rivers, or with other
vessels which are within communication range of vhf, Provided, houw-
ever, That use of these frequencies is permitted with public coast sta-
tions while bevond vhf communication range of that station and for
distress and safety communications.

Unless the normal use of the required radiotelephone installation
demonstrates that the equipment is in proper operating condition, a
test communication on 2182 kliz shall be made by a qualified operator
each day the vessel is navigating. When this test is performed by a
person other than the master, and the equipment is found not to be
in proper operating condition, the master shall be promptly notified
thereof.

Transmitter Measurements—A second-class radiotelephone license
holder can perform the necessary transmitter measurements on the
radiotelephone equipment. These measurements are:

(a) The carrier frequency of each transmitter shall be determined to
be within the prescribed tolerance as follows:

(1) When the transmitter is initially installed.
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Table 1-5. Mailing Addresses for FCC Field Offices

Dist.
No.

65

7

8M

Office Location

BOSTON, MASSACHUSETTS 02109

1600 Custom House
India & State Streets
Phone: Area Cecde 617 223-6608

NEW YORK, NEW YORK 10014
748 Federal Building

641 Washington Street

Phone: Area Code 212 620-5745

PHILADELPHIA, PENNSYLVANIA
19106

1005 U. S. Customhouse

Second & Chestnut Streets

Phone: Area Code 215 597-4412

BALTIMORE, MARYLAND 21201
819 Federal Building

31 Hopkins Plaza

Phone: Area Code 301 962-2727

NORFOLK, VIRGINIA 23510
Granby & York Streets

400 Federal Building

Phone: Area Code 703 627-7471

ATLANTA, GEORGIA 30303
1602 Gas light Tower

235 Peachtree Street N. E.
Phone: Area Code 404 562-6381

SAVANNAH, GEORGIA 31402

238 Post Office Building
York & Bull Streets

| Phone: Area Code 912 232-7602

MiAMI, FLORIDA 33130

919 Federal Building

51 S. W. First Avenue

Phone: Area Code 305 350-5541

TAMPA, FLORIDA 33602

738 Federal Building

500 Zack Street

Phone: Area Code 813 228-7711

- 1
NEW ORLEANS, LOUISIANA 70130

829 Federal Building South
600 South Street

| Phone: Area Code 504 527-2094

MOBILE, ALABAMA 36602
439 U.S. Court House
113 St. Joseph Street

”Phone: Area Code 205 433-3581

HOUSTON, TEXAS 7700«

5636 Federal Building

515 Rusk Avenue

Phone: Area Code 713 226-0611

Dist.
No.

98

1

115D

115P

15

18

Phone: Area Code 415 556-7700
. !
PORTLAND, OREGON 97204

Office Location

BEAUMONT, TEXAS 77701
239 Federal Building

300 Willow Street

Phone: Area Code 713 835-3911

DALLAS, TEXAS 75202
707 Thomas Building
1314 Wood Street

| Phone: Area Code 214 749-3243

LOS ANGELES, CALIFORNIA 90012
U. S. Courthouse, Room 1758

312 N. Spring Street

Phone: Area Code 213 688-3276

SAN DIEGO, CALIFORNIA 92101
Fox Theatre Building
1245 Scventh Avenue
Phone: Area Code 714 234-6211

SAN PEDRO, CALIFORNIA 90731
300 South Ferry Street
Terminal Island

l Phone: Area Code 213 831.9281

SAN FRANCISCO, CALIFORNIA
94111

323A Custom House

555 Battery Street

314 Multnomah Building
319 S.W. Pine Street

| Phone: Area Code 503 226-3361

SEATTLE, WASHINGTON 98104

8012 Federal Office Building

909 First Avenue

| Phone: Area Code 206 583-7653

DENVER, COLORADO 80202

504 New Customhouse

19th St. between California &
Stout Streets

Phone: Area Code 303 297-4954

ST. PAUL, MINNESOTA 55101
691 Federal Building

Fourth and Robert Streets
Phone: Area Code 612 725-7819

KANSAS CITY, MISSOURI 64106
1703 Federal Biulding
601 East 12th Street

| Phone: Area Code 816 374-5526

CHICAGO, ILLINOIS 60604
1872 U. S. Courthouse

219 South Dearborn Street
Phone: Area Code 312 353-5306
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Table 1-5. Mailing Addresses for FCC Field Offices—Cont

Dist. Dist.
No. Cffice Location No. Office Location

DETROIT, MICHIGAN 48226 ANCHORAGE, ALASKA 99501
54 U.S. Post Office Building

1029 Federal Building

19 Washington Blvd. & LaFayette Street ) 4th Avenue between F & G Streets

Phone: Area Code 313 226-6077 Phone: Area Code 907 2722822
— N IS B S— . - - N

BUFFALO, NEW YORK 14203 WASHINGTON, D. C. 20554

20 328 Federal Office Building 24 Room 216
121 Elliott Street 1919 M Street, NW.
Phone: Area Code 716 842-3216 Phone: Area Code 202 632-7000
HONOLULU, HAWAI| 96808 GETTSBURG, PENNSYLVANIA

2 502 Federal Building _ 17325
P.O. Box 1021 P. O. Box 441
Phone: 546-5640 Phone: Area Code 717 334-3109

SAN JUAN, PUERTO RICO 00903
322 Federal Building

P.O. Box 2987

Phone: 722-4562

22

(1) The authorized frequency tolerance is 0.02% for A3 and 50 Hz
for A3I1.

(2) The two classes of emission are A3 (double sideband with full
carrier) and ssb. Authorized bandwidths are:

A3 6A3 8.0-kHz bandwidth
A3A-H-J 2.8A3H-A-] 3.0-kl1z bandwidth

(2) When any change is made in the transmitter which may affect
the carrier frequency or stability thereof.
(3) Upon receipt of an official notice of off-frequency operation.

(b) When the manufacturer’s rated power of a ship’s transmitter is
more than 1209: of the maximum authorized power, the actual power
shall be determ:med as follows:

(1) When the transmitter is initially installed.
(2) When any change is made in the transmitter which may in-
fluence its power.

(¢) A determination shall be made that each radiotelephone trans-
mitter produces peak modulation between 75 and 100% insofar as is
practicable as follows:

(1) When the transmitter is initially installed.
(2) When any change is made in the transmitter which may affect
its modulation characteristics.

(d) The determinations required above may be made at a test or
service bench, provided the load conditions are equivalent to those of
actual operation.

(e) The results of the above measurements shall be entered or made
a part of the station’s log.

Some of the technical requirements for operation in the 1.6- to 3.5-
MIHz marine band are as follows:
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(3) Transmitter power for telephony shall be not less than 15 watts.
For A3 emission this value is for use of a class-C plate or plate and
screen-grid modulated final radio stage in the transmitter. Equivalent
values for other classes of final amplifiers will be as specified in the
station authorization.

Except for distress calls and distress traffic and urgency and safety
signals and messages, the maximum power that may be used on 2182
kllz is 150 watts. On other ship-to-shore frequencies the maximum may
be 400 or 1000 watts, depending on the size of the vessel. For ship-to-
ship communications, the maximum power is 150 watts.

FCC FIELD OFFICES

Mailing addresses for the Federal Communications Commission
Field Offices are listed in Table 1-5 (pages 38 and 39).



CHAPTER 2

Transmission Characterisitics

2-1. FREQUENCIES AND OPERATING CHARACTERISTICS

Two-way radio. mobile, and point-to-point services are distributed
throughout the entire frequency spectrum. The FCC makes frequency
assignments in accordance with the services to be rendered and the
radio-propagation characteristics suitable for this service. The radio-
frequency spectrum is apportioned into the following subdivisions:

vIf (very low frequency) ........................... below 30 klz
I (low frequency) ......... ... .. ... ... ... ...... 30 to 300 kHz
mf (medium frequency) ......................... 300 to 3000 kHz
hf (high frequency) ........ ... .. ... . ... . ... 3000 to 30,000 kHz
vhf (very high frequency) ................. 30,000 kHz to 300 MHz
uhf (ultrahigh frequency) ....................... 300 to 3000 Mz
shf (superhigh frequency) .................... 3000 to 30,000 MHz
ehf (extremely high frequency) ............. 30,000 to 300,000 MHz

The two lowest-frequency bands and a low-frequency segment of
the medium-frequency band are used mainly in the maritime and aero-
nautical services. Up to 540 kHz, radiotelegraph transmissions are most
common. Information is transmitted in the form of the International
Morse code, and operators are required to have some form of commer-
cial radiotelegraph license. Airway beacon and other stations that send
out navigational signals use sections of this frequency spectrum, and
the international distress frequency of 500 kHz (600 meters) is also
located here.

In this frequency spectrum, the ground wave dominates (Fig. 2-1).
As a result, a very reliable transmission medium exists, both for short-
and for medium-distance communications.

If adequate transmitter power and receiver sensitivity are available
(along with a large, efficient transmitting antenna), it is possible to
establish very reliable long-distance communications. In recent years
much experimental work has been done in this frequency spectrum
toward developing reliable world-wide communications. Since very
low frequencies will penetrate the ocean water more readily than
higher-frequency waves, the former can be used for communicating
with submarines.

41
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In the medium-frequency spectrum between 300 and 3000 kIiz, both
the ground wave and the sky wave contribute to the net signal deliv-
ered to a receiving location. At the low end of the medium-frequency
spectrum, the ground wave dominates the sky wave very much. Con-
sequently, reliable ground-wave communications can be established
with limited and occasional interference introduced from sky-wave
components.

IONIZED
LAYERS

SHORTWAVE
. PATH  TROPOSPHERE

EARTH

Fig. 2-1. Propagation of radio waves.

The radio broadcast band (a-m) starts at 540 kHz and extends to
1600 kHz. The ground wave serves as a reliable local and regional
transmission medium for most of the broadcast band. During the night
hours, especially in the winter, strong sky-wave components return to
the earth. At varying distances from the transmitter, the ground waves
and sky waves interact to cause fading, sometimes adding and some-
times subtracting. At the high-frequency end of the broadcast band,
the ground-wave radiation is reliable over a shorter distance than it is
at the low-frequency end. Particularly at night, the local ground-wave
components are subject to interference from the sky-wave components
originating at a substantial distance.

In this frequency spectrum, atmospheric noises are predominant.
Summer transmission is plagued by lightning static, and the winter
reception problem is interaction between the ground wave and sky
wave.

In the frequency spectrum between 1.6 MHz and 5 MHz, there is a
variety of two-way radio assignments. It is here that small-boat radio
assignments are made. As the installation of marine radiotelephones
aboard small boats continues to grow with the accelerated interest in
boating, so does the need for better traffic regulation in coastal and
inland waters grow. Small-boat installations must be installed, adjusted,
and serviced only by a first- or second-class radiotelephone license
holder.

The upper end of the medium-frequency spectrum provides reliable
coverage up to 50 or 100 miles and under proper circumstances, even
farther. For most small-boat and aviation two-way radio installations,
the desired range is substantially less than 50 miles. Consequently, re-
liable performance is obtained with compact, low-power equipment.
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Atmospheric noises are prevalent, and in mobile installations the
problem of ignition interference must be considered. Sky-wave compo-
nents bounced off the ionized layers sometimes travel a great distance.
They then return to the earth at a high signal level and are capable of
interfering with more localized communications. In some point-to-point
communications systems, sky-wave transmission is advantageous in
covering long distances (up to severul hundred miles) on a reliable,
scheduled basis.

Long-distunce point-to-point communications and other services are
assigned to the short-wave hf spectrum between 3 and 30 MIlz. Vari-
ous bands of short-wave broadcast stations occupy these frequencies.
By using the sky-wave hounce from the ionized layers, these stations
make reliable, world-wide communications possible.

The ionization of the various layers above the carth is a continuously
shifting process. Careful observation and measurement over a period of
years have permitted the development of consistent long-distance per-
formance. These long-distance communications services—by proper
choice of frequency, time, power, and directive antenna svstems—are
able to accurateiy pinpoint these strong signals to almost all corners of
the carth.

Atmospheric static is strong at the low-frequency end of the spec-
trum, but gradually becomes weaker toward the 30-MIIz limit. Con-
versely, ignition interference increases in intensity toward the high-
frequency end of the short-wave spectrum.

Sunspot activities and aurora borealis, along with the consequent
magnetic storms, have a decided influence on short-wave performance.
Sunspot activities also have been cycled over the years and must be
considered in short-wave radio transmission. The level and degree of
ionization become a function of sunspot activity, varying from day to
night, season to season, and year to year. On occasion. magnetic storms
are so intense that all or large segments of the short-wave bands are
rendered inoperative.

In addition tc the point-to-point communications, many mobile serv-
ices are crowded at the high-tfrequency end of the short-wave spectrum
—all using equipment which must also be installed, adjusted, and
serviced by or ander the supervision of a second-class radiotelephone
holder. Many Zand-mobile systems are allocated frequencies in the
spectrum between 25 and 50 Mllz. Also, there are a limited number of
maritime and aviation assignments in this spectrum.

At the high-irequency end of the short-wave spectrum, the direct
wave (Fig. 2-1) predominates. The ground wave is attenuated to an
insignificant level only a short distance from the transmitter. Sky-wave
reflections are more sporadic. Thus, most communications are by way
of the direct wave which travels in the immediate atmosphere between
transmitter anc receiver. The reliability of the direct wave makes this
segment of the frequency spectrum ideal for mobile two-way radio
systems. With proper facilities and sufficient power output, the reliable
maximum range can be extended to 75 miles.

The popular Citizens band assignments are made in the 27-MHz
range. Millions of mobile stations are licensed to operate in this band.
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On-the-air power, modulation, and frequency checks must be made by
a first- or second-class radiotelephone license holder.

The vhf spectrum extends between 30,000 kHz and 300 MHz. In addi-
tion to many other less-publicized services, this segment contains our
television and fm broadcast stations. Two frequency bands are used
extensively for two-way mobile-radio systems, and a third band is
assigned to point-to-point communications. All assignments, except
broadcasting, come under the jurisdiction of a second-class radiotele-
phone license holder. A concentration of aeronautical two-way radio
systems and other aircraft and marine navigational services are also
assigned space in this frequency spectrum.

