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INTERNATIONAL TELECOMMUNICATION UNION

Document 1-E
RARC TO ESTABLISH A PLAN FOR 25 November 1985
- THE BROADCASTING SERVICE IN THE ' o ) g}
BAND 1605-1705 kHz IN REGION 2 Original : English
French
FIRST SESSION -~ GENEVA, APRIL/MAY 1986 Spanish

PLENARY MEETING

Note by the Secretary-General

AGENDA OF THE CONFERENCE

The agenda of the Conference is contained in Resolution No. 913 adopted
by the Administrative Council at its 39th session.

The text of the Resolution is attached.

R.E. BUTLER

Secretary—General

Annex : 1

For reasons of economy, this document is printed in a limited number of copies. Participants are therefore kindly asked to bring
their copies to the meeting since no others can be made available.
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ANNEX

R No. 913 FIRST SESSION OF THE REGIONAL ADMINISTRATIVE RADIO CONFERENCE TO ESTABLISH A PLAN FOR
THE BROADCASTING SERVICE IN THE BAND 1 605 - 1 705 kHz IN REGION 2 - BC-R2(1)

The Administrative Council,

considering
a) Recommendation 504 of the 1979 WARC;
b) Resolution 1 of the Plenipotentiary Conference, Nairobi, 1982;

considering further the resﬁlts of the consuitation conducted ﬁy telégram on 6 April 1984;

resolves
1. that the first session of the Conference shall be convened in Geneva on 14 April 1986
for a duration of three weeks;
2. that the agenda of the first session shall be the following :
2.1 to establish the basis for the preparation of a Plan for the broadcasting service in

Region 2 (1 605 - 1 705 kHz), taking into account the following non-exhaustive list of items :
2.1.1 definitions;

2.1.2 propagation data;

2.1.3 modulation standards;

2.1.4 the effect of receiver characteristics upon AM broadcast standards;

2.1.5 protection ratios, required values for the usable field strength and for the nominal
usable field strength;

2.1.6 transmitting antenna characteristics and transmitter powers;

2.1.7 planning methods and guidelines for the agreement;

2.2 to establish the technical criteria, as appropriate, for the sharing of the band

1 625 - 1 705 kHz between the broadcasting service and other services in Region 2 taking into
account Nos. 419 and 481 of the Radio Regulations;

2.3 if necessary, to establish and identify specific guidelines for preparatory work,

including computer software development, to be carried out before the second session of the
Conference and to set dates for the completion of this work;
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2.4 to specify the manner in which broadcasting requirements for inclusion in the Plan
should be submitted to the IFRB and to fix the date by which they should be submitted;

2.5 to establish a draft agenda for the second session of the Conference, relating to the
establishment of an agreement and an associated plan, to be submitted to the Administrative
Council;

3. that administrations are encouraged to begin considering their broadcasting requirements
for the use of the 1 605 - 1 705 kHz band in order that they may be prepared to submit their
requirements to the IFRB by the date established by the first session of the Conference;

L, that the second session of the Conference shall be convened in 1988 for a duration of
approximately four weeks at a place to be determined;

invites the CCIR to prepare all the necessary technical bases in accordance with
Recommendation 504 of the 1979 WARC;

invites the IFRB to provide technical assistance in the preparation and organization
of the Conference;

instructs the Secretary-General to take all necessary steps for convening the Conference.
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Document 2-E

Bn nz I RARC TO ESTABLISH A PLAN FOR 25 November 1985

= THE BROADCASTING SERVICE IN THE ¢ i . .
BAND 1605-1705 kHz IN REGION 2 Original : g‘r’iizf}h

FIRST SESSION GENEVA, APRIL/MAY 1986 Spanish

PLENARY MEETING

Note by the Secretary-General

CREDENTIALS OF DELEGATIONS

1. Under Article 67 of the International Telecommunication Convention,
Nairobi, 1982, the delegation sent by a Member of the Union to a conference shall
be duly accredited in accordance with Nos. 381 to 387 of the Convention.

2. To facilitate consultation, I hereby transmit to the Conference the text
of the aforesaid Article 67 (see Annex).

R.E. BUTLER

Secretary-General

Annex : 1

For reasons of economy, this document is printed in a limited number of copies. Participants are therefore kindly asked to bring
their copies to the meeting since no others can be made available.
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ANNEX

ARTICLE 67

Credentials for Delegations to Conferences

1. The delegation sent by a Member of the Union to a conference
shall be duly accredited in accordance with Nos. 381 to 387.

2. (1) Accreditation of delegations to Plenipotentiary Conferences
shall be by means of instruments signed by the Head of State. by the Head
of the Government or by the Minister for Foreign Affairs.

(2) Accreditation of delegations to administrative conferences
shall be by means of instruments signed by the Head of State, by the Head
of the Government, by the Minister for Foreign Affairs or by the Minister
responsible for questions dealt with during the conference.

(3) Subject to confirmation prior to the signature of the Final
Acts, by one of the authorities mentioned in Nos. 381 or 382, delegations
may be provisionally accredited by the Head of the diplomatic mission of
the country concerned to the government of the country in which the
conference is held. In the case of a conference held in the country of the
seat of the Union, a delegation may also be provisionally accredited by the
Head of the Permanent Delegation of the country concerned to the United
Nations Office at Geneva.

