FILING INSTRUCTIONS NO. L4
STANDARDS
AM STANDARDS

Remove pages numbered T2 through 9Lk, entitled "Average Sunset and
Sunrise Tables", also remove blue page facing page T2.

No replacement pages are furnished.

The above mentioned tables are not now a part of the Federal Comm-~
unication Commission Rules and Regulations. They were retained in
our service after deletion by FCC merely as a convenience for our
subscribers. However, they now have no practical use. Please

refer to FCC Rule $§3.79 for current rule on sunset and sunrise hours.
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FILING INSTRUCTION

STANDARDS

ED. NOTE: All of the changes herewith are BROADCAST SERVICE BUREAU
editorial changes only.

AM STANDARDS:

Remove any pages in front of page 1 that bear the title "INTRODUCTION".
Insert new Table of Contents headed "Standard Broadcast Technical
Standards" immediately in front of page 1.

FM STANDARDS:

Remove old Table of Contents headed "FM TECHNICAL STANDARDS", dated
1-28-56 in lower left hand corner.
Insert new Table of Contents immediately in front of page 1.

TV STANDARDS:

Insert new Table of Contents ahead of page 1.

Remove all of the engineering charts and graphs with the exception of
Figures 1 & 2.

Replace with new charts Figures 3, 4, 5, 6, 7, 8, 9, 10, 10A, 11 &l2

Place this filing instruction sheet in front of STANDARDS Book preceding the
tab sheet for Part 1. Remove the last preceding numbered file sheet. If,
for any reason the last preceding numbered sheet is found to be missing,
inform us and it, with amendments, will be mailed immediately
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The Burkhardt Prong Binder

Sheets should be punched in accordance with binder capacity as follows:

(STANDARD RING BOOK PUNCHING)
For 1” and 1%4” capacity use %" or #" holes
For 2” capacity use %" or 5" holes
For 3" capacity use 4" or %" holes

Opening and clesing this binder
will demonastrate it advantages.

Printad In US. A,

To Operate:

A simple deliberate pressure on the
locking lever releases the mechanism
and opens the binder to either semi or
full open position. When closing or
locking the mechanism, simply close
covers and apply light pressure to the
back edge, pressing the lock into
engagement.

Semi-Open:

The two-stage lock provides a released
or semi-open position which allows flat
opening of the contents. It is possible to
write on either side of leaves in the
Prong Binder because of this flat open-
ing feature.

Open:

When open, the Prong Binder pro-
vides ample clearance between prongs
for rapid insertion or removal of con-
tents. Any sheet in the binder can be
removed and replaced without remov-
ing any other part of conients.

Closed:

In closed position, the lapping twin
prongs engage perfectly with each
other, making smooth, continuous arches
which guide the sheets without damage.

THE BURKHARDT COMPANY
DETROIT, MICH.
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Burkhardt Prong Binders are carried in stock in the following standard sheet
sizes and capacities, bound in heavy black levant grain leathercloth, flexible

The Burkhardt Prong Binder

and stiff sides, and with full flyleaves.

' Flexiblo St

(Bin dsi‘;:céiﬁ‘:';,h“) Capacity Pronga Conters Covera Cavers
Stock No. Stock No.

11 x 8% 1 3 414" 3-490 2-490
11 x 8% 114* 3 414" 3-492 2.492
11 x 8% 2¢ 3 414" 3-493 2-493
11 x 84" 3¢ 3 414" ] 2-494
11 x 834" 114 4 2-4.2° 3-497 2-497
11 x 84" 2" 4 2.4.27 3-498 2.493
84 x 514" N 3 234" 3-690 2-690
8l x 514" 134" 3 234" 3-692 2-692
814 x 514" 27 3 284 3-693 2-693
814 x 117 v 3 234" 3-590 2-590
815 x 117 114* 3 23" 3.592 2-592
815 x 117 2¢ 3 234" 3-593 2-593

¢Not carried in stock.

On special order, Burkhardt Prong Binders can be furnished bound in genuine
leather or leathercloth in various colors and grains, and in canvas or buckram.

Special size binders can be furnished for all sheet sizes with binding edge from

PRICES QUOTED ON REQUEST

6" to 18", in 17, 114", 2” and 3" capacitics.
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PROPOSED AMENDMENT

INTRODUCTION O

There are presented herein the Standards of Good Engineering Practice Concern-
ing Standard Broadcast Stations giving engineering standards which set forth the
principles of application of stations and define the classes of standard broadcast
stations, their purposes, the broadcast service rendered by them, and the degree of
protection which they are normally afforded. Thus, there are set forth the require-
ments as to heights of antennas, the powers and hours of operation for which stations
are regularly licensed, and groundwave and skywave propagation curves with other
curves and related information. These standards also contain the provisions deemed
necessary for the construction and operation of standard broadcast stations to meet
the requirements of technical regulations and for operation in the public interest
along technical lines not specifically enunciated in the regulations. They also
provide certain information which may be of assistance, such as in the selection of
transmitter sites. These standards augment the rules and regulations and set forth
accepted engineering principles and techniques to be used in station allocation.

These standards are based on the best engineering data available supplied in
formal and informal hearings and extensive surveys conducted by the Commission.
Numerous informal conferences have been held with radio engineers, manufacturers
of radio equipment and others for the guidance of the Commission in the formulation
of these standards.

These standards set forth the conditions under which they are applicable. They
provide for some flexibility and for the exercise of certain engineering judgments.
It should be emphasized, however, that no material deviation from the underlying or O
fundamental priciples will be recognized except through established rule-making
procedures.

"Broadcast service" and "interference to such service" are dependent upon so
many variable factors that it is essential that terms such as these be defined and
that specific methods for determining their values be provided. Thus, "service"
varies with the individual listener, the particular circumstances, the nature of
the program material, and the ability of the particular radio receiver to reject
unwanted signals. Moreovver, the strength, utility and nature of the received
signals, both desired and undesired, may vary with the time of day, time of year,
weather conditions, and other factors. Accordingly, in these fields, an approach
on & substantially statistical bagis is called for: We must rely, therefore, on
averages and norms.

It is emphasized that the Standards and the Rules adopted represent what is
believed to be a reasonable balance between the diverse and sometimes conflicting
objectives of our basic allocation plan.

The Commission will review these Standards of Good Engineering Practice in
order to determine that the objectives of the allocation plan of standard broad-
cast frequencies are being carried out. Further, these Standards of Good Eng-
ineering Practice will also necessarily change as progress is made in the art,
and accordingly, it will be necessary to make revisions from time to time. The
Commission will accumulate and analyze engineering date available as to the progress
of the art so that its standards may be kept current with the developments.

(FCC 54-333)

File opposite INTRODUCTION page AM Standerds

3~27-54



STANDARD BROADCAST TECHNICAL STANDARDS

3.181 Introduction

3.182 Engineering standards of allocation

3.183 Groundwave signaels

3.184% Groundwave field intensity charts

3.185 Computation of interfering signal from a directional antenna

3.186 Field intensity measurements in allocation; establishment of
effective field at one mile.

3.187 (Reserved)

3.188 Iocation of transmitters

3.189 Minimum antenns heights or field intensity requirements

3.190 Engineering charts
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3.181 - 3.182 (a) (1)

0 STANDARD BROADCAST TECHNICAL STANDARDS

§ 3.181 Introduction.--(a) There are presented herein the Technical Standards
giving interpretations and further considerations concerning the rules and re-
gulations of the Federal Communications Commission governing standard broadcast
stations. While rules and regulations form the basis of good engineering
practice, these standards may go beyond the rules and regulations and set up
engineering principles for consideration of various allocation problems. These
standards have been approved by the Commission and thus are considered as re-
flecting the opinion of the Commission in all matters involved.

(b) The Technical Standards set forth herein are those deemed necessary
for the construction and operation of standard broadcast stations to meet the
requirements of technical regulations and for operation in public interest along
technical lines not specifically enunciated in the regulations. These stand-
ards are based on the best engineering data available from evidence supplied in
formal and informal hearings and extensive surveys conducted in the field by the
Commission's personnel. Numerous informal conferences have been held with radio
engineers, manufacturers of radio equipment and others for the guidance of the
Commission in the formulation of these standards.

(c) These standards are complete in themselves and supersede any previous
announcements or policies which may have been enunciated by the Commission on
engineering matters concerning standard broadcast stations.

Q (d) While these standards provide for flexibility and set forth the conditions
under thich they are applicable, it is not expected that material deviation there-
from as to fundamental principles will be recognized unless full information is
submitted as to the reasonableness of such departure and the need therefor.

(e) These standards will necessarily change as progress is made in the art,
and accordingly it will be necessary to make revisions from time to time. The
Commission will accumulate and analyze engineering data available as to the pro-
gress of the art so that its standards may be kept current with the developments.

§ 3.182 Engineering standards of allocation.--{a) Sections 3.21 to 3.3k,
inclusive, govern allocation of facilities in the standard broadcast band of 535
to 1605 kc. Section 3.21 establishes three classes of charmels in this band,
namely, clear channels for the use of high-powered stations, regional channels
for the use of medium-powered stations, and local channels for the use of low-
powered stations. The classes and power of standard broadcast stations which
will be assigned to the various channels are set forth in § 3.22. The classifi-
cation of the standard broadcast stations are as follows:

(1) Class I stations are dominant stations operating on clear channels
with powers of not less than 10 or more than 50 kw. These stations are designed
to render primary and secondary service over an extended area and at relatively
long distances, hence have their primary service areas free from objectionable
interference from other stations on the same and adjacent channels and secondary
service areas free from objectionable interference from stations on the same

0 channels. (The secondary service area of a Class I station is not protected from
ad jacent channel interference. However, if it is desired to make a determination

1-21-56 1



3.182 (a) (1) - 3.182 (a)(3)

of the area in which adjacent channel groundwave interference (10 kc removed) to
skywave service exists, it may be considered as the area where the ratio of the
desired 50% skywave of the Class I station to the undesired groundwave of a station
10 kc removed is 1 to 4.) From an engineering point of view, Class I stations

may be divided into two groups and, hereafter, for the purpose of convenience,

the two groups of Class I stations will be termed Class I-A or I-B in accordance
with the assignment to channels allocated by § 3.25 (a) or (b).

(i) The Class I stations in group I-A are those assigned to the
channels allocated by § 3.25 (a), on which duplicate nighttime
operation is not permitted, that is, no other station is permitted
to operate on a channel with a Class I station of this group with-
in the limits of the United States (the Class II stations assigned
the channels operate limited time or daytime only), and during
daytime the Class I station is protected to the 100 uv/m ground
wave contour. Protection is given this class of station to the
500 uv/m ground wave contour from adjacent channel stations for
both day and nighttime operations. The power of each such Class T
station shall not be less than 50 kw.

(i1) The Class I stations in group I-B are those assigned to the
channels allocated by § 3.25 (b), on which duplicate operation is
permitted, thet is, other Class I or Class II stations operating
unlimited time may be assgigned to such channels. During nighttime
hours of operation a Class I station of this group is protected

to the 500 uv/m 50 percent sky wave contour and during daytime

hours of operation to the 100 uv/m ground wave contour from statims
on the same channel. Protection is given to the 500 uv/m groundvav e
contour from stations on adjacent channels for both day and night-
time operation. The operating powers of Class I stations on these
frequencies shall be not less than 10 kw nor more than 50 kw.

(2) Class IT stations are gsecondary stations which operate on clear
channels with powers not less than 0.25 kw. or more than 50 kw. These stations
are required to use a directional antenna or other means to avoid causing inter-
ference within the normally protected service areas of Class I stations or other
Class II stations. These stations normally render primary service only, the
area of which depends on the geographical location, power, and frequency. This
may be relatively large but is limited by and subject to such interference as
may be received from Class I stations. However, it is recommended that Class
IT stations be so located that the interference received from other stations will
not limit the service area to greater than the 2500 uv/m ground wave contour
nighttime and 500 uv/m groundwave contour daytime, which are the values for the
mutual protection of this class of stations with'other stations of the same class.

(3) Class III stations operate on regional channels and normally render
primary service to the larger cities and the rural area contiguous thereto, and
are subdivided into two classes:

(i) Class III-A statioms which operate with powers not less than
1 kv or more than 5 kw are normally protected to the 2500 uv/m
groundwave contour nighttime and the 500 uv/m groundwave contour
daytime.

1-21-56 2



3.182 (a) (3) (ii) - 3.182 (c)

(ii) Class III-B stations which operate with powers not less than
0.5 kw, or more then 1 kw nighttime and 5 kw daytime are normally
protected to the 4000 uv/m groundwave contour nighttime and 500 uv/m
groundwave contour daytime.

(iii) Class IV stations operate on local channels normally ren-
dering primary service only to a city or town and the surburban

and rural areas contiguous thereto with powers not less than 0.1 kw
or more than 0.25 kw. The stations are normally protected to

500 uv/m groundvave contour daytime. On local channels the
separation required for the daytime protection shall also determine
the nighttime separation. The actual nighttime limitation will be
calculated.

NOTE: The following approximate method mey be used. It is based on the
assumption of 0.25 wavelength antenna height and 88 mv/m at one mile effective
field for 250 watts power, using the 10% skywave field intensity curve of Figure
2 of § 3.190. Zones defined by circles of various radii specified below are
dravn about the desired station and the interfering 10% skywave signal from each
gtation in a given zone is considered to be the value tabulated below. The ef-
fective interfering 10% skywave signal is taken to be the RSS value of all signeale
originating within these zones. (Stations beyond 500 miles are not considered.)

10 percent
Zone Inner Outer gkywave sig-

radius radius nel (mv/m)
A - 60 0.10
B 60 80 .12
c 80 100 .1k
D 100 250 .16
E 250 350 Lk
F 350 450 .12
G 450 500 .10

Where the power of the interfering station is not 250 watts, the 10% skywave
signal should be adjusted by the square root of the ratio of the power to 250 watts.

(b) The class of any station is determined by the chennel assignment, the
pover, and the field intensity coatour to which it renders service free of inter-
ference from other stations as determined by these standards. No statlion will be
permitted to change to a class normelly protected to a contour of less intensity
than the contour to which the station actually renders interference-free service.
Any Station of a class normelly protected to a contour of less intensity than theat
to which the station actually renders interference-free service, will be automati-
cally reclassified according to the class normally protected, the minimum consistent
with its power and channel assignment. Likewise, any station to which the inter-
ference is reduced so that service ig rendered to a contour normally protected for
e higher class will be automatically changed to that clasg if consistent with its
power and channel assignment.

(c) When it is shown that primery service is rendered by any station, beyond
the normally protected contour, and when primary service to approximately 90 per-
cent of the populetion (population served with adequate signal) of the area between

1-21-56 3



3.182 (¢) - 3.182 (f)

the normally protected contour and the contour to which such station actually
serves, is not supplied by any other station or stations carrying the same general
program service, the contour to which protection may be afforded in such cases
will be determined from the individual merits of the case under consideration.

(d) When a station is already limited by interference from other stations
to a contour of higher value than that normally protected for its class, this
contour shall be the established standard for such station with respect to inter-
ference from all other stations.

(e) The several classes of broadcast stations have in general three service
areas; namely, primary, secondary, and intermittent service areas. (See § 3.11
for the definitions of primary, secondary, and intermittent service areas.) Class I
stations render service to all three service areas. Class II stations render ser-
vice to a primary area but the secondary and intermittent service areas may be mate-
rially limited or destroyed due to interference from other stations depending on
the station assignments involved. Class III and IV stations usually have only pri -
mary service areas as interference from other stations generally prevents any
gsecondary service and may limit the intermittent service area. However, complete
intermittent service may be obtained in many cases depending on the station asgsign-
ments involved.

(f) The signals necessary to render primary service to different types of
service areas are as follows:

Area: Field intensity groundwavel
City business or factory aregg--=-~=ce-cemmecmccaccumuean~x 10 to 50 mv/m
City residential areg@S----—-—---m-eemcemm o mem e eea 2 to 10 mv/m
Rural~-~all areas during winter or northern areas
during sUMMEY====-=c-=--m e e e mmrec e e——————— 0.1 to 0.5 mv/m
Rural--southern areas during summer---=-=-=--cm-—eeo-- 0.25 to 1.0 mv/m

lgee § 3.18% for curves showing distance to various ground wave field intensity
contours for different frequency and ground conductivities and § 3.183.

All these values are based on an absence of objectionable fading, either in
changing intensity or selective fading, the usual noige level in the areas, and
an absence of limiting interference from other broadcast stations. The veues
apply both day and night but generally fading or interference from other stations
limits the primary service at night in all rural areas to higher values of field
intensity than the values given. The Commission will not authorize a directive
antenna for a Class IV station assigned & local channel.

NOTE: Standards have not been established for interference from atmospherics
or man-made electric noise as no uniform method of measuring noise or static has
been established. In any individual case objectionable interference from any
source, except other broadcast signals, may be determined by comparing the actual
noise interference reproduced during reception of a desired broadcast signal to the
degree of interference that would be caused by another broadcast signal within
20 cycles of the desired signal and having e carrier ratio of 20 to 1 with both
signals modulated 100 percent on peesks of usual programs. Standards of noise
measurements and interference ratio for noise are noV being studied.

1-21-56 4
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3.182 (g) - 3.182 (k)

(g) In determining the population of the primary service area, it may be
considered that the following signals are satisfactory to overcome man-made noise
in towns of the population given.

Population: Field intensity groundwave
Up 10 2,500= === oo e e e e e e 0.5 mv/m
2,500 t0 10,000 =--o—sommmsmmm ;s c———- 2.0 mv/m
10,000 and up==~-m-=~m-memmme e e m e e - Values given in

paragraph (f) of this section

These values are subject to wide variations in individual areas and especial
attention must be given to interference from other stations. The values are not
considered satisfactory in any case for gervice to the city in which the main
studio of the station is located. The values in paragraph (f) of this section
shall apply except as individual consideration may determine.

(h) All classes of broadcast stations have primary service areas subject to
limitation by fading and noise, and interference from other stations to the
contours set out for each class of station.

(1) Secondary service is delivered in the areas where the gky wave for 50
percent or more of the time has a field intensity of 500 uv/m or greater. (The
secondary service area of a Class 1-A station should be considered as having
this limit only for determination of service in comparison with other stations.)
It is not considered that satisfactory secondary service can be rendered to
cities unless the sky wave approaches in value the ground wave required for pri-
mary service. The secondary service is necessarily subject to some interference
and extensive fading whereas the primary service area of a station is subject
to no objectionable interference or fading. Class I stations only are assigned
on the basis of rendering secondary service.

NOTE: Standards have not been established for objectioneble fading as such
standards would necessarily depend on the receiver characteristics which have been
changed considerably in this regard during the last several years. Selective
fading causing audio distortion and the signal fading below the noise level are
the objectionable characteristics of fading on modern design receivers. The AVC
circuits in the better designed modern receivers in general meintein the audio
output sufficiently constant to be satisfactory during most fading.

(J) The intermittent service is rendered by the groundwave and begins at
the outer boundary of the primary service area and extends to the value of signal
where it may be considered as having no further service value. This may be down
to only a few microvolts in certain areas and up to several millivolts in other
areas of high noise level, interference from other stations, or objectionable
fading at night. The intermittent service area may vary widely from day to night
and generally varies from time to time as the name implies. Only Class I stations
are assigned for protection from interference from other stations into the inter-
mittent service area.

(k) Section 3.23 provides that the several classes of broadcast stations may

be licensed to operate unlimited time, limited time, daytime, sharing time, and
specified hours, with full explanation given in the section.

1-21-56



3.182(x) (1) 3.182 (o) (&)

(1) Section 3.24 sets out the general requirements for obtaining an increase
in facilities of a licensed station and for a new station. Section 3.24 (b) con-
cerns the matter of interference that may be caused by a new agsignment or increase
in facilities of an existing assignment.

(m) (Reserved.)
(n) (Reserved.)

(o) Objectionable interference from another broadcast station is the degree
of interference produced when, at a specified field intensity contour with respect
to the desired station, the field intensity of an undesired station (or the root-
sum-square value of field intensities of two or more stations on the same fre-
guency) exceeds for ten (10) percent or more of the time the values get forth in
these standards. (The secondary service aree of a Class I-A station should be
considered as having this limit only for determination of service in comparison
with other stations.)

(1) With respect to the root-sum-square values of interfering field
intensities referred to herein, except in the case of Class IV stations on local
channels, calculation is accomplished by considering the signals in order of
decreasing magnitude, adding the squares of the values and extracting the square
root of the sum, excluding those signals which are less than 50% of the RSS value
of the higher signals already included.

(2) The RSS value will not be considered to be increased when a new
interfering signal is added which is less than 50% of the RSS value of the inter-
ference from existing stations, and which at the same time is not greater than
the smallest signal included in the RSS value of interference from existing
stations. '

(3) It is recognized that application of the above "50% exclusion"
method of calculating the RSS interference may result in some cases in anomalies
wherein the addition of a new interfering signal or the increase in value of an
exigting interfering signal will cause *the exclusion of & previously included
signal and may cause a decrease in the calculated RSS value of interference. 1In
order to provide the Commission with more realistic informetion regarding gains
and losses in service (as a basis for determination of the relative merits of a
proposed operation) the following alternate method for calculating the proposed
RSS values of interference will be employed wherever applicable.