Direct-wave propagation (Fig. 2-1) is predominant in this spectrum.
The ground wave drops to an insignificant value just a short distance
from the transmitting antenna. The sky wave penetrates the atmosphere
and the ionized layers before going off into space. In fact, in the vhf
and uhf spectrums, guidance and telemetering signals are sent to mis-
siles and satellites.

The lower half of the vhf spectrum is subject to some ionospheric
reflection. Intense sunspot activities will result in a dense ionosphere
and some reflection of vhf signals. Ignition and other sparking noises
are strong at the low end of the vhf band, and gradually gecrease
toward the high end. Atmospheric noises seldom exist, or if they do,
they are very low in intensity. Inherent recciver noises now become
significant. In the vhf, uhf, and higher microwave spectrums, receiver
input-circuit noises are of primary concern. In most receivers, noise
from the input stage predominates. At high uhf and microwave fre-
quencies, a crystal or solid-state mixer is often used to overcome the
noise contributed by a gain input stage. It is in this frequency realm
that tunnel diode mixers and amplifiers, parametric amplifiers, and
masers are employed—the reason, of course, being their very low noise
content.

The immediate atmosphere (troposphere) exerts a great influence on
the range and reliability of vhf transmissions beyond the horizon. Cus-
tomarily, we refer to vhf and uhf transmission as being line of sight.
However, there is some bending of the vhf wave by the atmosphere.
This atmospheric bend, or refraction, causes the wave to travel beyond
the strictly optical line of sight. How far the wave travels depends on
how much it is bent (Fig. 2-2). Many meterological factors influence
the degree of bending—barometric pressure, temperature, humidity,
and others. Discontinuities such as air-mass layers or temperature in-
versions in the upper atmosphere exert a great influence on the degree
of bending. In fact, under extreme conditions the radio wave is con-

NORMAL SUBNORMAL SHARP BENDING

’ | ! \% ; \
LINE-OF-SIGHT REDUCED RANGE EXTENDED RANGE

Fig. 2-2. Vhf propagation and tropospheric bending.
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fined in ductlike fashion within these sharp discontinuities. Conse-
quently, it can be propagated hundreds, and even thousands, of miles
before returning to the carth.

Although these propagation phenomena are interesting and unusual,
routine two-way radio communications must be more reliable. Conse-
quently, communication systems are designed on the basis of line-of-
sight range, plus a reasonable extension based on an average minimum
amount of atmospheric bending,

The ubf region between 300 and 3000 MIz represents an extension
of the services provided in the vhf spectrum. Similar two-way radio as-
signments for land, marine, and aviation are made; and ubhf television
assignments occupy a good slice of this spectrum. Radio navigational
aids, including radar, are also assigned here. Assignments for point-to-
point microwave relay systems are made at the high-frequency end of
the spectrum. In common terminology, that portion above 1000 Milz
is called the microwave region.

The range of ubf transmission, in general, is less than that of vhf.
However, the ubf wave, being more beamlike, can be reflected sharply
by objects. For this reason, in metropolitan areas a uhf two-way radio
system is often more satisfactory than its vhf counterpart—the ability of
the wave to be reflected permits the signal to be bounced to a mobile
unit surrounded by skyscrapers. Vhf, because of its greater range,
seems to operate better in suburban and rural areas.

The uhf wave, particularly at the high-frequency end, can be packed
into a concentrated pencil-like heam by the use of directional antennas.
At this high frequency. the physical dimensions of a highly directional
antenna are practical. As a result, this end is advantageous in point-to-
point communications systems.

For transmission between two fixed points within line of sight, only
two terminal stations are needed. If the communications svstem is to
extend along a lengthy right-of-way (oil or natural-gas line, turnpike,
railroad line, truck route), intermediate relay stations—either manned
or automatic—can be used.

Microwave relay systems are in operation or are being planned for
many industrial and commercial services. Here are more opportunities
for the holder of a second-class radiotelephone license. Translators that
carry television signals into remote arcas use the uhf and microwave
spectrums. Studio-transmitter links and remote-pickup equipment op-
erate in the microwave spectrum. Some of this equipment can be oper-
ated by a second-class as well as first-class radiotelephone operator.

The shf (superhigh frequency) spectrum extends between 3000 and
30,000 Miiz Radar and microwave relay services are assigned to this
sector. However, much developmental work is being conducted here,
to duplicate the services rendered in the uhf and vh spectra. and some
mobile operaticns are under test or development. Navigational devices
in particular cam take advantage of the very sharp radio beam that can
be evolved usitg antennas of small physical dimensions. Licensing and
technical requirements are somewhat more liberal on the many de-
velopmental frequencies. However, there is an important niche existing
here for the second-class radiotelephone operator.
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2-2. TYPES OF EMISSION AND MODULATION

The FCC classifies three major types of modulation—amplitude, fre-
(uency, and pulse. In an a-m system, as shown in Fig. 2-3, the informa-
tion is conveyed by varying the amplitude of the resultant rf wave. An
amplitude-modulated resultant wave is developed, formed by three sig-
nals—the original carrier; the upper sideband, the carrier plus the
modulating hcqut ney: and the low- frequency sideband, the difference
between thesc two thucn(ws.

It is apparent that the bandwidth occupied by the signal in an
amplitude-modulated system s set by the highest modulating fre-
quency. If this frequency is 3000 hertz, the total handwidth of the pure
amplitude-modulated signal will be 6 kHz. If it is 10 kllz, the total
bandwidth required will be 20 kI1z.

In radio-broadcast systems, the highest audio-frequency component
transmitted lies between 8000 and 12,000 hertz (althongh some of the
high-fidelity broadcast stations transmit higher components). Thus,
the bandwidth of broadcast stations lies somewhere hetween 15 and
25 kllz.

In a-m bhroadcasting, the frequency response is generally limited at
the receiver. The i-f system in an average broadcast receiver is designed
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Fig. 2-3. The formation of an a-m wave.
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to pass audio components up to approximately 5000 Hz, in order to
minimize interference between broadcast stations with operating fre-
quencies that are close together. The bandwidth of the average a-m
broadcast receiver is usually somewhat less than 10 kI1z.

The low- and high-frequency audio components are of significance in
the transmission of music and other program material. However, in
terms of the intelligibility of voice communications, a low-frequency
limit between 300 and 350 Hz and a high-frequency limit hetween
3000 and 4000 Iz are most satisfactory.

There are three advantages to confining the frequency response and
bandwidth in voice communications. With a narrow bandwidth at the
transmitting and receiving ends, the communication is less subject to
heterodyne and sideband interference from other stations on the same
or adjacent channels. Likewise, the narrow-band signal does not radi-
ate as many sidebands capable of interfering with other services on the
same or adjacent channels. Moreover, a narrow-band receiver mini-
mizes the amount of static and man-made noise that enter, and its
inherent noise is usually less than for the wide-band type. In summary,
a narrow:-band system conserves the frequency spectrum, minimizes
interference, an< has a lower noise level.

In voice transmission, few significant frequency components are pres-
ent above 3000 or 4000 Hz, and if present, they are usually low in am-
plitude and contribute very little to intelligibility. It is true that these
overtones and high-frequency components do determine the quality
and individualism of a person’s voice. However, the intelligibility is not
reduced when these high-frequency components are absent. Hence,
most voice communications channels cut off at approximately 2500 to
3500 Hz. By so doing, there is a conservation of the frequency spec-
trum, along with a reduction in interference, and more economy in
equipment.

Voice-frequency components below 300 Hz do determine the bass
quality of a human voice, but again, they are not essential if intelligi-
bility is the primary objective. The low-frequency components also
contain the bulk of the voice power. Equipment designed for good
low-frequency performance must be capable of handling the higher
power levels contained in the low-frequency voice components. If these
components are eliminated in the modulation process, the available
power can be concentrated into the middle-frequency range. This is the
range that has the most to do with good intelligibility. The removal of
lows permits more effective use of the desired audio range, plus more
economical equipment design because low-frequency performance and
disturbances need not be considered.

The various types of transmission and emission are shown in Table
2-1. Notice that each type of transmission and modulation is given an
identifying symbol. For example, regular a-m double-sideband, full-
carrier emission is given the symbol A3. These symbols are in common
usage, particularly throughout all FCC publications. In making a spe-
cific a-m assignment for voice or other communications, a numerical
prefix is often added to indicate the bandwidth assigned. For example,
the symbol 6A3 indicates double-sideband a-m modulation, the highest



Type of modulation
of main carrier Type of transmission | Supplementary characteristics Symbol
Amplitude ........ With 10 MOTUIBTION .« oo\ttt e it e e et ittt et ie e b A0
modulation Telegraphy without the use of a modulating BUAIO + vttt e e e Al
frequency (by on-off keying).
Telegraphy by the on-off keying of an AamPlitUde- . .ot A2
modulating audio frequency or audio frequencies,
or by the on-off keying of the modulated emission
(special case: an unkeyed emission amplitude modu-
lated).
Telephony ... ovvereiii e Double sideband . ....... ... ... i A3
Single sideband, full carrier ...................t A3H
Single sideband, reduced carrier .......... ...l A3A
Single sideband, suppressed carrier ........... .. ... A3)
Two independent sidebands . .............. ... ... A3B
Facsimile (with modulation of main carrier either GIP 6000 000800000006000000000000000a000000000000000000 Ad
rectly or by a frequency-modulated subcarrier).
Facsimile ...t s Single sideband, reduced carrier .......... ... ... AdA
TElEVISION oottt ittt i e Vestigial sideband ....... ... ... . ool AS5C
Multichanne! voice-frequency telegraphy ............ Single sideband, reduced carrier .......... ...l A7A
Cases not covered by the above, e.g., a combination of Two independent sidebands . .......... ...l A9B

telephony and telegraphy.

Frequency Telegraphy by frequency shift keying without the use
(or Phase) of a modulating audio frequency: one of two fre-
modulation quencies being emitted at any instant.

Telegraphy by the on-off keying of a frequency-
modulating audio frequency or by the on-off keying
of a frequency-modulated emission (special case: an
unkeyed emission, frequency modulated).

Telephony
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Facsimile by direct frequency modulation of the
carrier.

Television ... ... . ... ...
Four-frequency diplex telegraphy ..................

carrier is frequency modulated.

Pulse modulation .. A pulsed carrier without any modulation intended to

carry information (e.g. radar).

Telegraphy by the on-off keying of a pulsed carrier
without the use of a modulating audio frequency.

Telegraphy by the on-off keying of a modulating audio
frequency or audio frequencies, or by the on-off
keying of a modulated pulsed carrier (special case:
an unkeyed modulated pulsed carrier).

Telephony

Cases not covered by the above in which the main
carrier is pulse modulated.

Audio frequency or audio frequencies modulating the P2D
amplitude of the pulses.

Audio frequency or audio frequencies modulating the P2E
width (or duration) of the pulses.

Audio frequency or audio frequencies modulating the P2F
phase (or position) of the pulses.

Amplitude-modulated pulses ................... ... P3D
Width- (or duration-) modulated pulses .............. P3E
Phase- (or pesition-) modulated pulses ............. .. P3F

Code-modulated pulses (after sampling and quantiza- P3G
tion).
P9
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audio-frequency component being 3000 Hz. The total bandwidth would
be 6 kHz.

2-2-1. Suppressed Carrier

Some voice-communication circuits, both base-mobile and point-to-
point, use suppressed-carrier transmission, as shown in Fig. 2-4. In the
a-m modulation process, the information to be conveyed between two
points is contained in either sideband. The carrier itself is excess bag-
gage—it really contains no useful information. Its presence does sim-
plify receiver design, and the carrier can be put to work in the form
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BANDWIDTH Fig. 2-4. Suppressed-carrier and single-side-
band transmission.
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of avc and afc. However, with appropriate receiver design it can be dis-
pensed with, or at least transmitted at a much reduced level.

In conventional a-m systems with 100% modulation, two-thirds of
the transmitted power is in the carrier and only one-third in the useful
sidebands. For modulation percentages of less than 100% (usually the
case except on peaks), the ratio of the power in the carrier to that in
the sideband is substantially higher. As a result, a lot of transmitter
power is wasted in the formation of the carrier. Furthermore, it is the
interaction of carriers and sidebands that sets up the whistles and
squeals which hamper communications under crowded conditions.
Thus, if the carrier is reduced or suppressed, a source of interference
is also removed.

Two other advantages of reduced-carrier transmission are the econo-
mies of transmitter design, and the fact that all useful available power
can be concentrated into the information-carrying sidebands. Receiver
design is more complex because a stable substitute for the carrier must
be generated within the receiver.
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2-2-2. Single Sideband (SSB)

Still another form of a-m transmission with wide-acceptance in ma-
rine point-to-point and amateur communications is single-sideband,
suppressed carrier. This type of transmission is symbolized as A3J. The
symbol 3A3) designates single-sideband  transmission with a high-
frequency limit. In single-sideband transmission, not only is the carrier
recovered or reauced substantially, bhut one sideband is also sup-
pressed. Tence, as shown in Fig, 2-4, the required bandwidth of the
signal has been cut in half. The total bandwidth of 3A3] transmission
thus is only 3 kllz
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In addition to the conservation of frequency in the spectrum, single-
sideband transmission requires less power and further narrows the
bandwidth to reduce interference. In two-way radio systems, single-
sideband transmission is used more frequently for fixed point-to-point
services. Ilowever, it can be expected in some, and anticipated in more
and more, mobiie installations. Radio amateurs have demonstrated its
-apabilities in mobile installations.

The power-saving feature of single-sideband transmission is obvious
when we consicer that, with conventional double-sideband am 100%
modulation, only one-sixth of the total power is contained in each side-
band. Nonetheless, all the information to be conveyed is contained in
one of the sidebands. With single-sideband transmission, all the avail-
able power of the transmitter can be concentrated into this one side-
band. The narrow bandwidth and the absence of a carrier are very
important interference-reducing characteristics.