3. Credentials shall be accepted if they are signed by the appropriate

authority mentioned under Nos. 381 to 383, and fulfil one of the following
criteria:

~ they confer full powers:

~ they authorize the delegation to represent its government, without
restrictions;

— they give the delegation, or: certain members thereof. the right to
sign the Final Acts.

4. (1) A delegation whose credentials are found to be in order by
the Plenary Meeting shall be entitled to exercise the right to vote of the
Member concerned and to sign the Final Acts.

(2) A delegation whose credentials are found not to be in order
by the Plenary Meeting shall not be entitled to exercise the right 1o vote or
to sign the Final Acts until the situation has been rectified.

S. Credentials shall be deposited with the secretariat of the confer-
ence as early as possible. A special committee as described in No. 471 shall
be entrusted with the verification thereof and shall report on its conclu-
sions to the Plenary Meeting within the time specified by the latter.
Pending the decision of the Plenary Meeting thereon, a delegation of a
Member of the Union shall be entitled to participate in the conference and
to exercise the right to vote of the Member concerned.
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6. As a general rule, Members of the Union should endeavour to
send their own delegations to conferences of the Union. However, if a
Member is unable. for exceptional reasons. to send its own delegation. it
may give the delegation of another Member powers to vote and sign on its
behalf. Such powers must be conveyed by means of an instrument signed
by one of the authorities mentioned in Nos. 381 or 382.

7. A delegation with the right to vote may give to another delegation
with the right to vote a mandate to exercise its vote at one or more
meetings at which it is unable to be present. In such a case it shall. in good
time, notify the Chairman of the conference in writing.

8. A delegation may not exercise more than one proxy vote.

9. Credentials and the transfer of powers sent by telegram shall not
be accepted. Nevertheless. replies sent by telegram to requests by the
Chairman or the secretariat of the conference for clarification of creden-
tials shall be accepted.
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RARC TO ESTABLISH A PLAN FOR Addendum 1 to
- THE BROADCASTING SERVICE IN THE -
BAND 1605-1705 kHz IN REGION 2 Document 3-F

16 December 1985
FIRST SESSION  GENEVA, APRIL/MAY 1986

PLENARY MEETING

Note by the Secretary-General

At the request of the Director of the CCIR, I am sending you herewith
an Addendum to the Report "Technical Bases for the First Session of the Regional
Administrative Radio Conference to establish a Plan for the Broadcasting Service
in the Band 1605-1705 kHz in Region 2". This Report is contained in Document No.3.

R.E. BUTLER

Secretary—-General

Annex

For reasons of economy, this document is printed in a limited number of copies. Participants are therefore kindly asked to bring
their copies to the maeting since no others can be made available.
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ANNEX

NOTE FROM THE CHAIRMAN OF CCIR STUDY GROUP 10

After the conclusion of the Final Meeting of CCIR Study Group 10, which
according to the provisions of Resolution 24-5 approved the CCIR Report to this
Conference, Study Group 8 held its Final Meeting in which further consideration was
given to Chapter 9 of the report.

The resulting additional comments are contained in the letter from the Chairman
of Study Group 8 reported in the Annex, and are submitted as complementary
information to the CCIR report.

C. TERZANI
Chairman of
CCIR Study Group 10



— 3 —_
BC-R2(1)-3(Add.1)-E

Annex

LETTER FROM THE CHAIRMAN OF STUDY GROUP 8
TO THE CHAIRMAN OF STUDY GROUP 10

REPORT OF JOINT INTERIM WORKING PARTY 10-3-8/1

Study Group 8 comsidered Chapter 9 of the report of Joint Interim Working
Party 10-3-8/1 ,and wishes to make the following comments:

1. In the maritime mobile service narrow-band direct printing signals can be
generated using different modulation methods leading to emissions classified as F1B or
or J2B. In effect F1B and J2B signals are the same and there is no distinction between
the interference characteristics of both cases. Therefore it is recommended to deal
with both cases by only one entry F1B/J2B in Table 9-I in Chapter 9 of the final
report of the JIWP 10-3-8/1, and to indicate in the CO-column of this table the

figure —3 dB. The figure -3 dB itself was not discussed in Study Group 8. It was noted
that the figure +5 dB in the OC-column applies only when the frequency separation
between the assigned frequency of the F1B/J2B emission is equal to 1.4 kHz, which in
the case of 'an F1B/J2B signal is Just an arbitrary frequency offset.

2. It was further noted that in the case of J3E a single value of the protection
ratio cannot be given for the OC-case. The J3E protection ratio is a function of
whether the interfering signal is above, coincident with or below the carrier of the
wanted signal. It is further recommended that protection ratios be included for the
J3E case of co-channel interference, the type of interference which is likely to occur
in a shared band and for which information can be found in Report 525.
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RARC TO ESTABLISH A PLAN FOR Document 3-F
- THE BROADCASTING SERVICE IN THE 25 November 1985
BAND 1605-1705 kHz IN REGION 2 Original : English

FIRST SESSION  GENEVA, APRIL/MAY 1986

PLENARY MEETING

Note by the Secretary-General

At the request of the Director of the CCIR, I am sending you herewith

the CCIR's Report to the Conference, prepared in response to Administrative
Council Resolution 913.

