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INTRODUCTION
1. The Commission is initiating this Notice of Inquiry

(Inquiry) for the purpose of providing a comprehensive

review of the technical principles pertaining to AM broad-
cast assignment criteria and related issues. The goal of the
FCC in taking this action is to identify any needed
changes to its technical rules which would permit AM
stations to improve their service to the public and enhance
their ability to compete in the market place.

2. This Inquiry is an outgrowth of the Mass Media
Bureau’s Report on the Siatus of the AM Broadcast Rules,
RM-5532, (Report) released April 3, 1986. The Report
addressed a large number of technical, legal, and policy
issues, and sought to identify opportunities to change or
remove existing rules in order to allow AM broadcasters
to meet the competitive challenges facing them and there-
by to enhance their service to the public. Comments
received in response to the Report have provided guidance
to the Commission in identifying technical issues appro-
nriate for further study in this Inquiry.!

3. All interested parties are invited to comment on these
issues and to provide detailed analysis and exhibits in
support of suggested changes to the FCC rules and to
assess the benefits to the industry and public that would
result from such changes.? Many questions arise as a result
of the discussions in the following Sections of this In-
quiry.® Several of the matters discussed would require
extensive studies if they are ultimately deemed necessary.
Recognizing limitations on the availability of FCC re-
sources for such studies, recommendations on alternative
.approaches for conducting such studies are also requested.
Finally, it is the intent of the Commission to issue subse-
quent rule making actions where the record developed
herein supports such action.

Ve

DISCUSSION

4. The AM broadcast service is the oldest broadcasting
service, but it still remains today one of the most techni-
cally complex to administer. This is due in large part to
the propagation conditions that exist in the AM broadcast-
ing band. In contrast o the other frequency bands where
broadcast services are authorized, the propagation char-
acteristics of the AM band vary with the time of day.
During daytime hours, signal propagation of an AM sta-
tion is predominantly by groundwave signals. Groundwave
signals travel along the surface of the earth and are thus
affected by the characteristics of soil conductivity along
the propagation path. During nighttime hours, however,
the reach of skywave signals from an AM station becomes
significantly greater than the reach of its groundwave sig-
nals. Skywave signals are reflected from the ionosphere
and can be propagated many hundreds of miles from the
transmitter location. As a consequence, co-channel stations
may be located reasonably close to one another without
interference during daylight hours. The enhanced night-
time propagation has both positive and negative implica-
tions. On the one hand nighttime skywave can be
employed to provide skywave service many hundreds of
miles distant from the transmitter, whereas, on the other
hand such enhanced conditions increase the interference
possibilities of stations over distances of hundreds of miles.

5. The technical AM broadcast assignment principles
currently set out in the FCC rules evolved over many
decades during which AM broadcasting was undergoing
considerable growth. Section 307(b) of the Communica-
tions Act of 1934 has provided a foundation for develop-
ment of these principles, by requiring that there be a fair,
efficient and equitable distribution of radio services to the
States and communities. To accomplish this, the 107 AM
channels were subdivided into three classes of channels,
clear channels, regional channels, and local channels. In
addition, four basic classes of stations evolved, Class I,
Class 11, Class III, and Class IV, that are permitted to
operate on the three classes of channels. Assignment prin-
ciples and technical criteria consistent with Section 307(b)
of the Act were also developed which regulate the manner
in which assignments are made and which ensure levels of
protection from interference for each class of station.

6. Class I and Class II stations operate on Clear chan-
nels. Class I stations provide extensive primary
(groundwave) service during the day and night, as well as
skywave service during nighttime hours generally extend-
ing out to 750 miles or more. Class II stations normally
render primary service only, the area of which depends on
the station location, power, and frequency. Class III sta-
tions operate on regional channels and provide primary
service to larger cities and the surrounding rural areas,
whereas, Class TV stations operate on local channels and
provide primary service to a community and contiguous
suburban or rural areas.

7. The AM broadcasting service has significantly matur-
ed since those earlier years of rapid growth and there are
approximately 4,900 AM stations currently authorized.
Opportunities for new stations are now limited, except in
the more remote areas of the United States. Moreover,
there are now approximately 5,200 FM stations authorized
in the United States which have significantly added to the
availability and choices of aural broadcast service available
to the public. Television has also become an important
source of information and entertainment, particularly dur-
ing evening hours. These developments have dramatically
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altered the listening habits of the public over the past two
decades, generally resulting in significant changes in the
.economic position of AM stations. As a result, the burden
and responsibility previously placed solely upon the AM
service in regard to provision of a national aural broadcast
service is now shared with the FM radio service.

8 In view of these significant changes that have oc-
curred, we believe that it is now appropriate to reassess
the policies and technical criteria related to AM station

assignments and interference protection that have been -

applied through the years. Depending upon the nature of
changes ultimately made, we believe that service to the
public may be enhanced in several respects. For example,
if existing stations are given greater flexibility through a
redefinition of protected contours they couid increase
their transmitter power in order to overcome the un-
desirable effects of atmospheric and man-made noise; pro-
tection ratios could be improved in order to reduce
interference between stations on adjacent channels as well
as reflect the degree of protection necessary to be consis-
tent with improved AM receivers; greater accuracy in
calculating the interference between AM assignments
would help ensure against unintended interference; and
greater flexibility in choosing the type of antenna system
most appropriate for a given set of circumstances could
help enable a station to employ a transmitter site that best
serves the public. It must be recognized, however, that
many of these types of changes are unlikely to occur
unless affected parties accept the trade-offs that are neces-
sary to reach a balance between quality of service and
extent of service. In view of the congestion in the AM
band today, without accepting such trade-offs AM broad-
cast stations essentially will remain "locked-in" with the
current quality of service because opportunities for im-
provements will be foreciosed to a large extent.

9. The Commission is aware that an effort is already
underway within the industry to study and develop tech-
nical improvements in AM broadcasting. The National
Radio Systems Committee (NRSC) has recently studied a
number of AM technical issues and has adopted interim
voluntary standards for transmission pre-emphasis, receiv-
er de-emphasis, and 10 kHz transmission bandwidth. The
National Association of Broadcasters is also sponsoring a
project to test new antenna designs developed by industry
engineers that show promise of reduced skywave interfer-
cuve. ine i'CC encourages such efforts and through this
Inquiry hopes to promote even broader support for tech-
nical studies.

1. TECHNICAL ASSIGNMENT PRINCIPLES

10. The AM technical assignment principles are complex
and interrelated to a large extent, and there are many
permutations in the technical changes that are possible.
This makes it necessary to assess these interrelationships
and the overall effect upon AM service resulting from any
single technical change or combination of changes that
may be under consideration. In order to better focus on
these technical principles, this section of the Inquiry will
address the, key ingredients underlying the technical
assignment principles. These are: field strength values for
the protected contours of AM stations, minimum usable
field strength, the effects of atmospheric and man-made
noise, and radio-frequency protection ratios.

A. PROTECTED CONTOURS

11. The technical assignment principles contained in the
FCC Rules are based upon a system of "protected con-
tours”. Section 73.182 of the FCC Rules, 47 CFR ’
73.182* prescribes the station contours for each of the
four classes of AM stations that are to be protected from
interference. Field strength values of these contours vary
depending upon the channel relationship betiveen the pro-
tected station and the interfering station, whether it is day
or night, and the class of station. The field strength values
defining these protected contours are often referred to as
the nominal usable field strength (Enom).} Additionally,
section 73.37(a) and (b) of the Rules contain a series of
proscriptions relating to prohibited overlap between the
contours of protected and interfering stations. These form
part of the so called "go/no-go" rules adopted by the
Commission during the early 1960’s.5

12. Factors considered in the derivation of the protected
contours relate to both technical and policy issues. Tech-
nical factors include minimum usable field strength
(Emin)’ for day or night and radio-frequency protection
ratios.é Policy factors considered are those discussed,
supra, relating to Section 307(b) of the Communications
Act. As a practical matter, Enom should not be less than
Emin, otherwise, protection to substandard service would
result. Thus, the policy question is how much in excess of
Emin should Enom be? It is important to reassess this
policy issue, along with the technical factors, when consid-
ering any adjustments to the values of Enom.

13. As noted, supra, the significantly increased availabil-
ity and choices of aural broadcast service (i.e., AM and
FM) during the past two decades have resulted in dra-
matic changes in the listening habits of the public. The
normally protected contours that are currently specified in
the FCC rules were developed during an earlier period
consistent with policies based upon service needs of the
public perceived at that time. With the changes that have
occurred to the aural service, we have reason to believe
that these normally protected contours may not be appro-
priate in today’s radio marketplace. For example, the nor-
mally protected contour during daytime hours is typically
0.5 mV/m. This was adopted at a time when there were
far fewer aural broadcast stations and there was public
dependence upon service within this contour. Such a low
field strength, however, is more subject to interference
from atmospheric and man-made noise than service pro-
vided at greater field strength. As a consequence, do lis-
teners continue to rely upon reception of the 0.5 mV/m
daytime contour to the same degree as in the past, or do
listeners tend to select aural service having stronger field
strength? It is important to establish those field strength
contours upon which the listening public depends today
which, presumably, are of economic value to the broadcast
stations.

14. There is a penalty if we unnecessarily continue
protection to the contours currently specified in the FCC
rules. For example: such protection can prevent stations
from increasing power in order to enable them to better
overcome the effects of atmospheric and man-made noise;
flexibility is limited for modifications to station facilities;
and opportunities for new AM broadcast stations are pre-
cluded that otherwise might be possible.
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15. QUESTIONS:

A. Taking into account today’s listener habits, are the
field strength values of the normally protected contours
currently in the FCC rules still appropriate?

B. If it is believed that the normally protected contours
should be modified, what field strength values should be
substituted?

C. What are the benefits and costs to the broadcasting
industry and to the public that would result from changing
or not changing the field strength values of the protected
contours?

B. MINIMUM USABLE FIELD STRENGTH

16. Factors which affect the determination of Emin are
both technical and subjective. Technical factors include
receiver characteristics and the presence of atmospheric
and man-made noise. Subjective factors include listener
satisfaction with quality of service, and the type of pro-
gramming (voice or music). The International Radio Con-
sultative Committee (CCIR) recommends a ratio of signal
to atmospheric noise of 40 dB (100/1), whereas, measure-
ments performed in the United States during the Clear
Channel Hearings in the late 1940’s, FCC Docket 6741,
indicated that a ratio of signal to atmospheric noise of 46
dB (200/1) was needed in order to satisfy 67% of listeners
for a variety of voice and music programming.

17. The effect of atmosgheric noise power varies directly
with receiver bandwidth.” As a consequence, if the band-
width of receivers in general use by the public were to be
doubled, the noise power would be doubled (3 dB in-
creace), and the Emin would be effectively increased by 3
dB for such receivers. For example, if the Emin for a
narrow band receiver is 0.5 mV/m, then the Emin would
be 0.707 mV/m for an improved receiver having twice the
bandwidth. This is an important factor when considering
the effect upon the appropriate value of Enom that would
result from a new generation of receivers that provide
significantly increased bandwidth over that possessed by
typical receivers in use today or in the past.

18. In order to re-evaluate the field strength values,
Enom, applied to the normally protected contours, it
would be necessary to recalculate the values of Emin that
occur throughout the United States. Atmospheric noise
would be considered as discussed in the following section
~f thic Jnouirv. It would also be necessary to identify the
receiver characteristics that should be employed during
the computations.

19. QUESTIONS:

A. Are additional subjective listener measurements nec-
essary to determine listener satisfaction? If so, what mea-
surement procedures are recommended for such
measurements?

B. If additional subjective listener measurements are not
necessary, what ratio of signal to atmospheric noise should
be used for calculations?

C. What receiver characteristics should be employed for
determination of Emin?

Ix What reference level of listener satisfaction should be
used for determining Emin?

C. ATMOSPHERIC AND MAN - MADE NOISE

20. As noted above, atmospheric and man-made noise is
a technical factor that must be considered in the deter-
mination of Emin. Atmospheric radio noise is produced
mainly by lightning discharges in thunderstorms.!® Man-
made noise occurs primarily in populous areas and arises
from a number of sources such as power lines, industrial
machinery, ignition systems, appliances, etc., with widely
varying noise characteristics.

21. Atmospheric radio noise obeys the same propagation
laws as communication signals. It travels up to several
thousands of kilometers away from the source via
skywave. Atmospheric noise level thus varies with time of
day, season of the year, weather, geographical location,
and frequency. Multiple paths with various reflections and
scattering are very common, resulting in continuous noise.
In general, atmospheric noise level is the highest:

when the receiver is located near a thunderstorm;
during local summer;

during the night;

when the frequency is low.

22. Propagation of man-made noise occurs principally
over power lines and by groundwave. Thus, man-made
noise is relatively unaffected by diurnal or seasonal
changes in the ionosphere.!!

23. There are three major thunderstorm (hence, noise)
centers in the world: the Caribbean, equatorial Africa and
Southeast Asia. Maps showing the atmospheric noise levels
for different parts of the world corresponding to different
seasons of the year and different hours of the day have
been developed by the CCIR since 1964. These maps are
contained in CCIR Report 322, which was revised exten-
sively in 1986. These maps may be used to determine the
distribution of atmospheric noise throughout the United
States and the corresponding values of Emin.!?

24. These maps show that southern latitudes in the
United States have higher levels of atmospheric noise than
do northern latitudes. As a consequence, values for Emin
will be higher in the southern latitudes. This raises the
issue as to whether the United States should continue to
be treated as a single noise zone or whether two or more
noise zones should be created that could ultimately result
in different values of protected contours being adopted for
the different noise zones.