Single-sideband transmission has become increasingly popular for
transcontinental and intercontinental communications. It is somewhat
less subject to ionospheric variables, and less troubled by selective
fading, than other methods of transmission. With selective fading, some
frequency segments of a transmitted signal fade more or less than
others. This coadition produces intermodulation distortion in the re-
ceiver and results in garbled speech. With only one sideband and a
narrow bandwi:lth, such fading becomes less objectionable,

In many radio services single-sideband transmission is replacing con-
ventional double-sideband a-m modulation. This chanzeover has been
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proceeding on the radio amateur bands for some time. Sideband has
almost completely replaced conventional a-m on most bands. Some of
the fixed commercial services have also used sideband for a number of
years. In fact, in some of the commercial services, particularly on the
medium-frequency marine band, sideband has become compulsory
and a-m is being phased out.

In the 1.605- to 4.000-MHz spectrum commercial A3 assignments
are no longer available. Furthermore those transmitters employing A3
emission which were issued prior to January 1, 1972 may continue to
operate only until January 1, 1977,

There are three recognized sideband emissions (2.8A311, 2.8A3A, and
2.8A3]). The 2.8 represents the highest permissible modulating audio
frequencies. The 3 refers to the total bandwidth of 3 kHz. The 11-form
of emission refers to one sideband and full carrier. The A-form is one
sideband and partial carrier, while the ] authorization refers to one
sideband and completely suppressed carrier. In certain portions of the
medium-frequency spectrum even the I1-type will be abolished after a
certain cut-off date.

2-2-3. Frequency Modulation (FM)

In two-way mobile-radio systems, the use of frequency modulation
has a number of advantages. The ignition systems of moving vehicles
are a source of impulse noises, which appear as amplitude variations
on the incoming rf signals. When a-m transmission is used, noise varia-
tions cannot be suppressed entirely, because of the hazard of also sup-
pressing the desired amplitude variations of the incoming signals. In a
trequency-modulation system, the desired information is in the form of
a frequency deviation of the wave. Consequently, any amplitude varia-
tion introduced can be reduced almost completely without endanger-
ing the desired information carried by the incoming radio signal.

The very nearness of the noise source to the receiver, as in a moving
vehicle, makes the frequency-modulation system attractive for mobile
communications. In the uhf, vhf, and high hf bands, frequency modu-
lation is the more common form for mobile communications. Although
amplitude modulation is used for some services in these spectra, it is
much more common in the short-wave and low-frequency half of the
high-frequency (hf) band.

In an fm system, as shown in Fig. 2-5, the carrier is frequency modu-
lated by the incoming signal. The frequency of the transmitted wave
increases sinusoidally during the positive alternation of the modulating
sine wave. The greatest upward frequency deviation (+5 kllz from
the carrier) occurs at the positive crest of the modulating wave. As the
modulating sine wave swings toward the zero axis, the frequency de-
creases sinusoidally to the carrier, or center, frequency. On the negative
alternation, the frequency of the transmitted wave decreases with re-
spect to the center frequency. The greatest downward swing away
from the center frequency occurs at the crest of the negative alterna-
tion (—5 kllz from the center frequency).

The frequency-change limits of the fm wave determine the frequency
deviation. In the example shown, the deviation is =5 kHz. In assigning
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a channel for fm transmission, the FCC specifies 1009% modulation as
the maximum deviation permissible for the particular class of station.
This maximum frequency deviation corresponds to the 100% modula-
tion limit of an a-m wave which, as shown previously in Fig. 2-3, occurs
when the wave rises to twice the original carrier amplitude at the posi-
tive crest of the modulating wave, and falls to zero at the negative
crest.

This maximum fm modulation is not the same for each type of service.
The maximum permissible deviation (1009 modulation) is =75 kHz
for fm broadcasting stations. For the fm sound signal associated with
television broadcasting, it is 25 kHz. For most two-way fm radio sys-
tems, 1009% modulation corresponds to =5 kHz depending on the sta-
tion classification. It is important that the second-class radiotelephone
operator know the maximum deviation permitted for the type of gear
he must adjust or repair.

In an fm system, it might be assumed that the total transmission
bandwidth is determined by the maximum deviation of the resultant
wave. However, like the a-m wave, the fm wave is a composite of the
carrier or center frequency and a number of sidebands. Unlike the a-m
wave, however, which has only one pair of significant sidebands, the
fm wave (Fig. 2-6) has one or more pairs of significant sidebands.
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Fig. 2-6. Fm sideband and distribution as influenced by the modulation index.

They are a function of the modulation index which, at the highest
modulating frequency, determines the number of pairs and hence the
bandwidth of the fm transmission.

Modulation Index = - _Df:vnagqnh__
Modulating Frequency

The sidebar.d pairs are separated from the center frequency by the
frequency of the modulating wave and by its harmonic multiples (2, 3,
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4, 5, etc.). If an fm wave for a given maximum deviation has three sig-
nificant sideband pairs, the total bandwidth is 2 X 3 X the highest
modulating frequency. If the highest modulating frequency is 10 kllz,
the total bandwidth required would be 60 kllz (2 X 3 X 10,000).

If the highest modulating frequency is reduced to 3 kllz, the total
bandwidth required by the fm transmission will be ouly 18 kllz
(2 X 3 % 3000). It is significant, just as in a-m practice, that reduction
of the highest audio frequency reduces the bandwidth,

In fin broadcasting, particularly for high-fidelity transmission, the
highest audio frequency is over 12 klz. As we learned in communica-
tions. the best intelligibility is obtained by limiting the highest audio
frequency to 3000-4000 Hz. Conscquently, the fm wave used for com-
munications can be crowded into a much narrower bandwidth than is
required for fm broadcasting.

Another method of reducing the bandwidth of fin transimission is to
reduce the amount of deviation. In an fm system the best noise rejec-
tion is obtained with the greatest deviation. For this reason, the nar-
row-band system (nbfm) has a poorer noise rejection. However. the
signal-to-noise ratio improves when the highest audio frequency is re-
duced. Inasmuch as the highest audio frequency for a voice communi-
cations service is much lower than required in broadcasting, it is possi-
ble to obtain a very fine signal-to-noise ratio despite the much more
confined deviation of an nbtm system.
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Fig. 2-7. A1 and A2 code transmission—Morse code letter L as an example.

The symbols for fm emission are shown in Table 2-1. The two-way
radio assignments are predominantly F3. A numerical prefix establishes
the permissible bandwidth. For example, 18F3 signifies fm telephony
with a total bandwidth of 18 klHz.

The second-class radiotelephone license applicant should also be
familiar with some symbols of the other common forms of transmission.
Symbol Al is given to radiotelegraphy, in which the carrier is inter-
rupted in accordance with a coded message (usually International
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Morse code). In this form of transmission, the carrier is turned on and
off, as shown in Fig. 2-7.

Another form cf radiotelegraphy, common on the low- and very low-
frequency ship bands, is A2. Here the carrier is transmitted continu-
ously, but is modulated by an audio tone in accordance with the coded
message. For example, an 800-Hz audio tone could be used. The tone
is turned on and off to simulate the dots and dashes (marks) and
spaces of the International Morse code.

Symbols FI and F2 represent methods of sending frequency-modu-
lated coded messages. Numbers 4 and 5 represent facsimile and tele-
vision transmission, respectively. An A or F prefix is used, depending on
whether a-m or fm modulation is employed. In television broadcasting,
A3 is used for picture transmission and F3 for sound.

Various types of pulse modulation can be noted in the last section
of the chart. Pulse-modulation techniques are used in advanced multi-
plex and telemetering applications. Their discussion is beyond the
scope of this handbook.



CHAPTER 3

Test Equipment and Methods

Test instruments—both simple and complex—are needed to adjust,
monitor, and troubleshoot the transmitters and receivers of two-way
radio systems. For some transmitter measurements, the accuracy must
he well within the two-way radio performance tolerances established
by the FCC. Moreover, not only must the test equipment be of good
quality, but it must be used very carefully as well.

The FCC is concerned primarily with the operating frequency and
its stability, the power output, and the modulation level of the commu-
nications transmitter. The test equipment must be capable of making
these measurements accurately. Otherwise, it would be difficult to de-
termine whether the transmitter is complying with FCC technical
standards. These tests must be performed by an operator with a second-
class radiotelephone license or higher.

The owner of a two-way radio system is also interested in additional
performance criteria. He is concerned with reliable, intelligible, and
interference-free communications. To him, transmitter and receiver
performance are of equal importance. The base and mobile transmit-
ters must convey a good signal within the area served by the installa-
tion. Transmitter power output and modulation levels must not be
permitted to decline and should be held near, but not beyond, the
maximum limits set by the FCC. The receiver sensitivity and stability
must be maintained at a high level. It is preferable to keep the equip-
ment in such condition that it can be used for long periods without
retuning and service.

The operators of such equipment are not expected to have technical
knowledge beyond turming the equipment on and off and switching
from transmit to receive and back. It is imperative then that the tech-
nician in charge of the system know how to use the test equipment in a
manner that will keep the system in top operating condition.

3-1. REQUIRED TEST EQUIPMENT

Two or three pieces of test equipment are needed to check out a
transmitter to make sure it complies with FCC technical regulations.
One such instrument is an accurate frequency meter, used to determine

56
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if the transmitter is set exactly on the assigned frequency. Of course,
such an instrument also permits the operator to tune the transmitter to
its assigned frequency.

The same meter is generally used for checking the frequency stabil-
ity of the transmitter. Once a transmitter is set on its assigned fre-
quency, its frequency drift may be no more than that permitted by
FCC regulations. Generally, this requirement is stated as a percentage
of the assigned frequency.

Modulation meters are required for checking the percentage of
modulation, to make certain it is no greater than that permitted by
FCC regulations. In an fm system, 100% modulation represents a
maximum frequency deviation of =5 kHz for some installations, and for
other services a maximum deviation of =2 kHz or =15 kHz. Again, the
modulation meter not only is useful in making certain that 100% modu-
lation is not exceeded, but also permits the technician to tune the trans-
mitter for adequate deviation.

Coverage and reliabilitv are improved if the transmitter is made to
deviate to its maximum limit on modulation peaks. Most transmitters
include special circuits which prevent instantaneous modulation peaks
in excess of 1009¢.

For a-m communications systems, the amplitude modulation must not
exceed 1009¢. A test setup can be arranged to measure the actual
amplitude-modulation percentage. Here again, the modulation level
should be adjusted as high as possible (average above 700%) for the
greatest coverage and reliability. At the same time, modulation peaks
should not exceed 100%. In a-m transmitters, too, special circuits are
usually incorporated to prevent modulation peaks from overmodulat-
ing the transmitter.

An accurate power-output meter is helpful in deriving the hest per-
formance from each transmitter. The assigned power output should not
be exceeded. However, reliability and coverage can be improved if the
transmitter operates at its assigned power output. A power-output
meter is helptul in the attainment of maximum power output.

Most commun:cations transmitters are FCC-approved and do not
require an accurate power-output measurement. If the transmitter is
operated according to its accompanying instructions, it can be assumed
to be operating at the rated power output. Such transmitters, when
operated in accordance with the tune-up instructions, are not capable
of delivering more than the rated output. When the dc input power
(ILEy) is normal, one can be reasonably certain the rated power out-
put of such a transmitter is being obtained. The maximum permissible
power is presented in terms of power input to the final stage.

Whether this type of transmitter or the one that requires power-
output measurements is employed, a power-output indicator is useful—
if for no other reason than making certain the transmitter is matched
to the antenna system. When the two are matched, the antenna radi-
ates almost the total power that the transmitter is capable of delivering.

Some radio-frequency indicators can be inserted into the transmission
path, between transmitter and antenna, to measure the standing-wave
ratio on the transmission line. This type of instrument is very useful in
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measuring radiation from the line, and in making certain that maximum
energy is transferred between the transmitter output and the antenna.

Simpler test equipment such as radio-frequency output indicators,
absorption wavemeters, grid-dip oscillators, and others are useful in
transmitter tune-up and receiver adjustments, and in the localization
of trouble in the two-way radio system.

An accurate signal generator is particularly important in receiver
alignment. Many of these receivers have an extraordinary sensitivity,
down to 1 microvolt or less. This sensitivity is possible only if the cir-
cuits have been critically aligned and the receiver carefully tuned.
Keep in mind that many of these receivers are fixed-tuned—the user has
1o way of tuning in the signal if it is absent or mushy.

Some standard pieces of electronic test equipment such as a vom,
vtvm, capacitor checker, oscilloscope, and other component testers are
helpful, too.
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3.2. THE ABSORPTION WAVEMETER

The basic radio-frequency indicator and frequency meter is the ab-
sorption wavemeter shown in Figs 3-1 and 3-2. It is hardly more than
a calibrated resonant circuit which, when coupled near the source of
radio-frequency energy, can withdraw some of the energy. This meter
will absorh maximum energy when tuned to the same resonant fre-
(uency as the source.

Some form of radio-frequency indicator such as a lamp, neon bulb,
or diode and de-meter combination can be used to indicate the relative
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Fig. 3-2. Indicators for absorption wavemeters.
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strength of the energy absorbed by the resonant circuit of the wave-
meter. When the wavemeter is tuned to the frequency of the radio-
frequency source, the indicator will read maximum; but if tuned to
cither side of the resonant-energy frequency, the meter reading or lamp
brilliancy will decrease.

If the resonant frequency of the wavemeter tank circuit is known
from the dial setting. the frequency of the radio-frequency energy can
be determined. Usually the capacitor dial of the wavemeter is cali-
brated in frequency. Therefore, the setting of the pointer on the cali-
brated scale, when the capacitor is tuned for maximum rf indication,
shows the frequency of the rf signal being measured. In other absorp-
tion wavemeters. the dial is calibrated from 0 to 100, and the exact reso-
nant frequencey of the absorption tank circuit is determined from a
chart.

Wavemeters are usually equipped with replaceable coils so they can
be made to operate on different frequency bands, with a separate dial
or calibration chart for each band.

3-2-1. Using the Wavemeter

Lnergy from the tank circuit of the unit under test is coupled into
the resonant circuit of the wavemeter. Use loose coupling to minimize
loading the circuit under test, and couple the absorption wavemeter
only close enough to the radio-frequency source to permit a usable rf
indication (lamp glow or de meter readings).