This document, which contains technical information, comprises the
final reports of both Interim Working Party 6/4 and Joint Interim Working

Party 10-3-8/1; these reports were approved by CCIR Study Groups 6 and 10
respectively.

R.E. BUTLER

Secretary General

Annex: 1

For reasons of economy, this document is printed in a limited number of copies. Participants are therefore kindly asked to bring
’ . their copies t0 the meeting since no others can be made available.



rRoc.M,33

INTERNATIONAL TELECOMMUNICATION UNION

CCIR

INTERNATIONAL
RADIO CONSULTATIVE
COMMITTEE

REPORT

TECHNICAL BASES FOR THE FIRST SESSION OF

THE REGIONAL ADMINISTRATIVE RADIO CONFERENCE

TO ESTABLISH A PLAN FOR THE BROADCASTING SERVICE
IN THE BAND 1605-1705 kHz IN REGION 2

_ (BC-R2(1))

Conclusions from Joint Interim Working Party 10-3-8/1
and Interim Working Party 6/4;

(Resolution No. 913 of the ITU

Administrative Council, 1984)

GENEVA, 19856




INTERNATIONAL TELECOMMUNICATION UNION

CCIR

INTERNATIONAL
RADIO CONSULTATIVE
COMMITTEE

REPORT

TECHNICAL BASES FOR THE FIRST SESSION OF
THE REGIONAL ADMINISTRATIVE RADIO CONFERENCE

TO ESTABLISH A PLAN FOR THE BROADCASTING SERVICE
IN THE BAND 1605 - 1705 kHz IN REGION 2

(BC-R2(1))

Conclusions from Joint Interim Working Party 10-3-8/1
and Interim Working Party 6/4;

(Resolution No. 913 of the ITU

Administrative Council, 1984)

GENEVA, 1985



*

Note by the Director, CCIR

The attached report contains the technical bases for the Regional
Administrative Radio Conference to Establish a Plan for the Broadcasting Service
in the Band 1 605 - 1 705 in Region 2 (BC-R2(1l)). It was prepared on behalf of
CCIR Study Groups 10, 3 and 8 by Joint Interim Working Party 10-3-8/1.

JIWP 10-3-8/1 drafted the report at Lima, Peru under the chairmanship
of Mr. C. Romero Sanjines. The subject of sky-wave propagation was prepared on
behalf of Study Group 6 by Interim Working Party 6/4 chaired by Mr. J. Wang
(United States).

IWP 6/4 report (chapter 3 of this text) was approved by CCIR Study
Group 6 by correspondence in mid-August 1985, while JIWP 10-3-8/1 report was
approved without modifications by the responsible CCIR Study Group 10 at its
final meeting (17 October - 1 November 1985).

The attached report results from the integration and the inclusion of
minor editorial amendments of both reports by the CCIR Secretariat.

The Appendix to the attached report contains also comments resulting
from discussions in Study Group 10 at its final meeting. Copies of the
JIWP 10-3-8/1 report have already been circulated prior to its approval by Study
Group 10 to the administrations of Region 2 for information. I am therefore
pleased to transmit herein the final consolidated CCIR report which contains the
updated technical information necessary. for the forthcoming Conference.
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INTRODUCTION

The I1TU Administrative Council, at its 39th session in 1984, adopted
Resolution No. 913, which established the agenda for the first sesssion of the
Regional Administrative Radio Conference to Establish a Plan for the
Broadcasting Service in the Band 1 605 - 1 705 kHz in Region 2 (BC-R2(l)), to be
convened in Geneva on 14 April 1986 for a duration of three weeks. By the same
Resolution the Administrative Council invited the CCIR:

to prepare all the necessary technical bases in accordance with
Recommendation No. 504 of the 1979 WARC.

Due to the fact that the frequency band 1 625 - 1 705 kHz is shared in
Region 2 on an equal basis between the broadcasting, fixed and mobile services
and that Recommendation No. 504 of the 1979 WARC asked the CCIR to bear in mind
the allocations to other services than broadcasting in Regions 1 and 3, CCIR
Study Groups 3, 8 and 10 were involved in the preparation.

In accordance with CCIR Resolution 24-5 and in consultation with the
Chairmen of Study Groups 3, 8 and 10, it was decided to set up Joint Interim
Working Party 10-3-8/1 under the chairmanship of Mr. C. Romero Sanjines (Peru).

JIWP 10-3-8/1 announced by Circulars CE 3/1111, CE 8/1373 and
CE 10/1272, was empowered to prepare on behalf of Study Groups 10, 3 and 8 the
technical bases for the forthcoming Conference except for matters concerning
sky-wave propagation.

This decision took account of the fact that Study Group 6 had already
undertaken the necessary ionospheric propagation studies for the Conference,
following the provisions of Decision 57. This Decision adopted at Study Group 6
interim meeting (Geneva, 1983) reactivated IWP 6/4 under the Chairmanship of
Mr. J. Wang (United States). Both IWP 6/4 and JIWP 10-3-8/1 met in Lima
(respectively once and twice) at the kind invitation of the Peruvian
Administration. .