(4) TIn the ceses where it is proposed to add a new interfering sig-
nal vhich is not less than 50% of the RSS value of interference from existing
stations or which is greater than the smallest signal already included to obtain
this RSS value, the RSS limitation after addition of the new signal shall be cal-
culated without excluding any signel previously included. Similarly, in cases
where it is proposed to increase the value of one of the existing interfering
signals which has been included in the RSS value, the RSS limitation after the
increase shall be calculated without excluding the interference from any source
previously included.

1-21-56 6



3.182 (o) (5) - 3.182 (0)(6)
O (5) If the new or increased signal proposed in such cases is ultimately
authorized, the RSS values of interference to other stations affected will there-
after be calculated by the "50% exclusion" method without regard to this alternate
method of calculation.

(6) Examples of RSS interference calculations:

(i) Existing interferences:

Station No. 1 -- 1.0 mv/m
Station No. 2 -- 0.60 mv/m
Station No. 3 -- 0.59 mv/m
Station No. 4 -- 0.58 mv/m

The RSS value from Nos. 1, 2 and 3 is 1.31 mv/m: therefore inter-
ference from No. 4 is excluded for it is less than 50% of 1.31 mv/m.

(ii) Station A receives interference from:

Station No. 1 -~ 1.0 mv/m
Station No. 2 -- 0.60 mv/m
Stetion No. 3 -- 0.5

It is proposed to add a2 new limitetion--0.68 mv/m. This is more
than 50% of 1.31 mv/m, the RSS value of Nos. 1, 2 and 3. The RSS

o value of Station No. 1 and the proposed station would be 1.21 mv/m
which is more than twice as large as the limitation from Station
No. 2 or No. 3. However, under the above provision the new signal
and the three existing interferences are nevertheless calculated
for purposes of comparative studies, resulting in an RSS value of
1.47 mv/m. However, if the proposed station is ultimately auth-
orized, only No. 1 and the new signal are included in all subse-
quent calculations for the reason that Nos. 2 and 3 are less than
50% of 1.21 mv/m, the RSS value of the new signal and No. 1.

(iii) Station A receives interference from:

Station No. 1 =- 1.0 mv/m
Station No. 2 -- 0.60 mv/m
Station No. 3 -- 0.59 mv/m

No. 1 proposes to increase the limitation it imposes on Station A
to 1.21 mv/m. Although the limitations from stations Nos. 2 and 3
are less than 50% of the 1.21 mv/m limitation, under the above
provision they are nevertheless included for comparative studies,
and the RSS limitation is calculated to be 1.47 mv/m. However, if
the increase proposed by Station No. 1 is authorized, the RSS value
then calculated is 1.21 mv/m because Stations Nos. 2 and 3 are ex-
cluded in view of the fact that the limitations they impose are
less than 50% of 1.21 mv/m.

1-21-56 7



3.182 (p) - 3.182 (t)

(p) Objectionable interference from a station on the same channel shall be
considered to exist to a station when, at the field intensity contour specified in
paragraph (v) of this section with respect to the class to which the station
belongs, the field intensity of an interfering station (or the root-sum-squere
value of the field intensities of two or more interfering stations) operating on
the same channel, exceeds for ten (10) percent or more of the time the value
of the permissible interfering signal set forth opposite such class in paragraph
(v) of this section.

(g) Objectionable interference from a station on an adjecent channel shall
be considered to exist to a station when, at the normally protected contour of a
desired station, the field intensity of the ground wave of an undesired station
operating on an adjacent channel (or the root-sum-square value of the field
intensities of two or more such undesired stations operating on the same adjacent
channel) exceeds a value specified in paragraph (w) of this section.

(r) For the purpose of estimating the coverage and the interfering effects of
stations in the absence of field intensity measurements, use shall be made of Fig-
ure 8 of § 3.190 which describes the estimated effective field for one kilowatt
power input of simple verticel omnidirectional antennas of various heights with
ground systems of at least 120 one-quarter wavelength radials. Certain approxima-
tions, based on the curve or other appropriate theory, may be made when other then
such antennas and ground systems are employed, but In any event the effective
field to be employed shall not be less than given in the following:

Class of Station Effective Field
It e DL L L P P L P 225 mv/m
IT and ITl--==m=m=~ce—cemmmccmmcmce e m e 175 mv/m
A et i 150 mv/m

In case a directional antenna is employed, the interfering signal of a broad-
casting station will vary in different directions, being greater than the above
values in certain directions and less in others depending upon the design and
adjustment of the directional antenna system. To determine the interference in
any direction the measured or calculated radiated field (unabsorbed field in-
tensity at 1 mile from the array) must be used in conjunction with the appropriate
propagetion curves. (See § 3.185 for further discussion and solution of a typical
directional antenna case.)

(8) The existence or absence of objectionable groundwave interference from
stations on the same or adjacent channels shall be determined by actual meas-
urements made according to the method hereinafter described, or, in the absence
of such measurements, by reference to the propagation curves of § 3.184. The
existence or absence of objectionable interference due to skywave propagation
shall be determined by reference to the appropriate propagation curves in
Figure 1 or Figure 2 of § 3.190.

(t) In computing the fifty (50) percent skywave field intensity values and
the ten (10) percent skywave field intensity values of & station on a clear channel,
use shall be made of the appropriate graph set forth in Figure 1 of § 3.190 en-
titled "Average Skywave Field Intensity” (corresponding to the second hour after
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3.182_(t) - 3.182 (v)

o ' punset at the recording station). These graphs are drawn for a radlated field of
100 mv/m at 1 mile in the horizontel plane from a 0.311 wavelength antenna. . In
computing the ten (10) percent skywave field intensity of a regional channel sta-
tion, use shall be made of the appropriate curve in Figure 2 of § 3.190 entitled
"10 percent Skywave Signal Range." This graph is drawn for a radiated field of
100 mv/m at 1 mile at the vertical angles pertinent to transmission by one re-
flection. This curve supersedes the ten (10) percent skywave curve of Figure 1
of § 3.190, only for regional and locel channels at the present time. Adoption
of revised skywave curves for use on clear channels will await the outcome of
the Clear Channel Hearing (Docket No. 6T741).

(u) The distence to any specified groundwave field intensity contour for
any frequency mey be determined from the appropriate curves in § 3.184 entitled
"Ground Wave Field Intensity ve. Distance."

(v) Protected service contours and permissible Ilnterference signals for
broadcast stations are as follows:

' issiblo Interfering
. Slgnal Intensity contour of area protected Perm -
Classof | Classof from objéctionable interferenco 1 '1’_‘[5",“1 onisamglchiony
1nilso: channel | Permissible power
sta usell

Doy? Night Day! Night ¢
COUW. emenanomennn 8C 100 uv/m, .| Not duplicated.....eaceenee- Suv/m..| Not dupli-

AC 50 uv/m.. eated.

10kw.to30kw_...| BC 100 uv/m S00UV/M. ..«cuecmnnanamnan Suv/m..| 25 uv/in.

'm

{60% skywave).
2500uv/m? (groundwave)....| 25uv/m..| 125 uv/m.
2500 uv/m (groundwavo)...... 25uv/m..| 125 uv/m.
4000 uv/m (groundwave).._.} 25 uv/m.| 200 uv/m.

Not preseribed ¢ caeone.ae 25uv/m.| Not npre-
scribed.?

0.25 kw, to 50 kw..
kw.toS5kw._....
Regioval. .| 0.5 to 1 kw. night

) 4 S, Local_....] 0.1 kw.t00.25

1When it i= shown that primary servico is rendered by any of the abavo clisses of statlons, beyend tho normally
protected contour, and when primary servleo to approximately 80 pereent of tho population (populatlon served with
ndcquate sirnal) of the area betyween the normally protected contour ond the coutour to which such statlon actually
serves, ts uot suppled by any other statian or stations, the contour tn which protection may bo afforded In such cases
wlli be determiued trom the Individur! roerits of tho case under consideration, When a station Is already Hmited
by Interferenee from other stations to a contour of higher value than that nermally proteeted for {ts class, this contour
ghall be the established standurd for sueh statian with respeet to interferouco from all otlicr stations,

1 For ndjacent channels cee paragroph (w) of this section.

1 Ground wave.

’ © ¢ Bkywavo fleld Intensity for 10 percent or more of tho time.

1These valnes are with respect to interferenco (rom all stations exeept Cless I-B, which stations mu{'musn inter-
ferenca to a ficld intensity contour of higher valuo. Ilowever, it 18 recommended that Class II stations bo so located
that tho Interferencorecelved from Class I-13 statlons will nat exceed these values. If tho Class LI stations are limited
by Clasal-13 statlons to higher values, thon such values shall bo tho cstablished standard with respect to protection
from all other statlons. .

¢ Sec paranraph (a) (4) of this sectlon,

BC =Same channol.

AC=Adjacent channel.

O
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3.182 (w) - 3.182 (y)

. 0 (w) The following ratios are to be used for determining the minimum ratio
of the field intensity of a desired to an undesired gignal for interference free

service. In the case of a desired groundwave signal interfered with by two or

more skywave signals on the same frequency, the RSS value of the latter is used.

Frequency Desired 50
separation of Desired groundwave percent
desired to un- to-- skywave

desired signals-~ Undesired Undesired to unde~
ground - 10 percent sired 10
wave skywave percent
. skywave
0 kc-==-mm-=u- 20:1 20:1 20:1
10 |kG-=mm=r=== LRl 1:5 (1)
20 kem=re=omen 1:30 mememeee ememeeae

lThe secondary service area of a Class I station is not protected from adja-
cent channel interference. However, if it is desired to make a determination
of the aree in which adjacent chamnel groundwave interference (10 kc. removed )
to skywave service exists, it may be considered as the area where the ratio
of the desired 50 percent skywave of the Class I station to the undesired
groundvave of a station 10 kc. removed is 1 to k4.

O From the above, it is apparent that in many ceses stations opereting on cheannels
10 and 20 kilocycles apart may be operated with antenna systems side by side or
otherwise in proximity without any indications of interference if the interference
is defined only in terms of permissible ratios listed in this paragraph. As a
practical matter, serious interference problems may arise when two or more statims
with the same general service area are operated on channels 10, 20 and 30 kilo~
cycles apart.

(x) Two stations, onme with a frequency twice that of the other, should not
be assigned in the same groundwave service area unless special precautions are
taken to avoid interference from the second harmonic of the lower frequency. In
selecting a frequency, consideration should be given to the fact that occasion-~
ally the frequency assignment of two stations in the same area may bear such a
relation to the intermediate frequency of some broadcast recelvers as to cause
so-called "image" interference. However, since this can usually be rectified by
read justment of the intermediate frequency of such receivers, the Commission in
general will not take this kind of interference into consideration in allocation
problems.

(y) Two stations operating with synchronized carriers and carrying the
identical program will have their groundwave service subject to some distortion in
areas where the signals from the two stations are of comparable intensity. For
the purpose of estimating coverage of such stations areams in which the signal
ratio is between 1 to 2 and 2 to 1 will not be considered as having satisfactory
service.

0 NOTE: Two stations are considered to be operated synchronously when the
carriers are maintained within one-fifth of a cycle per second of each other and
they transmit identical programs.

1-21-56 (10)



. ‘ 3.183(a)~3.183(4)

§3.183 Groundwave signals - (&) Interference that may be caused by a pro-
posed sssignment or an existing assignment during day time should be deter-
mined, when possible, by measurements on the frequency involved or on another
frequency over the same terrain and by means of the curves in §3.18L4 entitled
"Groud Wave Field Intensity versus Distance.”

(b) In determining interference based upon field intensity measurements,
it is necessary to do the following: First, establish the outer boundary of the
protected service area of the desired station in the direction of the station that
may cause interference to it. Second, at this boundary, measure the interfering
signal from the undesired station. The ratio of the desired to the undesired
signal given in §3.182(w) should be applied to the measured signals end if the
required ratio is observed, no objectionable interference is foreseen. When
measurements of both the desired and undesired stations are made in one area
to determine the point where objectionable interference from groundwave signals
occur or to establish other pertinent contours, several measurements of each
station shall be made within a few miles of this point or contour. The Effective
field of the antennas in the pertinent directions of the stations must be estab-
lished and all measurements must be made in accordance with §3.186.

(¢) In all cases where measurements taken in accordance with the require-
ments are not available, the groundwave intensity must be determined by means of
the pertinent map of ground conductivity and the groundwave curves of field
intensity versus distance. The conductivity of a given terrain may be deter-
mined by measurements of any broadcast signal traversing the terrain involved.
Figures M3 and R3 of §3.190 show the conductivity throughout the United States
by general areas of reasonably uniform conductivity. When it is clear that only
one conductivity value is involved, Figure R3 of §3.190, which is a replica of
Figure M3 and contained in thise standards, maey be used; in all other situations
Figure M3 must be employed. It is recognized that in areas of limited size or
over & particular path, the conductivity may vary widely from the values given;
therefore, these maps are to be used only when accurate and acceptable measure-
ments have not been made.(For determinations of interference and service requiring
a knowledge of ground conductivities in Canada and Mexico, Appendix H to the
North American Regional Broadcasting Agreement, Washington, D. C., 1950, may be
used. Where different conductivities appear in the maps of the several countries
on different sides of the border not explained by geophysical cleavages, such
cleavages are to be considered as real. A uniform ground conductivity of 10
millimhos per meter may be assumed for Cuba.)(22FRLT4T7)Eff. 3-20-57.

NOTE: Figure M3 which is incorporated in these standards by reference, was
derived by indicating ground conductivity values in the United States on the
United States Albers equal area projection map (based on standard parallels
294° and L5%° ; North American datum; scale 1/2,500,000). Figure M3, consisting
of two sections, an eastern and a western half, may ue obtained from the
Superintendent of Documents, Washington, D. C,.

(d) Example of determining interference by the graphs in §3.18k4:

3-21-57 - 11 -



3.183 (d4) - 3.183 (f)

the intervening terrain is determined as 6 mmhos/m. The protection to Class III
stations during daytime is to the 500 uv/m contour. The distance to the 500 uv/m
groundwave contour of the 1 kw station is detemined by the use of the appropriate
curve in § 3.184, Graph 12. Since the curve is plotted for 100 mv/m at a mile, to
find the distance to the 500 uv/m contour of the 1 kw station, it is necessary to
determine the digtance to the 285 uv/m contour (100 x 500 = 285). From the

175
appropriate curve, the estimated radius of the service area for the desired sta-
tion is found to be 39.5 miles. Subtractling this distance from the distance
between the two stations leaves 90.5 miles for the interfering signal to travel.
From the above curve it is found that the signal from the 5 kw station at this dis-~
tance would be 158 uv/m. Since a one to one ratio applies for stations separated
by 10 kc, the undesired signal at that point cen have a value up to 500 uv/m without
objectionable interference. If the undesired signal had been found to be greater
than 500 uv/m, then objectionable interference would exist. ZFor other channel
geparations, the appropriate ratio of desired to undesired signal should be used.

(e) Where a signal traverses a path over which different conductivities ex-
ist, the distance to & particular groundwave field intensity contour shall be
determined by the use of the equivalent distance method. Reasonably accurate
results may be expected in determining field intensities at a distance from the
antehnea by application of the equivalent distance method when the unattenuated
field of the antenna, the various ground conductivities and the location of
discontinuities are kmown. This method considers a wave to be propagated across
a given conductivity according to the curve for & homogeneous earth of that
conductivity. When the wave crosses from a region of one conductivity into a
region of a gecond conductivity, the equivalent distance of the receiving point
from the transmitter changes abruptly but the field intensity does not. From a
point just inside the second region the transmitter appears to be at that dis-
tance where, on the curve for a homogeneous earth of the second conductivity,
the field intensity equals the value that occurred just across the boundary in
the first region. Thue the equivalent distance from the receiving point to the
transmitter may be either greater or less than the actual distance. An imaginary
transmitter is considered to exist at that equivalent distance. This technique
is not intended to be used as a means of evaluating unattenuated field or ground
conductivity by the analysis of measured data. The method to be employed for
such determinations is set out in § 3.186.

(f) An example of the use of the equivalent distance method follows:

It is desired to determine the distance to the 0.5 mv/m and 0.025 mv/m
contours of a gtation on a frequency of 1000 kc with an inverse distance field of
100 mv/m at one mile being radiated over a path having a conductivity of 10 mmhos/m
for a distance of 15 miles, 5 mmhos/m for the next 20 miles and 15 mmhos/m thereaf ter.
By the use of the appropriate curves in § 3.184 - Graph 12, it is seen that at a dis-
tance of 15 miles on the curve for 10 mmhos/m the field is 3.L45 mv/m. The equivalent
distance to this field intensity for a conductivity of 5 mmhos/m is 11 miles.
Continuing on the propagation curve for the second conductivity, the 0.5 mv/m
contour is encountered at a distance of 27.9 miles from the imaginary transmitter.
Since the imaginary transmitter was 4 miles nearer (15 - 11 miles) to the 0.5 mv/m
contour, the distance from the contour to the actual transmitter is 31.9 miles
(27.9 + 4 miles). The distance to the 0.025 mv/m contour is determined by

12
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3.183 (f) - 3.18k (c)

continuing on the propagation curve for the second conductivity to a distance of
31 miles (11 + 20 miles), at which point the field is read to be 0.39 mv/m. At
this point the conductivity changes to 15 mmhos/m and from the curve relating

to that conductivity, the equivalent distence is determined to be 58 miles -- 27
miles more distant than would obtain had a conductivity of 5 mmhos/m prevailed.
Using the curve representing the conductivity of 15 mmhos/m the 0.025 mv/m con-
tour is determined to be at an equivalent distance of 172 miles. Since the
imaginary trensmitter was considered to be U miles closer at the first boundary
and 27 miles farther at the second boundary, the net effect is to consider the
imaginary transmitter 23 miles (27 - 4 miles) more distant than the actual trans-
mitter; thus the actual distance to the 0.025 mv/m contour is determined to be
149 miles (172 - 23 miles).

§ 3.18% Groundwave field intensity chaerts.--(a) Graphs 1-19A show the computed
values of groundwave field intensity as a function of the distance from the trans-~
mitting antenna. The groundwave field intensity is here considered to be that
part of the vertical component of the electric field received on the ground which
has not been reflected from the ionosphere nor the troposphere. These 20 charts -
were computed for 20 different frequencies, a dielectric constant of the ground
equal to 15 for land and 80 for sea water (referred to alr as unity) and for the
ground conductivities (expressed in mmhos/m) given on the curves. The curves
show the variation of the groundwave field intensity with dlstance to be expected
for transmission from a short vertical antenna at the surface of a uniformly
conducting spherical earth with the ground constants shown on the curves; the
curves are for an antenna power and efficiency such that the inverse distance
field is 100 mv/m at 1 mile. The curves are valid at distances large compared

to the dimensions of the antenna for other than short vertical antennas.

(b) The inverse distance field (100 mv/m divided by the distance in miles)
corresponds to the groundwave field intensity to be expected from an antenna
with the same radiation efficiency when it is located over a perfectly conducting
earth. To determine the value of the groundwave field intensity corresponding
to a value of inverse distance field other than 100 mv/m at 1 miles, simply multi-
Ply the field intensity as given on these charts by the desired value of inverse
distance field at 1 mile divided by 100; for example, to determine the ground-
wave field intensity for a station with an inverse distance field of 1700 mv/m
at 1 mile, simply multiply the values given on the charts by 17. The value of
the inverse distance field to be used for a particular antenna depends upon the
povwer input to the antenna, the nature of the ground in the neighborhoocd of the
antenna, and the geometry of the antenna. For methods of calculating the
interrelations between these variables and the inverse distance field, see "The
Propagation of Radio Waves Over the Surface of the Earth and in the Upper Atmo-
sphere," Part II, by Mr. K. A. Norton, Proc. I.R.E., Vol. 25, September 1937,
pp. 1203-1236.