To provide minimum loading and additional convenience, some aly-
sorption wavemeters include a low-impedance pickup coil. The main
meter coil remains part of the wavemeter proper and is not coupled
close to the radio-frequency energy being measured. The small pickup
loop is coupled to the source of energy and transfers the small amount
needed into the absorption-wavemeter circuit (Fig. 3-3).
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The absorption wavemeter is important in making approximate fre-
quency measurements while a transmitter is tuned, and, in particular,
for checking inultiplier harmonic outputs. It also serves as a good indi-
cator of the strength of the radio-frequency energy. When set at a fixed
position from the energy source, the influence of tuning on the radio-
frequency output can be noticed immediately.

Most absorption wavemeters also include a phone jack into which a
pair of headsets can be plugged and any a-m modulation on the rf sig-
nal can be heard. Ilence, when the absorption wavemeter is used to
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check out rf amplifiers that convey a modulated rf signal, the quality of
that modulation can be tested approximately, using the detector circuit
that is part of many absorption wavemeters. For proper demodulation
of an fm radio-frequency signal, some form of fm detector would have
to be associated with the wavemeter.

3-2-2. Wavemeter as an RF Indicator

The wavemeter principle can also be used as a sensitive radio-
frequency output indicator. In fact, it is no problem to attach a small
antenna to a wavemeter, as shown in Fig. 3-4, to make it even more
sensitive to the radio-frequency output of a transmitter.
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Fig. 3-4. Use of the wavemeter principle in an
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If the wavemeter is tuned to the operating frequency of the trans-
mitter and placed somewhere in its immediate field, a strong indica-
tion can be obtained. It is in effect a field-strength indicator. With the
meter positioned a fixed distance from a transmitter, various tuning ad-
justments can be made to maximize the rf output. In fact, the wave-
meter, if placed in the field of the transmitter antenna, permits a rather
good indication of the tuning of the antenna system and the effective-
ness of energy transfer from transmitter to antenna.

3-3. TUNING METER

A nonresonant rf indicator is shown in Fig. 3-5. This is a very popu-
lar instrument for field checking the power output and tuning of com-

WHIP
ANTENNA
Cl1
Fig. 3-5. A typical rf field indicator.
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munications transmitters. It consists of a crystal diode and a sensitive
dc meter. The indicator is a simple rectifier and filter circuit. Capacitor
Cl, inductor L1, and potentiometer R1 function as a filter to smooth
out the unidirectional detector pulses. Thus, the steady current through
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the dc meter is a function of the signal strength at the input. To im-
prove the sensitivity of the device, particularly when hf and vhf signals
are being checked, a short antenna can be attached. Sensitivity can be
adjusted with potentiometer R1. The amount of resistance inserted into
the circuit influences the amplitude of the current through the dc meter.

A tuning meter of this type, when placed near the transmitter an-
tenna, will indicate the relative power output of the transmitter, and
the effect of any transmitter adjustment on the power output can then
be noted.

It must be stressed that this type of rf meter, being untuned, is sensi-
tive to an extremely wide frequency range. For this reason, a meter of
this type cannot be used to check the transmitter frequency.

3-4. GRID-DIP OSCILLATOR

The grid-dip oscillator is a useful test instrument for checking trans-
mitter circuits. Most grid-dip oscillators can also be used as absorption
wavemeters.

The Millen grid-dipper uses a high-frequency triode connected in a
Colpitts circuit, as seen in Fig. 3-6. Seven plug-in coils permit operation
over a frequency range between 1.7 and 300 MI1z. With use of the log-
ging scale and an included calibration curve, the unit also functions
between 165 kHz and 1.7 MHz. Plug-in coils provide overlapping fre-
quency ranges between the two frequency extremes.
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Fig. 3-6. Millen grid-dip oscillator.
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The meter sensitivity is increased with the use of a solid-state dc
amplifier, transistor Q1. In the operation of a grid-dip oscillator, the
loading effect of the external resonant circuit being measured causes a
drop in the oscillator grid current. A tiny change in dc current is am-
phfied by the transistor, resulting in a useful meter reading.

The dial of the variable capacitor of the grid-dip oscillator is cali-
brated in frequency. When used with the appropriate calibrated coil,
the oscillator frequency can be read with reasonable accuracy.

As a grid-dip oscillator, the test unit can be used to determine the
resonant frequency of a de-cnergized radio-frequency tuned circuit.
When a resonant circuit is brought close to the oscillating tank circuit,
the tuned circuit under measurement absorbs some of the energy from
the oscillator tank circuit. { Refer to Fig. 3-7A.) Inasmuch as energy
is removed from the tank circuit of the grid-dip oscillator, the oscillator
feedback into the grid circuit decreases. As a result, the grid-current
meter reading drops.

When the grid-dip oscillator is set on the exact frequency of the reso-
nant circuit under measurement, the meter will dip to its minimum
value. This setting indicates that the grid-dip oscillator is generating
a signal of the same frequency as the resonant tuned circuit under
check.

It is apparent that the grid-dip oscillator is very helpful in determin-
ing the resonant frequency of various types of tuned circuits. Be it a
small, weak-signal resonant circuit of a receiver or the larger, higher-
powered resonant circuit of the transmitter final amplifier, the resonant
frequency can bhe determined without any signal present. In transmitter
circuits the grid-dip oscillator can also be used to track down spurious
resonant conditions that cause parasitic oscillations.

A grid-dip oscillator can also be utilized as a signal generator, as
shown in Fig. 3-7B. Therefore, it can be used in signal-tracing a com-
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Fig. 3-7. Using the grid-dip meter.
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munications receiver, and if the oscillator can be calibrated very accu-
rately, for alignment work to a limited extent.

The grid-dip oscillator can also be employed as an oscillating de-
tector, similar in action to a heterodyne-frequency meter. In this ap-
plication, as shown in Fig. 3-7C, the grid-dip oscillator is brought near
the source of rf energy. A pair of headphones, inserted into the phone
jack, will pick up a beat note when the frequency of the grid-dip oscil-
lator is brought near the signal-source frequency. If this note is zero-
beat, the grid-dip oscillator is set to the same frequency as the source of
the signal. Tn this application the grid-dip oscillator has been used for
determining the frequency of an unknown signal source.

3-4-1. Grid-Dip Oscillator Calibration

The oscillating-detector principle of the grid-dip meter can in itself
be used to calibrate the meter accurately, as shown in Fig. 3-8. In this
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(A) Using a frequency standard. (B) Using a communications receiver.

Fig. 3-8. Calibrating a grid-dip meter.

check, it is coupled near a crystal-controlled frequency standard. When-
ever the grid-dip oscillator is tuned to the crystal frequency or to one
of its harmonics, a beat note will he heard. At the beat-note position,
the grid-dip calibration should be checked. Some grid-dip oscillators
provide a calibration control so the oscillator can be reset if it has
drifted.

Still another method of checking the calibration of a grid-dip oscil-
lator is to tune a communications receiver to a WWV frequency (2.5,
3, 10, 15, 20, and 25 MHz), as in Fig. 3-8B. The grid-dip oscillator is
then tuned to the same frequency. When a zero beat is heard at the
receiver output, the grid-dip oscillator has been set to the same fre-
quency as the incoming WWYV signal. The dial calibration can De
checked at this point.

3-4-2. Grid-Dip Oscillator as an Absorption Wavemeter

When the oscillator tube is turned off, the grid-dip oscillator becomes
an absorption wavemeter. The tube functions as a diode and the meter
becomes part of the diode-load circuit. When coupled near and tuned
to the frequency of an rf energy source, the meter will display a current
increase. The operation is similar to that discussed for absorption
wavemeters.

The grid-dip oscillator has many applications in testing and tuning
transmitter circuits. The obvious applications are for tuning tank cir-
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cuits and checking the output. Other applications include use as an rf
indicator in neutralizing various stages of the transmitter, or in tracking
down troublesome parastic oscillations. It is also helpful for peaking
various types of resonant traps used in transmitters to prevent parasitic
oscillations, or for preventing the transfer of stroug harmonic compo-
nents from stage to stage and from the transmitter to the antenna sys-
tem. Finally, the grid-dip oscillator is handy for checking antenna per-
formance. It can be used in bringing the antenna system to resonance
and in minimizing standing waves on the transmission line.

3.5. POWER OUTPUT

To minimize interference and to be fair to all users of two-way radio
equipment, transmitters must adhere to certain performance standards
in the form of specific FCC technical rules and regulations. These
standards cover frequency of operation, frequency stability, modula-
tion level, and power output. Suitable test instruments are available
for testing these transmitter characteristics. They must be capable of
making measurements within the tolerances established by the FCC.

The maximum power output of the transmitter must comply with the
maximum ratings established by the FCC for a particular service. As
mentioned previously, the power output is set indirectly by the maxi-
mum power input restrictions of the FCC. Power-output measurements
are not required for approved units. It is assumed that if the accom-
panying instructions are followed with regard to the power input, the
output will not be excessive.

An rf power-output meter is helpful to the communications techni-
cian who does much work in this ficld. It permits him to determine if a
given transmitter does function efficiently, and helps him tune up the
transmitter in a manner which will give the owner as strong a signal as
possible without exceeding the FCC maximum input rating.

Power output can be measured by attaching a dummy load to the
transmitter output. The dummy load should have the same impedance
as the antenna system into which the transmitter normally works. An
rf ammeter (Fig. 3-9) can be inserted into the dummy-load circuit.
Power output will be:

P=1INR

A calibrated rf voltmeter can also be used to measure the rf voltage
across the dummy load. In this case the rf power output is:

P = E*/R
j¢
TRANSMITTER | [ oummy . _L ‘
UNDER TEST LOAD o
CALIBRATED
IN RE VOLTS,
o OR WATTS
CURRENT
METER

Fig. 3-9. Rf power measurement.
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An rf voltmeter is generally a crystal diode rectifier and a sensitive
dc meter calibrated to measure rf voltage. The technician can build up
a matched dummy load by using paralleled resistors, a coaxial fitting,
and a mount, as shown in Fig. 3-10. The 50-ohm dummy can be plugged
into the antenna-output fitting of the transmitter. Resistors should
have proper ratings for dissipating the output power of the transmitter.
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Fig. 3-10. Home-constructed dummy load. ). ) ==
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3-4. COMMERCIAL RF POWER METERS

A problem in making rf power measurements is that the circuit oper-
ating conditions change when the test instruments are inserted across
the transmitter output or into the transmission-line path hetween the
transmitter and antenna system. Commercial instruments, referred to
as insertion-type rf wattmeters, provide the answer to this problem.

Insertion-type wattmeters are the ones made by Bird Electronics
Corporation and are shown in Figs. 3-11 and 3-12. Units are designed
specifically for line insertion between a 50-ohm transmitter output and
a 50-ohm antenna system. As shown in Fig. 3-12, it is inserted between
the transmitter output and the coaxial transmission line going to the
antenna system. Various plug-in tennination elements are made avail-
able. By insertion of the proper elements or by switching seven wattage
ranges can be measured—0-2.3, 0-10, 0-25, 0-50, 0-100, 0-250, and 0-300.

The instrument responds to the direction of wave travel and is
-apable of measuring the power in the forward wave traveling between
transmitter and antenna, as well as the power lost in the reflected wave
traveling back toward the transmitter because of a mismatch in the
antenna system. Tt is apparent that the rf wattmeter is helpful not only
in making power measurements, but also in tuning the transmission
line and antenna system for a minimum standing-wave ratio to insure
the most efficient transfer of power from transmitter to antenna,

The wattmeter and coupling system are shown schematically in Fig,
3-12. The rt energy, passing between transmitter and antenna, is sam-
pled by a pickup element and applied to a crystal diode and rectifier.
A rectified and filtered de current is then linked by @ meter cable to a
current meter with a sensitivity of 30 microamperes. To prevent meter
and crvstal damage, it is important that the proper size of plug-in ele-
ment be used and that it be inserted correctly.

A complete coupling circuit which samples the traveling wave is
mounted in cach individual plug-in element. It consists of the pickup
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Courtesy Bird Electronic Corp.
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Fig. 3-12. Circuit of an rf wattmeter.
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loop, crystal diode, and associated components. There are various plug-
in elements corresponding to frequency and power rating. These are
plugged into the front of the meter.

The pickup element of the rf wattmeter functions as a directional
coupler. As shown in Fig. 3-13, the rf energy is conveyed to the crystal
diode over two paths. One path is by way of capacitive coupling from
the center conductor, which is part of the coaxial feedthrough arrange-
ment. Radio-frequency energy is also inductively coupled into the
pickup tube. By careful design, the two components are of equal am-
plitude and are either additive or subtractive.

/l 7\
R e (J ANT 3 T ‘i, ANT
= = \ ==
S r—’—t(_._ —
oiiur 0 DETECTOR 10 DETECTOR T
LOOP LOOP
REVERSED

Fig. 3-13. Principle of a reflectometer.

The phase of the inductive component is a function of the direction
of wave travel. In the arrangement of Fig. 3-13A, the energy picked up
from the wave traveling between transmitter and antenna adds to the
capacitive component and produces a reading on the calibrated meter.
Any reflected energy returning along the transmission line induces a
voltage out of phase with the direct-coupled component from the re-
flected wave. Consequently, the influence of the reflected wave is can-
celed and its strength is not recorded.

To read the reflected power, the coupling plug-in element is inserted
in the opposite direction, as shown in Fig. 3-138. The reflected power
induces into the coupling circuit a voltage in phasc with the capaci-
tively coupled component. Hence, the meter will read the reflected
power. Insofar as the direct wave moving from the transmitter to an-
tenna is concerned, the coupling loop is so connected that the induced
component and the capacitive components are equal and opposite in
polarity. The ret voltage is zero; therefore, the direct power is not
recorded on the meter.

This type of power meter, usually referred to as a reflectometer, has
the ability to measure direct and reflected power. The power delivered
to the antenna or other load can be calculated by subtracting the re-
flected power from the direct power.

In using an rf power meter of this type, it is very important to insert
a plug-in element of the proper size and in the proper direction. For
example, the reflected power of a closely matched system is much lower
than the direct power. To make an accurate measurement of the re-
flected power therefore requires the use of a low-power plug-in ele-
ment. Morcover, if this element is inserted in the improper direction,
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the strong direet power will be supplied to it, and the erystal and meter
could be damaged.