25. QUESTIONS:

A. What source of data should be used in determining
noise levels in the United States? If a source other than
CCIR Report 332 is recommended, please expiain the
rationale for such recommendation.

B. Should the U.S. be divided into noise zones with
different standards applied to each zone, or should the
noise conditions for the U.S. be averaged and uniformly
applied? Similarly, should noise values for the worst time
of the year or the most favorable time of the year be used,
or should seasonal data be averaged throughout the year?

C. If separate domestic noise zones are established, what
should be the basis for drawing the boundaries (i.e., how
many zones should be created and at what noise levels)?
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D. Recognizing that noise level decreases with increas-
ing frequency, should values of Emin be uniformly applied
to all frequencies or should different values be established
for different frequency ranges?

D. CO - CHANNEL AND ADJACENT CHANNEL PRO-
TECTION RATIOS

26. Radio-frequency protection ratios are standards
which define the maximum permissible interference from
one station to another. Cochannel and adjacent channel
protection ratios are prescribed in Section 73.182(t) of the
FCC rules, which establish the minimum ratio of a desired
signal to an undesired signal (D/U) for interference free
service. These are critical parameters which affect the
minimum quality of service within the protected contours
of AM broadcast stations.

27. Under the FCC Rules, the protection ratios are
applied at the normally protected contour of AM stations.
When changes are considered to the field strength values
of protected contours of stations, it is necessary also to
re-evaluate the level of protection that is desired at the
new contours being proposed. Moreover, because of
changes over time in the receivers being employed by the
public, changes in transmission characteristics and pro-
gram formats, and expectations by the public in the qual-
ity of service received, there may be an additional need to
reassess the protection ratios contained in the rules.

28. Measurements to establish radio-frequency protec-
tion ratios are difficult because they include both technical
and non-technical factors. Important technical factors that
must be considered include: the frequency spacing be-
tween the desired and undesired signals; emission char-
acteristics (i.e., percentage of modulation, dynamic range
compression, bandwidth of emission, etc.); and receiver
characteristics such as selectivity. Non-technical factors in-
volve subjective evaluation by listeners as to what degree
of interference is judged acceptable, the type of program-
‘ming being employed (voice or music),!* and stability of
the desired and undesired signals (i.e., are they ground-
wave or skywave).

29. A common procedure used in establishing protection
ratios is to measure initially the co-channel protection
ratio, through listener tests, which achieves a subjectively
defined reception quality. This establishes the reference to
ke wead in datermining the relative adjacent channel
radio-frequency protection ratios. Several approaches may
be used to determine the co-channel protection ratio. One
approach is to measure subjectively:the audio-frequency
protection ratio which achieves the defined reception
quality. In effect, these measurements are performed at
the audio baseband, using audio signals having the desired
characteristics. Alternatively, the co-channel protection ra-
tio may be measured through subjective tests directly at
radio frequencies (RF) by employing the appropriate ref-
erence receiver and signal transmission equipment.!*

30. Once a cochannel protection ratio is determined
through one of these procedures, relative adjacent channel
protection ratios can be measured using a reference re-
ceiver having desired characteristics. Selection of a refer-
ence receiver is critical, and it is usually selected based on
the fact that it possesses either characteristics representa-
tive of receivers generally in use or characteristics of a
receiver that would permit a desired quality of broadcast
service. Objective measurement procedures may be used
to facilitate measurements of relative protection ratios.'®

31. Radio-frequency protection ratios used within the
United States are based largely upon subjective tests per-
formed with large groups of listeners. Some of the most
definitive subjective information collected was that devel-
oped during the 1940’s in the Clear Channel Hearings
(FCC Docket No. 6741). During these hearings, listener
tests were conducted using program formats of music and
voice in order to determine the relationship between inter-
ference perceived to be objectionable and the type of
program material broadcast. These tests showed, for exam-
ple, that for a variety of programs (both voice and music)
a co-channel protection ratio of 15/1 (desired to undesir-
ed) satisfied approximately 40% of the listeners participat-
ing in the tests, 20/1 satisfied 67%, and 27/1 satisfied 75%.
It was further noted that some types of programming
require higher protection ratios than do other types in
order to provide the same degree of listener satisfaction.
For example, when speech is present on both the desired
and undesired signals a protection ratio of 37/1 is needed
to satisfy 67% of listeners, whereas, when music only is
employed, a co-channel protection ratio of 15/1 satisfied
67% of the listeners.

32. The CCIR recommends a-co-channe! protection ra-
tio of 40 dB (100/1)(D/U) for high quality broadcast ser-
vice where both signals are groundwave. Such a high level
of protection can significantly restrict the number of sta-
tions permitted to use the spectrum in a given area. Thus,
CCIR recognizes that for practical reasons a lower ratio
may be needed in actual practice in order to achieve a
desired use of the broadcast spectrum. No recommenda-
tion is made by CCIR related to protection ratios for
desired skywave service, although it is considered that
lower values of protection ratios should be applied as
compared to groundwave service. The following table ex-
emplifies the protection ratios employed in the Western
Hemishpere:

CURRENT PROTECTION RATIOS (D/U)
GROUNDWAVE TO GROUNDWAVE

SOURCE CO-CHANNEL 1ST ADJ 2ND ADJ
CHANNEL CHANNEL
NARBA 20/1 21 1/30
REGION 2 20/1 1/1 1730
U.S./CAN 20/1 171 1730
USMEX 20/1 1711 1/30
FCCRULES 20/1 /1 *

* Current FCC rules do not specify a protection ratio
for 2nd adjacent channels.

33. As shown in the above table, the FCC rules do not
specify a protection ratio for second adjacent channels, but
Section 73.37(a) of the FCC rules prohibit overlap of 2
mV/m and 25 mV/m contours of stations on these chan-
nels. These overlap restrictions, which relate in large part
to interference susceptibility characteristics of receivers,
are not directly related to a specifically identified second
adjacent channel ratio. A second adjacent channel protec-
tion ratio of 1/30 (D/U) would be required in order to
provide a level of protection consistent with that protec-
tion required by the FCC rules for the co-channel and
first adjacent channels. This degree of second adjacent
channel is not provided by the overlap restriction pre-
scribed in the Rules.

34. In light of the substantial effort now underway in
the industry to develop improved AM broadcast standards
and AM receivers, there is the need to reassess the protec-




Federal Communications Commission

FCC 87-245

tion ratios contained in the FCC rules in order to deter-
mine whether they are consistent with the improvements
in AM radio service being sought.'® If it is determined that
changes to the protection ratios are warranted, measure-
ments will be required, but there are issues, as set forth
below, that must be resolved before actual measurement
programs can be undertaken.

35. QUESTIONS:

A. What changes to the protection ratios are needed?
Commenting parties should provide analysis in their com-
ments.

B. What percentage of listeners should we seek to satisfy
during measurements of protection ratios (for example,
67% of listener satisfaction or some other percentage)? It
is recognized that a final decision on this issue may have
to await the results of measurements, if performed, in
order to permit the trade-offs between alternative choices
to be assessed.

C. Are additional subjective listening tests needed, or is
sufficient information available to establish the appropri-
ate co-channel protection ratio?

E. What bandwidth characteristics should be used for
the reference receiver if measurements are performed?
Full receiver de-emphasis characteristics should be de-
scribed (RF, IF and AF). Also, comments should address
whether any receiver characteristics related to AM stereo
should be inciuded.

F. What emission characteristics should be used for
desired and undesired signals during measurements (i.e.,
audio bandwidth, pre-emphasis, and audio processing),
and the types of program formats that should be employed
(voice, music, etc.)? Also, comments should address
whether any transmission characteristics related to AM
stereo should be included.

G. What protection ratios should be measured
(co<channel, and 1st, 2nd and 3rd adjacent channels)? In
addition, consideration should be given to whether mea-
surements should also be made to determine whether
different protection ratios should be applied for ground-
wave and skywave propagation modes.

H. What are the recommended measurement procedures
and alternatives for effectuating measurements if they are
deemed appropriate?

II. ADDITIONAL ASSIGNMENT CONSIDERATIONS

36. In addition to the considerations pertaining to the
technical assignment principles that were discussed in ear-
lier sections, additional considerations have been identified
which could increase flexibility to AM stations regarding
station assignments. These are discussed below.

A. INTERFERENCECAUSED

37. Before the so called "go/no-go" rules were adopted
in the early 1960’s, numerous instances occurred where
AM broadcast stations were permitted to cause interfer-
ence to each other. Under the procedures that existed
before then, trade-offs between new service that would be
provided by a proposed new or modified station and
service lost by existing stations were compared during
hearings to determine if the gains outweighed the losses.
Many stations in the U.S. today still receive interference
within their normally protected contours that result from
the earlier procedures.

38. Since adoption of the "go/no-go" rules, such inter-
ference has not been permitted by proposed new or modi-
fied assignments. Section 73.37(a) of the FCC Rules sets
out proscriptions on overlap of contours between pro-
tected and interfering stations. For example, the 0.025
mV/m contour of a proposed new station is not permitted
to overlap the 0.5 mV/m contour of any co-channel sta-
tion. This rule not only prevents new interference from
being caused, it also has expedited the processing of ap-
plications by minimizing the number of hearing cases that
result. .

39, Section 73.37(a) makes no provision for those in-
stances where interference already occurs within a sta-
tion’s normally protected contour resulting from stations
licensed before Section 73.37(2) of the Rules was adopted.
Prohibiting the interfering contour of other stations from
overlapping the normally protected contour of a station in
areas where interference to the normally protected con-
tour already exists could result in occurences of over-
protection. As a consequence, instances may occur where
new stations or modifications to improve existing stations
are unnecessarily precluded by rules that require protec-
tion to be afforded where interference already occurs.

40. It would be possible to avoid such over-protection
by amending the rules to specify that protection shall be
afforded to the interference limited contour of the pro-
tected station in instances where interference already ex-
ists within the normally protected contour!’ The
interference limited contour to be protected would be
calculated using the applicable protection ratios prescribed
by the rules. Calculation of interference limited contours
was a complex and lengthy process at the time that Sec-
tion 73.37(a) was adopted. Today, this is much easier due
to the wide-spread availability of computer facilities to
perform such calculations.

41. QUESTIONS:

A. Should Section 73.182 be amended to specify that in
those instances where the normally protected contour re-
ceives interference from existing stations, the normally
protected contour is the interference limited contour in
those areas where interference is received? What are the
advantages and disadvantages to the public and to the
efficient use of the broadcast spectrum that would result
from such an amendment?

B. How should the interference limited contour be com-
puted if the rule is amended?

C. Are there special circumstances where protection to
the interference limited contour would not be appropri-
ate?

B. INTERFERENCE RECEIVED

42. The proscriptions of Section 73.37(a) of the FCC
Rules notwithstanding, Section 73.37(b) permits a pro-
posed new or modified daytime facility to receive interfer-
ence overlap up to its 1.0 mV/m contour under certain
circumstances.!® The basic intent of the Rule is to provide
additional flexibility for provision of service to commu-
nities and areas lacking it. Modification of Section
73.37(b) to permit its general application to all AM sta-
tions would appear to have the potential for creating
additional opportunities for new and improved service to
the public, while still providing full protection to other
co-channel and adjacent channel stations.
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43, Ac noted earlier, the "go/no-go" rules were adopted
to insure, among other things, that the remaining opportu-
nities for new stations or modifications to existing stations
were spectrum efficient. Considering how use of the AM
broadcast band has now matured, however, there now
appears to be merit for expanding opportunities for ap-
plications for new or modified assignments even though
interference would be . received by the applicant
assignment. This would permit new and improved service
into areas and communities that otherwise could not be
achieved. Whether the interference that would be received
outweigh the gains of the new or modified facility appears
to be a matter best left to the discretion of the broadcast
applicant.

44. Although we believe that there is merit in consider-
ing amendment of the FCC rules as discussed, supra, there
is at least one administrative problem that shouid be
addressed. If Section 73.37(a) and (b) of the FCC rules are
amended to generally permit received overlap to occur, it
could become difficult to determine when co-pending ap-
plications are mutually exclusive. Under the prohibited
overlap criteria currently contained in Section 73.37(a) of
the FCC rules this problem does not occur because there
is reciprocity (mutuality) between overlap caused and
overlap received. If the rules are amended to generally
permit received overlap, however, clear reciprocity would
not exist because one station would be causing prohibited
overlap, whereas, the other station would not be receiving
prohibited overlap. Thus, this would not appear to be a
mutually exclusive situation since the preclusion is in one
direction only. In such circumstances it would appear that
both applications generally couid be granted. However,
there could be circumstances where the station receiving
the overlap would not, in fact, wish to accept the received
interference because it occurs within an area that the
station desires to serve.

45. One possible solution to this problem could be the
amendment of Section 73.37(a) in a manner that would
essentially maintain the rule in its current form in relation
to co-pending applications. In this manner, co-pending
applications could be identified as being mutually exclu-
sive in the same manner as today. If it were subsequently
determined that the station receiving the interference did
not object to the received interference, both applications
could be granted. Applications filed that result in received
overiap Louw expuny siations and which were not affected
by co-pending applications would not be affected by such
a procedure.

’

46. QUESTIONS:

A. Should Section 73.37(b) be amended to permit any
applicant station to receive interfering overlap of its nor-
mally protected contour? What are the advantages and
disadvantages to the public and to the efficient use of the
broadcast spectrum by making such an amendment? Sta-
tions that are permitted to receive interference have the
potential for precluding new stations and modifications to
existing stations. In this regard, commenters aré asked to
weigh the the impact of such preclusion on the efficient
use of the spectrum.