(c) At sufficiently short distances (say less than 35 miles), such that the
curvature of the earth does not introduce an additional attentuation of the waves,
the graphs were computed by means of the plane earth formulas given in the paper,
"The Propagation of Radio Waves Over the Surface of the Earth and in the Upper
Atmosphere," Part I, by Mr. K. A. Norton, Proc. I.R.E., Vol. 24, October 1936,
pp. 1367-1387. At larger distances the additional attenuation of the waves which
is introduced by the effect of the curvature of the earth was introduced by the
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3.184 (¢) - 3.184 (d)

methods outlined in the papers, "The Diffraction of Electromagnetic Waves from

an Electrical Point Source round a Finitely Conducting Sphere, with Applications
to Radiotelegraphy and the Theory of the Rainbow,” by Balth van der Pol and H.
Bremmer, Part I, Phil. Mag., Vol. 24, p. 141, July 1937, Part II, Phil. Mag.,
Vol. 24, p. 825, Suppl., November 1937, "Ergebrisse einer Theorie uber die
Fortpflanzung elektromagnetischer Wellen uber eine Kugel endlicher Leitfahigkeit,
by Belth ven der Pol and H. Bremmer, Hochfrequenztechnik und Elektroskustik, Band
51, Heft 6, June 1938, "Further Note on the Propegation of Radio Waves over a
Finitely Conducting Spherical Earth," by Balth van der Pol and H. Bremmer, Phil.
Mag., Vol. 27, p. 261, March 1939. In order to allow for the refraction of the
radlio waves in the lower atmosphere due to the variation of the dielectric con-
stant of the alr with height above the earth, a radius of the earth equal to h/3
the actual redius was used in the computations for the effect of the earth's
curvature in the menner suggested by C. R. Burrows, "Radio Propagation over
Spherical Earth," Proc. I.R.E., May 1935; i.e., the distance corresponding to a
given value of attenuation due to the curvature of_the earth in the absence of
air refraction was multiplied by the factor (4/3) 93 = 1.21. The amount of this
refraction varies from day to day and from season to season, depending on the air
mass conditions in the lower atmosphere. If Xk denotes the ratio between the
equivalent radius of the earth and the true radius, the following table gives

the values of k for several typical air masses encountered in the United States.

k
Air mass type
Summer Winter
Tropical GULf=~T, =--=s=ecmcmmeoem—oo 1.53 1.43
Polar Continental—-Pc ----------------- 1.31 1.25
Superior--S--=emmcocm e 1.25 1.25
Average -----=-c--- 1.33

It is clear from this table that the use of the average value of k = h/3 is
Justified in obtaining a single correction for the systemetic effects of atmo-
spheric refraction.

(&) Provided the value of the dielectric constant is near 15, the curves of
Graphs 1-19A may be compared with experimental data to determine the eppropriate
values of the ground conductivity and of the inverse distance field intensity at
1 mile. This is accomplished simply by plotting the measured fields on transpar-
ent log-log graph paper similar to that used for Graphs 1-19A and superimposing
this chart over the graph corresponding to the frequency involved. The log-log
graph sheet is then shifted vertically until the best fit is obtained with one
of the curves on the graph; the intersection of the inverse distance line on the
greph with the l-mile abscissa on the chart determines the inverse distance field
intensity at 1 mile. TFor other values of dielectric constant, the following pro-
cedure may be used for a determination of the dielectric constant of the ground,
conductivity of the ground and the inverse distance field intensity at 1 mile.
Graph 20 gives the relative values of groundwave field intensity over a plane
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3.184 (a) - 3.184 (a)

earth as a function of the numericel distaence p and phase engle b. On graph
paper with coordinstes similer to those of Graph 20, plot the measured values of
field intensity as ordinates versus the corresponding distances from the antenne
expressed in miles as ebsCissas. The data should be plotted only for distances
greater then one wavelength (or, when this is greater, five times the vertical
height of the antenna in the cese of a single element, 1l.e., nondirectional
antenna or 10 times the spacing between the elements of a directional antenna)
end for distances less than 50/f /: miles (i.e., 50 miles at 1 mc). Then, using
e light box, place the sheet with®Ehe date plotted on it over the sheet with the
curves of Graph 20 and shift the data sheet vertically end horizontally (making
sure that the verticel lines on both sheets are parallel) until the best fit with
the data is obtained with one of the curves on Graph 20, When the two sheets

are properly lined up, the value of the field intensity corresponding to the
intersection of the inverse distance line of Graph 20 with the 1 mile abscissa
on the date sheet is the inverse distence field intensity at 1 mile, and the
valuee of the numerical distence et 1 mile, p,, end of b are also determined.
Knowing the values of b &and p; (the numeric&Zl distance “at 1 mile), we may sub-
stitute in the following approximate formulas to determine the appropriate values
of the ground conductivity end dilelectric constent.

Tt (RM)1.008 b [$)]
(Rm,-glumber of wavelongths in I mile.
2lme J10-1 @

g d in eleo
@ -m. u.= Conductivity of the ground expressed in
tromaognatic unita.
I-.-lrequebn_cy expressed in megaoyokes. )
n:fllel::]clrlc constant of the ground referred to air
as unity.



3.18% (4). - 3.184 (e)

First solve for x by substituting the known values of p, (R/k)1, and cos b in
equation (1). Equation (2) may then be solved for < and equation (3) for €L At
distances greater than 5O/fﬂé miles the curves of Graph 20 do not give the correct
relative values of field inté&nsity since the curvature of the earth weakens the
field more rapidly than these plane earth curves would indicate. Thus, no attempt
should be made to fit experimental data to these curves at the larger distances.

(e) At sufficiently short distances (say less than 35 miles at broadcast
frequencies), such that the curvature of the earth does not introduce an additional
attenuation of the waves, the curves of Graph 20 may be used for determining the
ground wave field intensity for transmitting and receiving antennas at the surface
of the earth for any radiated power, frequency, or set of ground constants in the
following memner: TFirst, lay off the straight inverse distance line corresponding
to the power radiated on transparent log-log graph paper similar to that of Graph
20, labelling the ordinates of the chart in terms of field intensity, and the
abscissae in terms of distance. Next, by means of the formulas given on Graph 20,
calculate the value of the numerical distance, p, at 1 mile, and the value of b .
Then superimpose the log-log chart over Graph 20, shifting it vertically until the
inverse distance lines on both chartse coincide and shifting it horizontally until
the numerical distance at 1 mile on Graph 20 coincides with 1 mile on the log-log
graph paper. The curve of Graph 20 corresponding to the calculated value of b
igs then traced on the log-log graph paper giving the field intensity versus dis-
tance in miles.

NOTE: The graphs as reproduced herein, due to the small scale are not to be
used in connection with material submitted to the F.C.C.
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i 3.185 (a) - 3.185 (e)
§ 3.185 Computation of interfering signal from a directional antenna.--(a) In
cage of an antenna directional in the horizontal plane, the groundwave interfer-
ence can be readily computed from the calculated horizontal pattern by determining
the vectors toward the service area of the station to be protected and apply these
values to the groundwave curves set out in § 3.183.

(b) For signals from stations operating on clear channels, in case of deter-
mining skywave interference from an antenna with a vertical pattern different
from that on which Figure 1 of § 3.190 is predicated (the basis of the night
mileage separation tables), it is necessary to compare the appropriate vectors
in the vertical plane.

(c) The skywave curves entitled "Average Skywave Field Intensity" (corre-
sponding to the second hour after sunset at the recording station) as shown in
Figure 1 of § 3.190 are based on antenna systems having height of 0.311 wave
length (112°) and producing a vertical pattern as shown in Figure 5 of § 3.190.
A nondirectionel antenna system, as well as a directional antenna system heving
vertical patterns other than essentielly the same as shown, must be converted to
the pattern of a 0.311 wave length antenna having the same field intensity &t
the critical angle as does the pattern of the antenna involved.

(d) Example of the use of skywave curves:

Figure 6 of § 3.190 is a graph entitled "Variation With Distance of Two Impor-

tant Parameters in the Theory of Sky Wave Propagation."” The curve for @ showing
the angle above the horizon at which radiation occurs plotted against digtance,

must be used for this purpose. TFor instance, assuming the station with which
interference may be expected is located at a distance of 450 miles from a pro-
posed station, the critical angle of radiation as determined from this curve is
approximately 15°. Therefore, if the vertical pattern of the proposed station

in the direction of the other station is such that at 150 above the horizon the
radiation is 1.3 times that from an antenne having a vertical pattern as shown

in Figure 5 of § 3.190 and producing the same field intensity at 1 mile in the
horizontal plane, the interfering signal would be 1.3 times that determined from
Figure 1 of § 3.190 for an antenna having the same field intensity in the horizontal
plene. That is, 1f the field intensity in the horizontal plane of the proposed sta-
tion is 12k mv/m the interfering field intensity exceeded 10 percent of the time

at the other station would be

N ] 12k
140 x 1.30 x 55 or 225 uv/m

and would cause interference to the 4.5 mv/m ground wave contour of the existing
station.

(e) For signals from stations on regional and local channels, in computing
the 10% skywave (interference) field intensity values of Class III and Class IV
stations, Fig. 2 of § 3.190 is to be used in place of Figure 1 of § 3.190. (Cer-
tain simplifying assumptions may be made in the case of Class IV stations on
local channels: See note to § 3.182 (a) (4)) Since Figure 2 of § 3.190 is pre-
dicated upon a radiated field of 100 mv/m at one mile in the pertinent direction,
no comparison with the vertical pattern of a 0.311 wavelength antenna is to be mede.
Instead the appropriate radiated field in the vertical plane corresponding to the

1-21-56 (17)



3.185 (e) - 3.185 (1)

distance to the receiving station, divided by 100, is multiplied into the value
of 10% skywave field intensity determined from Figure 2 of § 3.190. There are
two new factors to be considered, however, namely the variation of received

field with latitude of the path and the variation of pertinent vertical angle due
to variations of ionosphere height and ionosphere scattering.

(f) TFigure 2 of § 3.190, "10% Skywave Signal Renge Chart," shows the 10%
skywave gignal as a function of the latitude of the transmission path and the
distance from a transmitting antenna with a radiated field of 100 mv/m at the
pertinent angle for the distance. The latitude of the transmission path is de-
fined as the geographic latitude of the midpoint between the transmitter and
the receiver. Latitude 350 should be used in case the midpoint of the path lies
below 359 North and latitude 50° ghould be used in case the midpoint of the path
lies above 50° North.

(g) PFigure 6-A of § 3.190, entitled "Angles of Departure vs. Transmission
Renge," is to be used in determining the angles in the vertical pattern of the
antenna of an Interfering station to be considered as pertinent to transmission
by one reflection. Corresponding to any given distance, the curves 4 and 5 indi-
cate the upper and lower angles within which the radiated field is to be consid-
ered. The meximum value of field intensity occurring between these angles will
be used to determine the multiplying factor for the 10% skywave field intemnsity
determined from Figure 2 of § 3.190. (Curves 2 and 3 are considered to represent
the variation due to the variation of the effective height of the E-layer while
Curves 4 and 5 extend the range of pertinent angles to include a factor which
allows for scattering. The dotted lines are included for information only.)

(h) In the case of non-directional vertical antennas, the vertical distribu-
tion of relative fields for several heights, assuming sinusoidal distribution of
current along the antenna, is shown in Figure 5 of § 3.190. In the case of direc-
tional antennas the vertical pattern in the great circle direction toward the
point of reception in question must first be calculated. Then for the distance to
the points, the upper and lower pertinent angles are determined from Figure 6-A
of § 3.190. The ratio of the largest value of radiated field occurring between
these angles, to 100 mv/m (for which Figure 2 of § 3.190 is drawn) is then used
as the multiplying factor for the value of the field read from the curves of
Figure 2 of § 3.190. Note that while the accuracy of the curves is not as well
established by measurements for distances less than 250 miles as for distances in
excess of 250 miles, the curves represent the most accurate data available today.
Pending accumulation of additional data to establish firm standards for skywave
calculations in this range, the curves may be used. 1In cases where the radia-
tion in the vertical plane, in the pertinent azimuth, contains a large lobe at a
higher angle than the pertinent angle for one reflection the method of calculating
interference will not be restricted to that described above, but each such case
will be considered on the basis of the best knowledge available.

(i) Example, suppose it is desired to determine the amount of interference
to a Class IIT station at Portland, Oregon, caused by another Class IIT station
at Los Angeles, California, which is radiating a signal of 560 mv/m unattenuated
at one mile in the great circle direction of Portland, using a 0.5 wavelength an-
tenma. The distance ig 825 miles. From Figure 6-A of § 3.190 the upper end lower
pertinent angles are 7° and 3.5° and, from Figure 5 of § 3.190 the maximum
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3.185 (1) - 3.186 (a) (2)

radiation within these angles is 99% of the horizontal radiation or 554 mv/m
at 1 mile. The latitude of the path is 39.8° N and from Figure 2 of § 3.190,
the 10% sk%wave field at 825 miles is 0.050 mv/m for 100 mv/m radiated. Multi-
plying by 55400 to adjust the value to the actuel radiation gives 0.277 mv/m.
At 20 to 1 ratio the limitation to the Portlend station is to the 5.5 mv/m
contour.

(3) When the distance is large, more than cne reflection may be involved
and due congideration must be given each appropriate vector in the vertical
pattern as well as the constants of the earth where reflection takes place between
the transmitting station and the service area to which interference may be caused.

§ 3.186 Field intensity measurements in allocation; establishment of effective
field at one mile.--(a) Section 3.45 provides that certain minimum field inten-
glties are acceptable in lieu of the required minimum physical vertical heights
of the antennas proper. Also in other allocation problems, it is necessary to
determine the effective field at 1 mile. The following requirements shall govern
the teking and submission of data on the fisld intensity produced:

(1) Beginning &s near to the entenna as possible without including the
inducing field and to provide for the fact that a broadcast antenna not being a
point source of radiation (not less than one wave length or 5 times the vertical
height in the case of a single element, i.e., nondirectional antenna or 10 times
the spacing between the elements of a directional entenna), measurements shell
be mede on eight or more radials, at intervals of approximately one-tenth mile
up to 2 miles from the entemna, at intervals of epproximately one-haelf mile
from 2 miles to 6 miles from the antenna, at intervals of approximately 2 miles
from 6 miles to 15 or 20 miles from the antenna, and a few additional measure-
ments if needed at greater distances from the antenna. Where the antenna is
rurally located and unobstructed measurements can be made, there shall be as
many es 18 or 20 meagurements on each radial. However, where the antenna is
located in a city where unobstructed measurements are difficult to make, measure-
ments shall be made on each radial at as many unobstructed locations as possible,
even though the intervals are considerably less then stated above, particularly
within 2 miles of the antenna. In cases where it is not possible to obtain
accurate measurements at the closer distances (even out to 5 or 6 miles due to
the character of the intervening terrain), the measurements at greater distances
should be made at closer intervals. (It is suggested that "wave tilt" measure-
ments mey be made to determine and compare locations for teking field intensity
measurements, particularly to determine that there are no abrupt changes in
ground conductivity or that reflected waves are not causing abnormal intensities.)

(2) The data required by subparagraph (1) of ‘this paregraph should be
plotted for each radial in accordance with either of the two methods set forth
below:

(i) Using log-log coordinate paper, plot field intensities as
ordinate and distance as abscissa.

(41) Using semi-log coordinate paper, plot field intensity times

distence as ordinate on the log scale and distance as abscissa on
the linear scale.
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3.186 (a) (3) - 3.186 (v)(7)

(3) However, regardless of which of the methods in subparagraeph (2) of
this paragraph is employed, the proper curve to be drawn through the points plotted
shall be determined by comparison with the curves in § 3.184k as follows: Place the
sheet on which the actual points have been plotted over the appropriate Graph in
§ 3.184, hold to the light if necessary and edjust until the curve most closely
matching the points is found. This curve should then be drawm on the sheet on
which the points were plotted, together with the inverse distance curve correspond-
ing to that curve. The field at 1 mile for the radial concerned shall be the
ordinate on the inverse distance curve at 1 mile.

(4) When all radials have been analyzed in accordance with subparagreph
(3) of this paragraph, a curve shall be plotted on polar coordinate paper from thre
fields obtained, which gives the inverse distance field pattern at 1 mile. The
radius of a circle, the area of which is equal to the area bounded by this pattern,
is the effective field. (See § 3.1k.)

(5) While meking the field intensity survey, the output power of the
station shall be maintained at the licensed power as determined by the direct
method. To do this it is necessary to determine accurately the total antenna
resistance (the resistance variation method, the substitution method or bridge
method ‘is acceptable) and to measure the antenna current by means of an ammeter
of acceptable accuracy. (See §§ 3.39 and 3.5L4.)

(b) Complete data taken in conjunction with the field intensity measure-
ments shall be submitted to the Commission in affidavit form including the follow-
ing:

(1) Tabulation by number of each point of measurement to agree with the
map required in (2) below and the field intensity meter reading, the attenuation
constant, the field intensity (E), the distance from the antennae (D) and the pro-
duct of the field intensity and distance (ED) (if data for each radial are plotted
on semi-logarithmic paper, see above) for each point of measurement.

(2) Map showing each point of measurement numbered to agree with tabu-
lation required above.

(3) Description of method used to take field intensity measurements.

(4) The family of theoretical curves used in determining the curve for
each radial properly identified by conductivity and dielectric constants.

(5) The curves drawn for each radial and the field intensity pattern.
(6) Antenna resistance measurement:
(i) Antenna resistance at operating frequency.
(ii) Description of method employed.
(iii) Tebulation of complete data.

(iv) Curve showing antenna resistance versus fregquency.

(7) Antenna current or currents maintained during field intensity
measurements.
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3.186 (v) (8) - 3.188 (c)

(8) Description, accuracy, date, and by whom each instrument was last
calibrated.

(9) Name, address, and qualifications of the engineer meking the
meagurements.

(10) Any other pertinent information.
§ 3.187 (Reserved.)

§ 3.188 Iocation of transmitters.--(a) The four primary objectives to be ob-
tained in the selection of a site for & transmitter of & broadcast station are as
follows:

(1) To serve adequately the center of population in which the studio is
located and to give meximum coverage to adjacent areas.

(2) To cause and experience minimum interference to and from other
stations.

To present & minimum hezard to alr navigation consistent with

(3)
(1) and (2).

objectives
(&) To fulfill certain other requirements given below.
(b) The site selected should meet the following conditions:

(1) A minimum field intensity of 25 to 50 mv/m will be obtained over
the business or factory areas of the city.

(2) A minimum field intensity of 5 to 10 mv/m will be obtained over
the most distant residential section.

(3) The absorption of the signal is the minimum for any obtainable
sites in the area. As a guide in this regpect the absorption of the signals
from other stations in that area should be followed, as well as the results of
tests on other sites.

(k) The population within the blanket contour does not exceed that
specified by § 3.24 (g).

(¢) In gelecting a site in the center of a city it is usually necessary to
place the radiating system on the top of a building. This building should be
large enough to permit the installation of a satisfactory ground and/or counter-
poise system. Great care must be taken to avoid selecting a building surrounded
by taller buildings or where any nearby building higher than the antenna is
located in the direction which it is desired to serve. Such a building will tend
to cast "redio shadows" which may materially reduce the coverage of the station
in that direction. Irrespective of the height of surrounding buildings, the
building on which the antenna is located should not have height of approximately
one-quarter wavelength. A study of antenna systems located on buildings tends to
indicate that where the building is approximately a quarter wavelength in height,
the efficiency of radiation may be materially reduced.
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3.188 (4) - 3.188 (g)

(d) Particular attention must be given to avoiding cross-moduletion. In
this connection, attention is invited to the fact that it has been found very
unsatisfactory to locate broadcasgt stations so that high signal intensities
occur in areas with overhead electric power or telephone distribution systems
and sections where the wiring end plumbing are old or improperly installed.
These areas are usually found in the older or poorer sections of a city. These
conditions give rise to cross-modulation interference due to the nonlinear con-
ductivity characteristics of contaects between wiring, plumbing, or other conductors.
This type of interference is independent of the selectivity characteristics of thke
recelver and normelly can be eliminated only by correction of the condition ceusing
the interference. Cross-modulation tends to increase with frequency and in some
areag it has been found impossible to eliminate all sources of cross-modulation,
resulting in an unsatisfactory condition for both licensee and listeners. The
Commission will not authorize, (1) new stations (2) increased facilities %o
existing stations, or (3) auxiliary transmitters, for use with other than the
authorized antenna system of the main trensmitter, located in such areas or
utilizing roof-top antennas, when the operating power would be in excess of 500
watts.

(e) If it is determined that a site should be selected removed from the
city, there are several general conditions to be followed in determining the
exact site. Three maps should be given consideration if available:

(1) Map of the density of population and number of people by sections
in the area. (See Bureau of Census series P-D and H-E available from Superin-
tendent of Documents, Washington 25, D. C.)

(2) Geographical contour map with contour intervals of 20 to 50 feet.

(3) Mep showing the type, nature and depth of the soil in the area
with special reference to the condition of the moisture throughout the year.

From these maps a site should be selected with a minimum number of intervening
hills between it and the center of the city. In general, because of ground
conditions, it is better to select a site in & low area rather than on top of a
hill, and the only condition under which a site on top of a hill should be
gelected is that it is only possible by this means to avoid e substantial number
of hills, between the site and the center of a city with the resulting radio
shadows. If a site is to be selected to serve a city which is on a general
sloping area, it is generally better to select a site below the city than above
the city.

(f) If a compromise must be made between probaeble radio shadows from in-
tervening hills and locating the trensmitter on top of a hill, it is generally
better to compromise in favor of the low area, where an efficient radiating sys-
tem may be ingtalled which will more than compensate for losses due to shadows
being caused by the hills, if not too numerous or too high. Several trensmitters
have been located on top of hills, but so far as data has been supplied not e
single installation has given superior efficiency of propagation and coverage.

(g) The ideal location of & broadcast tramsmitter is in e low area of marshy
or "crawfishy" soil or area which is damp the maximum percentage of time and from
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3.188 (g) - 3.188 (m)

which a clear view over the entire center of population may be had and the tall
buildings in the business section of the city would cast a shadow across the
minimum residential area.