3-7. FREQUENCY AND FREQUENCY-DRIFT MEASUREMENT

The FCC requires that cach transmitter operate on its assigned fre-
quency or frequencies. Furthermore, any drift from that assigned fre-
quency must be maintained within strict tolerances. In most two- way
radio services, the permissible percentage of drift is only 0.00057¢ at
frequencies over 50 Mz The very tight tolerances are necessary if an
ample number of channels is to be prov vided for the many services using
two-way radio. A transmitter should not drift significantly or it will
interfere with similar two-way radios on adjacent channels. A minimum
of drift is also very important in terms of reliability. Most installations
use fixed-tuned receivers. Consequently, it is important that the trans-
mitter maintain constant frequency in order to prevent distortion in
the reproduced audio.

The frequency meter must be of the highest quality, and its toler-
ances should be even stricter than those of the transmitter (0.00025%
or better) if exacting frequency measurements are to he made. A signal
generator with a drift tolerance of 0.0001€¢ permits very accurate set-
ting and measurement of transmitter frequency.

3-8. COMMERCIAL FREQUENCY METER

An example of an accurate frequency meter that uses a mixer and
counter chain to develop a direct readout of the frequencey is shown in
Fig. 3-14. A 1-Mllz crystal oscillator is the secondary frequency stan-
dard. (It can be locked in on the WWV signal.) A harmonic amplifier
and u series of fr(quvn(\' dividers are driven by this crystal oscillator,
to develop a series of suitable local-oscillator frequency components
that are applied to a series of mixers (Fig. 3-13). The signal of un-
known frequency is heterodyned down in frequency through this series
of mixers. Since the frequencies of the local oscillator components are
set precisely. it is possible to divide an incoming signal into units cor-
responding to hundreds of megahertz, tens of megahertz, megahertz,
and fractional parts of a megahertz. In this manner, the exact fre-
quencey can be counted off.

By using this method, highly accurate frequency measurements can
be Obtained (=100 Hz with the 1-MIlz crystal adjusted to WWV).
Specific accuracy figures in terms of fr cquency are 0.0004% at 25 mega-
cycles, 0.00007% at 130 MHz, and 0.000029¢ at 450 MIlz. Let us con-
sider in greater detail the technique used to make an exact frequency
measurement.

The first mixer is shown at the lower left of the block diagram (Fig.
3-15). Note that it is supplied with signal from a hannonic selector. The
harmonic selected corresponds to a particular two-way radio band. In
the example shown, the frequency of the signal to be measured is in the
450-MI1z band. In this instance the harmonic selector is set to read 4,
indicating that the signal to be measured will fall between 400 and
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Courtesy Measurements Corp.

Fig. 3-14. Accurate frequency meter.

500 MHz. If a signal in the 150-M1Iz band were to be measured, this
harmonic selector would be set at 1. If a frequency in the 50-MHz
band were to be measured, it would be set to zero. The specific mixing
frequency chosen by the harmonic selector setting (50-MHz, 125-MHz,
or 4253-MHz) depends on the band of the transmitter frequency to be
measured. The first mixing component is derived from a 1-MHz second-
ary frequency standard using a harmonic amplifier as shown. In our
example it will be the 425-MHz harmonic that will mix with the incom-
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Fig. 3-15. Functional diagram of a divider-type frequency meter.
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ing signal. Let us assume that the frequency of the signal to be mea-
sured is that shown in the block diagram of Fig. 3-15. This frequency is
462.672500 MHz. What frequency will be present at the output of the
first mixer?

Mixer 1 Output = 467.6725 — 425 = 42.6725 MlIz.

This component is supplied to a follow-up tunable resonant circuit.
This tunable circuit is next peaked using the first large tuning knob
at the lower left of the instrument (refer to Fig. 3-14). Its correspond-
ing meter will show a peak when the resonant circuit is tuned some-
where hetween 67 and 68 on its readout scale. A small gain control to
the lower right of the knob is then adjusted until the meter reading is
a specific value. The peak output of this resonant circuit is now heing
applied to the second mixer.

The local oscillator frequency to the second mixer must now he set
to a proper frequency. This is accomplished by setting the 1-MHz har-
monic selector to correspond to the next lower main division as indi-
cated on the first resonant circuit tuning scale. In this case it is 67. By
so doing we now know the first three significant figures of the incoming
frequency; these are 467. By setting the second harmonic selector to
read 67, a proper harmonic frequency between 25 and 50 MHz has heen
selected and applied to the second mixer. The harmonic selector is such
that the output of the second mixer will fall in the 2- to 3-MI1z range.
In this case the local oscillator frequency supplied by the second har-
monic selector is 40 MHz. (This is the 40th harmonic of the 1-Mllz
crystal.) The second resonant circuit is now adjusted for a peak indi-
cation on the second meter using the middle knob in the lower row.
The knob adjustment will fall between 6 and 7 on the scale. As before,
the harmonic selector will he set to the lower calibration; this time it is
6. Now. four digits of the unknown frequency have been found: these
arc 4676.

By setting the third harmonic selector to six, the proper harmonic of
the 0.1-MIlz (100 kI1z) divider has been selected for mixing with the
signal applied to the input of the third mixer (42.6724 Mz — 40
Mz = 2.6725 MHz). The output of the third mixer will fall between
200 and 300 kHz. When the third harmonic selector is set at 8, the local-
oscillator frequency is the twenty-fourth harmonic of the 0.1-Mllz
divider, or 2.4 MHz. Consequently the frequency at the output of the
third mixer is 272.5 kHz, or 2672.5 kl1z — 2400.0 kiiz.

The third resonant circuit can be peaked for a maximum meter de-
flection. This maximum will fall between 7 and 8, causing the next fre-
quency digit to he 7; the lower calibration is again chosen to set the last
harmonic selector. The output of the final mixer fails between 20 and
30 kHz. This is accomplished by setting its local oscillator frequency.
By properly setting the last harmonic selector to 7, it would be the
25th harmonic of the 0.01-MHz divider, or 250 kl1z. Hence the output
of the fourth mixer is 22.5 kHz, or 272.5 klz — 250 klIz.

The last resonant circuit provides the final readout (knob and scale
at far right of instrument). The knob is adjusted for a maximum read-
ing on its associated meter. In the example given in Fig. 3-15 its reading
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is 2.5. Therefore the complete readout has been made as 46767235 or
467.6725 Mll.

Input first mixer 467.6725

Output first har. sel. —425.0000

Input second mixer 42.6725 Must fall between
25 and 50 MHz

Output second har. sel. 40

Input third mixer 2.6725 Must fall between
2 and 3 MHz

Output third har. sel. 2.4

Input fourth mixer 0.2725 Must fall between
0.2 and 0.3 MHz

Output fourth har. sel. .250

Input final resonant cir. 0.0225 Must fall between
0.02 and 0.03 MHz

In & manner similar to the procedure for the 450-MHz band, a 150-
MHz band signal can be measured. In this case the first harmonic
selector is set to 125 M1z instead of 425 MIIz. For a 50-MHz band sig-
nal, the harmonic amplifier and first harmonic selector are not useﬁ;
the first mixer becomes an amplifier and the 30-MHz band signal is
then applied to the first resonant circuit.

3-9. FREQUENCY AND MODULATION METER

The Lampkin Communication Service Monitor 107C (Fig. 3-16) is
a versatile test instrument that can measure the performance of two-
way radio gear in compliance with the FCC Rules and Regulations.
Its two principal functions are to check transmitter frequency and
transmitter modulation. Its frequency accuracy is 0.00005% and well
within the FCC-required accuracy. Frequencies can be measured be-
tween 10 kHz and 1000 MHz; frequency deviation (fm), between 0
and 6 kHz. The unit has been designed specifically for the land mobile,
public safety, marine, and aircraft radio services. Its accuracy of 0.5
parts-per-million permits its application in the a-m. fm, and tv broad-
cast services as well as CATV. This is the type of instrument the sec-
ond-class license holder must learn to operate when he becomes em-
ployed in the two-way radio services.

The service monitor can also be operated as a signal generator over
a frequency range extending from 1 kHz to 1000 MIIz with the same
accuracy. Its cutput can be cw, a-m, or fm modulated with an internal
50- to 6000-Hz modulating source. Its internal secondary frequency
standard can be calibrated by a WWYV signal. Unit can be operated
from 12-volts dc as well as 115 and 220-volts ac.

3-8-1. Operation

Five major activities take place within the test instrument. First there
is a synthesizer using decade dividers and a suitable mixing system to
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generate a signal of a highly accurate frequency over the instrument
range. It is this signal, when compared with an incoming signal in the
detector (Fig. 3-17) that permits the instrument to make an accurate
frequency measurement on an incoming signal. This same signal gen-
erated Dy the synthesizer is also used as a signal source when the unit
is to be used as a signal generator for receiver test, measurement and
alignment. An audio amplifier and speaker permit you to listen to
the incoming signal. The deviation meter permits you to make an
accurate measurement of the transmitter deviation. An appropriate
attenuator section serves as the input circuit when a transmitter is
being tested or as a means of controlling the output level when the in-
strument is used as a signal generator,

INPUT
O— AUDIO
outPuT | DETECTOR T
) FREQUENCY
Fig. 3-17. Block plan for frequency and deviation SYNTHES IZER DEVIATION
meter, & METER
MODULATOR
SECONDARY
FREQUENCY
STANDARD

Take a look at the control panel (Fig. 3-16). Except for the band
switch at the lower left, the frequency synthesizer controls are located
at the top left and the center. At the left is the megahertz setting fol-
lowed by the 10 kHz and 100 Hz division settings. The final frequency
setting control is the PPM adjustment. Examples of how to set the dials
to a specific frequency are as follows:

Devired F requency Frequency Dials
435 kiz 0 45 30
4136.3 kllz 4 13 63
10.7 Mllz 0 70 00
26.965 M1z 6 96 50
43.16 MIllz 3 16 0
157.685 MHz 7 68 30
459.425 Mz 9 42 50

For the first two frequencies the band switch must be set to position 1
covering the 10 kHz- to 10-MIz range. The MHz control must be set
to the last digit of carrier MHz. In the case of 455 kHz this control
must be set to zero. The second reading is for a 4-MHz-plus signal fre-
quency. Therefere the Mllz dial is set to 4 as indicated. The remaining
frequencies are given in the MHz range and the MHz dial is set accord-
ing to the first digit to the left of the decimal point. Of course, for this
group of frequencies the band switch must be set on position 2 (10- to
100-MHz range). The third position of the band switch permits you to
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calibrate the synthesizer with the 3-MHz secondary frequency standard
that is a part of the 107C service monitor.

In using the instrument to measure a_transmitter frequency, the fre-
quency synthesizer is set to the assigned frequency of that transinitter.
The instrument as a signal generator is set in the same way to the fre-
quency you wish to make available at its output. The output attenuator
controls are located at the left while the modulator frequency adjust-
ments are found at the low right.

The procedure for making a transmitter frequency measurement is
as follows:

Set carrier frequency on FREQUENCY dials.

Set front-panel controls.

All attenuators to zero. Variable attenuator full clockwise.

Banp switch to desired band.

MoODULATOR AM/FM to off.

Meter switch to aublio.

. AF voLuME to half open.

. IF LEVEL to half open.

Extend antenna.

Turn on carrier and rotate Error dial back and forth across beat

frequency audible signal. Stop on exact zero beat. Individual cy-

cles should be audible.

9. Each error dial division is 0.0001%. Each division is also one
cycle times the carrier MHz. A 155-MHz transmitter is 155 Hz
high for an error dial reading of plus one division.

o NS YUt o

Note in particular the convenience of the error dial because it is able
to given you an exact measure of just how many hertz the transmitter
is off frequency. Each error dial division corresponds to 0.0001%, and,
as indicated, an error dial reading of +1 indicates the transmitter is
155 Iz high if it is supposed to operate precisely on a frequency of
155 MIlz.

The deviation measurement control and meter are located at the
right. Note that the instrument can measure both positive and negative
modulation peaks. One need only follow a simple test procedure:

\Make the transmitter frequency measurement, then proceed with the
deviation measurement.

Check MopULATOR AM/ ) switch to off.

Set the meter switch to 1F LEVEL and adjust 1F LEVEL to 1.0 volt.
Set the meter switch to pos or NEG deviation.

Offset 10 kHz FreQueNncy dial 10 divisions either way, preferably
toward dial center.

Key carrier and increase signal coupling for lowest meter indica-
tion (best quieting).

Modulate carrier and read peak kHz deviation on top meter scale,
toggle switch set to 6 peak kHz.

Read peak kHz deviation on lower meter scale, toggle switch to
1.5.

N e Ut oL
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3-9-2. General Operation

The basic oscillator of the frequency synthesizer is a stable 1-MIlz
crystal oscillator, center left of the functional block diagram of Fig.
3-18. Although highly stable, the frequency of this oscillator can e
changed a limited amount with two controls. One of these is a calibrate
adjustment anc, in conjunction with the 3-MHz secondary frequency-
standard oscillator (lower right of Fig. 3-18), is used to set the 1-Mliz
oscillator precisely on frequency. The other control is tunable and is
the one that is adjusted when the front-panel prat adjustment is
varied.

The output of the 1-MHz oscillator is applied to a harmonic genera-
tor and then tc a frequency divider. The outputs of the frequency di-
vider are the two basic 100-Hz and 10-kHz synthesizer components,
These two coraponents are supplied to a dual-channel phase-locked
loop (PL.L) system.

A basic phase-lock loop chain consists of a voltage-controlled oscil-
lator (veo). lock circuit, phase detector, and beat detector/sweeper
combination (Fig. 3-19). This feedback combination has as its function
the setting of the veo on a specific harmonic of the frequency of the
input signal frem the frequency divider. It is held precisely on this fre-
quency because of the comparison made in the phase detector. Any
attempted drift develops a correcting de error voltage which holds the
veo precisely on frequency.