IWP 6/4 report was finalized and approved by correspondence by Study
Group 6 in August 1985. JIWP 10-3-8/1 report was to be approved according to the
provisions of Resolution 24-5 by Study Group 10 at its final meeting before its
submission as a conference document.

In consideration of the involved delay, copies of the JIWP 10-3-8/1
were distributed prior to its approval by Study Group 10 to Region 2
administrations for information.

This report has been prepared taking into account the technical
parameters laid down in the Rio Agreement to allow for a certain homogeneity in
the planning procedures.

Specific attention was given to the problem of the compatibility with
other services sharing the same band. Here and in some other areas such as the
receiver characteristics to be used for planning purposes, definite information
appears to be still lacking.

In these cases, results of specific contributions or other, more
recent, relevant material has been considered.
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CHAPTER 1

!

DEFINITIONS AND SYMBOLS

1.1 Definitions

In addition to the definitions given in the Radio Regulations, the
following definitions and symbols apply. In those instances where the following
definitions differ from or are not included in the Rio de Janeiro Final Acts,
the source of the definition is provided.

1.1.1 Broadcasting channel (in AM)

A part of the frequency spectrum, equal to the necessary bandwidth of
AM sound broadcasting stations, and characterized by the nominal value of the
carrier frequency located at its centre.

1.1.2 Objectionable interference

Interference caused by a signal exceeding the maximum permissible
field strength within the protected contour, according to the terms of an
agreement.

1.1.3 Protected contour

Continuous line that delimits the area of service which is protected
from objectionable interference.

1.1.4 Service area
Area delimited by the contour within which the calculated level of the
ground-wave field strength is protected from objectionable interference in

accordance with the provisions of an agreement.

1.1.5 Usable field strength (E,)

Minimum value of the field strength required to provide satisfactory
reception under specified conditions in the presence of atmospheric noise, man-
made noise and interference in a real situation (or resulting from a frequency
assignment plan).

1.1.6 Nominal usable field strength (Enop)

Agreed minimum value of the field strength required to provide
satisfactory reception, under specified conditions, in the presence of
atmospheric noise, man-made noise and interference from other transmitters. The
value of nominal usable field strength has been employed as the reference for
planning.



1.1.7 Audio-frequency (AF) signal-to-interference ratio
(Recommendation 447-2)

The ratio (expressed in decibels) between the values of the voltage of
the wanted signal and the voltage of the interference, measured under specified
conditionsl, at the audio-frequency output of the receiver.

1.1.8 Audio-frequency (AF) protection ratio

Agreed minimum value of the audio-frequency signal-to-interference
ratio corresponding to a subjectively defined reception quality. This ratio may
have different values according to the type of service desired.

1.1.9 Radio-frequency (RF) wanted-to-interfering signal ratio
(Recommendation 447-2)

The ratio (expressed in decibeis) between the values of the radio-
frequency voltage of the wanted signal and the interfering signal, measured at
the input of the receiver under specified conditionsl.

1.1.10 Radio-frequency (RF) protection ratio

The desired radio-frequency signal-to-interference ratio which, in
well-defined conditionsl, makes it possible to obtain the audio-frequency
protection ratio at the output of a receiver.

1.1.11 Relative radio-frequency protection ratio (Recommendation 560-1)

This ratio is the difference, expressed in decibels, between the
protection ratio when the carriers of the wanted and unwanted transmitters have
a frequency difference of Af (Hz or kHz) and the protection ratio when the
carriers of these transmitters have the same frequency. '

1.1.12 Class B station

A station intended to provide coverage over one or more population
centres and the contiguous rural areas located in its service area and which is
protected against interference accordingly.

1.1.13 Class C station

A station intended to provide coverage over a city or town and the
contiguous suburban areas located in its service area, and which is protected
against interference accordingly.

1 These specified conditions include various parameters such as the
frequency separation between the desired carrier and the interfering
carrier, the emission characteristics (type and percentage modulation
etc.), levels of input and output of the receiver and its characteristics
(selectivity, sensitivity to intermodulation, etc.).



1.1.14  Day-time operation

Operation between the times of local sunrise and local sunset.

1.1.15 Night-time operation

Operation between the times of local sunset and local sunrise.

1.1.16 Synchronized network

Two or more broadcasting stations whose carrier frequencies are
identical and which broadcast the same programme simultaneously.

In a synchronized network the difference in carrier frequency between
any two transmitters in the network should not exceed 0.1 Hz. The modulation
delay between any two transmitters in the network should not exceed 100 us,
when measured at either transmitter site.

1.1.17 Station power

Unmodulated carrier power supplied to the antenna.
1.1.18 Ground wave

Electromagnetic wave which is propagated along the surface of the
Earth or near it and which has not been reflected by the ionosphere.

1.1.19 Sky wave

Electromagnetic wave which has been reflected by the ionosphere.

1.1.20 Sky-wave field strength, 50% of the time

The sky-wave field strength during the reference hour which is
exceeded for 50% of the nights of the year. The reference hour is the period of
one hour beginning one and a half hours after sunset and ending two and a half
hours after sunset at the midpoint of the short great-circle path.