B. Should there be a restriction on the degree of re-
ceived overlap that should be permitted, or should this be
left to the discretion of the applicant station?

C. Are there any special circumstances where received
overlap should not be permitted?

D. What procedures should be considered to permit
applications that are mutually exclusive to be properly
identified?

C. NEGOTIATION OF INTERFERENCE RIGHTS

47. The earlier discussions have focused on specific
protection criteria applicable to the AM broadcast service.
This has included both the standards themselves as well as
how they were derived. Beyond these matters lies another
area to be examined, one involving the possible applica-
tion of a more decentralized decision making framework
for addressing the subject of AM protection. Essentially,
the question to be addressed is whether (and if so, to what
extent) the public would benefit from interference rights
and responsibilities being resolved through negotiations
among the various affected parties to resolve interference
issues.

48. Our decision to examine this subject derives princi-
pally from two factors. Although we apply a single set of
protection criteria to all stations, it may well be that
interference should not be handled in such a manner.
Many factors could affect the optimal level of interference
protection for a particular station, and this level may vary
widely from that provided under our rules. It is entirely
possible that reliance on a uniformly applied set of protec-
tion criteria may be producing inefficiencies which are
adversely affecting listeners.

49 There is another factor which supports our decision
to consider a fundamentally different approach to interfer-
ence protection. That is the change which has taken place
affecting FCC’s responsibilities regarding interference pro-
tection. Initially, the Commission focused on the protec-
tion of the service areas of AM stations against undue
interference from other stations. Proposals for new sta-
tions or for changes in existing stations had to establish
that the proposal wouid not cause or receive excessive
interference as defined by the Commission’s rules. In ef-
fect, by virtue of the protection they provided, these inter-
ference standards defined the station’s coverage area.
Some waivers were granted, but for the most part, these
rules were applied on an across-the-board basis. This ap-
proach was well suited to the early days of broadcasting
when large numbers of stations were to be established
throughout the country. It was important to ensure that
the station would have an established service area that
would be protected from interference.

50. Now, the situatiori has changed drastically. Virtually
all of the United States receives one or more radio ser-
vices. Equally important, the opportunities for establishing
new stations is limited, particularly in AM. Even in the
areas where such opportunities might exist, the current
interference standards place severe additional restrictions.
In view of the vast changes which have taken place in AM
radio, it is no longer clear that the current approach
should be continued. Instead, it may be appropriate to
consider whether it would be desirable to give to AM
station licensees the opportunity, through mutual agree-
ment, to adjust the amount of interference to be permit-
ted.

51. Under the present system, some possible
improvements or additions to AM service are precluded
because they would result in prohibited interference to
areas defined by calculated service contours of protected
stations. This is the case even though they may have
relatively little relevance to the actualities of service needs.
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For example, protection is afforded to some areas where
t+he protected station does not in any case reach, or which
have little population, or where the protected station has
few listeners. Interference protection involves limitations
upon broadcast radiation that, if less restricted, would
enable the "interfering" stations to provide improved or
extended service.!® Thus, the rigid application of generally
applicable rules of interference protection operates in
some situations to block service and thereby waste valu-
able spectrum. Likewise, there may be instances where a
licensee would find it desirable to obtain greater interfer-
ence protection so as to more effectively compete with
other stations or to provide service to newly populated
areas.

52. It would be impossible as well as entirely inappro-
priate for the Commission to attempt an administrative
remedy for these situations. This was amply demonstrated
during the period preceding the shift to the present
*go/no-go" basis for interference control, under which the
overlap of signals of prescribed field strengths is rigidly
proscribed. This system provided sorely needed relief from
the system it replaced, which involved minute scrutiny-
-often in expensive, lengthy administrative hearings—of
claims that proposed new or changed station facilities
would render service that would more than offset service
losses from resulting interference to existing stations. Long
and unfavorable experience with laborious case-by-case
adjudications demonstrated that such a procedure would
not be a desirable way to reintroduce flexibility into the
station assignment process.

53. Inasmuch as governmental consideration of the gains
and lowes of changes in coverage and interference is itself
costly, we wish to examine the relative advantages of
allowing these matters to be resolved through private
agreements to the mutual satisfaction of the affected
broadcasters. Current rules make no provision for this
situation and ignore the fact that the two broadcasters
invoived might be able to reach an accommodation. Thus,
introducing a marketplace mechanism would allow broad-
casters to reach an understanding between themselves on
how to quantify the transaction. Such an understanding on
how to value this trade-off between service and interfer-
ence could far better respond to the need of the listeners
than does the current arrangement. Likewise, it could help
remove impediments to the ability of AM stations to
compete more effectively with FM stations by stressing
tneir service aavantages. This very idea was advanced by
Group W in its comments in response to the AM Report.
There it suggested that the Commission should allow sta-
tions to purchase "grandfathered" interference rights,
thereby reducing interference being received and extend-
ing station coverage.

54. Two related points also need to be mentioned. First,
there may be implications for other broadcast stations not
involved in the negotiations. That is to say that under our
current methods of defining interference (principally the
50% exclusion/RSS provisions), stations could conceivably
"free ride" on arrangements to which they are not a party.
If substantial "free ride" effects could discourage the con-
sumation of otherwise useful arrangements, we, therefore,
ask commenters to address the significance of the "free
ride" problem and whether these effects could be reduced
by modification of the 50% exclusion rule. Likewise, it
must be recognized that there are international implica-
tions involved in these transactions. Thus, for example, if
a station’s level of interference was increased as a result of

negotiations, it would be that higher level of interference
that would be used for international interference calcula-
tions, thus permitting foreign stations to direct increased
radiation toward U.S. stations. Similarly, it would not be
possible to require increased protection from foreign sta-
tions in cases where the station has obtained additional
domestic protection. While in some cases the effect of
these international matters will be significant, this may not
be the case generally. We request that commenters address
the significance of international operations.

55. There may also be some legal issues raised in the
context of this proposal. As a general matter, the Commu-
nications Act provides the Commission with substantial
discretion in the establishment of methods that provide
interference protection. It is our tentative view that allow-
ing AM licensees to transfer their interference would pro-
mote the public interest.?® We request that commenters
address this matter.

56. There may also be concerns relating to Section
307(b) of the Communications Act. That Section requires
the Commission to foster a fair, efficient and equitable
distribution of radio facilities, a goal that we believe can
be fostered by the approach we have described. Thus, it is
our tentative view that this approach is consistent with the
mandate of Section 307(b), so that at least in general
terms it could be adopted consistent with current statutory
authority. .

57. Because it is a new concept, the possibility of allow-
ing the negotiation of interference rights raises a wide
variety of questions. Some deal with the concept itself and
whether it should be followed. Others deal with specific
aspects, particularly as to its applicability in various inter-
ference situations. Thus, it should be understood that the
following questions are intended solely as examples and
are not intended to cover all possible aspects of such an
approach. Comment on the full range of these issues is
welcomed.

58. QUESTIONS:

A. What are the public interest gains and losses of
giving licensees greater discretion in determining the levels
of interference they wish to tolerate?

A-1. Under what circumstances would application
by the Commission of a uniform interference protec-
tion policy be adverse to the aggregate best interests
of listeners?

A-2. Under what circumstances would an arrange-
ment beneficial to all affected licensees be, nonethe-
less, adverse to the best interests of ali affected
listeners?

A-3. What is the possibility that contracts or negoti-
ated agreements would result in the practice of ex-
cluding less desirable demographic areas from
receiving service?

A-4. Should a distinction be made between interfer-
ence caused and interference received?

A-5. Should there be a limit on the amount of
interference protection that could be the subject of
negotiation?

A-6. Should co-channel cases be treated differently
from adjacent channel cases?
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B. With regard to the Commission’s legal authority:

B-1. To what degree, if any, is implementation of
the concepts discussed above dependent upon -addi-
tional statutory authority?

B-2. Are contracts or private licensee agreements for
levels of interference inconsistent with Section
307(b) of the Communications Act?

C. The facilities changes which would result from pri-
vate interference agreements would require license modi-
fication. In light of this:

C-1. To what extent would the Commission be
required under Section 309 of the Communications
Act to review and approve the specifics of the ar-
rangement?

C-2. What criteria should the Commission consider
in making such an evaluation? Should the agree-
ments be maintained in licensees’ files at the Com-
mission? Should any technical record of these
arrangements be kept in our engineering data base
other than the parameters of the facilities involved?

D. How would contracts or negotiated agreements for
alternative interference levels be treated relative to the
term of a license?

D-1. Under what circumstances would an agreement
terminate at transfer? At renewal? If these events do
not trigger termination, should petitions to deny
based on dissatisfaction with the alteration of service
resulting from the interference arrangement be ac-
cepted?

D-2. Should the terms for the duration of such
agreements be prescribed by the Commission?

E. Should licensees be required to maintain copies of
interference agreements in their public file?

F. The level of interference is a function of interfering
stations’ facilities. Operation of unauthorized facilities can
result in increases in interference levels, and these in-
cLrnoie ooz nov investigated and enforced by Commission
personnel.

F-1. If interference contracts are permitted and a
breach occurs, should the present procedure con-
tinue, or should remedy be provided through con-
tract litigation?

F-2. If it is found that, as a result of such a breach,
the public is adversely affected, should the Commis-
sion entertain petitions to reimpose its interference
standards until the dispute is resolved?

F-3. Should the Commission accept petitions to deny
license renewal based upon breaches of interference
contracts?/

G. Under what circumstances should there be a basis
for the Commission to reassert its authority to decide such
issues?

H. To what degree do the present methods of defining
interference ( e.g., the 50% exclusion policy) provide
benefits to stations not party to an agreement ( i.e, that is
free ride)? If the possibility of free riding reduces the
expected efficiency effects of providing for transferral of
interference rights, how should the rules be altered to
prevent parties that are not part of the agreement from
benefiting from these changes when planning modifica-
tions to their own facilities?

III. RELATED TECHNICAL ISSUES

59. There are additional important technical issues re-
lated to the assignment principles discussed in earlier
sections of this /nquiry that also warrant reassessment.
These issues are emission limitations, skywave and groun-
dwave propagation curves, conductivity data, calculation
methodologies, and AM antennas. The accuracy and ap-
plication of the technical criteria prescribed in the FCC
rules related to these matters affect both the degree of
interference that may actually occur at the protected con-

‘tour of an AM station and the flexibility in making new

station assignments or modifications to existing assign-
ments. These issues are discussed below.

A. EMISSION LIMITATIONS

60. Section 73.44 of the FCC Rules prescribes the emis-
sion limitations (modulation products and spurious) that
must be met by AM broadcast stations. In effect, the rules
specify a "mask" of minimum required attenuation of
emissions below the unmodulated transmitter carrier level
for various frequency ranges removed from the carrier by
15 kHz or more?' There are no limitations placed on
emissions falling on frequencies within 15 kHz of the
transmitter carrier. In theory, this permits stations to
transmit audio frequencies up to nearly 15 kHz. In actual
practice, however, stations often install low-pass filters that
"roll-off” high-end audio frequencies in order to ensure
that their emissions do not exceed 25 dB at 15 kHz,
particularly when audio processing is employed to "boost
higher audio frequencies.

61. As noted in a preceding section, radio-frequency
protection ratios are affected by the emission characteris-
tics permitted by the rules. In particular, the transmitted
audio frequencies that are permitted up to 15 kHz can
influence 1st and 2nd adjacent channel protection ratios.
These unattenuated emissions are not only permitted to
overlap the emissions of stations operating on 1st adjacent
channels, but they are also permitted to extend into the
emissions of stations operating on 2nd adjacent channels.
Moreover, the interference effects of this overlap is exac-
erbated by many stations that "boost" their higher audio
frequencies in order to overcome the selectivity char-
acteristics of receivers typically in use today. We believe
that the resulting adjacent channel interference that is
permitted by the rules has contributed to the reluctance of
receiver manufacturers to design and market AM receivers
possessing wide selectivity characteristics needed for im-
proved fidelity.

62. Another technical issue that warrants review regard-
ing emission limitations relates to amplitude modulation.
Section 73.1570(b)(1) of the FCC Rules limits amplitude
modulation of the carrier to a maximum of 100% on
negative peaks and 125% on positive peaks. It has long
been understood that overmodulation and heavy clipping
on negative peaks to prevent overmodulation creates spur-
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ious emissions capable of causing interference to stations
onerating nn adjacent channels. This subject was recently
addressed in a publication issued by the National Associ-
ation of Broadcasters.??> The report contained both theo-
retical calculations and tests performed on station
transmitters which showed the effects of excessive negative
modulation or heavy clipping on negative peaks per-
formed to prevent overmodulation. It was demonstrated
that the effects of heavy clipping on negative peaks pro-
duces spurious modulation products into adjacent channel
frequencies similar in magnitude to those produced from
overmodulation on negative peaks. Moreover, although
these spurious products have significant potential for caus-
ing interference to listeners on adjacent channels, in most
instances the spurious modulation products, either from
clipping or from overmodulation, met the current FCC
restrictions on emission limitations. This suggests that
spurious modulation products should be further restricted.

63. QUESTIONS:

A. Should unattenuated transmitted audio frequencies
be further restricted in order to reduce 1st and 2nd adja-
cent channel interference, and if so, by how much? Indica-
tions are that "roll-off" of the audio bandwidth between
10 kHz and 12 kHz could significantly reduce adjacent
channel interference. If it is determined that measure-
ments for protection ratios are required, the interrelation-
ship between the limitations should be considered in
parallel with those measurements.