An external manual adjustment is associated with cach veo. These
adjustments correspond to the external front-panel frequency controls
associated with the 10 klz/div. and 100 117/div. frequency control.
When manual settings are made the beat frequency and sweep circuits
go into operation. The manual adjustment brings the veo close to the
desired frequency. Now the beat-frequency detector generates a beat
signal corresponding to the difference between the veo output and
the nearest harmonic of the 100-ITz input. This beat note then triggers
the generat:on of a sweep voltage that is applied to the veo. moving
the veo frequency to a point at which it can be captured within the
activity range of the phase discriminator. Once this occurs the de con-
trol voltage from the phase discriminator holds the system in phase lock
on the desired harmonic of the signal from the frequency divider.

There are two PLL chains, operating between 30.0 to 39.9 kIlz and
970 to 1960 kIlz. The two outputs from the two channels are applied to
a double-balanced mixer which has an output tuned to the sum fre-
quency. Fundamental and lower-sideband components are trapped and
do not appear in the output. The net result is to produce an output with
a possible frequency range of 1 to 2 MIz in precise 100-1z increments.

It is important to understand that the output is in 100-11z increments.
In other words, the output is not tunable between 1 and 2 MIIz on a
continuous basis. Rather it is tunable over this range in 100-11z steps.
This stepped cutput is handled automatically by the PLIL circuits as
the two external frequency control circuits are adjusted. This is the
makeup of the signal that follows the path between blocks 4 and 7 in
Fig. 3-18.
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The output of the harmonic generator (block 2) is also applied to a
LI-MHz harmome selector. The control associated with this circuit is
located at the top left of the front panel (Fig. 3-16) and is labeled the
MIHz control. This control sets the harmonic at the output of the
I-MHz harmonic selector and it can be any frequency between the
fundamental and eighth harmonic of the 1-MIlz input to the sector.

This signal is combined with the output from the PLL chain in the
double-balanced mixer (block 7 in Fig. 3-18). Again a sum frequency
is selected in the output. Therefore the signal in the path between
blocks 7 and 8 can be any frequency which is a 100-11z increment be-
tween 0 and 10 MHz. Again these frequency possiblitics are not in the
form of a continuous-frequency spectrum but as a series of available
100-Hz increments.

INPUT
—*— PHASE LOCK
DETECTOR CIRCUIT
ig. 3-19. Phase-locked lan. BEAT
Fig. 3-19. Phase-locked loop plan BETECTOR
vCo AND
| SWEEPER
FREQ

Going back to the harmonic generator again you will notice that
there is a signal path to the 10-MHz multiplier (block 9). Its output
is supplied to a 10-MIz harmonic generator. In the signal path be-
tween blocks 10 and 11 the signal can be any 10-MHz harmonic be-
tween 10 MHz and 1000 Ml

The output from the double-halanced mixer is passed through two
band-selection zircuits and an i-f level control (block 11). When opera-
tion is in the 0- to 10-MHz range the output of block 12 is applied to
the detector an< audio amplifier (block 14). This signal can be handled
in two ways. When the unit is being used as a signal generator the sig-
nal is transterred to the output attenuator and to the audio input-out-
put receptacle. If a frequency measurement is to he made the incoming
signal and the locally generated signal combine in the detector and
produce a beat note in the output. Recall that in the final adjustment
of measuring the frequency of an incoming signal the PPM dial, asso-
ciated with the VXO 1-MHz oscillator (block 1), is adjusted for an
exact zero beat. When the transmitter is modulated, the quality of the
modulation can also be listened to by way of the audio amplifier (block
16) and the speaker.

It the unit is to be operated on some 100-Hz increment hetween 10
MHz and 1000-MHz the double-balanced mixer (block 13) must be
made active. Appropriate switching is handled by the band selection
switch located at the lower left side of the front panel (Fig. 3-16). In
this mode of operation the signal is linked between the band selection
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(block 12) and the double-balanced mixer (block 13). Here it is com-
bined with 10-MHz harmonics. Again the output of the double-hal-
anced mixer is tuned to a sum frequency making available outputs that
are separated by 100-Hz increments between 10 MHz and 1000 MHz.
The precise increase is selected by the frequency controls on the front
panel and the resultant synthesized signal is applied to the detector
and audio amplifier circuit of block 14.

Block 17 supplies the 3-MHz secondary-standard signal. It is also
applied to the detector and when the band selection switch is set to the
calibrate position an appropriate beat note results which permits the
technician to calibrate the 1-MHz VXO oscillator (block 1). The audio
modulation oscillator is shown at the top left of Fig. 3-18. When the
signal is to be frequency modulated the output of the oscillator is ap-
plied to the harmonic generator. For a-m modulation the modulating
signal is applied to the pin-diode attenuator. By varying the attenuation
the output signal can be amplitude modulated before it is applied to
the rf input-output receptacle.

When the deviation of an incoming fm signal is to be measured it is
necessary to activate block 18. Note that the detector and audio ampli-
fier output are applied to the input of the fm deviation circuit. Further-
more the demodulated fm audio can be applied to the switching block
19 and then on to the audio amplifier.

An important fact to understand is the manner in which the unit is
operated when a frequency-deviation measurement is to be made. In
checking the frequency of a transmitter the locally generated signal is
set precisely on the carrier frequency of the transmitter. After the fre-
quency measurement is made and a deviation measurement is taken it
is first nccessary to shift the unit frequency 100 kHz away from the
transmitter carrier frequency. This is accomplished by using the 100
kHz/div frequency control, moving it exactly 10 divisions (corresponds
to a 100-kHz change in frequency) away from the frequency measure-
ment setting. As a result the signal transferred hetween blocks 14 and
18 will have a 100-kI1z carrier frequency. Of course, this carrier com-
ponent will be frequency deviated by the incoming modulation on the
transmitter signal. In the circuit associated with block 18 it will be pos-
sible to measure the peak frequency excursions of the 100-kHz fm
wave.

The fm deviation monitor section of the instrument uses integrated
circuits ( Fig. 3-20). The output of the detector is supplied to an FET
source follower. Its source output includes a resonant circuit centered
about 100 kHz. This is followed by operational amplifier IC1 with its
output also including a 100-kHz resonant circuit. From here the signal
is transferred through capacitor C8 to PLL fin detector IC2. The volt-
age-control oscillator of the PLL integrated circuit is tunable with
potentiometer R9. When adjusted properly the output of the PLL is the
original fm modulating audio. Its signal output is applied to opera-
tional amplifier IC3. The output at terminal 6 is then supplied through
capacitor C18 to the audio output terminal. This signal component is
linked back to block 19 and on to the audio amplifier (block 16) of
Fig. 3-18.
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There are two outputs from the phase-locked loop fm discriminator.
One of these is the signal component mentioned previously. A second
dc reference signal is applied to the offset operational amplifier 1C4.
This reference component serves as the common for the front-panel
meter indications. The inputs to the differential amplifier IC5 are the
signal component arriving by way of IC3 and the dc reference compo-
nent arriving by way of IC4. The IC5 output is then applied to a diode
and resistor-capacitor network that develops negative and positive
peaks corresponding to the original maximum excursions of the modu-
lating fm wave. These are supplied to the separate positive (IC6) and
negative (IC7) dc meter amplifiers. Potentiometer R18, through a
feedback path, controls the gain of the differential amplifier, setting the
calibrate level needed to obtain an accurate meter reading.

An fm modulation meter permits the communications technician to
set the modulation of the transmitter at a level that will provide a high
percentage of modulation, yet not cause a greater deviation than
permitted.

Most communications transmitters include special speech-clipping
circuits that reduce the amplitude of the voice peaks. The adjustment
of these circuits can also be observed on the modulation monitor.
Speech peak should be clipped as much as possible, up to the point
where the quality of the audio reproduction is adversely affected. The
proper setting of the modulation level and peak clipping provides a
high average modulation percentage without overmodulation peaks.

3-10. OSCILLOSCOPE FM DEVIATION METER

An excellent fm deviation meter and transmitter performance instru-
ment can be designed around an oscilloscope. Such an instrument is
shown in Fig. 3-21, and in the functional block diagram in Fig. 3-22.
Fundamentally it is an fm receiver that develops a deviation-calibrated
output signal. The receiver is a double-conversion type.

A low-band tuner plus one-to-three converters are employed to per-
mit coverage of the desired fm bands. To cover all three bhands (50-,
150-, and 450-M11z bands), a low-frequency tuner and three converters
are necessary.

The high i-f frequency output of the tuner is 10.7 MHz. The low i-f
frequency is 4.5 MHz. The operate conversion oscillator frequency is
6.2 MHz. This frequency subtracted from the high i-f frequency pro-
duces the 4.53-M11z output of the mixer (10.7 — 6.2). At this frequency
the dc output of the discriminator is zero.

The plus and minus marker conversion oscillators generate a cali-
brating marker for the oscilloscope vertical deflection. Actually one
marker oscillator operates 5000 Hz above 6.2 MHz and the other
5000 Hz below. This means by proper setting of the marker switch it
is possible to supply a 4.503-MITz or 4.495-MHz signal to the low it
amplifier. By so doing reference dc voltages are made available at the
output of the discriminator; one voltage indicates a frequency of 5000
11z above center frequency and the other voltage indicates a frequency
5000 I1z below center frequency. The vertical deflection graticule of
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Courtesy Radio Specialty Mfg. Co.

Fig. 3-21. An fm deviation meter.

the oscilloscope can be calibrated in terms of frequency deviation. This
is shown in Fig. 3-23. In operation, the conversion oscillator marker
line is made to coincide with the center line of the graticule.

If the plus marker conversion oscillator is now turned on there will
be an upward movement of the calibration line. This corresponds to
an upward 5000-Hz change in frequency. The calibration control can
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; c | vEwowe
= g IAND BLACK o 116373171 |
INPUTy/O ST o1 OPERATE — T AMPLIFIER |
, o TUNING WHITEe- |
! : ] METER
i 14510 | 1 | voperater | [rmARKER | [ ) MaRKER SWEEP GENERATOR,
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Fig. 3-22. Functional block plan of the deviation meter in Fig. 3-21.
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be adjusted until its line coincides with the fifth line above the center
line of the graticule. As a result the graph is calibrated in intervals of
1 kHz. When the minus conversion oscillator is turned on there will be
a similar calibration of the vertical lines below the center line, this
time in steps of 1000 Hz below center frequency. An additional two-
to-one multiplier can be supplied with the oscilloscope, providing
2500-Hz markers in addition to 5000-Hz markers. In so doing the scale
can be calibrated for lower deviation values such as might be useful for
measuring tone deviation and other special signal components.

+5 KHz
0 0
A B
- skHz +5kHz
0 0
- -SkHz ;T “5kHz

Fig. 3-23. Calibration of graticule.

If the incoming i-f frequency were now frequency modulated by a
sine wave with a maximum deviation of £5000 Hz, it would be dis-
played as a sine wave on the oscilloscope screen with the positive and
negative peaks reaching up to the +5000-Hz and —5000-Hz calibration
lines, as shown in Fig. 3-23 part D. Were the deviation only +2000 Hz
}he sine-wave peaks would reach only up to the 2000-Hz calibration
ines.

In making an actual fm modulation measurement on a transmitter it
is necessary to couple at least one millivolt of unmodulated signal to
the input of the tuner or converter, depending upon frequency band.
The tuning and vernier tune controls are now varied for maximum
reading of the meter at the top left. Enough signal should be supplied
so that the meter reads above a red scale mark. Retune very carefully
until the unmodulated input signal produces a trace line that is coin-
cident with the center line of the graticule scale.

Check the marker calibration by momentarily placing the marker
on the plus and minus positions. Modulate the fm transmitter and note
the deviation as measured on the oscilloscope screen. The sweep-
frequency control can be varied to permit a clear measurable display.
If the modulating wave is a sine-wave tone, two or three complete
patterns can be displayed on the screen.
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Fig. 3-24. Oscilloscope displays.
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The oscilloscope fm deviation meter not only measures peak and
average deviation of the transmitter but also indicates the effects of
audio processing and shows any distortion in the modulated wave.
These can be best explained with the typical patterns of Fig. 3-24. In
these displays the second line above center represents +35000-11z devi-
ation while the second line below center represents —35000-11z devia-
tion. Example A shows sinusoidal deviation of a bit less than =5000 Hz.
Example B shows a voice modulation pattern. Example C is a higher-
pitched deviation such as might be obtained by sounding an “oh” into
the microphone.

Example D shows the influence of deviation limiter operation and
the resulting misshaping of the wave. Deviation in excess of 5000 Hz
is indicated. By increasing the limiter action the deviation is brought
down to the £5000-Hz limit as shown in pattern E. Pattern F indicates
a rather well adjusted transmitter with good limiting action and a
maximum deviation that does not exceed 5000 I1z. The waveform is

R L B

Courtesy Cushman Electronics, Inc,

Fig. 3-25. Communications monitor.
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reasonably synunetrical. Pattern G indicates a defects such as distortion
of a sine wave by improper biasing. As a result there is asymmetrical
deviation and a decrease in transmitter efficiency.

3-11. COMMUNICATIONS MONITOR

An example of a complete test package is the Cushman CE-6 shown
in Fig. 3-25. Frequencies can be measured from 20 MHz to 1000 Mz
with an accuracy of 0.00002%. Frequency is displayed as a digital
read-out. Fm deviation and symmetry can be measured on scope and
meter.

Instrument can be operated as a signal generator with the same ac-
curacy and a frequency range 10 kHz-1000 MHz. Output can be a-m
or fm modulated.



CHAPTER 4

Transmitter Tuning and Adjustment

As in most electronic equipment, improper adjustment results in
faulty operation. Transmitter circuits do drift, or their operating char-
acteristics change with shifts in the supply voltage. When tubes, tran-
sistors, and other components must be replaced, their characteristics
often differ from those originally used in the circuit. Environmental
changes such as temperature or humidity also alter operating condi-
tions. These variables require that a transmitter be retuned periodi-
cally if peak performance is to be maintained.

4-1. GENERAL CONSIDERATIONS

Some stages of high-power transmitters require a tune-up each time
the transmitter is to be put on the air—and occasionally while it is on
the air. Usually these stages are the final rf amplifier and the antenna-
tuning system. Mobile and other smaller transmitters can be brought to
the shop and retuned as needed, or they can be checked in accordance
with a definite preventive-maintenance schedule.