1.1.21 Characteristic field strength (E.)

The field strength, at a reference distance of 1 km in a horizontal
direction, of the ground-wave signal propagated along perfectly conducting
ground for 1 kW station power, taking into account losses in a real antenna.

Note 1 - The gain (G) of the transmitting antenna relative to an ideal short
vertical antenna is given by the following equation:

G = 20 log Ec aB N (1)
300

where:

Ec: units of mV/m.
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Note 2 - The effective monopole radiated power (e.m.r.p.) is given by the
following equation:

e.m.r.p. = 10 log Py + G dB(kW) (2)
where:

Py: station power (kW).

1.1.22 Selectivity of a receiver (Recommendation 332-4)

A measure of its ability to discriminate between a wanted signal to
which the receiver is tuned and unwanted signals.

1.1.23 Sensitivity of a receiver (Recommendation 331-4)

A measure of its ability to receive weak signais and to produce an
output having usable strength and acceptable quality.

1.2 Symbols
Hz: hertz
kHz: kilohertz
Ww: watt
kW: kilowatt
mV/m: millivolt/metre
HV/m: microvolt/metre
dB: decibel

dB(uV/m): decibels with respect to 1 uvV/m
dB (kW) : decibels with respect to 1 kW
mS/m: millisiemens/metre



>

" CHAPTER 2

GROUND-WAVE PROPAGATION

2.1 Ground conductivity

2.1.1 For ground-wave propagation calculations one should use the CCIR Atlas
of Ground Conductivity that contains the information communicated to the IFRB
following a decision of the First Session of the Regional Administrative MF
Broadcasting Conference (Region 2) (Buenos Aires, 1980), the modifications
introduced during the Second Session (Rio de Janeiro, 1981) and the
modifications submitted in accordance with & 2.1.3, Chapter 2, of the

Rio de Janeiro Final Acts. :

2.2 Field-strength curves for ground-wave propagation

It is recommended that for planning purposes, a single set of curves,
calculated for 1 655 kHz on the same basis as those in the Rio de Janeiro Final
Acts, be used for determining ground-wave propagation in the frequency range
1 605 - 1 705 kHz. These curves are essentially the same as those in Graph 2 in
Annex I, which was calculated for 1 665 kHz.

An alternate approach is to use Graphs 1 and 2 from the curves which
were developed for the Rio de Janeiro Conference. Graph 1 applies from
1 520 - 1 610 kHz and could be used for 1 610 kHz, and Graph 2 applies from
1 620 to 1 710 kHz and could be used from 1 620 to 1 700 kHz. This approach has
the disadvantage of adding a degree of complexity, but the advantage of
providing a better continuity with the Rio de Janeiro Agreement and avoiding
the possible confusion created by having two curves (Graph 19 in the
Rio de Janeiro Agreement and the possible single set of curves in the
forthcoming agreement) both referring to 1 610 kHz.

Annex E to the Report by the First Session of the Regional
Administrative MF Broadcasting Conference (Region 2), Buenos Aires, 1980
(Annex II to this Report), contains a mathematical discussion relating to the
calculation of these ground-wave curves. The corresponding computer program is
available in the IFRB.

Equivalent curves may be calculated by using the program GRWAVE (see
Report 714-1 and Recommendation 368-4).

2.3 Calculation of ground-wave field strength

Using the CCIR Atlas of Ground Conductivity, the relevant conductivity
or conductivities for the chosen path are determined. If only one conductivity
is representative, the method for homogeneous paths is used. If several
conductivities are involved, the method for non-homogeneous paths is used.

2.3.1 Homogeneous paths

The vertical component of the field strength for a homogeneous path is
represented in the graph in Annex I as a function of distance, for various
values of ground conductivity.



The distance in kilometres is shown on a logarithmic scale on the
abscissa. The field strength is shown on a linear scale on the ordinate in
decibels above 1 UWV/m. The graph is standardized for a characteristic field
strength of 100 mV/m corresponding to an effective monopole radiated power
(e.m.xr.p.) of -9.5 dB relative to 1 kW. The straight line marked "100 mV/m at
1 km" 1is the field strength on the assumption that the antenna is erected on a
surface of perfect conductivity. '

For omnidirectional antenna systems having a different characteristic
field strength, correction must be made according to the following equations:

E
E=Ey;x ¢ x\/F (la)
100

if field strengths are expressed in mV/m, and
E=Ey, + E. - 100 + 10 log P (1b)
if field strengths are expressed in dB(uV/m).

For directional antenna systems, the correction must be made according
to the following equations: - -

: E
E=E;,x _R (2a)
100

if field strengths are expressed in mV/m, and

E = E, + ER - 100 (2b)
if field strengths are expressed in dB(uV/m),
where:

E: resulting field strength,

Ey: field strength read from the graph,

ER: actual radiated field strength at a particular azimuth at 1 km,

E.: characteristic field strength,

P: station power (kW).

Annex I contains three pairs of scales to be used with Graph 2. Each
pair contains one scale labelled in decibels and another in millivolts per
metre. Each pair can be cut out and trimmed as a unit to be used as sliding
ordinate scales. The scales allow graphical conversion between decibels and
millivolts per metre, and are used to make graphical determinations of field
strengths. Other methods of making calculations on the graph may be used,
including the use of dividers to adjust for values of Ep that differ from

100 mV/m at 1 km. However, any method used will follow steps similar to those
discussed below.