B. Should the amount of attenuation prescribed in the
FCC rules be increased to reduce further interference
fram spurious emissions, such as those from undesired
modulation products? What attenuation levels are appro-
priate and feasible in actual practice to achieve the desired
improvements?

B. SKYWAVE PROPAGATION

64. There are three sets of skywave curves contained in
Section 73.190 of the FCC Rules. The first set, Figure la,
was derived from short-term recordings taken in the
spring of 1935, a relatively low solar activity period. Fig-
ure la is used primarily for determining service areas of
clear-channel stations; hence they are sometimes called the
FCC clearchannel curves. A version of Figure la was
adopted by the Region 2 Administrative Radio Confer-
smes Pis de Taneiro, 1981.

65. A second set of curves, Figure 2, was subsequently
developed as a resuit of an extensive long-term skywave
field strength measurement program initiated by the FCC
in 1939.22 Soon after this program began, it became clear
that skywave field strength is a function of many factors,
including latitude and sunspot number. Figure 2 was de-
veloped from data acquired for the year 1944. Minimum
solar activity occurred in 1944 and, therefore, that year
presented the highest skywave field strengths and repre-
sented the worst case for determining interference levels
and service areas. Figure 2 differs from Figure la in one
major respect, namely, by giving weight to the effects of
geographic latitude.? Recordings were made on more than
40 paths ranging from 165 to 4176 km with transmitting
freqﬁencies ranging from 540 to 1530 kHz. The mid-point
geomagnetic latitudes of these paths are between 40 and
54 degrees, north.

66. The FCC measurement program initiated in 1939
continued for a full 11 year solar activity cycle. Data
corresponding to the second hour after sunset (S§S+2, the
traditional reference hour adopted by administrations in
ITU Region 2, the Americas) at path midpoint for 26
propagation paths were released in 1971 and have been
studied by a number of researchers from different parts of
the world.?® Among other things, it has been found that
the effects of latitude are so great that the 1944 FCC data,
which represents only a narrow range of latitudes, is inad-
equate. Consequently, in order to collect supplemental
data, the Commission in 1980 initiated a low-latitude
skywave measurement project (Central America to south-
ern U.S.)) and in 1981 initiated a high-latitude measure-
ment project (coterminous U.S. to Alaska).?® Furthermore,
in preparation for the Region 2 Administrative Radio
Conference for the band 535 - 1605 kHz, the CCIR adopt-
ed a number of Study Programs and established Interim
Working Party 6/4. This Interim Working Party has re-
mained active since that Conference in order to provide
support during preparations for the Region 2 Administra-
tive Radio Conference for the band 1605 - 1705 kHz
("Expanded Band RARC").?” A number of administrations
(e.g., Brazil, Mexico) have contributed a sizable amount of
data from the low-latitude areas.

67. The high-latitude field strength measurement pro-
gram contributed to the development of Figure 1b, the
third set of curves in Section 73.190 of the FCC rules.
Figure 1b depicts interim curves for use in performing all
skywave calculations involving one or more stations in
Alaska regardless of class. In adopting Figure 1b, it was
anticipated that upon conclusion of the measurement pro-
gram a final set of curves would be developed.

68. Based on new data and an improved understanding
of skywave propagation, we have identified certain shor-
tcomings of the FCC skywave curves. The importance of
these shortcomings is magnified by the increasing demand
for spectrum. For example, we now know that skywave
attenuation increases by about 1 dB per degree of latitude
in a year of low sunspot activity as radio path midpoint is
moved further north. This means that a station located in
a low-latitude area, such as Texas, that would radiate a
signal level of 0.5 mV/m per meter at distances 800 miles
from the transmitter would radiate 0.5 mV/m only 500
miles if it were located in a high-latitude area, such as
Minnesota. Section 73.190, Figure 2, is appropriate in its
approach because it treats interference levels as a function
of geographic latitude. We now know, however, that
geomagnetic latitude rather than geographic latitude is the
more determinative factor.

69. Figures 1a and 2 of Section 73.190 of the FCC Rules
cover a range of distances from approximately 160 to 4250
km (100 to 2600 miles). Figure 1b of Section 73.190
extends from 250 to 7500 km (155 to 4660 miles). There is
a need to extend the curves by some means to distances
less than 160 km (100 miles). Since there is virtually no
data from short propagation paths some assumptions must
be made. It has been recommended (CCIR Recommenda-
tion 435) that in calculating skywave field strengths for
short paths, the slant distance (earth-to-sky-to-earth) is
most appropriate and should be used.

70. Medium waves are usually reflected by the E layer
of the ionosphere, which spans the altitude range of ap-
proximately 90 to 130 km. In the FCC Rules, the average
height of the E layer is assumed to be 96.5 km (60 miles).
Thus, even for a receiving point only 1 km away from the
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transmitter. the skvwave may travel 193 km to reach its
destination. An increase between the transmitting and re-

ceiving points, within a certain range, will not result in a.

significant change in the slant distance. For example, if the
distance between the two points is increased to 100 km,
the actual slant distance is only 217 km. In this case, the
horizontal distance has increased by 100 times while the
slant distance has only increased 12%. Therefore, the
skywave must travel nearly as far to reach a receiver near
the transmitter as it does to reach a receiver several
hundred kilometers away. Thus it can be concluded that
when great-circle distances are sufficiently small, slant dis-
tances are, more or less, constant, and skywave field
strengths increase very little with decreasing distance. We
now believe that use of slant distance is the proper proce-
dure for calculating skywave field strength for distances
fess than those for which Figures la, 1b, and 2 are ap-
plicable.

71. Work by FCC staff has continued in efforts to
develop an improved skywave propagation model. In
preparation for the Expanded Band RARC, the Commis-
sion staff developed a latitude-dependent skywave model?®
It is referred to as the "modified method" and adopted by
the First Session of the Expanded Band RARC for cal-
culating inter-regional interference. Studies performed by
FCC staff indicates that this "modified method” is more
accurate than Figures la, 1b, and 2 of Section 73.190.
Therefore, we believe that there is merit to its adoption as
a single propagation model for all calculations.

The modified method is easy to use. Predictions can
be calculated from formulas using a hand-held cal-
culator or the prediction can be read from graphs.

The modified method is fully compatible with the

~ existing methods described in the Rules (and the Rio
Final Acts). Computer programs can be changed
easily.

The modified method takes into account the effect
of geomagnetic latitude. Determination of the aver-
age geomagnetic latitude of path is straightforward.

The curve corresponding to the geomagnetic latitude

of 45 degrees is similar to the current FCC Figure

1a. Likewise. the curve corresponding to 59 degrees

is very simular to the interim curve for use between

Alaska and the lower states.

72. Another issue that merits consideration is use of
geomagnetic mid-point correction for all skywave field
strength calculations, including those performed on clear
channel frequencies. This would result in more accurate
depiction of skywave service contours as well as interfer-
ence calculations on these channels?® A final issue that
merits review pertains to the additional protection require-
ments imposed upon Class II stations during the daytime
hours referred to as "critical hours".3® Generally, Section
73.187 of the FCC rules limits the level of daytime radi-
ation for Class II stations that is permitted toward the
daytime 0.1.mV/m contour of Class I stations. Figures 9-11
of Section 73.190 of the FCC rules depict curves used in
performing these caiculations. If the skywave propagation
curves are changed as discussed, supra, it would be neces-
sary to revise the procedures and curves used in calculat-
ing permissible daytime radiation for Class II stations as
well.

73. 2. QUESTIONS:

A. Should the Commission adopt the "modified meth-
od" for domestic applications?

B. If so, should the "modified method" be used in
determining protected contours as well as in calculating
interference levels?

C. If the "modified method" is to be used in determin-
ing service contours for Class I stations, should the
geomagnetic mid-point latitude on each calculation azi-
muth be used, or, for simplicity, should the geomagnetic
latitude of the transmitter site be used for calculating all
azimuths?

D. The difference between field strengths exceeded for
10% and 50% of the time is a function of geomagnetic
latitude. It varies more or less linearly with geomagnetic
latitude from about 6 dB in Mexico to more than 10 dB in
Alaska. The CCIR recommends that a fixed figure of 8 dB
be used at all latitudes. If the modified method is adopted
domestically, should a single value be used? In that case,
is 8 dB acceptable?

E. The Commission established two hours after sunset
as the reference hour many years ago. Since then, many
administrations in Region 2 have adopted the same con-
vention. It was thought that the ionosphere would be
stabilized and field strength maximized at two hours after
sunset. Recent studies, however, show that skywave field
strength does not reach a maximum at two hours after
sunset.! This is an important issue since data suggests that
field strength of a skywave signal relative to SS+2 may
increase by more than 2.5 dB at a reference hour taken at
midnight. Therefore, should the reference hour for the
FCC skywave propagation curves be changed?

F. When calculating skywave field strength for great-
circle distances less than 200 km, should the slant distance
be used in lieu of the great-circle distance? Alternatively,
should the great-circle distance be used in conjunction
with the field strength from the curves at 200 km? In
effect, the second alternative would apply the field
strength values depicted at 200 km for all distances less
than 200 km. Figure 1b of Section 73.190 of the FCC
rules is currently applied similarly except that 250 km was
adopted. Moreover, this approach has been endorsed by
the First Session of the Expanded Band RARC and can be
applied in the band 535-1605 kHz as well.

G. Figures 1a and 1b of Section 73.190 of the FCC rules
include formulas to permit skywave field strength to be
calculated at distances greater than 4250 km, but such
formulas have not been included in the FCC rules for
Figure 2. If the current skywave propagation curves are to
be maintained, should such formulas be developed?

H. If Figure la of Section 73.190 of the FCC rules is
changed, what changes to Section 73.187 and Figures 9-11
of Section 73.190 of the FCC rules are required?

C. CALCULATION METHODOLOGIES

74. In order to assess the cumulative effects of skyway
interference to Class II and Class III stations licensed
within the United States, Section 73.182 of the FCC rules
requires calculations to be based upon the root-sum-square
(RSS) of the multiple interfering signals’? In order to
limit the number of interfering signals that must be taken
into account during calculations, this Rule requires ap-
plication of the "50 exclusion method". This method pro-
vides a procedure for determining at what point
interfering signals can be disregarded. Ignoring insubstan-
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tial sources of interference facilitates the implementation
of aew or modified nighttime operations and minimizes
the number of calculations required.*

75. Calculation of a station’s RSS using the 50% exclu-
sion method does not in actual practice result in the true
RSS (i.e., the RSS calculated using all interfering contribu-
tions) for the station because this method excludes some
interference contributions from the RSS calculations. In
effect. the 50% exclusion method ignores the effect of
interfering contributions that in actuality can raise the
RSS of an AM station by as much as approximately 1 dB.
As a result, over time as new stations are added or exist-
ing stations make modifications the cumulative effects of
the excluded interference contributions can substantially
increase the disparity between the true RSS of stations
and the RSS calculated using the 50% exclusion method.

76. Additionally, there is a basic inconsistency in the
application of the 50% exclusion method. For example, a
new station can be placed on the air as long as its interfer-
ence contribution to other stations is sufficiently low as to
be ignored by the 50% exclusion method. However, an
existing station whose interfering contribution to the same
protected station is sufficiently strong as to already require
its inclusion in the protected station’s calculated RSS
would not be permitted to increase interference by any
amount, even though the interfering effect of nearly 1 dB
would be the same as that caused by the new station. This
inconsistency appears to restrict unnecessarily the flexibil-
ity of existing stations in modifying their facilities to im-
prove service.

77. A possible alternative that could eliminate this
inconsisicacy as well as providing a more accurate calcula-
tion of the RSS is to replace the 50% exclusion method
with a rule that would permit any new or existing station
to increase interference to another station up to a speci-
fied amount. However, the degree of increased interfer-
ence that would be permitted is an issue that would need
resolution if such an approach is considered desirable. For
example, increased interference relative to the existing
RSS could be restricted to 1 dB or 0.5 dB. In considering
such a change to the FCC rules it would be necessary to
weigh the gains versus losses in service that would gen-
erally accrue. As a practical matter, it would still be
possible to limit the number of interfering contributors
used in calculating the RSS to a reasonable number such
~c. for evample, 10 contributors. Although such changes
would add to the complexity of calculations, they are
practical today through use of computers and would result
in increased precision and consistency.

78. It is recognized that the alternative procedure dis-
cussed, supra, raises certain policy issues. One issue relates
to the procedure that would be applied to prevent stations
from submitting successive applications to increase inter-
ference by the maximum permitted. For example, if a
maximum increase in interference of 1 dB is permitted, a
station could, in effect, double its power by submitting
‘three successive applications, each of which increased in-
terference by 1 dB.

79. An additional alternative that would at least mini-
mize the cumulative effect of new or changed interference
confributions would be to change the 50% exclusion
method by specifying a smaller reference, such as 25%,
above which new interference contributions would not be
permitted. This would not, however, resolve the inconsis-
tency discussed, supra.