An example of a modern solid-state two-way fm radio is the RCA
Model Super-Fleetfone (Fig. 4-1). It provides 30-watts output on the
150-MHz band. The emission is type 16F3 with a maximum permissible
deviation of =5 kHz. Frequency stability is 0.0005% over a tempera-
ture range between —30°C to +60°C. It is a dual combination with a
control head that is mounted beneath the dashboard or convenient to
the operator and a main transmitter-receiver and power supply unit
that is mounted in the trunk or any other convenient location in the
vehicle.

Fm two-way radio sets are available in various separate and inte-
grated models. Also they can be purchased for single- or multiple-
channel operation. An integrated base station is shown in Fig. 4-2. It
includes facility for multichannel operation using a push-button ar-
rangement to change channels.

The general arrangement of a Fleetfone model is shown in Fig. 4-3.
The modulator-exciter assembly is shown at the top left, while the
transmitter amplifiers are positioned to the right. The power supply is
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Courtesy RCA

Fig. 4-1. Units of mobile fm two-way radio.

beneath the transmitter assembly. The receiver occupies the position
at left center and bottom.

Transmitter test and alignment points are indicated clearly. A versa-
tile metering arrangement is mounted on top of the power supply
assembly. With the insertion of an appropriate meter into the metering
socket, key operating conditions can be measured by changing switch
setting.

The exciter generates the fm wave using a phase modulation process.
Output frequency is 1/12 of the final center frequency. Exciter output
(Fig. 4-4), is then supplied to a 12-times multiplier. Solid-state driver,
intermediate power amplifier and power amplifier stages follow. An
electronic antenna switch is employed to change over the antenna
between transmitter output and receiver input. This occurs automati-

Courtesy RCA

Fig. 4-2. Integrated base station.
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Fig. 4-3. Assembly plan of a transmitter receiver.
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70 RCVR
EXCITER MULTIPLIER DRIVER/IPA PA ANT SW  —
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TO XTAL HEATER'S ONLY BATIERY E

Fig. 4-4. Block diagram of transmitter, power supply, and exciter.

cally when the microphone switch is operated, but requircs no antenna
relay. The power supply system permits operation of the entire trans-
mitter-receiver from a 12-volt car battery.

4-2. CIRCUIT DESCRIPTION

The exciter sciiematic is given in Fig. 4-5. It is a 4-channel version
using four switchable crystal oscillators that operate on a frequency
which is one-twelfth of the transmit frequency. The group of four oscil-
lators is shown at bottom left. The proper crystal oscillator is placed
in operation in accordance with the setting of the channel selector
switch that is mounted on the control head beneath the dashboard.
The oscillators are modified Pierce-Clapp types of high stability. Each
includes a small variable capacitor for precise adjustment to the as-
signed channel frequency.

The selected output is supplied to the phase modulator through an
isolating commen-emitter buffer stage, top left. In this type of phase
modulator the oscillator signal has two paths. One is directly to the hase
of the phase modulator transistor while the second is coupled to the
collector through capacitor C10. The paths combine in collector output
circuit.

Audio signal is applied to the base of the phase modulator. The in-
stantancous magnitude of the audio determines the instantaneous phase
relationship hetween the two rf components present at the collector.
The crystal rf component fed directly through capacitor C10 has a fixed
reterence phase. owever, that rf component coupled through the
transistor has a phase that is determined by the audio variations. The
resultant rf component coupled to the second buffer through capacitor
C15 varies in phase as it follows the speech variations applied to the
base of the phase modulator. Of course, a phase change (angle modula-
tion) produces a corresponding frequency deviation.

The buffer stage provides isolation and some amplification. Tt is fol-
lowed by an additional amplifier that builds up the frequency-modu-
lated rf wave tc approximately 25 milliwatts. This is the level of signal
that is supplied to the input of the follow-up frequency multiplier.
Output to the multiplier may be on any one of four frequencies in the
12.33 to 14.5-MHz range depending upon the oscillator frequency se-
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lected. Supply voltage to the rf exciter stages is I8 volts as set by the
zener regulator CR2.

The microphone assembly is shown at the lower right. It includes a
built-in common-emitter transistor amplifier. Its collector load resistor
is resistor R23 which is mounted external to the microphone case.
Transistor Q6 is a combination audio amplifier and limiter. Signal pre-
emphasis is provided in the base circuit of transistor Q6 by a differen-
tiating network composed of capacitor C26 and resistor R24. This step
improves the signal-to-noise performance of an fm system. Audio de-
emphasis is also included to set the high frequency rolloff and to make
the appropriate conversion between phase and frequency modulation.
It is handled in the collector circuit by resistor R39, capacitor C30 and
the low-pass inductor-capacitor filter L3 and C3l. Audio processing
provides an approximate 6-dB-per-octave preemphasis from 300 to
3000 I1z, and a 12-dB-per-octave rolloff above 3000 Hz. Audio level is
set by the deviation control R38 in the collector circuit. Since this con-
trol determines the magnitude of the audio applied to the phase modu-
lator it determines the deviation of the fm wave. Strong audio levels
are limited by the transistor along with the limiting diode CRI.

The exciter includes a group of four crystal-oven heaters which main-
tain the crystal frequency temperature above a certain level. Actually
the heaters go into operation whenever the temperature drops below
—10°C. This step insnres the 0.0005% frequency tolerance when oper-
ating the equipment at very low temperature. Dc operating voltages
are given as measured on a vtvm with a 10-megohm input impedance.
Radio-frequency levels can also be measured and typical values are
shown in the diamond blocks. These values assume the use of an
appropriate rf probe detector and a vtvm with a 10-megohm input
impedance.

The multiplier section of the transmitter, Fig. 4-6, consists of a tripler
and two doublers, to obtain a total multiplication of 12 (3 x 2 x 2).
The output resonant circuits of transistor 24Q3 are tuned to the rf car-
rier frequency. From here cach of the stages is operated class-C in the
common-emitter configuration. Input and output impedance of the
multiplier is 50 ohms with the rf output level being 400 milliwatts.

The level of the rectified base current for the first two stages is sup-
plied to the metering circuit and can be measured and compared with
the nominal values that indicate proper operation. In a similar manner
the output of the multiplier is rectified by diode 24R1 and applied to
the metering circuit. This reading gives an indication of the output
level of the multiplier.

The output of the multiplier is supplied to the driver-IPA assembly.
This is a two-stage amplifier that builds up the signal to a level of 11
watts across 50 ohms. Again the common emitter configuration is em-
ployed. The IPA assembly includes two parallel copper plates which
provide interstage shielding and function as heat sinks for the two
transistors. Proper shielding is necessary because the two stages oper-
ate as fundamental amplifiers. The collector and base circuits are series
resonant and the circuits include capacitive dividers for proper
matching.
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The output stage employs three parallel-connected power transis-
tors, also in the common-emitter configuration, Series tuning is used
and includes individual inductors in the base circuits to establish
proper balanced operation of the three transistors. Test points are
brought out for individual monitoring of the emitter currents. The out-
put resonant cirenit also is series resonant and includes a variable
-apacitive impedance divider.

The nominal power output is 35 watts at 175 MIlz and 44 watts at
148 MIlIz. Note that the emitter currents of the two driver stages can be
monitored with the test switch arrangement as can the power ampli-
fier current and de supply voltage.

A thermal switch, 2651, is mounted in the PA assembly. If the heat-
sink temperature nises above 90°C, the thermal switch opens. In so do-
ing power control resistor 23R3 inserts resistance in series with the
supply voltage to the multiplier. As a result the drive to the driver
transistor 25Q1 falls off and the succeeding stages are not driven as
hard. Usually the transmitter power output drops to approximately one-
half of full power. When the temperature drops to safe value the switch
again closes and normal power is restored.

The output of the power amplifier is supplied to an electronic an-
tenna switch. This switch permits coupling a single antenna to the
transmitter and receiver. When the antenna power is applied, the an-
tenna is automaticzally connected to the output of the power amplifier,
As soon as the transmit power is removed, the antenna is switched
celectronically to the receiver input.

The antenna switch uses two four-layer switching diodes. The on-
resistance is less than 1 ohm while the off-resistance is over 1000 ohms.
When the transmitter is in operation the rf cnergy turns on diode
27CRE and power :s supplied to the antenna, Any transmitter rf energy
moving toward the receiver is blocked by 27CR2, and diode 27CR3.
The latter is a quick-switching diode which shorts the receiver input
very quickly when transmitter power is supplied. These three diodes
arc in the off condition on receive, and the incoming signal is supplied
from the antenna to the receiver input. The transmitter output circuit
doces not load dow: the receiver input because diode 27CRI is non-
conducting.

The transmit rf cnergy is supplied through a multiple section low-
pass filter with an M-derived output circuit. This filter removes har-
monics and other 1t spurious voltages above the 150-Mlz band. The
filter is followed by a built-in S\WR (standing wave ratio) bridge that
is useful in matchirg the transmitter to the antenna system. Both for-
word and reflected voltages can be evaluated. These rf components
are rectified and supplied to terminals 8 and 9 of the metering switch
circuit. Proper S\W2R is indicated when the reading of the reflected
value is at least 1/5 of the forward value.

4-3. TRANSMITTER ADJUSTMENT

Transmitter adjustment has two major objectives. One of these is to
insure cfficient and safe operation of the equipment along with con-
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ANTENNA SWITCH

A 150-MHz transmitter—Cont



TRANSMITTER TUNING AND ADJUSTMENT

97

Chart 4-1. Initial Transmitter Adjustments

S
Step
1 Connedt the RCA CX-35 Test Meter to the Test Socket 3X2 Set CX-35 Switch to Ey
If 4 multimeter s used, tonnect between Jacks 331 (2) and 332 (<), Use 50 ,. A Ranee.
2 To operate equipment, place ON-OFF suitch to ON, and operate Test Switch 351 (0
energize transmilter.
— — 4
B . - —
TS O CX-35 TEST METER | 7
ADJUSTMENT 382 TYPICAL MULTIMETER ADJUSTMENTS
: : MCTER READING | 50.. A RANGE
SW. POs, TYPICAL READING |
s 1st Trapler 3 ‘ 3.5-1.5 ‘t 17.5 - 315 Adst 3. @ and (D (o1 maximum
4 2nd Doubler 3 Ls-d4s | 1.5-225 Adust G) . (®) and D) tar manimum
[O)
5 Driver 4 1-9 20.0 - 45.0 ‘ Adust @ and (B) tor maximuim.
Hepnoat until no improve mest
6 T u [ 458 22.5 - 40.0 ‘ Adst @ for maomun.
7 PA 1-8 20.0 - 40.C Adust @ and @ for thaxthung
- | l Repeat untal no further spprosenest
r Adpst @ . @ aud @ or
8 SW R Forward G (or obiserve powet autpat on manimuni. Ropeat untyl lurthes
| B 1. Wattmieter } 4 mprovement.
Drsconnect pan 14 on IPA Drnver
I | Assembly.  Transnntter output
9 25R5 9 (or abserve puwer output on should diop to approvimatcly 15 watts |
Thermal Wattmeter) Adjyust 2515 tor 13 watts outpat Ree-
| Protection I connect wire to pin 114,
Caliulation of Pawer Input to tual RE stave s ok with
CX-3% Test Meter as follows
1. Read colledtor vollg.e (Ep) at position 7 of swilch 352,
Fuil Scale 50 volts {(shauld tead 28,5 \ V)
2. Read collectin cutrent tPA) 4t posation & o swilc h 382,
Full scale 2.5 imps (should read appros. 108 anips,
Do ot excecd 2 amps)
L

venient and effective operation of the two-wav radio system. The sec-
ond objective is to insure compliance with FCC regulations. Three ma-
jor considerations are frequency tolerance, modulation level and power
output.

Essential picces of test equipment for adjusting the RCA transmitter
of Figs. 4-3, 4-5, and 4-6 are a frequency meter, deviation meter, audio
generator, dummy antenna load with wattmeter and appropriate align-
ment tools.

Initial adjustments are made in accordance with the information
given in Chart 4-1. A power supply test switch permits the application
of transmitter power for adjustiments. The switch can be seen at the
hottom center of Fg. 4-3. Note also that the transmitter portion of the
photograph has the various transmitter adjustments numbered. These
adjustment_points zan be found on the schematic diagram, Fig. 4-6.
They are also referred to in the initial adjustment Chart 4-1. Nominal
readings are shown in the chart corresponding to the use of a special
RCA testmeter, or in licu of this meter, the use of a 50-microampere
current meter inserted between jacks J1 and J2 shown to the left of the
meter switch in Fig. 4-3 can be used to get the readings.

For example, in adjusting the tripler of the multiplier assembly, the
meter switch is set o position 2. Note that in this position it is measur-
ing the class-C rectrfied base current of the first doubler. Resonant cir-
cuits T1, 2 and 3 (ig. 4-5) are adjusted for maximum meter reading,
indicating the application of maximum signal to the base of the first
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doubler. In a similar manner the succeeding stages of the transmitter
are peaked. Refer to these adjustments and adjustment points in Figs.
4-3 and 4-6.

The final amplifier is adjusted with the test switch on the SWR for-
ward position. Power output can also be observed on any wattmeter or
reflectometer associated with the dummy antenna load. In step 9 the
thermal switch 26S1 is opened and it is possible to adjust the power
control potentiometer 25R5 to obtain the half-power output, which
is 15 watts.

A frequency check should be made with the frequency meter appro-
priately coupled to the output circuit. If necessary adjust the oscillator
trimmer capacitors of the exciter (Fig. 4-5) to put the transmitter on
exact frequency. When a transmitter is to he part of a network of trans-
mitter-receivers all the various transmitters and receivers must be
netted and made to operate on exactly the same frequency. After the
transmitter has been set on frequency the associated receiver can be
netted to this same frequency using the test (netting) switch. The
test meter is connected to the output of the receiver discriminator,
and the receiver oscillator is adjusted until the discriminator output is
zero when the transmitter is on precise frequency.

A procedure that is often followed is to make sure the base station
carrier is precisely on frequency. It is now possible to adjust each of
the receivers for a discriminator output of zero. Now the individual
transmitters, other than the base station transmitter, can be set on fre-
quency to produce a similar zero-discriminator output. In this pro-
cedure it is only necessary that a highly accurate frequency meter be
used to set the base station transmitter frequency.