For both omnidirectional and directional antenna systems the value of
ER must be found. For omnidirectional systems Ep can be determined by using the
following equations

ER = Ec\/P (3a)

if field étrengths are expressed in mV/m, and
| ER = Ec + 10 log P (3b)

if field strengths are expressed in dB(UV/m).

: To determine the field strength at a given distance, the scale is
placed at the given distance with the 100 dB(uV/m) point of the scale resting
on the appropriate conductivity curve. The value of ER is then found on the
scale; the point on the underlying graph (which lies underneath the ER point of
the scale) yields the field strength at the given distance.

To determine the distance at a given field strength, the ER value is
found on the sliding scale and that point is placed directly at the level of
. the given field strength on the graph. The scale is then moved horizontally
funtil the 100 dB(UV/m) point of the scale with the applicable conductivity
“curve. The distance may then be read from the abscissa of the underlying
graph.

,2.3.2 Non-homogeneous paths

In this case, the equivalent distance (or Kirke) method is

recommended. To apply this method the appropriate graph in Annex I can also be
used.

Consider a path whose sections S; and S; have end-point lengths
:corresponding to dj and dy - dj and conductivities §; and 0) respectively, as
shown in the following figure:

s, (o,) s, (g,)
T 1 1 2 * 02 IR
X 3 - X
1
d2 -

- FIGURE 2.1



The method is applied as follows:

a)

b)

c)

d)

taking section §; first, we read the field strength
corresponding to conductivity gj at distance dj on the graph;

as the field strength remains constant at the soil
discontinuity, the value immediately after the point of
discontinuity must be equal to that obtained in'a) above. As
the conductivity of the second section is gy, the curve
corresponding to conductivity g gives the equivalent distance
to that which would be obtained at the same field strength
arrived at in a). This equivalent distance is d. Distance 4 is
larger than dj when Oy is larger than Oj. Otherwise d is less
than dj;

the field strength at the real distance dj is determined by
taking note of the corresponding curve for conductivity o
similar to that obtained at equivalent distance d + (dg - dj);

for successive sections with different conductivities,
procedures b) and c) are repeated.



CHAPTER 3

SKY-WAVE PROPAGATION

3.1 Recent studies

3.1.1 Effects of frequency

Extensive data in the 535 - 1 605 kHz band collected by the Federal
Commissions Commission (FCC) of the United States of America conclusively show
that sky-wave field strengths for transition hours are highly frequency
dependent. For example, at sunset (or sunrise), signals of a 1 530 kHz station
are consistently about 15 dB stronger than those of a 700 kHz station. As the
evening goes on, frequency dependence diminishes. At about two hours after
sunset, field strengths of a higher-frequency station are typically 3 to 5 dB
stronger than those of a lower-frequency station. At midnight, frequency
dependence is so slight (typically 1 to 3 dB, in favour 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 night-time (from 2 hours after sunset and
on), sky-wave propagation conditions at 1.7 MHz and at 1.6 MHz 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.

3.1.2 Effects of latitude

" A major drawback of the current method for Region 2 (535 - 1 605 kHz)
is that the method does not take into account the effects of latitude, which
happens to be a very, if not the most, influential factor. Furthermore, the
populated areas of Region 2 cover a range of geomagnetic latitude of more than
120 degrees, wider than any other Region of the ITU. Thus, latitudinal effects
are particularly important for the current study.

MF sky-wave field strength decreases with increasing geomagnetic
latitude. This correlation, according to Recommendation 435-4 (1982), can be
described by the squared tangent function of the latitude. Extensive data
collected in the mid-latitude areas of Region 2 show a more or less similar
latitude dependence. Data from the high latitude areas of Region 2 show that
measured field strengths are usually weaker than those predicted by any of the
prediction methods 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.
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3.1.3 Daytime sky-wave propagation

It is difficult to collect daytime sky-wave field strengths for a
number of reasons. Nevertheless, the FCC did manage to collect a considerable
amount of daytime sky-wave data representing different levels of solar activity.
Before analyzing daytime data, some stringent tests were performed to make sure
that the data collected were actually sky-wave. Measurements of eight paths are
believed to be sky-wave and have been studied. An analysis of the FCC daytime
sky-wave data shows that:

3.1.3.1 The annual medial value of sky-wave field strength at 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 picture can be quite different. In the high-latitude areas
where night-time winter anomaly is pronounced, the difference between daytime
and night-time field strengths can be drastically smaller. For example, during
the period of 1 November, 1941, to 31 January, 1942, signals of WLW (700 kHz,
Cincinnati, Ohio) were detected in Portland, Oregon (path length = 3,192 km,
midpoint geomagnetic latitude = 53.2 degrees N) regularly around noon with a
median value of 6 dB above 1 yV/m. The corresponding night-time (6 hours after
sunset) value was only 17.3 dB above 1 uV/m. The difference was about 11 dB. The
typical difference between night-time and daytime field strengths for the winter
months, as observed in the United States of America, is usually between 25 and
30 dB.

3.1.3.2 Day-to-day fluctuation of midday field strengths is more pronounced
with signals in the upper end of the MF band than in the lower end of the band.