80. Another issue concerning calculation methodologies
relates to adjacent channel skywave interference. Section
73.182(n) of the FCC rules limits the amount of interfer-
ence that is permitted at the normally protected contour
of a station resulting from the groundwave signal of an
adjacent channel interfering station. Where two or more
interfering stations are operating on the same adjacent
channel, the RSS of the interfering stations is used to
determine requisite protection. No provision is made for
also considering the effect of adjacent channel skywave
interference, and there have been indications that adjacent
channel skywave interference can cause significant inter-
ference. If further study provides support for developing
changes to the rules to take into account such skywave
interference there appear to be at least two alternatives for
treating the matter. One alternative. would be to amend
Section 73.182 of the FCC rules to require inclusion of
skywave signals in the calculation of the adjacent channel
RSS. Another approach could be the inclusion of adjacent
channel skywave signals in the RSS calculations of sta-
tions, after appropriate adjustment to account for the adja-
cent channel protection ratio.

81. QUESTIONS :

A. Should the current procedure for calculating RSS
and use of the 50% exclusion method be main-
tained? If not, what replacement procedure should
be considered?

B. Should adjacent channel skywave signais be in-
cluded in the RSS of groundwave signals on the
same channel? If so, should 50 or 10% skywave
signals be used?

C. Alternatively, should adjacent channel skywave
signals be included in the RSS calculations of sta-
tions?

D. GROUNDWAVE PROPAGATION

82. Refinements to the FCC rules for calculating groun-
dwave field strength contours may be appropriate in order
to facilitate improvements in AM broadcast service.
Groundwave field strength calculations are performed in
accordance with Section 73.183 of the FCC rules. These
procedures make use of the groundwave propagation
curves contained in Section 73.184 as well as FCC Figure
Ma3. Procedures are also inciuded for performing field
strength measurements for use in lieu of Figure M3.

83. Simplifications and shortcoming in the procedures
presently used for AM broadcast propagation prediction in
FCC matters include:

1. The ground conductivity map, "M3", is known to
be a very imperfect guide. There have been rec-
ommendations for projects to revise the map dating
from the time it was first published. It does not give
conductivig' information for Alaska, Hawaii, or U.S.
territories.

2. The groundwave propagation curves, Graphs 1 to
19 of Section 73.184, are not completely consistent
with the formulas in engineering texts.

3. FCC Rules do not identify a suitable modern
method for computations for estimating the earth
dielectric constant in situations where this quantity
differs from 15.0, the standard value. Section 73.184,
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Graph 20. "Ground Wave Field Intensity versus Nu-
merical Distance of a Plane Earth,” is intended to
serve this purpose. However, it is still in English

units (miles) and therefore unwieldy.

4. The Rules do not recognize earth surface con-
ditions affecting propagation except those conditions
that can be described by dielectric constant and
conductivity. It is known, however, that situations in
which the earth has a layered structure can only be
described accurately by the resulting surface imped-
ance. Surface impedance is the more general con-
cept. It can be calculated from given ground
conductivity and dielectric constants, but the com-
putation cannot, in general, be reversed.

5. Another propagation factor not considered in the
present framework is terrain. The U.S. Army recog-
“nizes terrain effects in field communications, and is
supporting research with the goal of produc'msg an-
tenna siting guidelines for groundwave radio.’® The
methods being used in this research may be adapt-
able for use in FCC matters, and in fact the Depart-
ment of Commerce provides on-line computer
services that make MF groundwave propagation pre-
dictions for mixed conductivity over irregular terrain
paths.>® :

84. The present FCC groundwave propagation curves
are sufficiently accurate for most practical purposes. How-
ever, they are not directly applicable in all situations and
when interpolated may give resuits inconsistent with alter-
fative maoticds of analysis. To the extent that AM broad-
cast service improvements require difficult decisions
sometimes involving considerable engineering detail, the
discrepancies may make the decisions unnecessarily dif-
ficult or inappropriately bias the decisions. There may be
merit, therefore, to consider further work in the future to
refine the groundwave curves so that they are fully consis-
tent with the general formulas.

85. Advances of great practical significance were made
in groundwave propagation theory in the late 1930s, and
graphs representing that theory have been part of the FCC
ruies since.1940. Whereas these graphs were the only
practical means of propagation prediction before comput-

ers, computations can now be made readily from formulas
- R n‘-aﬂ-r..—_\fv

“86. A recent FCC report included a history of FCC
groundwave curves and provided background in the sup-
porting mathematical theory?” The’ original 1940 curves
were drawn using exact computations for the field strength
out to approximately 80 kilometers and also at much
greater distances. It was necessary to use freehand drawing
to complete the curves at intermediate distances because

the required computations for this region were much too.

difficult. Additional curves were added to the original
curves in 1954 for very low conductivity. When the low-
conductivity curves were added, freehand drawing was still
necessary to estimate the field strength values at inter-
mediate distances.

87. The curves adopted in the rules in 1940 and im-
proved in 1954 were considered satisfactory for regulatory
purposes until it became necessary to convert to metric
units. In a 1979 FCC report, several methods were de-
scribed for recalculating the curves in order to convert to
metric units.3® It was recommended that the method found
in a 1949 text by H. Bremmer® be used, and a computer

program was developed. This program was subsequently
used to produce new FCC curves in 1985' which agree
within about 1 or 2 decibels over the range of the pre-
vious curves in the rules. However, the computer program
developed to produce the curves did not overcome the
difficulties previously encountered in determining field
strength values for intermediate distances, and, as a result,
the great-distance values it computes are shifted upward to
force a match in the intermediate range.

88. Curves drawn for the Expanded Band RARC are the
most recent. They are the result of precise calculations of
field strength over the full range of distances of interest,
including the previously troublesome intermediate dis-
tances. These were adopted at the First Session of the
Conference, Geneva, 1986, and presumably they couid be
added to the FCC rules during domestic implementation
of the band.

89. Radio scientists have continued to improve ground-
wave radio propagation prediction methods. Advances in
numerical methods applicable to intermediate distances
have provided the formulas that can now replace or sup-
plement prediction curves. Additional refinements applica-
ble to FCC matters have been made with regard to mixed
paths®!, stratified earth®?, irregular terrain®’, and the effects
of a troposphere whose refractive index varies exponen-
tially with height.* It is generally desirable to use propa-
gation prediction methods compatible with these
refinements to facilitate treating the more complex aspects
when necessary.

90. Section 73.183(e) of the FCC rules prescribes the
procedure to be used when calculating groundwave field
strength over paths containing more than one groundwave
conductivity value. This is referred to as the equivalent
distance method or "Kirke method" after H. L. Kirke who
described several calculation methodologies and compared
results with actual measurements in 1949. One of the
methods described by Kirke as possibly too complicated
for general use is that of Millington. Millington’s theoreti-
cal account of mixed path phenomena is now well estab-
lished.*S Predictions by the Kirke method are known to be
imperfect in that they do not satisfy the reciprocity con-
dition, that is, results obtained by interchanging the re-
ceiver and transmitter do not agree in general. We believe
that it is desirable to reassess the methodology that is
currently prescribed by the FCC rules in order to deter-
mine if another method, such as the "Millington method",
would provide greater accuracy in predicting groundwave
field strength contours in actual practice.

91. In addition to refinements in the theory, a great
wealth of earth conductivity data has accumulated from
site selection studies and construction of AM broadcast
antenna systems. Revision of FCC Fi‘gure M3 to reflect
these data may warrant consideration.’® The existing Fig-
ure M3 is inaccurate and provides only what may be
termed "default” conditions supporting the formal devel-
opment of groundwave contours in cases in which the
actual contours will not be in dispute. It is further possible
that the ground conductivity measurements on file at the
ECC can be correlated with data collected by satellite
Sensors.

92. Other government agencies have also been perform-
ing tasks related to collection of groundwave conductivity
data. The Federal Aviation Administration has been col-
lecting ground conductivity data in connection with avi-
ation use of low frequency beacons. Station engineering
data on file at the FCC would be of value for general
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geological mapping purposes, and an effort to extract sys-
tematically these data may be justified in connection with
improving the AM broadcast service. The Federal Avi-
ation Administration’s ground conductivity collection ac-
tivities have produced maps with considerably more detail
than FCC Figure M3.*” The FAA data is for frequencies
jower than those used in MF broadcasting, but there is
reason to believe that ground conductivities are not much
different.*® Thus, it may be appropriate to consider use of
the FAA maps in areas of the U.S. where Figure M3 data
have repeatedly been questioned.

93. QUESTIONS:
A. Should the Commission revise Graphs 1 through 19

to agree more closely with the theory presented in FCC
report FCC/OET R86-1?

B. Should a metric-units version of Graph 20, "Ground
Wave Field Intensity versus Numerical Distance over a
Plane Earth,” be constructed and included in FCC rules?

C. Should the Commission undertake a program to
improve the accuracy of the ground conductivity map,
FCC Figure M3?

D. If an accurate map becomes available, will it then be
acceptable to define protected and interfering contours to
be those determined by standard calculations based on the
revised Figure M3 map, and to dispense with interference
studies that establish unique contours by actual field mea-
surements?

E. Do the Commission’s rules in their present form
inhibit the submission of engineering data or propagation
analyses in ways detrimental to high quality AM broadcast
service or in ways that unnecessarily limit engineering
design choices important to providing such service? If so,
how may the rules be improved?

F. The FAA ground conductivity maps found in Report
FAA-RD-78-103 have considerably more detail than FCC
Figure M3. Are there portions of the U.S. where Figure
M3 should be replaced by the FAA data?

G. Should alternate calculation methods be considered
for the prediction of groundwave field strength in the case
of mixed paths, that is, for paths with sections of different
ground conductivity? If so, what methods are recommend-
ed for consideration?

iV. ANTENNA SYSTEMS

94. The broadcast antenna is one of the most critical
components of an AM station. The efficiency and effec-
tiveness of the transmitting antenna significantly affects
the service area of a station and the level of interference
caused to other co-channel and adjacent channel stations.

95. During the "early" days of development of the AM
broadcast service, antennas were relatively simple in de-
sign. These early antennas were non-directional because
spectrum congestion was relatively low and it had not yet
become necessary to tailor service areas through use of
directional antennas. Moreover, the scientific community’s
understanding of radio propagational phenomena, particu-
larly during nighttime hours, was still undergoing develop-
ment. Such propagational knowledge was a necessary
ingredient in the development of directional antenna de-
sign criteria.

96. Over the years the AM band has become congested,
and increasingly it has become necessary for AM stations
to use directional antenna systems to avoid interference to

other AM stations and to tailor their service areas to the
communities and population centers targeted for service.
However, stations have increasingly encountered difficulty
in installing the types of antennas needed for their respec-
tive circumstances. Such difficulties include lack of ade-
quate sites for constructing antennas and problems
involving FAA clearance for antenna towers. As a2 con-
sequence, studies need to be continued to identify or
develop antenna designs not in common use today which
could overcome these difficulties.

97. There is some evidence that unique antenna designs
have been effectively discouraged because of a likelihood
that their approval would be delayed. There is also reason
to believe that the vertical radiation pattern of many
antennas, a critical consideration in assessing skywave in-
terference potential, differs substantially from the pattern
that is calculated using standard procedures recognized by
the FCC rules. These procedures are based on assump-
tions that the antenna consists of very thin wire segments,
rather than towers, and that the system of such wires is
isolated from other structures such as power line towers,
buildings and highway bridges.

98. Special antenna designs are valuable for their poten-
tial for overcoming local siting problems, increasing signal
quality, and extending service areas. Problems of impor-
tance that might be relieved by new antenna designs in-
clude:

1. In recent years, AM broadcast antennas that have
enjoyed a location central to the community served
are being required to move because the relatively
large pieces of real estate occupied are too valuable
to be dedicated to such single use. The choice of a
new site is often difficult and may require very close
engineering studies of candidate antenna designs. In
some cases, otherwise acceptable antenna sites have
severe FAA tower height restrictions.

2. The effective power radiated to provide ground-
wave service is greatly limited because of the inter-
ference potential resulting from undesirable
radiation at higher radiation angles. Anti-skywave
antennas are being designed and tested to overcome
this problem.

3. Signal fading within (especially near the bound-
aries of) the groundwave coverage region is often
caused by self-induced skywave interference. This
interference can substantially limit the actual service
area. .

4. Unexpected secondary interference is often caused
by alterations in antenna patterns when new struc-
tures are erected near existing MF antennas. The
new structures may passively scatter radiation, or
they may resonate and drastically affect the desired
radiation pattern.

99, It has become relatively easy to investigate antenna
radiation patterns using a type of analysis called
"method-of-moments"*® This method of analysis makes
the usual simplifying assumptions unnecessary. In particu-
lar, the horizontal cross section of towers can be taken
into consideration rather than assuming that the towers
are thin wires. In addition, the influence of other nearby
structures can be estimated. Application of the method-
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of-moments has recently been made to evaluating signal

fading found near the boundaries of groundwave service

areas.*®

100. Anti-skywave antennas are being designed and test-
ed in program supported by the National Association of
Broadcasters. This is a significant effort that may lead to
geographically extended nighttime groundwave service
without increase in interference potential to distant sta-
tions. The tests are not complete, but it is not too early to
consider the types of changes, if any, that may have to be
made in FCC rules to accommodate anti-skywave anten-
nas.

101. Interest has also been shown in other types of
antennas. One such antenna is the "perimeter current
antenna" (PARAN). This antenna has the advantage of
being electrically short while still possessing reasonable
antenna efficiency. It would appear that such an antenna
would have application where there are severe FAA tower
height restrictions. Renewed interest has also been ex-
pressed related to use of directional antennas that com-
prise passive radiating elements in lieu of active radiating
elements as is the common design approach today. In fact,
there have been articles published through the years con-
cerning use of a simple passive radiator which is com-
posed of one of the guy wires of the antenna’!