(h) The type and condition of the soil or earth immediately around a site
is very important. Important, to an equal extent, is the soll or earth between
the site and the principal area to be served. Sendy soil is considered the worst
type, with glacial deposits and mineral-ore areas next. Alluvial, marshy areas
and salt-water bogs have been found to have the least absorption of the signal.
One is fortunate to have available such an aresa and, if not avallable, the next
best condition must be selected.

(i) Figures M3 and R3 of § 3.190 indicate effective conductivity values in
the United States and are to be used for determining the extent of broadcast sta-
tion coverage when adequate field intensity measurements over the path in questim
are not available. Since the values specified are only for general areas and
since conductivity values over particular paths may vary wildely from those shown,
caution must be exercised in using the maps for selection of a satisfactory
transmitter site. Where the submission of field intensity measurements is deemed
necessary or advisable, the Commission, in its discretion, mey require an appli-
cant for new or changed broadcast facilitles to submit such data in support of
its application.

(J) In general, broadcast transmitters operating with approximetely the same
power can be grouped in the same approximete area &nd thereby reduce the inter-
ference between them. If the city is of irregular shape, it is often possible to
take advaentage of this in selecting a suiteble location that will give & maximum
coverage. The maps giving the density of population will be a key to this. The
map giving the elevation by contours will be a key to the obstructing hills
between the site and city. The map of the soil conditions will assist in deter-
mining the efficiency of the radiating system that may be erected and the ab-
sorption of the signal encountered in the surrounding area.

(k) Another factor to be considered is the relation of the site to airports
and airways. Procedures and standards with respect to the Commission's consider-
ation of proposed antenna structures which will serve as a guide to persons in-
tending to apply for radio station licenses are contained in Part 17 of this
chapter (Rules Concerning the Construction, Marking and Lighting of Antenna
Structures).

(1) 1In finally eelecting the site, consideration must be given to the required
space for erecting an efficient radiating system, including the ground or counter-
poise. It is the general practice to use direct grounds consigting of a radial
buried wire system. If the aree is such that it is not possible to get such ground
system in soil that remains moist throughout the year, it probably will be found
better to erect a counterpoise. (Such a site should be selected only as a last
resort. ) It, like the antenna itself, must of course be designed properly for the
operating frequency and other local conditions.

(m) While an experienced engineer can sometimes select a satisfactory site
for a 100-watt station by inspection, it is necegsary for a higher power station
to meke a field-intensity survey to determine that the site selected will be
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entirely satisfactory. There are several facts that cannot be determined by
inspection that make a survey very desirable for all locations removed from the
city. Often two or more sites may be selected that appear to be of equal promise.
It is only by means of field-intensity surveys taken with a transmitter at the
different sites or from measurements on the signal of nearby stations traversing
the terrain involved that the most desirable site can be determined. There are
meny factors regarding site efficiency that cannot be determined by any other
method. When making the final selection of a site, the need for a field-intensity
survey to establish the exact conditions cannot be stressed too strongly. The
gelection of a proper site for a broadcast station is an important engineering
problem and cen only be done properly by experienced radio engineers.

§ 3.189 Minimum antenna heights or field intensity requirements.--(a) Section
3.45 requires that all applicants for new, additional, or different broadcast
facilitles and all licensees requesting authority to move the transmitter of an
existing station, shall specify a radiating system, the efficiency of which com~-
plies with the requirements of good engineering practice for the class and power
of the station.

(b) The specifications deemed necessary to meet the requirements of good
engineering practice at the present state of the art are set out in detail below.

(1) The licensee of a standard broadcast station requesting a change
in power, time of operation, frequency, or transmitter location must also request
authority to install a new antenne system or to make changes in the existing
entenna system which will meet the minimum height requirements, or submit evi-
dence that the present antenna system meets the minimum requirements with respect
to field intensity, before favorable consideration will be given thereto. (See
§ 3.186.) 1In the event it is proposed to make substantial chenges in an existing
antenna system, the changes shall be gsuch as to meet the minimum height require-
ments or will be permitted subject to the submission of field intensity msasure-
ments showing that it meets the minimum requirements wilth respect to effective
field intensity.

(2) These minimum actual physical vertical heights of antennas per-
mitted to be installed are shown by curves A, B, and C of Figure 7 of § 3.190 as
follows:

(i) Class IV stations, 150 feet or a minimum effective field
intensity of 150 mv/m for 1 kilowatt (100 watts 47.5 mv/m, and

250 watts 75 mv/m). (This height applies to a Class IV station

on a local channel only. In the case of a Class IV station assign-
ed to & regional channel Curve A shall apply. )

(ii) Cless II and III stations, or a minimum effective field
intensity of 175 mv/m for 1 kilowatt.

(iii) Class I stations, or a minimum effective field intensity
of 225 mv/m for 1 kilowatt.
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(3) The heights given on the graph for the antemna apply regardless of
whether the antenna is located on the ground or on a building. ZExcept for the
reduction of shadows, locating the antenna on a building does not necessarily
increase the efficiency and where the height of the bullding is in the order of
a guarter wave the efficiency may be materially reduced.

(4) To obtain the maximum efficiency of which eny antenne is capable
a good ground system must be employed (a counterpoise mey be substituted under
certain conditions).

(5) At the present development of the art, it is considered that where
a vertical radiator is employed with its base on the ground, the ground system
ghould consist of buried radial wires at least one-fourth wave length long. There
should be as many of these radials evenly spaced as practicable and in no event
less than 90, (120 radials of 0.35 to 0.4 of a wave length in length and spaced
3° is considered an excellent ground system and in case of high base voltage, &
base screen of suitable dimensions should be employed.)

(6) It should be borne in mind that the ebove specifications are the
minimum and where possible better antenna and ground systems should be installed.

(7) 1In case it is contended that the required entenna efficiency can
be obtained with an antenna of height or ground system less than the minimum
specified, a complete field intensity survey must be supplied to the Commission
ghowing that the field intensity at a mile without absorption fulfills the minimum
requirements. (See § 3.186.) This field survey must be mede by a qualified
engineer using equipment of acceptable accuracy.

(8) The main element or elements of a directional antenna system shall
meet the above minimum requirements with respect to height or effective field in-
tensity. No directional antenna system will be approved which is so designed that
the effective field of the array is less than the minimum prescribed for the class
of station concerned, or in case of a Class I station less than 90 percent of the
ground wave field which would be obtained from a perfect antenna of the height
specified by Figure 7 of § 3.190 for operation on frequencies below 1000 kilocycles,
and in the case of a Class II or III station less than 90 percent of the groumd
wave field which would be obtained from a perfect antenna of the height specified
by Figure 7 of § 3.190 for operation on frequencies below 750 kilocycles.

(9) Before any changes are made in the antenna system, it is necessary
to submit full details to the Commission for approval. These data may be sub-
mitted by letter.
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STANDARDS OF GOOD ENGINEERING PRACTICE CONCERNING STANDARD
BROADCAST STATIONS

(535--1605 kc.)

1. ENGINEERING STANDARDS OF ALT.OCATION

Section 3.28 requires that individual broadcast station assignments shall be made
in accordance with the standards of good engineering practice prescribed and pub-
lished from time to time by the Commission. These standards for each class of sta-
tion are set out below.

Sections 3.21 to 3.3%, inclusive, govern the allocation of facilities in the
standard broadcast band of 535 to 1605 kc., inclusive. Section 3.21 establishes
three classes of channels in this band, namely, clear channels for the use of high-
powered stations, regional channels for the use of medium-powered stations, and
local channels for the use of low-powered stations. The classes and power of
standard broadcast stations which will be assigned to the various channels are set
forth in section 3.22. This classification of the standard broadcest stations are
as follows: (1TFRO940, Eff. 12-L-52)

Class I stations are dominant stations operating on clear channels as follows:

(1) Class I stations operate with powers of not less than 10 or more than 50 kw.
These stations are designed to render primary and secondary service over an extended
arca and at relatively long distances, hence have their primary service areas ;/
free from objectionable interference from other stations on the same and adjacent
channels and secondary service areas free from objectionable interference from sta-
tions on the same channels. _2/ 3/

(2) From an engineering point of view, Class I stations may be divided into two
2
groups:

(a) The Class I stetions in Group I are those assigned to the channels allocated
by section 3.25, paragraph (a), on which duplicete nighttime operation is not permit-
ted, that is, no other station is permitted to opercte on a channel with a Class T
station of this group within the limits of the United States (the Class II stations
asgigned the channels operate limited time or daytime only), and during daytime the
Class I station is protected to the 100 uv/m ground wave contour. Protection is
given this cless of station to the 500 uv/m ground wave contour from adjacent chan-
nel stations for both day and nighttime operations. g/ The power of each such Class I
station shall not ve less than 50 kw.

(b) The Class I stations in Group 2 are those assigned to the channels allocated
by section 3.25, paragraph (b), on which duplicate operation is permitted, that is,
other Class I or Class II stations operating unlimited time mey be assigned to such
channels. During nighttime hours of operation a Class I station of this group

;/’See section 3.11 for the definitions of primary and secondary service areas.

2/ See tables IV and V.

3/ The secondary service area of a Cless I station is not protected from adjacent
channel interference. However, if it 1s desired to make & determination of the
area in which adjacent chamnel ground wave interference (10 kc removed) to skywave
gervice exists, it may be consldered as the area where the ratio of the desired
50% skywave of the Clags I station to the undesired groundwave of a station 10 kc
removed is 1 to 4. (Amendment 321, Effective 2-10-L7)
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is protected to the 500 uv/m 50 percent sky wave contour and during daytime hours
of operation to the 100 uv/m ground wave contour from stations on the same channel.
Protection is given to the 500 uv/m ground wave contour from stations on adjacent
chammels for both day and nighttime operation. g/ The operating powers of Class T
stations on these frequencies shall be not less than 10 kw nor more than 50 kw.

Hereafter, for the purpose of convenience, the two groups of Class T stations will
be termed Class Ta or Ib in accordance with the assignment to channels allocated by
gection 3.25(a) or 3.25(b).

Class IT stations are secondary stations vhich operate on clesr channels with
powers not less than 0.25 kw or more than 50 kw. These stations are required to
use a directional antenna or other means to avold causing interference within the
normally protected service areas of Class I stations or other Class IT statioms.
These stations normally render primary service only, the area of which depends on
the geographical location, power, and frequency. This may be relatively large but
ig limited by and subJject to such interference as may be received from Class T
stations. However, it is recommended that Class II stations be so located that
the interference received from Class I stations will not limit the service area to
greater than the 2500'uv/m ground wave contour, which is the value for the mutual
protection of this closs of station with other stations of the same class. g/

Class IIT gtations operate on regional channels and normelly render primary ser-
vice to the metropolitan district and the rural area contained therein and contigous
thereto, and are subdivided into two classes:

(a) Class ITT-A stations which operate with powers not less than 1 kw or more than
5 kw are normally protected to the 2500 uv/m ground wave conbour nighttime and the
500 uv/m ground wave contour daytime. g/

(b) Class III-B stations which operate with powers not less than 0.5 kw or more
than 1 kv nighttime and 5 kv daytime are normally protected to the 4000 uv/m ground
wave contour nighttime and 500 uv/m ground wave contour daytime. g/

Class IV stations operate on local channels normsily rendering primary service
only to a city or town and the suburban and rural areas contiguous thereto with
powers not less than 0.1 kw or more than 0.25 kw. These stations are normally pro-
tected to 500 uv/m ground wave contour daytime. On Jocal channels the separation
required for the daytime protection shall also determine the highttime separation.
The actual nighttime limitation will be calculated. 3a/*

2/ See Tables IV and V.

jg/ The following approximate method may be used. It is based on the assumption of
0.25 wavelength antenns height and 88 mv/m at one mile effective field for 250 watts
power, using the 10% skywave field intensity curve of Figure 1-A. Zones defined by
circles of various radii specified below are drawn about the desired station and the
interfering 10% skywave signal from each station in a given zonme is considered to be
the value tabulated below. The effective interfering 10% skywave signal is -taken to
be the RSS value of all signals originating within these zones. (Stations beyond 500
miles are not considered.)

Zone Inner Radius Quter Radius 10% Skywave Signal
mv /m

A ——— 60 0.10

B 60 80 0.12

c 8o 100 0.1h4

D 100 250 0.16

B 250 350 0.1h4

F 350 450 0.12

G k50 500 0.10
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The class of any station is determined by the channel agsignment, the power, and
the field intensity contour to which it renders service free of interference from
other stations as determined by these standards. No station will be permitted to
change to a class normally protected to a contour of less intensity than the con-
tour to which the station actually renders interfernce-free service. Any station
of a class normally protected to a contour of less intensity than that to which the:
station actually renders interference-free service, will be automatically reclassi-
fied according to the class normally protected, the minimum consistent with its
power and channel assignment. Likewisge, any station to which the interference is
reduced so that service is rendered to a contour normally protected for a higher
class will be automatically changed to that class if consistent with its power and
channel assignment.

When it is shown that primary service is rendered by any of the above classes of
stations, beyond the normally protected contour, and when primary service to approxi-
mately 90 percent of the population ( population served with adequate signal) of the
area between the normally protected contour and the contour to which such station
actually serves, is not supplied by any other station or stations carrying the same
general program service, the contour to which protection may be afforded in such
cases will be determined from the individual merits of the case under consideration.

When a station is already limited by interference from other stations to a con-
tour of higher value than that normally protected for its class, this contour shall
be the established standard for such station with respect to interference from all
other stations.

3a/ (Cont.) Where the power of the interfering station is not 250 watts, the 10%
skywave signal should be adjusted by the square root of the ratic of the power to
250 watts. (Amend. 321, Eff. 2-10-L7)
h/ The assignment of a Class IV station to a regional channel normally is not con-
sidered as making the best usage of the assignment and will be made only when it is
shown among other things that--

(1) There are no other transmission facilities in the town or towns in the pro-
posed service area.

(2) There is no local channel assignment available for that area.

(3) Adequate econémic support is not available for a Class III station.

(4) It is not practical from an engineering point of view to establish a Class III
station and it would not prevent the establishment of any Class III station on that
channel or an adjacent channel.
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Tables IV and V give a complete summary of the protected service contours and per-
missible interference signals for broadcast stations on the same and adjacent chan-
nels, respéc¢tively.

The several classes of broadcast stations have in general three service areas;4a/
namely, primary, secondary, and intermittent service areas. Class I stations ren-
der service to all three service areas., (Class II stations render service to a pri-
mary area but the secondary and intermittent service areas may be materially limi-
ted or destroyed due to interference from other stations depending on the station
assignments involved. Class III and IV stations usually have only primary service
areas as interference from other stations gensrally prevents any secondary service
and may limit the intermittent service area. However, complete intermittent ser-
vice may be obtained in many cases depending on the station assignments involved:

The signals necessary to render the different types of service are listed be-
low,

Table I,--Primary servics

Area: Field intensity ground-wavel
City business or factory areaS-———emc—o—ccom—mmemccmmeae o 10 to 50 mv/m
City residential arefS—-—seeem oo mme e 2 to 10 mv/m
Rural--all areas during winter or northern areas
during SUMmMEr—=-—ec-ememeam e e————e - - 0.1 to 0.5 mv/m
Rural--Southern areas Auring SUMMEr-—=—=c=—c—=—e=ccae-—- 0.25 to 1.0 mv/m

1 See Appendix I for curves showing distance to various ground wave field intensity
contours for different frequency and ground conductivities and Annex I.

All these values are based on an absence of objectionable fading, either in chang-
ing intensity or selective fading, the usual noise level in the areas and an
absence of limiting interference from other broadcast stations. The values apply
both day and night but generally fading or interference from other stations limits
the primary service at night in all rural areas to higher values of field intensity
than the values given.

In determining the population of the primary service area, it may be considered
that the following signals are satisfactory to overcome man-made noise in towns of
the population given,

Table II
Population: Field intensity ground wave
Up t0 2,500=m e e e e e e 0.5 mv/m
2,500 t0 10,000-=—mm e e e 2,0 mv/m
10,000 and up-- ——————————————————— Values given in Table I.

4a/ See section 3,11 for the definitions of primary, secondary, and intermittent
service areas,

5/ Standards have not.been established for interference from atmospherics or man-
made- electric noise as no uniform method of measuring noise or static has been es-
tablished. In any individual case objectionable interference from any source, except
other broadcast signals, may be determined by comparing the actual noise interference
reproduced during reception of a desired broadcast signal to the degree of interfer-
ence that would be caused by another broadcast signal within 20 cycles of the de-
sired signal and having a carrier ratio of 20 to 1 with both signals modulated 100
percent on peaks of usudl programs. Standards of noise measurements and interference
ratio for noise are now being studied.
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PROPOSED AMENDMENT

B. Section 1. Engineering Standards of Allocation--

(a) Delete the 5th and 6th paragraphs appearing after Table II O
which begin ""Section 3.23 provides that~-" and"Section 3.24
sets out~---"

(b) Imsert at the above place the following paragraphs:

Of the several classes of domestic stations, Class I stations only
are to be afforded daytime protection from the effects of skywave propagation of
radio signals radiated by other domestic Class I or Class II stations but only
from assignments on the same chanrel end in the manner herein described. The ser-
vice of a Class I station shall be protected from the effects of skywave propagation
to that degree which will result from restricting the radiation from each ¢o-channel
gtation to the values obtained by use of the curves and Table in Appendix IT, in the
arc included between the horizontal and the pertinent angle shown on Curve 4 of Figure
6-A, toward all points on the Class I station's 100 uv/m groundwave contour. Thig
radiation restriction shall obtain only from local sunrise at the transmitting
station until two hours thereafter, and from two hours prior to local sunset at the
station until sunset. In these transition periods the 100 uv/m contour of the
Clasg I station eligible for protection may shift as a result of a change in power
or mode of operation. In that event the permissible radiation for the Class II or
other Class I station throughout both transition periods is the lowest value ob-
tained by the use of Appendix II.

The radiation restrictions obtained by the use of Appendix II during the
specified periods are applicable regardless of whether the Class I station which
is eligible for protection from the effects of such skywave propagation inthese
periods is so protected by existing stations.

It is expressly recognized that even with these restrictions a Class II station
or other Clags I station may, during certain daytime periods, produce a 10% of the
time skywave signal in excess of 5 uv/m within the 100 uv/m groundwave contour of
a Class I station.

The extent of primary and intermittent service and the absence or presence
and degree of objectionable interference to all classes of broadcast stations dur-
ing the daytime shall be determined by use of the groundwave field intensity curves
in Appendix I. Nighttime service and interference are determined by the use of the
appropriate second hour after sumnset curves 18/ (Figure 1 or I-A) and the ground-
wave versus distance curves of Appendix I.

Zﬂ/ Nighttime skywave interference to local channel stations is, however, com-
puted in accordance with the method described in Footnote 3a.

File opposite page 5 AM Standards ' 0
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These values are subject to wide variations in individual areas and especial atten-
tion must be given to interference from other stations. The values are not considered
satisfactory in any case for service to the city in which the main studio of the sta-~
tion is located. The values in Table I shall apply except as individual consider-
ation may determine.

All classes of broadcast stations have primary service areas subject to limitation
by fading and noise, and interference from other stations to the contours set out
for each class of station.

SECONDARY SERVICE

Secondary service is delivered in the areas where the sky wave for 50 percent or
more of the time has a field intensity of 500 uv/m or greater,s/ It is not con=
sidered that satisfactory secondary service can be rendered to cities unless the sky
wave approaches in value the ground wave required for primaery service. The secondary
service 1s necessarily subject to some interference and extensive fading whereas the
primary service area of a station is subject to no objectionable interference or
fading.’/ Class I stations only are assigned on the basis of rendering secondary
service,

INTERMITTENT SERVICE

The intermittent service is rendered by the ground wave and begins at the outer
boundary of the primary service area and extends to the value of signal where it
may be considered as having no further service value. This may be down to only a
few microvolts in certain areas and up to several millivolts in other areas of high
noise level, interference from other stations, or objectionable fading at night,

The intermittent service area may vary widely from day to night and generally varies
from time to time as the name implies, Only Class I stations are assigned for pro-
tection from interference from other stations into the intermittent service area.

Section 3.23 provides that the several classes of broadcast stations may be licensed
to operate unlimited time, limited time, daytime, sharing time, and specified hours,
with full explanation given in the section,

Section 3.24 sets out the general requirements for obtaining an increase in fac-
ilities of a licensed station and for a new station. Section 3.24 (b) concerns the
matter of interference that may be caused by a new assigmment or increase in fac-
ilities of an existing assignment.

6/ The secondary service area of a Class la station should be considered as having
this limit only for determination of service in comparison with other stations.