3.1.3.3 Daytime sky-wave field strengths vary with solar activity in a similar
manner as that of night-time (see also section 3.1.4).

3.1.3.4 The seasonal variation of the median value of daytime field strengths
is very apparent. Field strengths are strongest in the winter months.

3.1.4 Effects of solar and magnetic activity

Solar activity reduces MF night-time sky-wave field strengths. The
reduction is three or four times greater in North America than in Europe but in
tropical latitudes it is believed to be negligible. An analysis of data
collected in Region 2 suggests that the reduction is a function of geomagnetic
latitude, frequency, distance and sunspot number (Report 431-3, 1982). However,
for planning purposes calculations should be based on minimum value of solar
activity.

Evidence based on some United States - Canada paths shows that a
dominant factor in reducing MF night-time sky-wave field strength is the
magnetic-activity-related absorption. An additional factor which contributes
sporadically to the field strength reduction, during October through February,
is the winter-anomaly-related absorption. These factors can cause large
variation in median field strength (Report 431-1, 1982).
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For planning purposes magnetic dependencies can be neglected. Short-
term 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 example, when
monitored in Grand Island, Nebraska, the signal of KSTP (1 500 kHz, Minneapolis,
Minnesota) decreased by 33 dB while the signal of WCCO (830 kHz, St. Paul,
Minnesota) decreased by only 19 dB when a magnetic storm struck the world
(19 March, 1950; Ap = 84). Storm-related absorption is usually less severe in
tropical latitudes. It should also be mentioned that storm-related absorption
has virtually no diurnal variation. Storms affect daytime field strength and
night-time field strength in a similar manner.

3.1.5 Field strengths exceeded for different percentages of time

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

3.1.5.1 1In the low-latitude areas, (40 degrees or less, geomagnetic) the field
strength exceeded for 1% of the time is about 9.5 dB greater than the annual
median value. This difference increases to about 15 dB in the high-latitudes
areas (60 degrees or greater).

3.1.5.2 1In the low-latitude areas, the field strength exceeded for 10% of the
time is about 6 dB greater than the median value. This difference increases to
about 10 dB in the high-latitude areas.

3.1.5.3 For planning purposes, 12.25 dB and 8 dB may be added to the median
value in order to determine the values exceeded for 1% and 10% of the time,
respectively. ‘

3.1.6 Seasonal variation of sky-wave field strength

Night-time field strength measurements made in the low-latitude areas
of Region 2 (e.g. Mexico, the Caribbean) show very little seasonal variation.
Measurements made in the mid-latitude areas of the Region show only a slight
minimum in the summer months, typically 5 or 6 dB below the median value.
Measurements made in Europe show a more pronounced minimum in the summer
together with maxima in spring and autumn (Report 431-3, 1982). See
section 3.1.3.4 for daytime field strength variation.

3.1.7 Field strengths at two hours and six hours after sunset

Different reference hours are being used by different administrations
in different Regions of ITU. In Region 2, two hours after sunset (SS + 2) at the
midpoint of a path has been adopted as the reference hour. In Region 1, six
hours after sunset (SS + 6) has been in use. In Australia, midnight has been the
traditional reference hour. Recommendation 435-4 (1982), Figure 3, suggests that
field strength at six hours after sunset is 2.5 dB stronger than that of two
hours after sunset. A study of Region 2 data reveals that:

3.1.7.1 The CCIR-recommended figure of 2.5 dB is most accurate for short paths
(i.e. one hop) regardless of direction.
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3.1.7.2 This figure is also accurate for north-south paths regardless of path
length.

3.1.7.3 For multi-hop east-west paths, the difference between field strengths
at six and two hours after sunset can be considerably larger than 2.5 dB.

3.1.8 Short paths

The original FCC curve covers the distance range of, approximately,
161 to 4,300 km. The first session of the Regional Administrative MF
Broadcasting Conference (Buenos Aires, March 1980) adopted the metric version of
the FCC curve for use in Region 2. The curves were extended to cover 100 to
10,000 km. A question has been raised: How to estimate sky-wave field strengths
when the length is shorter than 100 km? It should be noted that there is
virtually no data available from short propagation paths. The procedure
described in this section is based on logical reasoning.

Medium waves are usually reflected by the E layer of the ionosphere,
which spans the altitude range of 90 to 130 km (Report 725-1, 1982). It should
be mentioned that Figure 2, chapter 3, Annex 2 (Elevation angle vs distance) of
the Final Acts of the Regional Administrative MF Broadcasting Conference
(Region 2), Rio de Janeiro, 1981 (hereafter called the Rio Final Acts for
short), corresponds to a height of 96.5 km (60 miles). Thus, even for a
receiving point only 1 km away from the transmitter, sky-wave may have to travel
193 km (96.5 km up, 96.5 km down) to reach its destination. As the great-circle
distance between the two points in increased to, say, 100 km, the actual "slant
distance" is only 217 km. In this case, the great-circle distance has increased
by 100 times while the slant distance only increased by 12%. Therefore, sky-wave
must travel nearly as far to reach receivers near the transmitter as it does to
reach receivers several hundred kilometres away. Locations near the transmitter
do not have much advantage as far assky-wave is concerned. In other words, when
great-circle distances are sufficiently small, slant distances are, more or
less, constant, and sky-wave field strengths increase very little with
decreasing distance. Had slant distance been adopted, there would have been no
problem since slant distance is never less than about 200 km, In Region 2,
however, the great-circle distance has been in use for decades. An alternative
procedure for calculating sky-wave field strengths for short paths may be
desirable.