102. Finally, there are additional technical issues related
to antennas that could be given consideration. For exam-
ple. elimination of antenna efficiency requirements could
be considered. In lieu thereof, the rules could be amended
to specify a minimum radiated RMS. Thus, in circum-
stances where use of short towers is needed that comply
with the minimum antenna efficiency currently specified
in the FCC rules, the power to the antenna could be
increased in order to meet the minimum RMS.

103. QUESTIONS:

A. What can the Commission do to ease problems aris-
ing when centrally located AM broadcast antenna is forced
to relocate?

B. Are there ways in which FCC rules could be modi-
fied to encourage fuller use of antenna pattern measure-
ment dawa? For example, if the measured groundwave
field is higher than predicted, FCC rules require a cor-
responding power reduction under the supposition that
tho smvinns antential interference conditions are also high-
er than has been predicted. But it might be possible to
demonstrate that interference potential has actually been
reduced by the same special conditions that have increased
the groundwave.

C. Should "method-of-moments” analyses be accepted
to support claims of special characteristics of proposed
antennas? If so, under what conditions and in what form
should the analyses be presented? It should be noted that
the results achieved using this method may have ramifica-
tions pertaining to international agreements.

D. What changes to the rules are desirable to encourage
use of types of antennas not in common use today, such as
the PARAN antenna and directional antennas that use
passive radiating elements?

E. Shouid the requirements in the FCC rules related to
minimum antenna efficiency be eliminated and replaced
with a requirement specifying only minimum radiated
RMS?

ADMINISTRATIVE MATTERS

104. In order to establish a comprehensive record in this
proceeding that will assist the Commission to develop rule
proposals, we invite comment from all interested parties
on the issues discussed in this Inquiry. If commenters wish
to address issues we have not identified, we encourage
them to do so.

105. Pursuant to applicable procedures set forth in Sec-
tions 1,415 and 1.419 of the Commission's Rules, inter-
ested parties may file comments on or before October 5,
1987 and reply comments on or before October 20, 1987.
All relevant and timely comments will be considered by
the Commission before final action is taken in this pro-
ceeding. To file formally in this proceeding, participants
must file an original and five copies of all comments, reply
comments and supporting comments. If participants want
each Commissioner to receive a personal copy of their
comments, an original and nine copies must be filed.
Comments and reply comments should be sent to Office
of the Secretary, Federal Communications Commission,
Washington, D.C. 20554. Comments and reply comments
will be available for public inspection during regular busi-
ness hours in the Dockets Reference room (Rm. 239) of
the Federal Communications Commission, 1919 M Street,
N.W., Washington, D.C. 20554.

AUTHORITY

106. Authority for issuance of this Inquiry is contained
in Sections 4(i), 303(r) and 403 of the Communications
Act of 1934, as amended.

107. For information concerning this proceeding contact
Wilson A. La Follette at (202) 632-5414.

FEDERAL COMMUNICATIONS COMMISSION

William J. Tricarico
Secretary
APPENDIX

The Modified Method for Calculating
Skywave Field Strength
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A SKYWAVE PROPAGATION STUDY IN PREPARATION POR THE-
1605-1705 kEx BROADCASTING CONFERENCE
8y

John C. B, Wing*
Pederal Communicatiaoms Commission
Washington, D.CC= 20554

1. INTRODUCTION

The 1979 World Administrative Radio Confer-
ence allocated the band 1605 - 1705 kHz for
broadcasting in Region 2 (the Americas),
while fixed services elsevhere will continuve
to use this band. A planning conference has
been scheduled for April 1986, in Geneva.
One of the most important topics will be the
selection of a method for predicting skywave
field strengths. This calls for a study of
MF skywave propagaticn with emphasis on
interference. In addition to administra-
tions, a number of international organiza-
tions, such as the International Radio
Consultative Committee (CCIR) and the Inter-
Anerican Conference on Telecommunications
(CITEL), have begun a concerted technical
study. The author is fortunate to be
involved in this international endesvor. The
purpose of this paper is to present some of
the progress that has been made.

2. AVATLARLE PREDICTION METHODS

2.1 ZXhe FCC Curves

Two sets of MF skyvave field-strength curves
are contained {n Part 73 of the FCC Rules and
Regulations.! The first set is based on
short-term measurements taken in the spring
of 1935. They are applicable to clear~-
channel stations in the United States.

In 1939, an extensive measurement progras was
initiated by the PCC. The measurements were
continued for a full sunspot cyecle, and
portions of the results vere released in
1972.7 8oon after this prograr was {nitiat~
ed, it became apparent that the skyvave field
strengths were functions of mary factors.
Consequently, the 1944 data were used to
develop a second set of curves. The second
set differs from the first set in one
tespect: it gives some weight to the effects
of geographic latitude. This set of curves
=as euopted by the Commission primarily for
calculating interference levels. The PCC
(clesr~channel) curves have been regarded as
8 conservative and safe method when applied
to most of the continental United States.

2.2 the Cairzo Curyes

Under the auspices of the CCIR, some short~
tere messurements between North and South
America, between North America and Europe,
etc., were carried out by several administra-
tions in the late 1930s. A working group
under the leadership of Dr. B. van der Pol

*Views and opinions expressed in this paper
are those of the author and should not be
interpreted as official Fcc pelicy.

(Be3land) was established to study the
ramzits. This working group developed two
sagzate curves: one for propagation paths
¢iNTant from the earth's magnetic poles
(i-wan , low-latitude paths), and one for
pPropagation paths that pass near the earth's
magnetic poles (i.e., high-latitude paths).
The former is better known as the Cairo
north-south curve because it was derived from
Bexcurements made on transequatorial paths;
tho—latter {s better known as the Cairo east-
verst.curve dbecause it wvas derived from
merZRrenents made across the Atlantic. These
Curiss vere officially adopted by the CCIR at
the=1938 meeting held in Cairo; hence, they
ar&Tollectively called the Cairo curves.?

The 1975 LF/NPF Confecence adopted the Cairo
nox-south curve for official use in Asia.
Field-strength measurenents conducted by the
Asia-Pacific Broadcasting Union (ABD) i{ndi-
cate that the Cairo curve is preferable for
that part (i.e., lov geomagnetic latitude) of
the world. It has also been reported that,
for very long paths, the Cairo curve, in
general, yields the bighest prediction.*

2.3 ZIhe CCIR Method

Recognizing the needs for a simple field~-
strength prediction method for werldwide
application, the CCIR in 1966 established an
ad hoc werking group known as the Interim
Working Party (IWP) 6/4. 1In 1974, under the
leadership of Dr. P. Knight (UK), IWNP 6/4
adopted the USER method with modifications
(e.g., UK sea-gain tezm). The method is
recompended by the CCIR for ®provisional
use.®s The 1975 LF/KP Conference adopted
this method for official use {n Region 1 and
part of Regicen 3 (with modifications).¢

When compared with measured data from 4iff-
erent parts of Region 2, the CCIR method
shows better overall results than the PCC
curves. BHowever, qualitatively, certain
limitations became apparent.’ Briefly
stated, they are:

2.3.1 The method has 8 tendency to under-
estipate field-strength levels in low-
Jatitude areas and to overestimate i{n high-
latitude areas.

2.3.2 HKeasurenments taken in North America
suggest that when other factors are equal,
the field strength of & higher-fregquency path
tends to be stronger. The frequency- -
dependence tere of the CCIR formula is of the
opposite sense.

2.3.3 Por very long paths, this method has a
strong tendency to underestimate field-
strength levels.

U.S. Government work not protected by U.S. copynght,
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2.4 The Simplified CCIR Metbog fox Planning
Purposes.in Region 2

In preparation for the 1980 Regional Admini-~
strative Broadcasting Conference (Region 2),
IWP 6/4 of the CCIR held a special meeting in
Geneva (October 1873). A set of modifica-
tions to the CCIR method was adopted.® These
modifications, which were derived from a
paper by Wang', are believed to simplify the
CCIR method while improving its accuracy when
applied to Region 2. The modifications are:

2.4.1 1In using the CCIR formula for skywave
field strength, 1000 kBz is used regardless
of frequency. This not only simplifies the
calculation but also reconciles the diff~
erences in frequency dependence as observed
in different regions.

2.4.2 A loss factor (k) of the CCIR method
vas modified in such a way that the accuracy
in the high-latitude areas and the low-
latitude areas is i{mproved without affecting
the prediction in the average-latitude areas.

2.4.3 For planning purposes, sunspot number
is assumed to be zeroc.

2.4.4 It should be emphasized that these
podifications sre derived from studies of
data collected in different parts of Region
2. :

2.5 The Regiop 2 Method (535-1605 kHz)

The first session of the Regional Admini~
strative Broadcasting Conference for Region 2
(Buenocs Aires, March 1980) considered all the
available methods and decided that:

2.5.1 The metric version of the FCC (clear-

channel)} curve, normalized to a characteris-

tic f£ield strength of 100 mV/m at 1 km, is to
be used for paths up to 4,250 km in length.

2.5.2 Por paths greater than 4,250 km in
length, the Cairo noerth-south curve,
converted to 100 mV/m at 1 km and ®lowered®
by 5.4 4B, is to be used. This lowering
allows the Cairo and the FCC curves to
intersect with each other smoothly at 4,250
¥e.  m-ig composite FCC/Cairo curve was
originally adopted by the Permanent Technical
Committee 1I, Inter-American Conference on
Telecommunications (PTC II/CITEL) at a
peeting held in Brasilia, Brazil (July 1979;
~. p~mero, Peru, Chairman).

2.5.3 The first session decided against the
adoption of the sea-gain factor. Instead, it
invited the CCIR to carry out further
studies. The polarization coupling loss
factor from the CCIR method was adopted by
the first session but deleted by the second
session (Rio de Janeiro, November-December
1981) for reasons of simplicity. Purther-
rore, the second session of the conference
also decided that in calculating interregion-
al interference, the arithmetic mean of the
signal strengths calculated both by the
Region 2 method and the method described in
CIR Recommendation 435-3 is to be used.
etails of the Region 2 method can be found
in reference 10.

6 Qther Methods

Enumber of other methods have been devel-
cped; see for example, references 4 and 7.

ol 0

3. PACTORS APPECTING PROPAGATION AND
INTERFERENCE

3.1 Effects of Freguency

Extensive data in the 535-1605 kBz band
callected by the PCC conclusively show that
Xywave field strengths for transition hours
&e highly frequency dependent.!! For
example, at sunset (or sunrise), signals of a
$530 kBz station sre consistently about 15 48
stronger than those of a 700 kHz station. As
the evening goes on, freguency dependence
diminishes, At about two hours after sunset,
field strengths of a higher-frequency station
are typically 3 to 5 &B stronger than those
of a lower-freguency station. At midnight,
frequency dependence is so slight (typically
1 to 3 4B, in Zavor of the higher-frequency
station) that it may be neglected entirely.
Because the study !’ is so extensive, it seems
to be safe to say that at nighttime (from 2

hours after sunset and on), skywave propa-
gation conditions at 1.7 MHz and at 1.6 MH:
are very similar. During transition hours,
however, signals of stations in the new band

are expected to be significantly stronger
than those in the lower band.

3.2 pffscts of Latitude

A major drawback of the current nethod for
Region 2 (535-1605 kBz) is that the method
does not take into account the effects of
latitude, which happens to be a very, if not
the most, influential facter. Furthermore,
the populated areas of Region 2 cover & range
of geomagnetic latitude of more than 120
degrees, vider than any other Region of the
1TU. Thus, latitudinal effects are particu~
larly important for the current study.

MF skyvave field strength decreases vwith

increasing geomagnetic latitude. This
correlation can be described® by the squared
tangent function of the latitude. Extensive

data collected in the mid-latitude areas of
Region 2 shovw a more oI less similar latitude
dependence. Data from the high-latitude
areas of Region 2 show that neasured field
stzengths are usually veaker than those
predicted by any of the predictinn wathndc
available. Data collected in the low-
latitude areas show a strong opposite trend.
It should be mentioned that data from the
high-latitude and the low-latitude areas of
Region 2 cannot be considered extensive.
Additional data are being collected by the
FCC at Kingsville, Texas and Fairbanks,
Alaska. Results from these studies may
become available soon.

3.3 Daytime Skywave Propagation

It is difficult to collect daytime skywave
field strengths for a number of reasons.
Nevertheless, the FCC did manage to collect 2
considerable amount of daytime skywave data
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representing different levels of solar
activity. Before analyzing daytime datas,
some stringent tests were perfoimed to mafe
sure that the data collected were actually
skyvave. Measurements of eight paths are
belicved to be skywave and have been studied.
An analysis of the FCC daytime skywvave dag
shows that:!? .

3.3.1 The annual median value of skywvave:
field strength &t noon is about 45 dB lower
than the corresponding value at midnight.
This agrees quite well with data collected in
Japan and Europe. If one considers the
winter season alone, however, the pictute can
be quite different. In the high-latitude
areas where nighttime winter anomaly is
pronounced, the difference betveen daytime
and nighttime field strengths can be dras-
tically smaller. Por ezample, during the
period of November 1, 1941, to January 31,
1942, signals of WLW (700 kBz, Cincinnati,
Ohic) were detected in Portland, Oregon (path
length = 3192 km, midpoint geomagnetic
latitude » 53.2 degrees N} regularly around
noon with a median value of 6 -dB above 1
uV/m. The corresponding nighttime (6 hours
after sunset) value was only 17.3 ¢B adbove 1
uw/m. The difference was only about 11 dB.
The typical difference between nighttime and
daytime field strengths for the winter
montha, as observed in the United States, is
usually between 25 and 30 dB.