7/ Standards have not been established for objectionable fading as such standards
would necessarily depend on the receiver characteristics which have been changed
considerably in this regard during the last several years, Selective fading
causing audio distortion and the signal fading below the noise level are the ob-
Jectionable characteristics of fading on modern design receivers., The AVC circuits
in the better designed modern receivers in general maintain the audio output suf-
ficiently constant to be satisfactory during most fading.
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Objectionable interference from another broadcast statione/ is the degree of in-~
terference produced when, at a specified field intensity contour with respect to the
desired station, the field intensity of an undesired station (or the root-sum-square
value of field intensities of two or more stations on the same frequency) exceeds
for ten (10) percent or more of the time the values set forth in these standards,

With respect to the root-sum-square values of interfering field intensities re-
ferred to herein, except in the case of Class IV stations on Local Channels, calcu-
lation is accomplished by considering the signals in orxder of decreasing magnitude,
adding the squares of the values and extracting the square root of the sum, exclud-
ing those signals which are less than 50% of the RSS value of the higher signals
already included,

The RSS value will not be considered to be increased when a new interfering sig-
nal is added which is less than 50% of the RSS value of the interference from ex-
isting stations, and which at the same time is not greater than the smallest sig-
nal included in the RSS value of interference from existing stations,

It is recognized that application of the above "50% exclusion” method of calcu-
lating the RSS interference may result in some cases in anomalies wherein the ad-
dition of a new interfering signal or the increase in value of an existing inter-
fering signal will cause the exclusion of a previously included signal and may cause
a decrease in the calculated RSS value of interference. In order to provide the
Commission with more realistic information regarding gains and losses in service
(as a basis for determination of the relative merits of a proposed operation) the
following alternate method for calculating the proposed RSS values of interference
will be employed wherever applicable,

0 In the cases where it is proposed to add a new 'interfering signal
which is not less than 50% of the RSS value of interference from ex-

isting stations or which is greater than the smallest signal already
included to obtain this RSS value, the RSS limitation after addition
of the new signal shall be calculated without excluding any signal
previously included. Similarly, in cases where it is proposed to
increase the wvalue of one of the existing interfering signals which
has been included in the RSS value, the RSS limitation after the
increase shall be calculated without excluding the interference from
any source previously included,

If the new or increased signal proposed in such cases is ultimate-
ly authorized, the RSS values of interference to other stations af-
fected will thereafter be calculated by the "50% exclusion™ method
without regard to this alternate method of calculation,

Examples of RSS interference calculations:

1, Existing interferences:

Station No. 1 =~ 1.0 mv/m
Station No. 2 =~ 0,60 mv/m
Station No. 3 ~- 0.59 mv/m
Station No. 4 -=- 0.58 mv/m ”

0 8/ See footnote 6.
) (6)



The RSS value from Nos, 1, 2 and 3 is 1,31 mv/m: therefore interfer-
ence from No. 4 is excluded for it is less than 50% of 1.3l mv/m.

2. Station A. receives interference from:

Station No, 1 =~ 1,0 mv/m
Station No, 2 =~ 0.60 mv/m
Station No, 3 == 0,59 mv/m

(Amend. 321 Effective 2-10-47)

It is proposed to add a new limitation = 0,68 mv/m. This is more than 50% of 1.31
mv/m, the RSS value of Nos. 1, 2 and 3. The RSS value of Station No. 1 and of the
proposed station would be 1.21 mv/m which is more than twice as large as the limita-
tion from Station No. 2 or No. 3. However, under the above provision the new signal
and the three existing interferences are nevertheless calculated for purposes of com=-
parative studies, resulting in an RSS value of 1l.47 mv/m. However, if the proposed
station is ultimately authorized, only No. 1 and the new signal are included in all
subsequent calculations for the reason that Nos. 2 and 3 are less than 50% of 1.21
. mv/m, the RSS value of the new signal and No, 1. (Amend. 321 Effective 2-10-47)

3. Station A receives interference from:

Station No, 1 == 1.0 mv/m
Station No, 2 == 0,60 mv/m
Station No, 3 == 0.59 mv/m

(Amend. 321 Effective 2-10-47)

No. 1 proposes to incresase the limitation it imposes on Station A
to 1,21 mv/m, Although the limitations from stations Nos. 2 and 3
are less than 50% of the l.21 mv/m limitation, under the above pro-
vision they are nevertheless included for comparative studies, and
the RSS limitation is calculated to be 1.47 mv/m. However, if the
increase proposed by Station No. 1 is authorized, the RSS value then
calculated is 1.21 mv/m because Stations Nos. 2 and 3 are excluded
in view of the fact that the limitations they impose are less than
50% of 1.21 mv/m. (Amend. 321 Effective 2~10-47)

Objectionable interference from a station on the same channel shall be considered
to exist to a station when, at the field intensity contour specified in Table IV with
respect to the class to which the station belongs, the field intensity of an inter-
foring station (or the root-sum-square value of the field intensities of two or more
interfering stations) operating on the same channel, exceeds for ten (10) percent or
more of the time the value of the permissible interfering signel set forth opposite
such elass in Table IV,

Objectionable interference from a station on an adjacent channel shall be consid-
ered to exist to a station when, at the normally protected contour of a desired sta-
tion, the field intensity of the ground wave of an undesired station operating on
an adjacent channel (or the root-sum-square value of the field intensities of two
or more such undesired stations operating on the same adjacent channel) exceeds a
value specified in Table V,
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For the purpose of estimating the coverage and the interfering effects of stations
in the absence of field intensity measurements, use shall be made of Figure 8 which
describes the estimated effective field for one kilowatt power input of simple ver-
ticle omnidirectional antennas of various heights with ground systems of at least
120 one guarter wave-lenght radials. Certain approximations, based on the curve
or other appropriate theory, may be made when other than such antennas and ground
systems are employed, but in any event the effective field to be employed shall not
be less than given in the following: (18FR7357, Eff. 12-20-53)

TABLE ITT

Class of Station Effective Field
Jomm e e e o 225 mv/m
IT and ITT~--m-mm-==m== o= - o e ;oo e 175 mv/m
IV e e e e e e 150 mv/m

In case a directional antemna is employed, the interfering signal of a broadcasting
station will vary in different directions, being greater than the above values in cer-
tain directions and less in others, depending upon the design and adjustment of the
directional antenna system. To determine the interference in any direction the measured
or calculated radiated field (unabosrbed field intensity at 1 mile from the array) must
be uied in conjunction with the appropriate propagation curves. 9/ (FCC54-332, Eff. k-
19-54).

The existence or absence of objectionable groundwave interference from stations on
the same or adjacent channels shall be determined by actual measurements made accord-
ing to the method hereinafter described, or, in the absence of such measurements, by
reference to the propagation curves of Appendix I. The existence or absence of ob~-
jectionable interference due to skywave propagation shall be determined by reference
to tﬁe approprate propagation curves in Figure 1 or Figure 1-A. (FCC 54-332, Eff. L-
19-54)

In computing the fifty (50) percent skywave field intensity velues and the ten
(10) percent skywave field intensity values of a station on a clear channel, use shall
be made of the appropriate graph set forth in Figurelentitled "Average Skywave TField
Intensity" (corresponding to the second hour after sunset at the recording station).
These graphs are drawn for a radiated field of 100 mv/m at 1 mile in the horizontal
plane from a 0,311 wavelength antenna. In computing the ten (10 percent skywave field
intensity of a regional channel station, use shall be made of the appropriate curve in
Figure 1-A entitled "10 percent Skywave Signal Range." This graph is drawn for a
radiated field of 100 mv/m at 1 mile at the vertical angle pertinent to transmission
by one reflection. This curve supersedes the ten (10) percent skywave curve of Figure
1, only for regional and local channels at the present time. =2/ Adoption of revised
gskywave curves for use on clear channels will await the outcome of the Clear Channel
Hearing (Docket No. 67h4l). FCC54-332, Eff. 4-19-54).

The distance to any specified ground-wave field intensity contour for any fre-
guency may be determined from the appropriate curves in Appendix I entitled
"Gound Wave Field Intensity vs. Distance.”

ersee Annex IT for further discussion and solution of a typical directional antenna
case.

lg/The Commission will not authorize a directive antemna for a Class IV station assign-

ed a local channel.
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TaerLe IV.—Protected service contours and permissible interference signals for
broadcast stations

Signal intensity contour of area pro- | Permissible interfering
Class of tected from objectionable inter- signzal on same chan-
gg:fisoonr chanpel | Permissible power | ference! nel
used
Day? Night Day 3 Night ¢
) £ Y Clear...... 50kw_ o ... SC 100 uv/m...| Not duplicated....} 5 uv/m_.| Not dupli-
ACS500uv/m. .. cated.
Ib . ee... Clear...... 10kw. to 50 kw___| SC 100 uv/m_._| 500 uv/m______._. 5uv/m_.| 25 uv/m
ACS500uv/m.__| (50% sky wave).
) § GO, Clear...... 0.26 kw. to 50 kw__| 500 uv/m.._.__ 2500uv/)m6(ground 25uv/m..| 125 uv/m &
wave).
IMI-A. .. Regional..| 1 kw.to 5%kw_____ 500uv/m_.____ 2500 u\-/)m (ground | 25uv/m..| 125 uv/m
! wave).
II-B_._._. Regional __| 0.5t0 1 kw. night | 500 uv/m..____ 4000 uv/m (ground| 25uv/m_]| 200 uv/m
and 5 kw. day. wave).
Ve Local ....|0.1kw.t00.25kw __| 500 uv/m.____. not ' 25uv/m..|not
prescribed 6/ prescribed 6/

1 When it is shown that primary service is rendered by any of the above classes of stations, beyond the
normally protected contour, and when primary service to approximately 90 percent of the populgtion (popu-
lation served with adequate signal) of the area between the normally protected contour and the contour to
which such station actually serves, is not supplied by any other station or stations, the contour to which
protection may be afforded in such cases will be determined from the individual merits of the case under
consideration. When a station is already limited by interference from other stations to a contour of higher
value than that normally protected for its class, this contour shall be the established standard for such station.
with respect to interference from all other stations.

2 For adjacent channpels see Table V.

2 Ground wave, .

4 Sky wave field intensity for 10 percent or more of the time.

8 These values are with respect to interference from all stations except Class Ib, which stations may cause
interference to a field intensity contour of higher value. However, it 1s recommended that Class IIstations
besolocated that the interference received from Class Ib stations will not exceed these values. If the ClassII
stations are limited by Class Ib stations to higher values, then such values shall be the established standard
with respect to protection from all other stations. ) ¥
6/ See Class IV Stations operation page 2. (18FR255, Eff. 1-13-53)

8C==Same channel.
AC=Adjacent channel.

11/ The Co_zission will not authorize a directional antenna for a Class IV Stations

assigned to a local channel. (Amend. 321, Eff. 2-10-47)

(9)
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The following table is to be used for determining the minimum ratio of the field
intensity of a desired to an undesired signal for interference free service. In the
cage of a desired ground wave signal interfered with by two or more sky wave signals
on the same frequency, the RSS value of the latter is used. (Amend. 321 Eff. 2-10-L47T)

TABLE V -- INTERFERENCE RATTOS

Frquency Separation Desired Groundwave to-- Depired 50% Skywave
of Desired to Un- Undesired  Undesired to Undesired 10%
Desired ‘Signals Groundwave 10% Skywave Skywave
0 ke 20:1 20:1 20:1
10 ke _ I:1 1:5 *
20 ke 1:30

* Bee Footnote 3, Page 1.

From the above, it is apparent that in many cases stations operating on channels
10 and 20 kilocycles apart may be operated with antenna systems side by side or
otherwige in proximity without any indications of interference if the interference
ip defined only in terms of permissible ratios hereinbefore listed in Table V head~
ed Interference Ratlos. As a pracrical matter, serious interference problems may
arise when two or more stations with the same general service area are operated on
channels 10, 20, and 30 kilocycles apart. (Amend 335, Effect. 7-1T7-47)

Two stations, one with a frequency twice that of the other, should not be assigned
in the same groundwave service area unless special precautlons are taken to avoid
interference from the second harmonic of the lower frequency. In selecting a fre-
quency, consideration should be given to the fact that occasionally the frequency
asglgnment of two stations in the same area may bear such a relation to the inter-
mediate frequency of some broadcast receivers as to cause so-called "image" inter-
ference. However, since this can usaully be rectified by readjustment of the inter-
mediate frequency of such receivers, the Commisgion in general will not teke this
kind Ef)interference into consideration in allocation problems. (Amend. 321, Effect.
2-10-47).

Two stations operating with synchronized carriers iﬁ/ and carrying the identical
program will have their groundwave service subject to some distortion in areas where
the signals from the two stations are of comparable intensity. For the purpose of
estimating coverage of such stations areas in which the signal ratio is between 1
to 2 and 2 to 1 will not be considered as having satisfactory service. (Amend. 321
Effective 2-10-L47)

lg/' NOTE: Two stations are considered to be operated synchronously when the carriers
are maintained within one~fifth of a cycle per second of each other and
they trensmit identical progrems. (Amend. 321 Eff. 2-10-47)
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ANNEX T

GROUNDWAVE SIGNAIS
(19FR1249- Eff. h-5-54)

A. Interference that may be caused by a proposed assignment or anm existing as-
gignment during day time should be determined, when possible, by measurements on
the frequency involved or on another frequency over the same terrain and by means
of the curves in Appendix I entitled "Ground Wave Field Intensity versus Dlstance.

B. In determining interference based upon field intensity measurements, it is
necessgary to do the following:

First, establish the outer boundary of the protected service area of the de-
gired station in the direction of the station that may cause interference to it.

Second, at this boundary, measure the interfering signal from the undesired
gtation. The ratio of the desired to the undesired signal given in Table V should
be applied to the measured signals and if the required ratio is observed, no ob-
jectionable interference is foreseen. When measurements of both the desired and
undesired stations are made in one area to determine the point where objectiomable -
interference from groundwave signals occur or to establish other pertinent contours,
several measurements of each station shall be made within a few miles of this point
or contour. The effective field of the antennas in the pertinent directions of the
stations must be established and all measurements must be made in accordance with
Section 2 (Field Intensity Measurements in Allocation).

C. TIn all cases where measurements taken in accordance with the requirements
are not available, the groundwave intensity must be determined by means of the
pertinent map of ground conductivity and the groundwave curves of field intensity
versus distance. The conductivity of a given terrain may be determined by measure-
ments of any broadcast signal traversing the terrain involved. Figures M3 and
R3 show the conductivity throughout the United States by general areas of reason-
ably uniform conductivity. When it is clear that only one conductivity value is
involved, Figure R3, which is a replica of Figure M3 and contained in these Stand-
ards, may be used; in all other 4&ituations Figure M3 must be employed. It is re-
cognized that in areas of limited size or over a particular path, the conductivity
may vary widely from the values given; therefore, these maps are to be used only
when accurate and acceptable measurements have not been made. Figure 4 is a map
of ground conductivity in Canada prepared by the Canadian Department of Transport.
It is to be noted that at some locations there are differences in conductivity on
either side of the border, which cannot be explained by geophysical cleavages.
Pending adjustment of the maps for such inconsistencies, all variations at the
border will be treated as real.

D. An example of determining interference by the curves in Appendix 1 follows:

It is desired to find whether objectionable interference exists between a
5 kw Class IIT station on 990 kc and a 1 kw Class III station on 1000 kc.!the stations
being separated by 130 miles; both stations use nondirectional antennas 1%/ having
such height as to produce an effective field for 1 kw of 175 mv/m. The conduct-
ivity at each station and of the intervening terrain is determined as 6mmhos/m.

_3/ Figure M3 which is incorporated in these Standards by reference, was dervied by
indicating ground conductivity values in the United States on the Unlted States Albers
equal area projection map (based on standard parallels 2920 and 453°; North American
datum; scale 1/2 500,000). TFigure M3, consisting of two sectioms, an eastern and a
western half, may be obtained from the Superintendent of Documents, Washington D. C.
l&/ See Annex II in case of use of directional antemnas.

(3-13-55) 11



The protection to Class III stations during daytime is to the 500 uv/m contour. The

distance to the 500 uv/m groundwave contour of the 1 kw station is determined by the

use of the appropriate curve in Appendix 1-Graph 12. Since the curve isg plotted for

100 mv/m at a mile, to find the distance to the 500 uv/m contour of the 1 kw station,

it is necessary to determine the distance to the 285 uv/m contour (100x500 == 285)
T

From the appropriate curve, the estimated radius of the service area for the desired
station is found to be 39.5 miles. Subtracting this distance from the distance be-
tween the two stations, leaves 90.5 miles for the interfering signal to travel. From
the above curve it is found that the signal from the 5 kw station at this distance
would be 158 uv/m. Since a one to one ratio applies for stations separated by 10 kc,
the undesired signal at that point can have a value up to 500 uv/m without objection-
able interference. If the undesired signal had been found to be greater than 500 uv/m,
then objectionable interference would exist. For other channel separations, the ap-
propriate ratio, of desired to undesired signal should be used.

E. Where a signal traverses a path over which different conductivities exist, the
distance to a particular groundwave field intensity contour shall be determined by the
use of the equivalent distance method. Reasonably accurate results may be expected in
determining field intensities at a distance from the antenna by application of the
equivalent distance method when the unattenuvated field of the antenna, the various
ground conductivities and the location of discontinuities are known. This method con-
siders a wave to be propagated across a given conductivity according to the curve for
a homogeneous earth of that conductivity. When the wave crosses from a region of one
conductivity into a region of a second conductivity, the equivalent distance of the
receiving point from the transmitter changes abruptly but the field intensity does
not. From a point just inside the second region the transmitter appears to be at
that distance where, on the curve for a homogeneous earth of the second conductivity,
the field intensity equals the value that occurred just across the boundary in the
first region. Thus the equivalent distance from the receiving point to the trans-
mitter may be either greater or less than the actual distance. An imaginary trans-
mitter is considered to exist at that equivalent distance. This technique is not
intended to be used as a means of evaluating unattenuated field or gournd conductivity
by the analysis of measured data. The method to be employed for such determinations
is set out in section 2 of these Standards.

F. An example of the use of the equivalent distance method follows:

It is desired to determine the distance to the 0.5 mv/m and 0.025 mv/m con-
tours of a station on a frequency of the 1000 kc with an inverse distance field of
100 mv/m at one mile being radiated over a path having a conductivity of lO_mmhos/m
for a distance of 15 miles, 5mmhos/m for the next 20 miles and 15 mmhos/m there
after. By the use of the appropriate curves in Appendix 1- Graph 12, it is seen
that ata distance of 15 miles on the curve for lOmmhos/m the field is 3.45 mv/m. The
equivalent distance to this field intensity for a conductivity of 5mmhos/m is 11 miles.
Continuing on the propagation curve for the second conductivity, the 0.5 mv/m con-
tour is encountered at a distance of 27.9 miles from the imaginary transmitter. Since
the imaginary transmitter was 4 miles nearer (15-11miles) to the 0.5 mv/m contour,
the distance from the contour to the actual transmitter is 31.9 miles (27.9 + L4 miles).
The distance to the 0.025 mv/m contour is determined by continuing on the propagation
curve for the second conductivity to a distance of 31 miles (11 + 20 miles), at which
point the field is read to be 0.39 mv/m. At this point the conductivity changes to
15 mmhos/m and from the curve relating to that conductivity, the equivalent distance
is determined to be 58 miles--2Tmiles more distant then would obtain had a conduct-
ivity of 5 mmhos/m prevailed. Using the curve representing the conductivity of 15
mmhos/m the 0.025 mv/m contour is determined to be at an equivalent distance of 172
miles. Since the imaginary transmitter was considered to be 4 miles closer at the
firgt boundary and 27 miles farther at the second boundary, the net effect is to con=~
gider the imaginary transmitter 23 miles (27--bmiles) more distant than the actual
transmitter; thus the actual distance to the 0.025 mv/m contour is determined to be
149 miles (172- 23 miles).
| (12)
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ANNEX IT
COMPUTATION ON INTERFERING SIGNAL FROM A DIRECTIONAL ANTENNA

In case of an antenna directional in the horizontal plane, the ground wave inter-
ference can be readily computed from the calculated horizontal pattern by dertermin-
ing the vectors toward the service area of the station to be protected and apply
these values to the ground wave curves set out in Annex T.

For signals from stations operating on clear chamnels, in case of dertermining sky
wave interference from an antenna with a vertical pattern different from that on
which Flgure 1 is predicated, it is necessary to compare the appropriate vectors in
the vertical plene. (Amend. 321, Effect. 2-10-47)

The sky wave ‘curves entitled "Average Sky Wave Field Intensity" (corresponding to
the second hour after sunset at the recording station) as shown in Figure 1 are
based on antenna systems having height of 0.311 wave length (112°) and producing
a vertical pattern as 'shown in Figure 5. A nondirectional antenna system, as well
as a directional antenna system having vertical patterns other than essentially the
same as shown, must be converted to the pattern of a 0.311 wave length antenna hav-
ing the same field intensity at the critical angle as does the pattern of the an—
tenna involved. ZExample:

Figure 6 is a graph entitled "Variation with Distance of Two Important Parameters
in the Theory of Sky Wave Propagation.'" The curve for O showing the angle above the
horizon at which radiation occurs plotted against distance, must be used for this
purpose. For instance, assuming the station with which interference may be expect-
ed is located at a distance of 450 miles from a proposed station, the critical angle
of radiation as determined from this curve is approximately 15°. Therefore, if the
vertical pattern of the proposed station in the direction of the other station is
such that at 15° above the horizon the radiation is 1.3 times that from an antenna
having & vertical pattern as shown in Figure 5 and producing the same field in-
tensity at 1 mile in the horizontal plane, the interfering signal would be 1.3 times
that determined From Figure 1 for an antenna having the same field intensity in the
horizontal plane. That is, if the field intensity in the horizontal plane of the
proposed station is 124 mv/m the interfering field intensity exceeded 10 percent

of the time at the other station would be 140 x 1.30 x 12k or 225 uv/m

and would cause interference to the 4.5 mv/m ground wave contour of the existing
station.