In checking the modulation it is first necessary to connect the devia-
tion meter to the output in accordance with meter instructions. Audio
signal is connected to the microphone input connector (pins 1 and 2)
(Fig. 4-5). Sweep the audio generator over a 300- to 3000-1z range to
determine the frequency producing the highest deviation. At this fre-
quency set the audio generator output to 0.6 volt. Now adjust the devi-
ation control R38 for rated maximum deviation (=35 kllz).

Set the audio generator to 1000 1z and reduce the audio generator
input to two thirds of rated deviation. Make a note of the audio gen-
erator level needed for this amount of deviation.

Set the audio generator to 300 Hz and increase the audio generator
output by 20 dB. Tune the audio generator to 1000 and 3000 Hz. The
deviation at these three frequencies must not exceed the rated system
deviation. This latter test also checks out the quality of the limiting sys-
tem which is designed to prevent overmodulation of the transmitter
(deviation in excess of =5000 Hz).

A quick check of the modulation can be made using a voice signal.
If vou speak into the microphone in a normal tone level you should
obtain rated system deviation. Now shout into the microphone. If
rated system deviation is not exceeded, the deviation control setting is
reasonably close to a proper setting. If upon shouting into the micro-
phone the deviation is exceeded it is then necessary to reduce the set-
ting of the deviation control, R38.
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If it is not possible to obtain rated power output it is advisable to
go through the complete transmitter tuning procedure using the infor-
mation given in Chart 4-2. This is the procedure that must be followed
when one of the adjustments may have been taken too far off normal
setting, or when the replacement of a stage component has caused the
tuning of the associated resonant circuits to move a considerable fre-
quency away from normal. Also, it is advisable to check the rectified

Chart 4-2. Transmitter Tuning Procedures

Step
1 Cunneet the RCA CX-35 Test Meter to Test Socket 3X2, Set (CX-35 Meter Switch tu Ep. 1 a multimeter
15 used, connect between Jucks 3J1 {4} wnd 3J2 (). Use 50 A Range.
2 To operate equipmont, place ON-OFF switeh to ON and operate Test Switch 381 to enervize equipment.
Perform adjustments i the sequend e aven below.  Adjust for maximum meter
reading Peak  as indicated. Minunum meter readmes indicated as "Dip’ . ‘
- 4 o T
CX-35 TEST METER T J
I'YPE OF 352 TYPICAL MULTIMETER ADJUSTMENTS
ADJUS TMENT | METER |READING 50 uA RANGE
WL POs, | TYPICAL READING
— ——— -
Peak @ o .Dip @ and peak @ o
3 Ist Trapler 2 3.5-7.5 | 17.5 - 37.5 U tuning produt es two peaks, use
clockwise peak.
1 + ———
o5 .
F 2ad Doublo 3 [1.5-4.5 7.5-225 L‘@'@- @t ® - Retne @
— i e el
| PR S VI
2 2Ry < 3t e o &&hE switeh pusitiar 6. use position 5 for
| tuming
- + 4 - — = —
T I Peak @@ and @) . Repeak (3 .
6 SWR Forward 8 5.5-7.9 27.5 - 37.5 Repeat. U no RE output 1s observed,
(ur ubserve | omil this Step.
poner nulpul)}» 1
- JL = + - .
Peak @ . Repeak @ and @ o Rvpvak“
7 ] Driver | 4 |4. -9 ] 20.0 - 45.0 these adjustments until no further im-
provement 1s ubserved J
. T I T Adpust niP), R
8 {PA 5 |<|. 5.8 22.5 . 40.0 ust for mimmum (DIP), Retune
| and lor muoanum,
— - — 2 =
9 PA G 4.0-8 20,0 - 40.0 T ek @, then @) Hepeak D |
S - i 1 - B -
8 Peak @ , (9 and @) . Repeat
10 SWR forward  [wor olwmerve [5.6-7 5 27.5 - 37.5 until no further jmprovement 1s ob-
[power outpul) 1 | served.
n U Step 6 hud to be omitted, Repeat adjustments @ through @ . Repeat entire procedure of rated 1
l power s not attamed
T Disconnect wire comected to pw 114
| . . un bottom of IPA Driver assembly
2 Jhernd e anmeter and B E Lo o Adjunt 25R5 for utput of 15 watts
rote« tion ransmitter output anc rve g Redemnedtluireltolyinpiias
\» | output. |
S T
' The readimg an this meter posation (SWR Reverse) should be 1 9 or less
“ q . than the readimg at switch posation 8. U s 3 eading s obtuned with g
L B [scncer & hnown 50 ohm load 4t the sutput but not obtamed when conedcted to the
svstem antenn, 4 fault i Che antenna systenn is mdicated.

¢ Actudl readimgs may vy from those appearing m the table above The technic iun should
Tecord his peadings oneach set, at the time of installation, for luture refercnce,

base current at the input of the multiplier tripler to make certain that
a proper level of signal is heing delivered from the exciter.

The GIE MASTR 11 is an example of a 100-watt solid-state two-way
radio (Fig. 4-7). Light channels are provided using plug-in oscillator
modules with frequency stabilities of 0.0002% or 0.0005%. The func-
tional block diagram of Fig. 4-8 shows the circuit arrangement. The
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individual crystal-oscillator modules are shown on the left followed by
a buffer stage and the input phase modulator.

Adequate linear deviation with full suppression of amplitude varia-
tions is accomplished with a dual phase-modulator arrangement. No-
tice that audio signal is applicd to a pair of phase modulators with two
amplifiers and a limiter inserted in the signal path between. An addi-
tional amplifier and limiter follow.

Courtesy General Electric Co.
Fig. 4-7. The GE MASTR Il 100-watt solid-state two-way radio.

Three successive multiplier stages (3 X 2 X 2) give a total multipli-
cation of 12. The first class-C amplification is handled by transistor
Q109 which supplies drive to the power amplifier section. Four vhf
transistors in parallel develop a maximum power input greater than 100
watts. A power adjust system permits the wattage level to be varied
between 35 to 110 watts.

The shielded oscillator modules employ integrated circuits which
incorporate a voltage-variable capacitor that enhances oscillator sta-
bility with temperature change (Fig. 4-9). A compensation capacitor
maintains oscillator stability over the midtemperature range. Notice
that varactor bias is obtained from a temperature-compensated bias
network, When the temperature drops below 0°C the cold-end com-
pensation circuit operates. A decrease in temperature causes a compen-
sating voltage increase. Thus the varactor capacitance falls and the
tendency of the crystal to drift low in frequency is compensated.

Conversely the hot-end circuit begins to compensate above 55°C. In
this case the increase in the varactor capacitance compensates for the
attempted increase in crystal frequency with temperature.
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The audio amplifier and processor is also an integrated circuit (Fig.
4-10). The collector load resistor for the final audio amplifier is resistor
R104 at the top left of the exciter schematic diagram (Fig. 4-11).
Capacitor C1, which is a part of the audio integrated circuit, provides
fm and preemphasis. Transistors Q1, Q2, and Q3 serve as an opera-
tional amplifier and limiter. As in operational amplifier practice, two
resistors R19 and R20 set the gain of the stage.

The resistor-capacitor low-pass filter at the output of transistor Q3
provides post-limiter filtering, processing the audio signal for proper
development of an fm signal using the phase modulation process. The
resistor-capacitor combination R10-C3 provides de-emphasis, while the
remaining components influence the high-end rolloff response. Tran-
sistor Q4 operates as an emitter follower; transistor Q3 is connected as
a common-emitter amplifier.

In the exciter circuit (Fig. 4-11) the oscillator signal arrives at ter-
minal 12 and is applied through capacitor C109 to a buffer amplifier.
Collector output is applied to the phase modulator. The audio signal
is applicd to the same modulator by way of the arm of potentiometer
R104 at the output of the audio 1C. The varactor diode CV101 is con-
nected in series with the input resonant circuit T101. An audio signal
applied to the modulator varies the bias of CV101 causing a variation
in the phase angle of the series-resonant circuit. The net result is to
produce frequency modulation of the rf oscillator component. A similar
activity occurs in the second phase modulator. In this circuit there are
two series-resonant components and their associated varactor diodes
CV102 and CV103. This additional step augments the phase modula-
tion process producing a wider lincar frequency deviation of the gen-
crated fn signal. An amplifier and a limiter stage using diodes CR102
and CRI03 are connected hetween the phase modulators. A metering
take-off point can be found at the junction of capacitor C115 and rec.
tifving diode CRI0IL.

A series of three multipliers step up the frequency of the fin signal
to the final transmit value. Double-tuned transformers are used be-
tween stages, Letter emphasizing the desired harmonic components
that are to develop at the output of cach stage.

The final stage operates as a class-C amplifier that is signal-biased
by the peaks of the fin signal applied to its base. An elaborate resonant
circuit at the output develops the necessary power for impedance
matching and driving the first stage of the amplifier section of the
transmitter.

As you learned three operating conditions of important concern to
the FCC are transmitter power, modulation and frequency. Modern
communication transmitters are planned in such a way that these con-
ditions and associated adjustments can be made conveniently and ac-
curately. Necessary test equipment includes frequency meter, modula-
tion meter, and input/output indicator. Some manufacturers provide a
convenient metzring system and associated accessories that can be in-
serted quickly for making the necessary critical measurements as
well as for the alignment and troubleshooting of both transmitter
and receiver.



108 SECOND-CLASS RADIOTELEPHONE LICENSE HANDBOOK

One such unit is shown in Fig. 4-12. A cable from the portable
test set plugs directly into the transmitter multiple contact test jack.
By proper setting of the switches of the portable test set it is then pos-
sible to check directly into specific key circuits of the transmitter-re-
ceiver (Fig. 4-7). Thus signals can be traced, alignment adjustments
made, and test measurements made very conveniently. An associated
audio oscillator provides a modulating test signal of proper amplitude
and frequency.

Courtesy General Electric Co.

Fig. 4-12. Portable test set and audio oscillator.

When using an FCC-approved transmitter the power output can be
judged by measuring the power input to the power amplifier using the
equation:

PIN = PA\'UItam- X PA(‘urn-m

Typical readings for the transmitter would be 12.4 volts at 9 ampere,
or 111.6 watts.

The modulation level can be adjusted by using the audio oscillator
and associated test set along with a frequency-modulation monitor. An
audio signal of prescribed level at 1000 Hz is applied to the audio in-
put. Set the modulation adjust control, potentiometer R104 in Fig. 4-11,
to obtain a deviation of 4.5 kHz.

The frequency of each individual oscillator module can be adjusted
separately. This is done by prying up the cover on the top of an indi-
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vidual shielded oscillator. In this way the individual tuning capacitor
connected across the crystal, Fig. 4-9, can be set on a precise frequency.
In setting these adjustments it is important to know the ambient tem-
perature. A chart associated with the transmitter indicates the correct
setting for specific ranges of ambient temperature.

Chart 4-3. Troubleshooting Quick Checks

Probably Defective Stage

Meter Position High Meter Low Meter Zero Meter
GE Test Set Reading Reading Reading
Exciter
A Q102, 10-v Q102, CVI101, ICOM, Q101, Q102,
(MOD-1) regulator T101, 10-v CR101, 10-V regulator or
regulator Channel Selector switch
ground.
B Q104, 10-V Q103, T102, Q103, T102, CV102,
(MOD-2) regulator T103, CV102, T103, CV103, CR104,
CV103, Q104 Q104
C Q105, Q106 Q105, Q106 Q105, Q106, T104
(MULT-1) T104
D Q107, T106 T104, T105, T104, T105, Q107, T106
(MULT-2) Q107
1
F Q108, T108 T106, T107, T106, T107, Q108, T108
(MULT-3) Q108
G Q109, C157 T108, T109, T108, T109, T110, Q109
(AMPL 1) T110, Q109 L106

Power Amplifier

“D" low output No output from Exciter,
(AMPL-1 DRIVE) from exciter CR201

e Q215 Q215 no exciter output, Q215,
(AMPL-1 Q206, CR201
POWER
CONTROL
VOLTAGE)

B Q203 Q203, low Q203, Q202, Q201.
(DRIVE output from check position D and C
CURRENT) Q201, Q202

"“G" Q204, Q205, Q201, Q202, Q207, Q206, Q205,

(PA CURRENT) Q206, Q207 Q203, Q204, Q204, Q203, Q202,
Q205, Q206, Q201, Q215
Q207

Troubleshooting is aided greatly with a versatile test set arrange-
ment. The bringing out of test points and the ability to link them via
multiconductor cable to a test setup provides ideal servicing condi-
tions. In troubleshooting the GE transmitter there are four recom-
mended steps. First there are a series of quick checks that can be made
using the test set. Note that Chart 4-3 even directs the service techni-
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cian to key circuits depending upon whether an improper meter read-
ing is high, low or zero. This rather quick check wrrangement no doubt
isolates most defects.

The next suggested procedure involves taking voltage measurements
at key circuits. A third check step then involves the measurement of ac
voltages at various key positions. Finally, in step four, oscillator and
audio waveforms at key points can be observed on a scope. Of course,
similar key check points are incorporated in the receiver section as
well. Furthermore the test points are especially helpful in performing
tune-up and alignment procedures.

4.4. HIGH-POWERED RF AMPLIFIER

Base-station transmitters in general operate with higher power than
mobile units do. The reason is improved reliability and coverage. A
high-powered base-station transmitter is shown in Fig. 4-13 and the
schematic diagram of the final power-amplifier stage appears in Fig.
4-14. Notice that the transmitter is metered continuously. The five
meters read exciter current, final grid current, final plate current (up-
per tube), final plate current (lower tube), and final plate voltage.
Power input can be determined from the formula, I, X Ey, X 2 (two

Fig. 4-13. Motorola base-station transmitter.

Courtesy Motorola, Inc
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tubes ). Normal plate current is 250 mA; plate voltage, 1250 volts; and
power input, 625 watts. The transmitter has a rated power output of
250 watts in the uhf band.

At uhf frequencies, coaxial and resonant-cavity circuits are cm-
ployed to provide the desired Q at these 