1.3.2 Day~-to-day fluctuation of midday field
strengths is more proncunced with signals in
the upper end of the MF band than in the
lover end of the band.

3.3.3 Daytime skywvave field strengths vary
with solar activity in & similar manner as
that of nighttime.

3.3.4 The seasonal variation of the median
value of daytime field strengths is very
apparent. Fisld strengths are strongest in
the vinter months.

Lffects of Solar and Magnetic Act{vity

Solar activity reduces MF nighttime skywave
field strengths. An analysis of data
collected in Region 2 suggests that the
reduction is a function of geomagnetic
lT-eivpde, frequency, distance and sunspot
number.’

3.4.

Evidence based on some U.5.-Canada paths
~-~—=~ +h3t another Bominant factor in
reducing MF nighttime skyvave field strength
is the magnetic-sctivity-related absorption,!?
Short-tern effects of magnetic storms have
been studied recently.'? Storm-related
absorption, particularly during the first 5
to 10 days immediately following the onset of
a storm, increases with increasing frequency.
For exanmple, when monitored in Grand Island,
Nebraska, the signal of K5TP (1500 kHz,
Minneapolis, Minnesota) decreased by 33 a8
wvhile the signal of WCCO (830 kBz, St. Paul,
finnesota) decreased by only 19 4B when a
magnetic storm struck the world (March 19,
1950; Ap = 84). Storm-related absorption {s
usually less severe in tropical latitudes.

It should also be mentioned that at MF storm-
related absorption has no diurnal variastion
to speak of, Storms affect daytime field
strength and nighttime field strength in a
similar manner.

3.5 PRield Strengths Exceeded for Different
Bercentages of Tige

Based on extensive data collected in Region
2, it has been observed that during a year of
low-solar activity:

3.5.1 1In the low-latitude areas, (40 degrees
or less, geomagnetic) field strength exceeded
for 18 of the time is about 9.5 dB greater
than the annual median value. This differ-
ence increases to about 1S dB in the high-
latitude azeas (60 degrees or greater).

3.5.2 In the lov-latitude areas, field
strength exceeded for 108 of the time is
about 6 @B greater than the median value.
This difference incresses to about 10 4B
in the high-latitude areas.

3.5.3 Por simplicity, 12.25 4B and 8 4B may
be added to the median value in order to
deteraine the top-percentile and upper-decile
values, respectively.

3.5.4 Por a year of high sclar activity,
these figures may be considerably larger.

3.6 Geasopal Variation

Nighttime field strength measuresent sade in
the low-latitude streas of Region 2 (e.g.,
Mexico, the Caribbean) show very little
seasonal variation.!* MNeasurements made in
the mid-latitude areas of the Region show
only & slight minimum in the summer months,
typically 5 or 6 dB. Measurerents made in
Burope show a more pronounced minimum in the
summer together with maxima in spring and
sutumn,}?

Daytipe skywave field strengths show a strong
paximum in the winter months.

3.7 Rield Strengths at Two Soutrs and S5iz
Hours after Sunset

Sg

Different reference hours are being used by
different administrations in different
Regions of ITU. 1In Region 2, two hours after
sunset (55+ 2) at the midpoint of s path has
been adopted as the reference hour. In
Region 1, six hours after sunset (5S+ 6) has
been in use. In Australis, midnight has been
the traditional reference hour. CCIR Recom-
nendation 435-4 suggests that field strength
st six hours after sunset is 2.5 4B stronger
than that at two hours after sunset. A study
of Region 2 data reveals that:

<8

3.7.1 The CCIR-recommended figure of 2.5 dB
is most accurate for short paths (i.e., one
hop) regardless of direction.

3.7.2 This figure is alsc sccurate for
north-south paths regardless of path length.

F2

+

+C
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3.7.3 Por multi-bop east-vest paths, the
difference between field strengths at six and
two hours after sunset can be considerably
larger than 2.5 dB.

3.8 mxnuwmm::n._md
1605-1703 KRz

ohe high MF band is expected to be charac=
terized by wide short-term fluctuation in
skyvave field strengths. Nighttime field
strengths particularly in the high-latitude
areas (e.g., northern USA, Canada, Green-
land), where magnetic storms are frequent and
winter anomaly is pronocunced, fluctuation of
moze than 40 dB is to be expected. Store-
related absorption {ncreases with increasing
frequency. It should be noted that short-
term fluctuation of daytime field strengths
also increases vith increasing freguency.

4. IQE_IILJIEBQ!I_IBE.!SC_IEIHQD

pasic limitations with the
the Region 2) method, and
in preparation feor the forthcoming 1605-1705
%8z conference, a nev latitude~dependent tern
has been developed by this suthor (see
Appendix 1). This term, when used in
conjunction with the method for Region 2
decribed in reference 10, has the followving

Recognizing the
current PCC (hence,

features:
6.2 The scaified method is simple to use. A
hand-held calculator would suffice. In many

cases, 8 pencil and a straight edge would be
all that is needed. A computer is not
necessary.

4.2 The modified method is fully compatible
with the existing model. Computer programs
being used by the administrations and the
I1PRE can be changed very easily.

¢.3 The modified method takes into account
the effects of latitude by utilizing the
average geomagnetic latitude (¢) of a path
involved. Conversion from geographic to
geomagnetic coordinates is -trutgh:tozvnrd.'“‘
4.4 The curve corresponding to & = 35° is
extremely close to the Cairo north-south
curve. The difference is about 1.5 dB, on

Cue Lia basabe

4.5 The curve corresponding to ¢ = 45° is
similar to the current curve for Region 2,
vhich is the metric version of the FCC curve.
At this stage, it should be mentioned that
there is & "hump® on the PCC curve at
distances near 1,000 km. The prasence of
this hump has prevented engineers from
developing & simple, descriptive sathematicsal
equation. The author has reexamined some of
the earlier work done by FCC engineers. It
vas found that several stations in Texas were
monitored at Grand Island, Nebraska, with
path lengths varying betveen 900 and 1,100
kn. Ground conductivities along these paths
are considerably higher than average. Righ
conductivity enhances groundvave and, to &
lesser degree, akywave signals. Later
seasurements of station WFAA (Dallas, Texas)
at Grand Island taken around noon strongly

“divided intc three groups

suggest that the groundvave component is
appreciable (about 3 pv/s). Thus, the bump
may bhave tesulted from the presence of
groundwave components. It {s believed that
the hump can be spoothed without losing

sccuzacy. With the hump, the Region 2 curve
and the nev modified curve for ¢ = 45 are
about 2.5 4B apart, on the rxs basis. 1If the

huop is smoothed, the difference is narroved
to less than 2 dB.

curve for ¢ = 59° (with minor
refinements) has been adopted by the PCC
(Docket 83-807) for use between Alaska and
the lower 48 states of the Onited States.

4.7 The modified
Additional terms can be

4.6 The

sethod is fully flexible.
included easily.

4.8 While the modified method has been
developed in preparation for the 1986
conference that will deal with the band
1605-1705 kEs, it can be applied to the
¢:§st£nq band for standard broadcasting as
well.

5. l_£Dﬁ2&8159!.92.28:21922D.AHD_IEASHBED
PIELD STRENGTHS

Data fron a large number of propagation paths
have been studied. Region 2 data have been
according to geo-~
In the mid-latitude and

aagnetic latitudes.
only measuted field

high-latitude cases,
strengths for a year of low solar activity
(i.e., the worst-case data) were studied.
Table 1 summarizes prediction errors of the
different prediction methods. In this study,
an error is defined as the difference, in dB,
between the calculated £ield strength and the
peasured field strength.

!AlLl-l.:.!klﬂl::lﬂ!.l!nﬁxﬁ
CASE RMS EBRRORS POR DIFFERENT METHODS
A . c D
0°-44.9° 9.0 7.8 7.6 8.9
45%-52.8° 4.7 6.0 4.1 5.8
> 52.5° 1.1 13.4 4.6 6.8
§UB-TOTAL 8.1 8.7 5.4 7.0
::25’3;.“ 13.6  17.2  11.1 8.9
TOTAL 10.97 13.96 8.51  8.0°

All figures are in &B.
¢« preliminary results

The Region 2 Nethod

The Cairo Curve

The Simplified CCIR Method
The Modified PCC Method

oNnwd>
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A careful study of the results of this
comparative study and results of previous
vorTk suggests that: i

5.1 As expected, the Region 2 method works
¢cll in the mid-latitude areas of the region.
vhen used in the low-latitude areas, however,
it usually underpredicts field strength
|evels. When used in the high~latitude
ireas, on the other hand, it almost always
werpredicts. From a frequency management
oint of view, it means that in the lowv-
.atitude areas, skywave contours for s given
jignal level, calculated by the Region 2
wethod, are usually considezably smaller than
he actual ones. The calculated contours in
.he high=latitude areas, on the other hand,
ire usually much larger than the actual ones.
luch the same can be said about the Cairo
urve.

.2 The simplified CCIR method for planning
urposes in Region 2 yields promising
esults. When compared to measured data
ollected in Region 2, it offers closer
greement with observations than the other
ethods. When compared to Seasurements made
ver inter-regional paths, it offers reason-
ble overall results too. However, it has
een teportad that vhen applied to paths
onger than, say, 4000 kz, this methcd has a
endency of underestimating.®

.2 Like the simplified CCIR method, the
odified FCC method contains a latitude-
ependent term, Unlike the simplified CCIR
ethod, the modified FCC method seens to work
ell for long paths as well as short paths.

6. QCONCLUSIONS

ised on the latest study on frequency depen-
ince, the Region 2 method, as described in
ie¢ Rio Final Acts, for calculating nighttime
tywave field strengths in the band 535 -
;05 kHz can be extended to 1705 kHz without
itroducing significant additional errors.

© ' administrations in Region 2 prefer a
wewhat more advanced approach to improve
¢ accuracy of prediction, two alternative
‘thods deserve careful consideration: the

. pesssev woiR method for planning purposes
\ Region 2 and the modified PCC method.

mrorE 2 o ;ISI' OF SYMBOLS

1 short great~circle path distance (km)

¢ characteristic field strength, mV/m at
1 km for 1 kw

(8) radiation as a fraction of the value
¢ =0 (when 6 = 0, £{(8) = 1)

annual pedian skywave field strength,
in 48 (uv/®)

c field strength for a characteristic
field strength of 100 aV/m

7.

10.

11.

12.

antenna gain at the appropriate esleva-
tion angle and azimuth, with respect to
an ideal small vertical antenna, in dB

station pover (kW)

elevation angle from the horizon
(degrees)

arithmetic mean of the geomagnetic
latitle of the transmitter (0,) and
that of the receiving site (0R) of a
path. Northern latitudes are consid-
ered mvsitive, southern latitudes
negative
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APPENDIX 1

The Official Method for Calculating
Skywave Field Strengths in Region 2
and the Suggested Kodifications

According to Chapter 3 of reference 10, .
nighttime (2 bours after sunset) skywvave
f£ield strength, 50% of the time, is given by:

r.£() VP

P=P 4+ 20 log ~Eo—mm—o
c 3 160 (9%

(all equations are in 4B [uV/m])

Por distances less than 4,250 km, P. is the
direct reading from FPiqure 4 of reference 10;
no equation is available. Por greater
distances, F. can be expressed by:

- 23 _ 2
Fe 3 + 4/1000 35.8

It {s suggested that, for all distances
greater than 250 km, P be given by:

P, = (95-20 log 4)
~(2n + 4.95 tan? ¢) (4/1000)% ()

1 |e] is greater than 60°, equation (3) is
evaluated for ¢ = 60°. If & is less than 250
kn, P is evaluated for & = 250 km, However,
the actual value of 4 is to be used in
determining angle of departure.

Pigure 1 shows F. for selected latitudes.
ror those who prefer antenna gain over
characteristic field strength, equation (1)
can be revritten as:

| K rc +10 log P + G + 9.54 (1a)
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FIGURE 1 Skywave field strength vs distance (100 my/m at ) km, 50 14 ;!hours after sunset) -}/
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FIGURE 2 A graphical comparison of predicted field strengths by
using different methods (Bonaire to Filorida, 800 kHz,
2195 km, 31 deg N)
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M 14.6
R2 28.5
Cha 33.9
cs 21.5
MF 22.5
L ] b
0 i0 20 30 éB (PV/m)

FIGURE 3 A graphical comparison of predicted field strengths by using
different methods (Atlanta to Portland, 750 kHz, 3498 km,
51 deg N) 4
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FIGURE 4 A graphical comparison of predicted £ield strengths by
using different methods (N. Ireland to Ottawa, 977 kHz,
4797 xm, 64 deg N)
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ANNEX TO RECOMMENDATION No. 5

Calculation of the skvwave field strength to evaluate interregional interference

1. List of syzhcls (see also Chapter 2)
ap: geographical latitude of the transmitting terminal (degrees)
ap: gecgraphical latitude of the receiving terminal (degrees)
bp: geographical longitude of the transmitting terminal (degrees)
bp: geographical longitude of the receiving terzinal (degrees)
¢r: geomagnetic latitude of the transmitting terminal (degrees)
¢g: geomagnetic latitude of the receiving terminal (degrees)
¢: average geomagnetic latitude of a path under study (degrees)
Note - North and east are considered positive, south and west negative.