For signals from station on regional and local channels, in computing the 10% oy
sky wave (interference) field intensity values of Class III and Class IV stationatl/
Figure 1-A is to be used in place of Figure,l. Since Figure 1-A is predicated upon
a radiated field of 100 mv/m at one mile in the pertinent direction, no comparison
with the vertical pattern of a 0.311 wavelength antenna is to be made. Instead the
appropriate radiated field in the wertical plane corresponding to the distance to
the receiving station, divided by 100, is multiplied into the value of 10% skywave
field intensity determined from Figure 1-A. There are two new factors to be con-
gidered, however, namely the variation of received field with latitude of the path
and the variation of pertinent vertical angle due to variations of ionosphere height
and ionosphere scattering. (Amend. 321. Effect. 2-10-47)

lz/ Certain simplifying assumptions may be made in the case of lass IV stations
on local chennels: See Footnote 3a. (Amend. 321, Eff. 2-10-k7)
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Figure 1-A, "10% Skywave Signal Range Chart", shows the 10% sky wave signal as a
function of the latitude of the transmission path and the distance from a transmit-
ting antenna with a radiated field of 100 mv/m at the pertinent angle for the dis-
tance, The latitude of the transmission path is defined as the geographic lati-
tude of the midpoint between the transmitter and the receiver., ILatitude 35° should
be used in case the midpoint of the path lies below 35° North and latitude 50°
should be used in case the midpoint of the path lies above 50° North. (Amend. 321,
Erfective 2-10-47)

Pigure 6-A, entitled "Apgles of Departure vs. Transmission Range", is to be used
in determmining the angles in the vertical pattern of the antenna of an interfering
station to be considered as pertinent to transmission by one reflection, .Correspond-
ing to any given distance, the curves 4 and 5 indicate the upper and lower angles
within which the radiated field is to be considered. The maximum value of field
intensity ocecurring between these angles will be used to determine the multiplying
factor for the 10% skywave field intensity determined from Figure 1-A. (Curves
2 and 3 are considered to represent the varlation due to the variation of the ef-
fective height of the E-layer while Curves 4 and 5 extend the range of pertinent
angles to include a factor which allows for scattering. The dotted lines are in-
cluded for information only.) (Amend. 321, Effective 2-10-47)

In the case of non-directional vertical antennas, the vertical distribution of
relative fields for several heights, assuming sinusoidal distribution of current
along the antenna, is shown in Figure 5. In the case of directional antennas
the vertical pattern in the great circle direction toward the point of reception
in question must first be calculated, Then for the distance to the points, the
upper and lower pertinent angles are determined from Figure 6-A, The ratio of
the largest value of radiated field occurring between these angles, to 100 mv/m
(for which FPigure 1-A is drawn) is then used as the multiplying factor for the val-
ue of the field read from the curves of Figure l-A., Note that while the accuracy
of the curves 1s not as well established by measurements for distances less than
250 miles as for distances 1n excess of 250 miles, the curves represent the most
accurate data available today. Pending accumulation of additional data to es-
tablish firm standards for sky wave calculations in this range, the curves may be
used, In cases where the radiation in the vertical plane, in the pertinent azi-
muth, contains a large lobe at a higher angle than the pertinent angle for one
reflection, the method of calculating interference will not be restricted to that
described above, but each such case will be considered on the basis of the best
knowledge available., (Amend. 321, Effective £-10-47)

For example, suppose it is desired to determine the amount of interference to a
Class III station at Portland, Oregon, caused by another Class III station at Los
Angeles, California, which is radiating a signal of 560 mv/m unattenuated at one
mile in the great circle direction of Portland, using a 0.5 wavalength antenna,
The distance is 825 miles., From Figure 6-A the upper and lower pertinent angles are
79 and 3,5° and, from figure 5 the maximum radiation within these angles is 99% of
the horizontal radiation or 554 mv/m at 1 mile, The latitude of the path is 39,80
N and from Figure 1l-A, the 10% sky wave field at 825 miles is 0.050 mv/m for 100
mv/m radiated. Multiplying by 554/100 to adjust the value to the actual radiation
glves 0.277 mv/m. At 20 to 1 ratio the limitation to the Portland station is to
"the 5.5 mv/m contour.

(14)



sideration must be given each appropriate vector in the vertical patterm, as Yel}
as the constants of the earth where reflection takes place between the transmitting
station and the service area to which interference may be caused.

0 When the distance is large, more than one reflection may be involved and due con-

ANNEX III

INTERFERENCE FROM SKY WAVE SIGNALS
(Deleted FCC54-332, Eff. 4-19-54)

2. FIEID INTENSITY MEASUREMENTS IN ATLLOCATION
A. FIEID INTENSITY MEASUREMENTS TO ESTABLISH EFFECTIVE FIELD
INTENSITY AT 1 MILE

Section 3.45 provides that certain minimum field intensitiés are acceptable in
lieu of the required minimum physical vertical heights of the antennas proper. Al-
so in other allocation problems, it is necessary to determine the effective field
at 1 mile. The following requirements shall govern the taking and submission of
data on the field intensity produced:

Beginning as near to the antenna as possible without including the induction Pield
and to provide for the the fact that a broadcast antenna not being a point source of
rediation (not less than one wave length or 5 times the vertical height in the case
of a single element, i. e., nondirectional antenna or 10 times the spacing between
the elements of a directional antemnna), measurements shall be made on eight or more
radials, at intervals of approximately one-tenth mile up to 2 miles from the antenna,
at intervals of approximately one-half mile from 2 miles to 6 miles from the antenna,
at intervals of approximately 2 miles from 6 miles to 15 or 20 miles from the an-
tenna, and a few additional measurements if needed at greater distances from the an-
tenna. Where the antenna is rurally located and unobstructed measurements can be
made, there shall be as many as 18 or 20 measurements on each radial. However,
where the antenna is located in a city where unobstructed measurements are difficult
to make, measurements shall be made on each radial at as many unobstructed locations
ag possible, even though the intervals are considerably less than stated above,
particularly within 2 miles of the antemna. In cages where it is not possible to
obtain accurate measurements at the closer distances (even out to 5 or 6 miles due
to the character of the intervening ternrain), the measurements at greater distances
should be made at closer intervals. +&/

These data should be plotted for each radial in accordance with either of the
two methods set forth below:

(1) Using log-log:coordinate paper, plot field intensities as ordinate and dis-
tance as abscigsa. 4

(2) Using semi-log coordinate paper, plot field intensity times distance as or-
dinate on the log scale and distance as abscissa on the linear scale.

However, regardless of which of these methods is employed, the proper curve to
be dravn through the points plotted shall be determined by comparison with the
curves in Appendix I as follows: Place the sheet on which the actual points have

0 l-s-/ It is suggested that "wave tilt" measurements may be made to determine and com-
pare locations for taking field intensity measurements, particularly to determine
that there are no abrupt changes in ground conductivity or that reflected waves
are not causing abnormal intensities.
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been plotted over the appropriate Graph in Appendix T, hold to the light 1f necessary
and adjust until the curve most closely matching the points in found. This curve
should then be drawn on the sheet on which the points were plotted, together with the
inverse distance curve corresponding to that curve. The field at 1 mile for the radial

concerned shall be the ordinate on the inverse distance curve at 1 mile. (18FR24TS,
Erf. 4-20-53).

When all radials have been analyzed in this manner, & curve ghall be plotted on
ploar coordinate paper from the fields obtained, which gives the inverse distance
field pattern at 1 mile. The radius of a circle, the area of which is equal to
the area bounded by this pattern, is the effective field. (See section 3.1k)

(Fcc 54-332)

While making the field intensity survey, the output power of the station ghall
be maintained at the licensed power as determined by the direct method. To do
this it is necessary to determine accurately the total antenna resistance (the
registance variation method, the substitution method pr bridge method is acceptableg
and to measure the antenna current by means of an ammeter of acceptable accuracy. =7

19/ See § 3.54 and "Indicating instruments pursuent to § 3.58."
(20FR 3680, Eff. 6-30-55)
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Complete data taken in conjunction with the field intensity measurements shall
be submitted to the Commissgion in affidavit form including the following:

(1) Tabulation by number of each point of measurement to agree with the map re-
guired in (2) below and the field intensity meter reading, the attenuation constant,
the field intengity (E), the distance from the antemna (D) and the product of the
field intensity and distance (ED) (if data for each radial are plotted on semi-log-
arithmic paper, see above) for each point of measurement.

(2) Map showing each point of measurement numbered to agree with tabulation re-
quired above.

(3) Description of method used to take field intensity measurements.

(4) The family of theoretical curves used in determining the curve for each radial
properly indentified by conductivity and dielectric comnstants.

5) The curVes drawn for each radial and the field intensity pattern. (20 FR 3680
Efe -30 55) ot &

(6) Anitenna reslstance measurement :

a. Antenna resistance at operating frequency.

b. Description of method employed.

c. Tabulation of complete data.

d. Curve showing antenna resistance versus frequency.

(7) Antenna current or currents maintained during field intensity measurements.
(8) pDescription, accuracy, date, and by whom each instrument was last calibrated.
(9) Name, address, and qualifications of the engineer making the measurements.
(10) Any other pertinent information. |

B. FIEID INTENSITY MEASUREMENTS TO ESTABLISH PERFORMANCE OF

DIRECTIONAL ANTENNAS
(Deleted 20FR3680, Eff. 6-30-55)

C. MEASUREMENT OF THE FIELD INTENSITY OF BROADCAST STATIONS FOR
PRESENTATION IN SUPPORT OF APPLICATIONS OR EVIDENCE AT HEAR-
INGS BEFORE THE COMMISSION

(Deleted 20FR3680, Eff. 6-30-55)

3. DATA REQUIRED WITH APPLICATIONS INVOLVING DIRECTIONAL
ANTENNA SYSTEMS
(Deleted 20FR3680, Eff. 6-30-55)

L. LOCATIONS OF TRANSMITTERS OF STANDARD BROADCAST
STATIONS
( 18FR8137, Eff. +11-54)

A. The four primary objectives to be obtained in the selection of a gite for a
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transmitter of & broadcast station are as follows:

(1) To serve adequately the center of population in which the studio is located
and to give meximum coverage to adjacent areas.

(2) To cause and experience minimum interference to and from other stations.

(3) To present a minimum hazard to &ir navigation consigtent with objectives 1
and 2.

(4) To fulfill certain other requirements given below.
B. The site selected should meet the following conditions:

(1) A minimum field intensity of 25 to 50 mv/m will be cbtained over the busi-
ness or factory areas of the city.

(2) A minimum field intensity of 5 to 10 mv/m will be obtained over the most
distant residential section.

(3) The sbsorption of the signal is the minmum for any obtainable sites in the
areca. As a guide in this respect the absorption of the signals from other stations
in that area should be followed, as well as the results of tests on other sites.

(hi The population within the blanket contour does not exceed that specified by
§ 3.2% (g).
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C. In selecting a site in the center of a city it is usually necessary to place
the radiating system on the top of a building. This building should be large enough
to permit the installation of a satisfactory ground and/or counterpoise system.
Great care must be taken to avoid selecting a building surrounded by taller build-
ings or where any nearby building higher than the antenna is located in the direc-
tion which it is desired to serve. Such a building will tend to cast "radio shadows'
which may materially reduce the coverage of the station in that direction. Irres-
pective of the height of surrounding buildings, the building on which the antenna
is located should not have height of approximately one-quarter wavelength. A study
of antenna systems locaved on buildings tends to indicate that where the building
is approximately a quarter wavelength in height, the efficiency of radiation may be
materially reduced.

D. Particular attention must be given to avoiding cross-modulation. In this con-
nection, attention is invited to the fact that it has been found very umsatisfactory
to locate broadcast stations so that high signal intensities occur in areas with
overhead electric power or telephone distribution systems and sections where the
wiring and plumbing are old or improperly installed. These areas are usually found
in the older or poorer sections of a city. These conditions give rise to cross-
modulation interference due to the nonlinear conductivity characteristics of con-
‘tacts* between wiring, plumbing, or other conductors. This type of interference
is independent of the selectivity characteristics of the receiver and normally can
be eliminated only by correction of the condition causing the interference. Cross-
modulation tends to increase with frequency and in some areas it has been found
impossible to eliminate all sources of cross-modilation, resulting in an unsatis-
factory condition for both licensee and listeners. The Commission will not autho-
rize, (1) new stations (2) increased Pacilities to existing stations, or (3) auxi-
liary transmitters, for use with other than the authorized antenna system of the
main transmitter, located in such areas or utilizing roof-top antennas, when the
operating power would be in excess of 500 watts.

E. If it is determined that a site should be selected removed from the city,
there are several general conditions to be followed in determining the exact site.
Three maps should be given consideration if available:

(1) Map of the density of population and number of people by sections in the
area. 22a/

(2) Geographical contour map with contour intervals of 20 to 50 feet.

(3) Map showing the type, nature and depth of the soil in the area with special
reference to the condition of the moisture throughout the year.

From these maps a site should be selected with a minimum number of intervening
hills between it and the center of the city. In general, because of ground con-
ditions, it is better to select a site in a low amrea rather than on top of & hill,
and the only condition under which a site on top of a hill should be selected is
that it is only possible by this means to avoid a substantial number of hills,
between the site and the center of a city with the resulting radio shadows. If a
site is to be selected to serve a city which is on a general sloping area, it is
generally better to select a site below the city than above the city.

F. If a compromise must be made between probably radio shadows from intervening
hills and locating the transmitter on top of a hill, it is generally better to com-
promise in favor of the low area, where an efficient radiating system may be installed
which will more than compensate for losses due to shadows being caused by the hills,
if not too numerous or too high. Several transmitters have been located on top of
hills, but so far as data has been supplied, not a single installation has given
superior efficiency of propagation and coverage.

228/ See Bureau of Census series P-D and H-E available from Superintendent of Docu-
ments, Washington 25, D. C.
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PROPOSED AMENDMENT

Tt is proposed to amend Section 4 of these standards by deleting Table B and
the paragraph which begine "Table B indicates the values of inductivity and con-
ductivity * * ¥ " and substitute the following: (18FR4732)

Figures M3 and R3 indicate effective conductivity values in the United States
and are to be used for determining the extent of broadcast station coverage when
adequate field intensity measurements over the path in question are not available.
Since the values specified are only for general areas and since conductivity values
over particular paths may Vvary widely from those shown, caution must be exercised
in using the maps for selection of a satisfactory transmitter site. Where the
submission of field intensity measurements is deemed necessary or advisable, the
Commission, in its discretion may require an applicant for new or changed broad-
cast facilities to submit such data in support of its application.

(File opposite page 25, AM Standards)
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G. The ideal location of a broadcast transmitter is 1n & low area of marshy or
"ecrawfishy" soil or area which is damp the maximum percentage of time and from
which a clear view over the entire center of population may be had and the tall
buildings in the business section of thecity vmldcast a shadow across the minimum
residential area.

H. The type and condition of the soil or earth immediately around a site is
very important. Tmportant, to an equal extent, is the soil or earth between the
site and the principal area to be served. Sandy soil is considered the worst type
with glacial deposits and mineral-ore areas next. Alluvial, marshy areas and salt-
water bogs have been found to have the least absorption of the signal. One is
fortunate to have availasble such an area and, if not available, the next best con-
ditions must be selected.

I. Table B indicates the values of inductivity and conductivity which it is re-
commended be used for various types of country in the absence of surveys over the
particular area involved. Naturally, values obtained from the use of these figures
will be only approximate and should, if possible, be replaced by actual measurements
in the area under consideration.

TasLE B
Abs%rp-
- tion fac-
Type of terraln I,:gllég Conductivity tor at 50
miles,
1000 ke.t
Sea water, minimum attenuation. ... .. .. ... _.___ 81| 464x10-1 ________ 1.0
Pastoral,low hills, richsoil, typical of Dallas, Tex., Lincoln, Nebr., 204 3Xx 108 .. 0. 50
and Wolf Point, Mont., areas.
Pastoral, low hnlls, rich soil, typical of Ohip and Iilinois______.___ 14 § 108 ... 0.17
Flat nountry, marshy, denaely wooded, typical of Louisiana near 12 | 7.5x 101 ________. 0.13
Mississippi River.
Pastoral, medium _hills, and forestation, typical of Maryland, 130 6x104_________._ 0.09
Pennsylvanla, New York, exclusive of mountainous territory
and sea coasts.
Pastoral, medium hills, and forestation, heavy clay soil, typical 13 | 4x10-M_ __________ 0.05
of central Virginia.
Rocky soil, steep hills, typical of New England. .. _..._._..._.._ 14 | 2x10-1 __________ 0.025
Sandy, dry, flat, typical of coastal country. . ..o oooooomoiaoo. 10 | 2x310-M________... 0.024
City, mdustrmlarens average attenuation... ... ... 5|10 . 0.011
City, mdustnalareas maximum attenuation. .. . aommmme- 3| 10 e 0.003

1 This figure is stated for comparison purposes in order to indicate at a glance which values of conduc-
tivity and inductivity represent the higher absorption. This figure is the ratio between field intensity
obtained with the soil constants given aud with no absorption.

J. In general, broadecast transmitters operating with approximately the same
power can be grouped in the same approximate area and thereby reduce the inter-
ference between them. If the city is of irregular shape, it is often possible to
take advantage of this in selecting a sultable location that will give a meximum
coverage. The maps giving the density of population will be a key to this. The
map giving the elevation by contours will be a key to the obstructing hills between
the site and city. The map of the soil conditions will assist in determining the
efficiency of the radiating system that may be erected and the absorption of the
signal encountered in the surrounding area.

(25)
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K. Another factor to be considered is the relation of the site to airports and
airways. Procedures and standards with respect to the Commission's consideration
of proposed amtenna structures which will serve as a guide to persons intending
to apply for radio stati on licenses are conteined in Part 17 of the Commission
rules (Rules Concerning the Construction, Marking and Lighting of Antenna Struc-
tures) .

L. In finally selecting the site, consideration must be given to the required
space for erecting an efficient radiating system, including the ground or counter-
poise. It is the general practice to use direct grounds consisting of a radial
buried wire system. If the area is such that it is not possible to get such ground
gystem in soil that remains moist throughout the year, it probably will be found
better to erect a counterpoise. (Such a site should be selected only as a last
resort). It, like the antenna itself, must of course be designed properly for
the operating frequency and other local conditions.

M. While an experienced engineer can sometimes select a satisfactory site for a
100-watt station by inspection, it is necessary for a higher power station to make
a field-intensity survey to determine that the site sélected will be entirely satis-
factory. There are several facts that cannot be determined by inspection that make
a survey very desirable for all locations removed from the city. Often two or more
sites may be selected that appear to be of equal promise. It is only by means of
field-intensity surveys taken with a transmitter at the different sites or from
measurements on the signal of nearby stations traversing the terrain involved that
the most desirable site can be determined. There are many factors regarding site
efficiency that cannot be determined by any other method. When making the final
selection of a site, the need for a field-intensity survey to establish the exact
conditions cannot be stressed too strongly. The selection of a proper site for a
broadcast station is an important engineering problem and can only be done properly
by experienced radio engineers.

5. MINIMUM ANTENNA HEIGHTS OR I'TELD INTENSITY
REQUIREMENTS

Section 3.45 requires that all applicants for new, additional, or different
broadcast facilities and all licensees requesting authority to move the transmit-
ter of an existing station, shall specify a radiating system, the efficiency of
which complies with the requirements of good engineering practice for the class
and pover of the station.

The specifications deemed necessary to meet the requirements of good engineering
practice at the present state of the art are set out in detail below.

The licensee of a standard broadcast station requesting a change in power, time
of operation, frequency, or transmitter location must also request authority to
install a new antenna system or to make changes in the existing antenna system’
which will meet the minimum height requirements, or submit evidence 23/ that the
present antenna system meets the minimum requirements with respect to field in-
tensity, before favorable consideration will be given thereto. 1In the event it
is proposed to make substantial changes in an existing antenma system, the changes
shall be such as to meet the minimum height requirements or will be permitted sub-
Jject to the submission of field intensity measurements showing that it meets the
minimm requirements with respect to effective field intensity.

gg/fsee Field Intensity Measurements in Broadcast Allocation, Section A.
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These minimum actual physical vertical heights of antemnas permitted to be in-
stalled are shown by curves A, B, and C of Figure T as follows:

A, Class IV stations, 150 feet 24/ or a minimum effective field intensity of
150 mv/m for 1 kilowatt (100 watts 47.5 mv/m and 250 watts, 75 mv/m).

B. Class IT and III stations, or a minimum effective field intensity of 175 mv/m
for 1 kilowatt.

C. Class I stations, or a minimum effective field intensity of 225 mv/m for 1
kilowatt.

The heights given on the graph for the antenna apply regardless of whether the
antenna is located on the ground or on a building. Except for the reduction of
shadows, locating the antenna on a building does not necessarily increase the
efficiency and where the height of the building is in the order of a gquarter wave
the efficiency may be materially reduced.

To obtain the maximm efficiency of which any antenna is capable a good ground
system must be employed (& counterpoise may be substituted under certain conditions).

At the present development of the art, it is considered that where a vertical radi-
ator is employed with its base on the ground, the ground system should consist of bur-
ied radial wires at least one-fourth wave length long. There should be as many of
these radials evenly spaced as practicable and in no event less than 90 (120 radials
of 0.35 to 0.4 of a wave length in length and spaced 3 is considered an excellent
ground system and in case of high base current, a base screen of suitable dimen-
sions should be employed.)

It should be borne in mind that the above specifications: are the minimum and
where possible better antenna and ground systems should be installed.

In case it is contended that the required antenna efficiency can be obtained with
an antenna of height or ground system less than the minimum specified, a complete
field intensity survey gz/ must be supplied to the Commission showing that the field
intensity at a mile without absorption fulfills the minimum requirements. This field
survey must be made by a qualified engineer using equipment of acceptable accuracy.

The main element or elements of a directional antenna system shall meet the above
minimum requirements with respect to height or effective field intensity. WNo direc-
tional antenna system will be approved which is so designed that the effective field
of the array is less than the minimum prescribed for the class of station concerned,
or in case of a Class I station less than 90 percent of the ground wave field which
would be obtained from a perfect antenna of the height specified by Figure 7 for
operation on frequencies below 1000 kilocycles, and in the case of a Class II or TIT
station less than 90 percent of the ground wave field which would be obtained from a
perfect antenna of the height specified by Figure 7 for operation on frequencies
below 750 kilocycles.

Before any changes are made in the antenna system, it is necessary to submit full
details to the Commission for Approval. These data may be submitted by letter.

é&/gThis height applies to a Class IV station on a local channel only. In case &
Class IV station is assigned a regional channel Curve A shall apply.
22/ See Field Intensity Measurements in Broadcast Allocation, Section A.
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6. STANDARD LAMPS AND PAINTS
(Deleted FCC 52-641, Bff. [-2-52)

(ED. Note: See Part 17 of the Rules for rules concerning painting, lighting, etc.
antenna structures.)

7. TFURTHEER REQUIREMENTS FOR DIRECT MEASUREMENT OF POWER
(Deleted 20FR3680, Eff. 6~30-55)

8. POWER RATING OF VACUUM TUBES
(Deleted 20FR3680, EFF.6-30-55)

9. REQUIREMENTS FOR APPROVAL OF
POWER RATING OF VACUUM TUBRS
(Deleted 20FR3680,Eff.6-30-55)

10. PIATE EFFICENCY OF LAST RADTO STAGE
(Deleted 20FR3680, Eff. 6-30-55)
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11. OPERATING POWER TOLERANCE
(Deleted 18FR256, Eff., 1-13-53)

12. CONSTRUCTION AND SAFETY OF LIFE REQUIREMENTS

The specifications deemed necessary to meet the requirements of § 3.46 with
rgspect to design and construction are set forth below.

A. Degign.--The general design of standard broadcast trensmitting equipment (main
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studio microphone (including telephone lines, if used, as to performance onlyzo/
to antenna output) shall be in accordance with the following specifications. For
the points not specifically covered below, the principles set out shall be followed:

The equipment shall be so designed that:

(1) The maximum rated carrier power (determined by section 3.42) is in accordance
with the requirements of section 3.41.

(2) The equipment is capable of satisfactory operation at the authorized operating
power or the proposed operating power with modulation of at least 85 to 95 percent
with no more distortion than given in(3) below.

(3) The total audio frequency.distortion from microphone terminals, including mi-
crophone amplifier, to antenna output does not exceed 5 percent harmonics (voltage
measurements of arithmetical sum or r., s. s,) when modulated from O to 84 percent,
and not over 7.5 percent harmonics (voltage measurements of arithmetical sum or
T. S. S,) when modulating 85 percent to 95 percent (distortion shall be measured
with modulating frequencies of 50, 100, 400, 1000, 5000 and 7500 cycles up %0
tenth harmoniec or 16000 cycles, or any intermédiate frequency that readings on
these frequencies indicate is desirable).

{4) The audio frequency transmitting characteristics of the equipment from the
microphone terminals (including microphone emplifier unless microphone frsquency
correction is included in which event proper allowance shall be made accordingly)
to the antenna output does not depart more than 2 decibels from that at 1000 eycles
between 100 and 5000 cycles.

(5) The carrier shift (current) at any percentage of modulation does not exceed
S percent.

(6) The carrier hum and extraneous noise (exclusive of microphone and studio noises)
level (unweighted r. s, s.) is at least 50 decibels below 100 percent modulation
for the frequency band of 150 to 5000 cycles and at least 40 decibels down outside
this range.

(7) The transmitter shall be equipped with suitable indicating instruments in
_ accordance with the requirements of section 3.58 and any other instruments neces-
sary for the proper adjustment and operation of the equipment..

(8) Adequate provision is made for varying the transmitter power output between
sufficient limits to compensate for excessive variations in line voltage, or other
factors which may affect the power output.

(9) The transmitter is equipped with automatic frequency control equipment capable
of maintaining the operating frequency within the limit specified by section 3.59.

30/ In cases where telephone lines are not available to give the performance as re-
quired in these specifications a relay transmitter may be authorized to supersede
the lines.
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a. The meximum temperature variation i;/ at the crystal from the normel operating
temperature shall not be greater than:

1. Plus or minus 0.180. when an X or Y cut crystal is employed, or
2. Plus or minus 1.0°C. when low temperature «coefficient crystal is employed.

b. Unless otherwise authorized, a tehenmometer shall be instelled in such man—
ner that the temperature at the crystal can be accurately measured within O. 05 C.
for X or Y cut crystal or 0.5° for low temperature coefficient crystal.

C. It is preferable that the tank circuit of the oscillator tube be installed
in the temperature controlled chamber.

(10) Means are provided for connection and continuous operation of approved modu-
lation monitor and epproved frequecny monitor.

a. The radio frequency energy for operation of the approved frequency monitor
shall be obtained from a radio-frequency stage prior to the modulated stage unless
the monitor is of such design as to permit satisfactory operation when otherwise
connected and the monitor circuits shall be such that the carrier is not heterodyned
thereby.

(11) Adequate margin is provided in all component parts to avoid overheating at
the maximum rated power output.

B. Construction.-~ In general, the transmitter shall be constructed either on racks
and panels or in totally encloseg, grames / protected as required by article 810
of the National Electrical Code LY and as set forth below:

(1) Means shall be provided for making all tuning adjustments, requiring voltages
in excess of 350 volts to be applied to the circuit, from the front of the panels
with all access doors closed.

(2) Proper- bleeder resistors or other automatic means shall be installed across
all the condenser banks to remove any charge which may remain after the high volt-
age circuit is opened (in certain instances the plate circuit of the tubes may
provide such protection; however, individual approval of such shall be obtaeined

3;/ Explanations of excessive frequency deviations will not be accepted when tempera-
ture variations are in excess of the values specified below.

32/ Deleted. (20FR 3680, Eff. 6-30-55)

33/ The final stages of high power transmitters may be assembled in open fremes pro-
vided the equipment 1s enclosed by a protective fence.

3_/ The pertinent sections of article 810 of the National Electrical Code read as
follows:

"8191. General.--Transmitters shall comply with the following:

"a. Enclosing.-~ The transmitter shall be enclosed in a metal frame or grille, or
separated from the operating space by a barrier or other equivalent means, all metal-
lic parts of which are effectually connected to ground.

"b. Grounding of controls.-- All external metallic handles and controls accessible to
the operating personell shall be effectually grounded. No curcuit in excess of 150
volts shall have any parts exposed to direct contact. A complete dead-front type of
switchboard is preferred.

"c. Interlocks on doors.-- All access doors shall be provided with interlocks which
will disconnect all voltages in excess of 350 volts when any access door is opened."
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by the manufacturer in case of gtandard equipment, and the licensee in case of
composite equipment.)

(3) All plate supply and other high voltage equipment, inoluding transformers,
filters, rectifiers and motor generators, shall be protected so as to prevent in-
Jury to operating personnel.

a. Commutator guards shall be provided on all high voltege rotating machinery
(coupling guards on motor generators, although desirable, are not required).

b. Power equipment and control panels of the transmitter shall meet the above
requirements (exposed 220 volt AC switching equipment on the front of the power
control panels is not recommended; however, is not prohibited.)

c. Power equipment located at a broadcast station but not directly associated
with the transmitter (not purchased as part of same); such as power distribution
panels, control equipment on indoor or outdoor stations and the substations asso-
ciated therewith, are not under the Jurisdiction of the Commission; therefore,
section 3.46 does not apply.

d. It is not necessary to protect the equipment in the antenna tuning house
and the base of the antenna with screens and interlocks, provided the doors to
the tuning house and antenna base are fenced and locked at all times, with the
keys in the possession of the operator on duty at the transmitter. Ungrounded
fencing or wires should be effectively grounded, either directly or through pro-
per static leaks. Lighting protection for the antenna system is not specifically
required but should be installed.

e. The antemna, antenna lead-in, counterpoise (if used), etc., shall be installed
80 as not to present a hazard. The antenna may be located close by or at a dis-
tance from the transmitter building. A properly designed and terminated trans-
mission line should be used between the transmitter and the antenna when located
at a distance. .

(%) Metering equipment: 36/

a. All instruments having more than 1,000 volts potential to ground om the
movement shall be protected by a cage or cover in addition to the regular case.
(Some instruments are designed, by the manufacturer to operate safely with voltages
in excess of 1,000 volts on the movement. If it can be shown by the manufacturer's
rating that the instrument will operate safely at the applied potential, additional
protection is not necessary.)

3§/ In addition to the following requirements, instruments shall meet the require-
ments of Section 3.58 and "Indicating Instruments Pursuasnt to Section 3.58."

(48)
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b. In case the plate voltmeter is located on the low potential side of the
multiplier resistor with one terminal of the instrument at or less than 1, 000
volts above ground, no protective case is required. However, it is good practice
to protect voltmeters subject to more than 5,000 volts with suitable over-volt-
age protective devices across the instrument terminals in case the winding opens.

¢c. The antenna ammeters (both regular and remote and any other radio frequency
instrument which it is necessary for the operator to read) shall be so installed
as to be easily and accurately read without the operator having to risk contact
with circuits carrying high potential radio frequency energy.

C. Wiring and shielding.--{1) The transmitter panels or unite shall be wired in
accordance with standard switchboard practice, either with insulated leads prop-
erly cabled and supported or with rigid bus bar properly insulated and protected.

(2) Wiring between units of the transmitter, with the exception of circuits car-
rying radio frequency energy, shall be installed in conduits or approved fiber or
metal receways to protect it from mechanical injury.

(3) Circuite carrying low level radio frequency energy between units shall be
either concentric tube, two wire balanced lines, or properly shielded to prevent
the pickup of modulated radio frequency energy from the output circuits.

(4) Each Stage (including the oscillator) preceding the modulated stage shall be
properly shielded and filtered to prevent unintentional feedback from any circuit
following the modulated stage (an exception to this requirement may be made in the
case of high level modulated transmitters of approved manufacture which have been
properly engineered to prevent reaction.)

(5)'The crystal chamber, together with the conductor or conductors to the oscilla-
tor circuit shall be totally shielded.

(6) The monitors and the radio frequency lines to the tremsmitter shall be thor-
oughly shielded.

D. Installation.-—(l) The installation shall be made in suitable guarters.

(2) Since an operator must be on duty at the tramsmitter comtrol point during
operation, suitable facilities for his welfare and comfort shall be provided at
the control point. (20FR 3680, Eff. 6-30-55)

E. Spare tubes.--A gpare tube of every type emplyed in the transmitter and fre-
quency and modulation monitors shall be kept on hand. When more than one tube of
any type are employed, the following table determines the number of spares of that
type required:

Spares
Number of each type employed: required
1lOor 2 -+ - ;o e e et e e e e e e s e = - - 1
3305 = « 2 0 o s e s e e e e e e e e - .- 2
6608 = =~ = - - e e e e et e e e a e e eama . 3
Jormore - - = - = - = - B T T u - b
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F. Studio equipment.--The studio equipment shall be subJect to all the above
requirements where applicable except as follows: (18FR256, Eff. 1-13-53)

(1) If it is properly covered by an underwriter's certificate, it will be
considered as satisfying the safety requirements.

(2) section 8191 of Article BlO of the National Electrical Code shall apply
for voltages only when in excess of 500 volts.

No specific reguirements are made relative to the design and accoustical treat-
ment. However, the studios end particularly the main studio should be in accord-
ance with the standard practice for the class of station concerned, keeping the
noige level as low as reasgonably possibie.

13. INDICATING INSTRUMENTS PURSUANT TO SECTION 3.58

The following requirements and specifications shsll apply to indicating instru-
ments used by standard broadcasting stations:

A. TInstruments indicating the plate current or plate voltage of the last radio
stage (linear scale instruments), shall meet the following specifications:

(1) Iength of scale shall be not less then 2 3/10 inches.

(50)
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(2) Accuracy shall be at least 2 percent of the full scale reading.

(3) The maximum rating of the meter shall be such that it does not read off scale
during modulation.

(4) Scale shall have at least 40 divisions,

(5) Full scale reading shall not be greater than five times the minimum normal in-
dication,

B. Instruments indicating the antenna current shall meet the following specifica-
tions:

(1) Instruments having logarithmic or square law scales.
(a) Shall meet same requirements as 1, 2, and 3 above for linear scale instruments.

(b) Pull scale reading shall not be greater than three times the minimum normal
indication,

(¢) No scale division above ome-third full scale reading (in amperes) shall be
greater than one-thirtieth of the full scale reading. (Example: An ammeter meeting
requirement (a) above having full scale reading of 6 amperes is acceptable for
reading currents from 2 to 6 amperes, provided no scale division between 2 and 6 am-
peres is greater than one-thirtieth of 6 amperes, 0.2 empere.)

(2) Radio frequency instruments having expanded scales.
(a) Shall meet same requirements as 1, 2, and 3 for linear scale instruments.

(b) Full scale reading shall not be greater than five times the minimum normal
indication,

{¢) No scale division above one-fifth full scale reading (in amperes) shall be
greater than one-fiftieth of the full scale reading. (Example: An ammeter meeting
the requirement (a} above is acceptable for indicating currents from 1 to 5 emperes,
provided no division between 1 and 5 amperes is greater than one-fiftieth of 5 am-
peres, 0.1 empere.)

() Manufacturers of instruments of the expanded scale type must submit data to
the Commission showing that these instruments have acceptable expanded scales, and
the type number of these instruments must include suitable desigmation.

(3) Remote reading antenna ammeters may be employed and the indications logged as
the antenna current in accordance with the following:

(a) Remote reading antenna ammeters may be provided by:

1. Inserting second thermocouple directly in the antenna circuit with remote
leads to the indicating instrument,
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2. Inductive coupling to thermocouple or other device for providing direct
current to indicating instrument,

3. Capacity coupling to thermocouple or other device for providing direct
current to indicating instrument,

4, Current transformer connected to second thermocouple or other device for
providing direct current to indicating instrument,

5, Using transmission line current meter at transmitter as remote reading em-
meter, See paragraph (h) below.

6, Using indications of phase monitor for determining the ratio of antenna
currents in the case of directional antennas, provided the indicating instruments
in the unit are connected directly in the current sampling circuits with no other
shunt circuits of any nature.

(v) A thermocouple type ammeter meeting the above requirements shall be perman-
ently installed in the antenna circuit., (This thermocouple ammeter may be so con-
nected that it is short circuited or open circuited when not actually being read.
If open circuited, a meke-before-break switch must be employed.)

(¢) The remote ammeter shall be connected at the seme point in the antenna cir-
cult as the termocouple ammeter and shall be So connected and calibrated as to read
in amperes within 2 percent of this meter over the entire range sbove one-third or
one-fifth full scale. See sections B 1l (¢) and B 2 (c) above respectively.

(d) The regular antenna ammeter shall be above the coupling to the remote meter
in the antenna circuit so it does not read the current to ground through the remote
meter.

(e) ALl remote meters shall meet the same requirements as the regular antenna
ammeter with respect to scale accuracy, etc.

(£) Calibration shall be checked against the regular meter at least once a week,

(g) All remote meters shall be provided with shielding or filters as necessary
to prevent any feed-back from the antenna to the transmitter,

{h) In the case of shunt excited antennas, the transmission line current meter
at the transmitter may be considered as the remote antenna ammeter provided the
tranamission line is terminated directly into the excitetion cireuit feed line, which
shall employ series tuning only (no shunt circuits of any type shall be employed),
and insofar as practicable, the type and scale of the transmission line meter should
be the same as those of the excitation circuit feed line meter (meter in slant wire
feed line or equivalent).

(1) Remote reading antenna ammeters employing vacuum tube rectifiers are accep-
table provided:

1. The indicating instruments shall meet all the above requirements for linear
scale instruments.

2. Data are subtmlitted under oath showing the unit has an over-all accuracy of
at least 2 percent of the full scale reading.
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3. The installation, calibration, and checking are in accordance with the
above requirements.

(j) In the event there is any question as to the method of providing for the
accuracy of the remote meter, the burden of proof of satisfactory performance shall
be upon the licensee and the manufacturer of the equipment. :

C. Stations determining power by the indirect method may log the transmissgion .line
current in lieu of the antenna current provided the instrument meets the above re-—
quirements for entenna emmeters, and further provided that the ratio between the
transmission line current and the antenna current is entered each time in the log.
In case the station is authorized for the same operating power for both day and
nighttime operation, this ratio shall be checked at least once daily. Stations
which are authorized to operate with nighttime power different from the daytime
power shall check the ratio for each power at least once daily.

D. No instrument, the seal of which has been broken, or the accuracy of which is
questionable, shall be employed. Any instrument which weas not originally sealed
by the manufacturer that has been opened shall not be used until it has been re-
calibrated and sealed in accordance with the following: Repairs and recalibration
of instruments shall be made by the manufacturer, by asn authorized instrument re-
pair service of the manufacturer or by some other properly qualified and equipped
instrument repeir service. 1In either case the instrument must be resealed with the
symbol or trade mark of the repair service and a certificate of calibration supplied
therewith.

E. Since it is uaually impracticel to measure the acutal antenna current of a
shunt excited antenna system, the current measured at the input of the excitation
circuit feed line is accepited as the antenna current.

F. Recording instruments may be employed in addition to the indicating instruments
to record the entenna current and the direct plate current and direct plate voltage
of the last radio stage provided that they do not affect the operation of the cir-
cuits or accuracy of the indicating instruments. If the records are to be used in
any proceedings before the Commission as representation of operation with respect
to plate or antenna current and plate voltage only, the accuracy must be the equiva-
lent of the indicating instruments and the calibration shall be checked at such
intervals as to insure the retention of the accuracy.

G. The function of esach instrument shall be clearly and permanently shown on the
instrument itself or on the panel immediately adjacent thereto.
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14. REQUIREMENTS FOR TYPE APPROVAL OF BROADCAST TRANSMIT-
TERS AND AUTHOMATIC FREQUENCY CONTROL EQUIPMENTS
(Deleted 20FR3680, Eff. 6~30-55)

15. REQUIREMENTS FOR APPROVAL OF FREQUENCY MONITORS
(FCC53-68, Adopted 1-26-53)

A. GENERAL REQUIREMENTS AND APPROVAL

There are gserveral ways or means by which 1t can be determined whether the fre-
quency of the emitted carrier wave is within the required limits of the assigned
frequency. However, one of the commonest ways 1s by means of a local piezo oscil-
lator of known freguency producing a beat with emitted wave used in conjunction
with an instrument to indicate the resultant beat frequency. The visusl 1lndicator
QZ/ is the only method now in common use by which it is considered that the

frequency of

‘31/ In addition to the visual indicator, the range of which is necessarily limited

in order to obtain the required accuracy, an aural indicator should also be employed

to indicate frequency deviations beyond the range of the visual indicator, particu-
larly where the visual indicator is so designed that the indication becomes zero when it
ig desired to make any change, either machanical or electrical, the details shall be
submitted to the Commission for its consideration.
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the beat may be determined with the required degree of accuracy. Approval of a fre-
quency monitor will be given based upon data taken by the Laboratory Division of the
FCC. Any manufacturer desiring to submit a monitor for approval shall supply the

Commission with full details, If the specifications appear to meet the requirements,
the Commission will authorize the Laboratory Division to issue shipping instructions.

(18FR256, Eff. 1-13-53)

In approving a freguency monitor, based upon the tests by the Laboratory, the
Caommission merely recognizes that the type of monitor has the inherent capability
of functioning in complience with Section 3.60, if properly constructed, maintained,
and operated. The Commission accepts no responsibility beyond this and further rea~
lizes that these monitors may have a limited range over which the vigual indicator
will determine deviations. Accordingly, it is necessary that adjunct equipment be
used to determine major deviatioms. 37/

No change whatsoever will be permitted in the monitors sold under approval number
issued by the Commission except when the licensee or the manufacturer is specifically
authorized to make such changes.