2. General procedure

The general procedure for calculation of skywave field strength to evaluace
interregional interference is similar to that described in Chapter 2 with
the following exception. '
The unadjusted skywave field strength F is given by:

SR NONE 4B (/) Y |

100

Fe= FC + 20 log

Fc is given by:

F_ = (95720 log d) - (6.28 + 4.95 tun2 $) (d/1000)”2dn(pv/m) 2)

Figure 1 and Table I show F_ for selected latitudes. If [¢ lis greater than
o aegrees, equation (2) is evlluateg for | ¢ = 60 degrees. If d is less than 200 km,
juation (2) is evaluated for d = 200 km. However, the actual great-circle distance is
> be used in determining elevation angle. See section 4 for calculation of great-circle
istance and conversion from geographical latitude to geomagnetic latitude.

lote - Values of F. are normalized to 100 mV/m at 1 km corresponding to an
ffective monopole radiated power (e.m.r.p.) of =9.54 dB(kW).

Skywave field strength, 50 of the time

This is given by:

F(50) = F dBGV/m) (3
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4. Path parameters

Refer to section 1. The great-circle distance d (km) is given by:

= 1 “si i - 7
d = 111.18 arc cos / sin 3p sin a; + cos ar cos a, cos (bR bT)_/ (%)

The geomagnetic latitude of the transmitting terminal, °r' is given by:

- . o o o v
¢ = arc sin / sin 4, sin 78.5° 4 cos a, cos 78.5" cos (69 *bp) ./ (9)

¢R can be determined in a similar wanner. And,

¢ =l v ep) (6)

Alternatively, Figure 2 may be used.
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FOOTNOTES

! in an eartier action. the Commission issued a Notice of Inquiry
addressing issues relating to operation of synchronous transmit-
ters. See Notice of Inquiry released March 3, 1987 in MM Docket
87-6, ECC 87-27, 52 FR 8085 (1987). This Inquiry is not intended
to duplicate the issues addressed in that proceeding.

2 The Technical Subgroup of the FCC Radio Advisory Commit-
tee is also being invited to develop data and recommendationson
these issues.

3 In order to facilitate the analyses of comments and informa-
tion received in response to the many specific questions raised in
this Inquiry, commenting parties are requested to identify the
paragraph number and associated question to which the com-
ments are directed.

4 All references to FCC rules in this Inquiry are contained in
Part 47 of the Code of Federal Regulations bearing the same
section number as the FCC rule.

5 Enom is the field strength that provides satisfactory reception
in the presence of atmospheric noise, man-made noise, and inter-
ference from other transmitters, Values for Enom are determined
administratively by taking into account technical and non-
technical factors.

- 6 This process began with a "freeze” on the acceptance of AM
applications (FCC 62-516; 23 RR 1545, 1962) and the issuance of
a Notice of Proposed Rule Making in Docket No. 15084 (FCC
63-468). This in turn led to the Report and Order 45 FCC 1515; 2
RR 2d 1658 (1964); recon. 45 FCC 2092; 4 RR 2d 1567 (1965).

7 The minimum usable field strength, Emin, is the minimum
value of field strength necessary to permit a desired reception
quality in the presence of atmospheric and man-made noise. See
Recommendation 499-2, Volume X - Part 1 of the lnternational
Radio Consuitative Committee (CCIR).

8 Minimum usable field strength and radio-frequency protection
ratios are in turn related to subjective and technical factors. These
are discussed in the following section.

9 Receiver bandwidth refers to the combined effects of the
radio-frequency and audio-frequency bandwidths of the receiver.

10 There are about 50,000 thunderstorms per annum world
wide, producing 100 lightning flashes per second. Each lightning
flash yields two discharges. The flash discharge current varies
between 10 and 100 kiloamperes (kA). Discharge takes place
between 2 224 4 kilometers above ground. The power released is
substantially typically greater than 10 gigawatts (gW). Armel Pic-
quenard, "Radic Wave Propagation”, Wiley and Sons, New York,
1974

! See CCIR Report 322.

12 During the Clear Channel Hearings, Docket 6741, noise maps
were also prepared. '

13 There are four combinations possible with voice and music:
voice to voice, music to music, voice to music, and music to
voice.

M This latter procedure is considered to be more difficult due
to the greater number of parameters that must be taken into
account.

15 5ee. CCIR Recommendation 559-1, Volume X, Recommenda-
tions and Reports of the CCIR.

16 As noted in an earlier section of this Inquiry, a voluntary
standard pertaining to receiver de-emphasis has already been
adopted by the NRSC. It is anticipated that receiver manufactur-
ers will begin manufacturingreceivers meeting this standard. AM
stereophonic receivers are also being manufactured that possess
significantlyimproved performance characteristics.

17 The field strength of a contour which is limited by interfer-
ence is often referred to as the usable field strength, Eu.

18 Among other things, the applicant facility must be the first
AM broadcast facility in a community of any size wholly outside
of an urbanized area or the first AM broadcast facility in a
communityof 25,000 or more population wholly or partly within
an urbanized area, or where the facilities proposed would provide
a first primary service to at least 25 percent of the interference-
free area within the proposed 0.5 mV/m contour.

19 Recently, the Commission denied a waiver request from AM
station KCBQ in San Diego, California. Afier some years of
operation under a Special Temporary Authority (STA), KCBQ
was unable to adjust its nighttime array in accordance with its
authorization. As a result, the station sought to regularizeits STA
operation, but the Commission rejected the request because of
interference to station KVOO, Tulsa, Oklahoma. KCBQ had
argued that it shouid not be forced to reduce power since there
bad been no interference complaints against its operation. Al-
though the Commission applied its traditional approach in de-
nying the request for waiver, the outcome might well have been
different if the two stations could have negotiated a resolution to
the interference problem.

20 [ 3 number of previous instances, we have provided similar.
flexibility for licensees in other services with positive results. In
the satellite and point-to-point microwave services, for example,
licensees are permitted to accept varying degrees of interference.
It is common for licensees to employ highly directional antennas,
or innovative encoding/modulation systems in those instances
where congestion is high. Our experience here suggests that if
given the opportunity and encouragement, licensees will respond
by making effective and efficient use of the spectrum. We would
expect a similar outcome in the AM broadcast service.

2t Any emissions appearing on a frequency removed from the
carrier between 15 kHz and 30 kHz, inclusive, and by more than
30 kHz up to 75 kHz must be attenuated at least 25 dB and 35
dB, respectively. Emission limitations also apply to frequencies
above 75 kHz.

22 Harrison J. Klein, P.E., "Modulation, Overmodulation, and
Occupied Bandwidth; Recommendations for the AM Broadcast
Industry*, September 1986.

3 Figure 2 is used for performing interference calculations on
regional channels.

24 Figure 2 depicts a family of curves ranging from 36 degrees
to SO degrees latitude.

25 The reference hour used in propagation models developed
within the CCIR is midnight, the time when nighttime propaga-
tion is greatest.

26 This high-latitude field strength measurement program is
expected to be completed during 1987.

27 The Expanded Band RARC is a two session conference to
plan the use of the expanded AM band, 1605 - 1705 kHz, in
Region 2 (the americas). The First Session of the Conference was
held in Geneva during April, 1986, to develop the technical
standards to be employed in the expanded band as well as the
planning methodology. The Second Session will be held in early
1988 to adopt an agreement and associated plan.

28 See "A Skywave Propagation Study in Preparation for the
1605-1705 kHz Broadcasting Conference" by J. Wang, IEEE
Transactions on Broadcasting, Vol. BC-31, No. 1, pp. 10-17,
March 1985. (For a step-by-step procedure, see the Report to the
Second Session of the Expanded Band RARC, pp. 80-91). Both of
these sources are included in the Appendix to this Inquiry.
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29 oy one time the calculation of service contours using such a
procedure was laborious, but the wide-spread availability of com-
puters today facilitates such calculations.

30 The critical hours periods are the two hours after sunrise and
the two hours before sunset during which skywave propagation is
undergoing transition from nighttime hours to daytime hours. The
two periods of critical hours are the daytime hours during which
daytime skywave signals are most likely to cause interference to
co-channel Class | stations.

31 gee "A Skywave propagation Study in Preparation for the
1605 - 1705 kHz Broadcasting Conference" by J. Wang, JEEE
Transactions on Broadcasting, Vol. BC-31, No. 1, pg. 12, March
1985.

32 The RSS is a mathmarical procedure which involves taking
the square-root of the sum of the squares of interfering signals.
This is often referred to as the Eu for the subject station. The
FCC rules require that the normally protected contour, Enom, or
the Eu be protected from interference, whichever is greater.

33 This was an important consideration at the time of the rule’s
adoption when computers were not available to perform interfer-
ence calculations.

34 guch data was developed by the technical subgroup of the
Radio Advisory Committee for the Region 2 Administrative Ra-
dio Conference, Rio de Janeiro, 1981. However, it has not been
formally adopted for domestic applications.

35 R. M. Bevansee, G. J. Burke and R. J. King, "Relative
Communication Effectiveness (RCE) of Antennas for Ground-
wave Generation", paper prepared for the Radio Science Journal
reporting research at Lawrence Livermore National Laboratory;
Livermore, CA, July 1986.

36 N. Demunco, “"Ground-wave Analysis Model for MF Broad-
cast Systems"” NTIA Report 86-203 (work sponsored by the Voice
of America), September 1986. N. Deminco, "Automated Perfor-
mance Analysis Model for Ground-wave Communications Sys-
tems", NTIA Report 96-209 (work sponsored by the U.S. Army),
December 1986.

37 R. P. Eckert, "Modern Methods for Calculating Ground-wave
Field Strength over a Smooth Spherical Earth", Report FCC/OET
R86-1, February 1986. -

38 5 H. McMahon, "Investigation of Methods for Converting
the FCC Ground Wave Field Intensity Curves to the Metric
System," FCC/OCE Report R$79-01, January 1979.

39 H. Bremmer, "Terrestrial Radio Waves," Elsevier Publishing
Co.. 1049

40 FCC MM Docket No. 84.752, Report and Order "In the
Matter of Changes in AM Technical Rules 1o Reflect New Inter-
national Agreements,” published in the Federal Register May 2,
1985 (50 FR 18818). The computer program used for calculating
these curves was subsequently released to the public for use in
lieu of drawn curves for calculating groundwave field strength.

41 G, Millington, "Ground Wave Propagation over an In-
homogeneous Smooth Earth,” Proc. of the Institution of Electrical
Engineers (London), Part III, Vol. 9, pp. 53-64, January 1949, H.
L. Kirke, "Calculation of Ground-wave Field Strength over a
Composite Land and Sea path,” Proceedings of the IRE, Vol. 37,
May 1949, pp. 489-496; J. R. Wait, "Recent Analytical Investiga-
tions of Electromagnetic Ground Wave Propagation over In-
homogeneous Earth Models, Proceedings of the IEEE, Vol. 62,
pp. 1061-107Z August 1974,

42 J. R. Wait, and W. C. G. Fraser, "Radiation from a Vertical
Dipole over a Stratified Ground (Part II)," IRE Transactions on
Antennas and Propagation, Vol. AP-3, pp. 144-146, Oct. 1954.

43 R. H. O, L. E. Volger, and G. A. Hufford, “Ground Wave
Propagation over Irregular, Inhomogeneous Terrain: Comparisons
of Calculations and Measurements," NTIA Report 79-20, U.S.
Department of Commerce. Copies obtainable from the National
Technical Information Service, Springfield, VA (accession No.
PB-298-668).

44 5 Rotheram, "Ground-wave Propagation. Part I - Theory for
Short Distances; Part I - Theory for Medium and Long Distances
and Reference Propagation Curves", Proc. of the Instiwiion of
Electrical Engineers, Part F, Vol. 128, October 1981.

45 Ray J. King and James R. Wait, in "Eléctromagnetic Ground-
wave Propagation Theory and Experiment”, Volume XV1II of the
Symposia Mathematica published by the Istituto Nationale di Alta
Mathematica, Bologna, 1976, state the following, "Millington was
the first to explain the now familiar recovery effect for propaga-
tion over a boundary separating two media using a semi-empirical
graphical technique and reciprocity arguments. An impressive set
of confirming experiments over a wide range of frequencies im-
mediately followed as well as theoretical confirmation. This effect
has also been measured on a number of occasions using micro-
wave frequency models.

46 On December 15, 1980, the FCC released a Notice of Inquiry
in BC Docket No. 80-757, In the Matter of Amendment of the
Rules concerning Automation of the use of Measurement Data
for AM Broadcast Stations. This proceeding which has not yet
been closed, solicited comments concerning development of a
data base containing, in some form, all outstanding measurement
data to be considered in allocation studies. Included in the consid-
erations was development of a digitized conductivity map based
on the measurementdata.

47 g A. Arcone and A. J. Delaney, "Electrical Ground Imped-
ance Measurements in the U.S. between 200 and 415 kHz",
Report No. FAA-RD-78-103, 1978.

4% CCIR, "Electrical Characteristics of the Surface of the
Earth", Recommendations and Reports of the CCIR, Recommen-
dation 527-1, Dubrovnik, 1986.

49 The "method of moments" is a mathematical procedure
wherein the radiation from the component parts of a broadcast
tower are individuallycalculated. The results of these incremental
calculations are integrated to provide the resultant radiation char-
acteristics of the tower.

$0 Harry R. Anderson and David J. Ponion, "Short Range
Skywave Field Strengths from Tall AM Broadcast Towers”, IEEE
Trans. Broadcast, Vol. BC-32, No. 3, September 1986.

51 See, e.g., "An Economical Directional Antenna for AM Sta-
tions", 1987 NAB Engineering Conference Proceedings, by Grant
W. Bingeman.
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