When it is desired to make any change, either mechanical or electrical, the de-
tails shall be submitted to the Commission for its consideration.

Approval is given subject to withdrawal if the unit proves defective in serxrvice
and cannot be relied upon under usuel conditions of maintenance and operation en~'
countered in the average standard broadcast statiom. Withdrawal of approval means
that no further units may be installed by standard broadcast stations for the pur-
pose of complying with Section 3.60, but will not affect unite already sold, unless
it is found that there has been an unauthorized change in desgign or comstruction,
or the material or workmanship is defective. All manufacturers of approved fre-
quency monitors shall keep a list of sale numbers of the monitors sold to licensees
of standard broadcast stations under the assigned approval number, and shall advise
the Commission upon shipment of the monitor to the standard broadcast statiom.

B. GENERAL SPECIFICATIONS

The general specifications that frequency monitors shall meet before they will
be approved by the Commission ¢re as follows:

(l) The unit shall have an accuracy of at least five parts per million under
ordinary conditions (temperature, humidity, power supply, and other conditions
which may affect its accuracy) encountered in standard broadcast stations through-
out the United States.

(2) The range of the indicating device shall be at least from 20 cycles below to
20 cycles above the assigned frequency. (18FR256, Eff. 1~13-53)

(3) The scale of the indicating device shall be so calibrated as to be accurately
reaed within at least 1 cycle.

37/ See footnote on p. 55.
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(%) The unit shall be equipped with an automatic temperature control chamber {pre-
ferably enclosing the tank circuits of the oscillator) such that the meximum tem-
perature variation at the crystal from the normal operating temperature shall not
be greater than,

(2) Plus or minus 0.05° C when X or Y cut crystal is employed, or

(b) Plus or minus 0.5o C when low temperature coefficient crystal is employed.

(5) Unless otherwise specifically authorized, the instrument shall be equipped
with a thermometer such that the termperature can be accurately measured within
0.025 °c for X or Y cut crystal or O. 25 for low temperature coefficient crystal.

(6) The monitor circuit shall be such that it may be continuously operated and
the emitted carrier of the station is not heterodyned thereby.

(7) Means shall be provided for adjustment of the temperature or other means for
correction of the indications of the monitor to agree with the external standard.

C. TESTS TO BE MADE BY THE LABORATORY DIVISION OF THE FCC

The tests to be made by the Laboratory will include the determination of the fol-
Jowing:

(1) Accuracy.--(a) Oscillator frequency, as received.
(b) Constancy of oscillator frequency, as measured several times in 1 month.
(c) Accuracy of readings of frequency-difference instrument.
(&) Functioning of frequency edjustment device.
(e) Effects on frequency of changing tubes and of voltage variations.

(2) Temperature control stability.--(a) Effect on_frequency of variation of room
temperature through a range not to exceed 10° to 35Y C.

(3) Seusitivity.--(a) Response of indicating instrument to small changes of fre-~
quency.

(k) General comstruction.--(a) Inspection to determine ability to stand shipment
and service.

(b) Special tests to determine quality of construction, such as effect of
tilting or tipping on frequency.

(57)
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PROPOSED AMENDMENT

§ 16. Delete first paragraph. (18FR325) O

Section 3.55(b) requires all broadcast stations to have in operation a modula-
tion monitor approved by the Commission and Section 3.55(d) states that the Com=
mission will from time to time publish the specifications, requirements, and list
of approved modulation monitors. The specifications and requirements for approval
are set out below. For a list of approved modulation monitors, attention ig in-
vited to Commission release "List of Approved Modulation Monitors."

(File opposite page (58) AM Standerds) O
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(5) Miscellaneous performence.--(a) Various, depending on character of apparatus
(e.g., changes after stopping and starting, effect of varying coupling with trans-
mitter, etc.)

The equipment will be operated in a test in the same way and the same conditions
under which it will be used in service as specified by the manufacturer. The manu-
facturer shall supply to the Laboratory Division all instructions or services which
will be supplied to the purchaser of the equipment. The equipment, as submitted,
shall be adjusted for operation in connection with broadcast stations operating on
1600 kilocycles.

16. REQUIREMENTS FOR APPROVAL OF MODULATTON MONITORS
(FCC53-68, Adopted 1-26-53)

Approval will be given based on the test date taken at the Laboratory Division
of the FCC. Any manufacturer desiring to submit a monitor for approval shall sup-
ply the Commission with full details and if the specifications sppear to meet the
requirements, the Commission will authorize the Laboratory Division to issue ship-
ping instructions. The shipping charges to and from the Laboratory at Laural, Md.
shall be paid by the manufacturer.

The specifications that the modulation monitor shall meet before it will be
approved by the Commission are as follows:

(1) A DC meter for setting the average rectified carrier at a specific value and
to indicate changes in carrier intensity during modulation.

(2) A peak indicating light or similar device that cen be set at any predeter-
mined value from 50 to 120 percent modulation to indicate on positive peaks, and/or
from 50 to 100 percent negative modulation.

(3) A semi-peak indicator with a meter having the characterigtics given below
shall be used with a circuit such that peaks of modulation of duration between LO
and 90 milliseconds are indicated to 90 percent of full value and the discharge
rate adjusted so that the pointer returns from full reading to 10 percent of zero with-
in" 500 to 800 milliseconds. A switch shall be provided so that this meter will
read either positive or negative modulation and, if desired, in the center posi-
tion it may read both in a full-wave circuit.

The characteristice of the indicating meter are as follows:
Speed.~--The time for one complete oscillation of the pointer shall be 290 to 350
milligeconds. The damping factor shell be between 16 and 200. The useful scale

length shall be at least 2.3 inches. The meter shall be calibrated for modulation
from O to 110 percent and in decibels below 100 percent with 100 percent being O DB.

(58)
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o The accuracy of thg readi_x;xg on percentage of modulation shall be ;o 2 vyercent for
100 percent modulation, and — 4 percent of full scale reading at any other percent-
age of modulation.

(4) The, frequency characteristics curve shall not depart from a straight line
more than —% DB from 30 to 10000 cycles. The amplitude distortion or generation
of audio harmonics shall be kept to a minimum.

(5) T h e modulation meter shall be equipped with appropriate terminals so that an
external peak counter can be readily connected.

(6) Modulation will be tested at 115 volts T 5 percent and 60 cycles, and the
above accuracies shall be applicable under these conditions.

(7) All specifications not already covered above, and the general design, con-
struction, and operation of these units must be in accordance with good engineering
pracitce.

17. USE OF LOW TEMPERATURE COEFFICIENT CRYSTALS BY
BROADCAST STATIONS
(Deleted 20FR3680, Eff. 6-~30-55)

18. MONEY REQUIRED TO CONSTRUCT AND COMPLETE EIECTRICAL
TESTS OF STATIONS OF DIFFERENT CLASSES AND POWERS
(Deleted 18FR256, Eff. 1~13-53)

219. USE OF COMMON ANTENNA BY STANDARD BROADCAST STATIONS
OR ANOTHER RADIO
STATTON
(Deleted 18FR2554, Eff. 6-1-53)

20. USE OF FREQUENCY AND MODULATION MONITORS AT AUXILIARY
BROADCAST TRANSMITTERS
(Deleted 20FR3680, Eff. 6-30-55)

21. APPROVED FREQUENCY MONITORS
(Deleted 20FR3680, Eff. 6-30~55)

22. APPROVED MODULATION MONITORS
(Deleted 20FR3680, Eff. 6-30-55)

23. APPROVED EQUIPMENT
(Deleted 20FR3680, Eff. 6-30-55)

O 24, STANDARD BROADCAST APPLICATION FORMS
(Deleted 18FR 256, Eff. 1-13-53)
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Informal requests (letters or telegrams) may be filed for requests:
0 (a) To operate additional time.

(b) To discontinue operation or services not covered by section 3.71.

(¢c) To operate with additiondl power.

(d) To operate with reduced power not covered by section 3,57,

(e) To operate for test purposes (to determine site, etc.).

(f) To rebroadcast programs or stations of other classes.

(g) Other special temporary operation beyond temms of existing license.

(h) Temporary operation without specified items of equipment, or with temporary,
substitute, or auxiliary equipment.

(1) Operation without an approved frequency monitor.

(2) Operation without an approved modulation monitor.

(3) Operation without thermometer in automatic temperattire control chamber.

(4) Operation without antenna ammeter, plate voltmeter, or plate ammeter.
O (5) Operation with substitute ammeter, plate voltmeter, or plate ammeter.

(6) Operation with temporary antenna system.

{7) Operation with auxiliary transmitter as main transmitter.

{1) Operation with new or modified equipment pemding repair of existing equipment,
or pending receipt and action upon a formel application.

(7) Wnere formal application is not required, application for new or modified equip-
ment or antenna system.

(e8)



(k) Change of specifications for painting and lighting antenna towers where for-
mal application 1s not required.

(1) Operation to determine power by direct method during program test period.
(m) Relocation of transmitter in seme building.
(n) Operation with reduced power or time under Sections 3.57 and 3.71.

(o) Approval of types of equipment as to compliance with outstanding rules or
standards.

(p) A1l authorizations for equipment and program tests, oxr extensions thereof,
where it appears that compliance has been had with the terms of the contruction
permit.

(q) Extensions of time within which to comply with technical requirements speci-
fied in authorizations, orders, end rules or releases of the Commission.

(r) Representations of compliasnce with technical requirements specified in autho-
rizations, order, rules, or releases (except formal applications).

(s) Operation with licensed, new or modified equipment at a temporary location
with & temporary antenne system in case of an emergency when, due to causes beyond
the control of the licensee, it becomes impossible to continue operating at the
licensed location.

25. FIEID OFFICES OF THE COMMISSION
Section 3.57 and other rules of the Commission require that in certain instances,
the inspector in charge of the district in which the station is located be advised
of the conditions existing at the station. A list of the radio districts, giving

the address of each field office of the Commission asnd the territory embraced in
each district, may be found in Part O of the rules. (18FR256, Eff. 1-13-53)

(69-71)
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AFPFENDIX I
GROUND WAVE FIELD INTENSITY CHARTS

Graphs 1-20 show the computed values of ground wave field intensity as a function
of the distance from the transmitting antenna. The ground wave field intensity is
here considered to be that part of the vertical component of the electric field re-
ceived on the ground which has not been reflected from the ionosphere nor the tropo-
sphere., These 20 charts were computed for 20 different frequencies, a dielectric
constant of the ground equal to 15 for land and 80 for sea water (referred to air_as
unity) and for the ground conductivities (expressed in electromagnetic units x 10
or expressed in mhos per meter x 109) given on the curves. The curves show the var-
iation of the ground wave field intensity with distanece to be expected for transmis- .,
sion from a short vertical antenna at the surface of a uniformly conducting spherical
earth with the ground constants shown on the curves; the curves are for an antenna
power and efficiency such that the inverse distance field is 100 mv/m at 1 mile., The
curves are valid at distences large compared to the dimensions of the antenna for
other than short vertical antennas,

The inverse distance field (100 mv/m divided by the distance in miles) eorresponds
to the ground wave field intensity to be expected from an antenna with the same rad-
iation efficiency when it 1s located over a perfectly conducting earth. To determine
the value of the ground wave field intensity corresponding to a value of inverse dis-
tance field other than 100 mv/m at 1 mile, simply multiply the field intensity as
glven on these charts by the desired value of inverse distance field at 1 mile di-
vided by 100; for example, to determine the ground wave field intensity for a sta-
tion with an inverse distance field of 1700 mv/m at 1 mile, simply multiply the
values given on the charts by 17. The value of the inverse distance field to be
used for a particular antenna depends upon the power input to the antenna, the na=
ture of the ground in the neighborhood of the antenna, and the geometry of the antemnna,
For methods of calculating the inter-relations between these variables and the inverse
distance field, see "The Propagation of Radio Waves Over the Surface of the Earth end
in the Upper Atmosphere,” Part II, by Mr., K, A, Norton, Proc, I. R, E,, Vol. 25, Sep-
tember 1937, pp. 1203-=1236,

At sufficiently short distances (say less than 35 miles), such that the curvature
of the earth does not introduce an additional attenuation of the waves, the graphs
were computed by means of the plane earth formulas given in the paper, "The Propaga-
tion of Radio Waves Over the Surface of the Earth and in the Upper Atmosphere,” Part
I, by Mr. K. A, Norton, Proc. I. R. E., Vol. 24, October 1936, pp. 1367-1387. At
larger distances the additional attenuation of the waves which is introduced by the
effect of the curvature of the earth was introduced by the methods outlined in the
papers, "The Diffraction of Electromagnetic Waves from an Electrical Point Source
round a Finitely Conducting Sphere, with Applications to Radiotelegraphy and the
Theory of the Rainbow,” by Balth van der Pol and H, Bremmer, Part I, Fhil. Mag., Vol,
24, p. 141, July 1937, Part II, Phil. Mag., Vol. 24, p. 825, Suppl., November 1937,
"Ergebrisse einer Theorie uber die Fortpflanzung elektromagnetischer Wellen uber eine
Kugel endlicher Leitfahigkeit,” by Balth van der Pol and H., Bremmer, Hochfrequenztechnik
und Elektroakustik, Band 51, Heft 6, June 1938, "Further Note on the Propagation of
Radio Waves over a Finitely Conducting Spherical Earth," by Balth van der Pol and H,
Bremmer, Phil. Mag., Vol. 27, p. 261, March 1939. In order to allow for the refrac-
tion of the radio waves in the lower atmosphere due to the variation of the dielectriec
constant of the air with height above the earth, a radius of the earth equal to 4/3
the actual radius was used in the computations for the effect of the earth's curva-
ture in the manner suggested by C. R. Burrows, "Radio Propagation over Spherical
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Earth," Proc. I, R, E,, May 1935; i, e,, the distance corresponding to a given value
of attenuation due to the curvature of the earth in the absence of air refraction was

0 multiplied by the factor (4/3)%/9 = 1,21, The amount of this refraction varies from
day to day and from season to season, depending on the air mass conditions in the
lower atmosphere, If k denotes the ratio between the equivalent radius of the earth
and the true radius, the following table gives the values of k for several typical
air masses encountered in the United States.

k
Air mass type
Summer Winter
Tropical Gulf—T e . o 1. 53 1.43
Polar Continental— Pe. . e 1.31 1.25
S PeTIOT— 18 - e e 1.25 1.25
AVerage e 1.33

It is clear from this table that the use of the average value of k = 4/3 is justi=-
fied in obtaining a single correction for the systematic effects of atmospheric re-
fraction,

0 Provided the value of the dielectric constant is near 15, the curves of Graphs
1-20 may be compared with experimental data to determine the appropriate values of
the ground conductivity and of the inverse distance field intensity &t 1 mile. This
is accomplished simply by plotting the measured fields on transparent log=log graph
paper similar to that used for Graphs 1-20 and superimposing this chart over the
Graph corresponding to the frequency involved. The log-log-graph sheet is then
shifted vertically until the best fit is obtained with one of the curves on the Graph;
the intersection of the inverse distance line on the graph with the l-mile abscissa
on the chart determines the inverse distance field intensity at 1 mile. For other
values of dielectric constant, the following procedure may be used for a detemmina-
tion of the dielectric constant of the ground, conductivity of the ground and the
inverse distance field intensity at 1 mile. Graph 21 gives the relative values of
ground wave field intensity over a plane earth as a function of the numerical distance
P and phase angle b, On graph paper with coordinates similar to those of Graph 21,
rlot the measured values of field intensity as ordinates versus the corresponding
distances from the antenna expressed in miles as abscissae. The data should be
plotted only for distances greater than one wavelength (or, when this is greater,
five times the vertical height of the antenna in the case of a single element, i, e.,
nondirectional antenna or 10 times the spacing between the elements of a directional
antenna) and for distances less than SO/f% 5 miles (i.e., 50 miles at 1 me). Then,
using a light box, place the sheet with the data plotted on it over the sheet with
the curves of Graph 21 and shift the data sheet vertically and horizontally (making
sure that the vertical lines on both sheets are parallel) until the best f£it with

the data i1s obtained with one of the curves on Graph 2l. When the two sheets are
properly lined up, the value of the field intensity corresponding to the intersection
of the inverse distance line of Graph 21 with the 1 mile abscissa on the data sheet
is the inverse distance field intensity at 1 mile, and the values of the numerical
distance at 1 mile, py, and of b are also detemined. Knowing the velues of b and py
(the numerical distance at 1 mile), we may substitute in the following approximate

(96) %
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_ zg%-(R/x)l.cos b (1)
71

(R/\);=Number of wavelengths in 1 mile.

1071 (2)

_ zfne
To.m-w.=77.9731
Go. m.u.=Conductivity of the ground ex-
pressed in electromagnetic units.

fme=frequency expressed in megacycles.
e~y tan b—1 3)
e=dielectric constant of the ground re-

ferred to air as unity.
First solve for z by substituting the known
values of p;, (B/\);, and cos b in equation (1).
Equation (2) may then be solved for ¢ and
equation (3) for ¢). At distances greater than
50/f% miles the curves of Graph 21 do not give
the correct relative values of field intensity
since the curvature of the earth weakens the
field more rapidly than these plane earth curves
would indicate. Thus, no attempt should be
made to fit experimental data to these curves
at the larger distances.

At sufficiently short distances {say less than 35 miles at broadcast frequencies),
such that the curvature of the earth does not introduce an additional attenuation
of the waves, the curves of Graph 21 may be used for determining the ground wave
field intensity for transmitting and receiving antennas at the surface of the earth
for any radiated power, frequency, or set of ground constants in the following man-
ner: First, lay off the straight inverse distance line corresponding to the power
radiated on transparent log-log graph paper similar to that of Graph 21, labelling
the ordinates of the chart in terms of field intensity and the abscissae in terms of
distance. Next, by means of the formulas given on Graph 21, calculate the value of
the numerical distance, p, at 1 mile and the value of b, Then superimpose the log=
log chart over Graph 21, shifting it vertically until the inverse distance lines on
both charts coincide and’ shifting it horizontally until the numerical distance at
1l mile on Graph 21 coincides with 1 mile on the log~log graph paper. The curve of
Graph 21 corresponding to the calculated value of b is then traced on the log=log
graph paper giving the field intensity versus distance in miles.
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PROPOSED AMENDMENT

PERMISSIBLE DAYTIME RADIATION

Q FOR CLASS I-B AND CLASS II STATIONS
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PROPOSED AMENDMENT

PERMISSIBLE DAYTIME RADIATION
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PROPOSED AMENDMENT

PERMISSIBLE DAYTIME RADIATION
O FOR CLASS I-B AND CLASS IT STATIONS

FIGURE 1-D 1600 KC
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PERMISSIBLE RADTATION FOR
0 CLASS I-B AND CLASS IT STATIONS

INTERPOLATION FACTORS FOR
FREQUENCIES BETWEEN
500, 1000 and 1600 XC.

TABLE I

ke K500 K1000 ke K' 5000 K’ 1600
640 0.720 0.280 1010 0.983 0.017
650 0.700 0.300 1020 0.967 0.033
660 0.680 0.320 1030 0.950 0.050
670 0.660 0.34%0 10k0 0.933 0.067
680 0.640 0.360 1050 0.917 0.083
690 0.620 0.380 1060 0.900 0.100
700 0.600 0.400 1070 0.883 0.117
710 0.580 0.420 1080 0.867 0.133
720 0.560 0.440 1090 0.850 0.150
730 0.540 0.460 1100 0.833 0.167
740 0.520 0.480 1110 0.817 0.183
750 0.500 0.500 1120 0.800 0.200
760 0.480 0.520 1130 0.783 0.217
770 0.460 0.540 1140 0.767 0.233
‘ 780 0.440 0.560 1160 0.733 0.267
800 0.400 0.600 1170 0.717 0.283
0 810 0.380 0.620 1180 0.700 0.300
820 0.360 0.640 1190 0.684 0.316
830 0.34%0 0.660 1200 0.667 0.333
8h0 0.320 0.680 1210 0.650 0.350
850 0.300 0.700 1220 0.633 0.367
860 0.280 0.720 1500 0.167 0.833
870 0.260 0.740 1510 0.150 0.850
880 0.240 0.760 1520 0.133 0.867
890 0.220 0.780 1530 0.117 0.883
900 0.200 0.800 1540 0.100 0.900
9ko 0.120 0.880 1550 0.083 0.917
990 0.020 0.980 1560 0.067 0.933
1570 0.050 0.950

1580 0.033 0.967

To determine the permissible radiation at f,, multiply the value of
radiation at the proper azimuth and distance from tné 500 kc chart by K500
and from the 1000 ke chart by Kjggo (for 'y use K'1000 for the value firom
the 1000 kc¢ chart and K'1600 for the value from the 1600 kc chart). Add the

products; the sum is the permissible radiation for the frequency fic (or f£'y.).

O (Fcc 54-333)

(3-27-54)
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