3.1.8.1 It is suggested that if the great-circle distance, d, is less than
200 km:

a) = the actual great-circle distance be used in determining elevation
angle;
b) in using the field strength curve in the Rio Final Acts (Annex 2,

chapter 3, Figure 4, Rio Final Acts) for frequencies above

1 605 kHz, if this method is adopted, the reading corresponding
to d = 200 km is to be used. In other words, it is suggested that
Figure 4 should be a horizontal line for distances between 0O and
200 km.
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3.1.9 Diurnal variation

The hourly median field strengths vary from hour to hour, particularly
during sunrise and sunset.

Figure 3-1 shows the average variation F referred to the value at two
hours after sunset at the path midpoint, for the sunrise and sunset periods.

These curves apply to the band 1 605 - 1 705 kHz, for 50% of the time.
Some values are tabulated in Table 3.1I.
They may be calculated by the following equations for F (dB), that is

for 20 logjoF. The variable t is the time relative to sunrise or sunset at the
path midpoint.

Sunrise:
F (dB) = -6.616 - 10.112 t - 2.034 t2 + 0.423 ¢3 (1)
Sunset:
F (dB) = -7.938 + 10.050 t - 2.310 t2 - 0.577 ¢3 (2)
TABLE 3.1
DIVRNAL CURVES POR 165S *kils
SUNRISE . sSyrscr?
t(n) r (d3) r S 7)) r
- 2.00 2.08 1.270 - 32.66 0.0233
- 1.75 2.57 1.345 - 29.52 0.0335
- 1.50 2.54 1.339 - 26.26 0.0486
-1.25 2.01 1.260 | . - 22.98 0.0709
- 2,00 1.03 1.126 - 19.72 0.103
- 0.75 - 0.36 0.959 - 16.53 0.149
- 0.50 - 2.13 0.792 T = 13.47 0.212
- 0.25 - ¢.23 0.614 ~ 10.59 0.296
0.00 - 6.6 0.466 - 7.94 0.4012
0.25 - 9.28 0.344 - 5.52 0.526
0.50 ~12.24 0.247 - 3.56 0.66¢4
0.25 ~-15.28 0.174 - 1.94 0.800
1.00 -18.35% 0.1 - 0.78 0.915
.25 -21.62 . 0.0830 - 0.11 0.987
1.50 ~24.94 0.0566. -0.01 0.999
1.75 -20.28 0.0385 . - 0.82 0.942
2.00 -31.60 0.0263 - 1.69 0.823
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SUNRISE

FIGURE 3-1

;Diurnal curves for 1 655 kHz

3.2 Available field strength prediction methods

3.2.1 The FCC method

The FCC method is based on short-term measurements taken in the spring
of 1935, a year of low solar activity. It includes curves for field strength
exceeded for 10% and 50% of the time, for distances from 100 to 2,675 miles
(approximately, 169 to 4,300 km). These curves are normalized to 100 millivolts
per metre at 1 mile. These curves are presented as a function of distance only
and were later adopted for use in North America by agreement. This method offers
reasonable results when applied to the mid-latitude areas (e.g. southern
United States).

3.2.2 The Cairo curves

Under the auspices of the CCIR, some short-term measurements between
North and South America, between North America and Europe, etc., were carried
out by several administrations in the late 1930s. A Working Group under the
leadership of Dr. B. van del Pol (Holland) was established to study the results.
This Working Group developed two separate curves: one for propagation paths
distant from the Earth's magnetic poles (i.e., low-latitude paths) and one for
propagation 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 measurements made on transequatorial paths; the latter is better
known as the Cairo east-west curve because it was derived from measurements made
across the Atlantic. These curves were officially adopted by the CCIR at the
1938 meeting held in Cairo; hence, they are collectively called the Cairo
curves.

v
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The 1975 LF/MF Conference adopted the Cairo north-south curve for
official use in Asia. Field-strength measurements conducted by the Asia Pacific
Broadcasting Union (ABU) indicate that the Cairo curve is preferable for that
part (i.e., low geomagnetic latitude) of the world. It has also been reported
that, for very long paths, the Cairo curve, in general, yields the highest field
strength prediction.

When converted to the same conditions, the two Cairo curves and the FCC
curves are very similar for distances up to about 1,400 km. At 3,000 km, the
north-south (low-latitude) curve is about 8 dB greater than the east-west curve.
At 5,000 km, the north-south curve is about 18 dB greater than the east-west
curve. The FCC (50%) curve is near the average of the two Cairo curves.

3.2.3 The CCIR method and simplification for planning purposes in Region 2

Recognizing the need for a simple field-strength prediction method for
world-wide application, the CCIR in 1966 established an ad hoc Working Group
known as the Interim Working Party (IWP) 6/4. In 1974, under the leadership of
Dr. P. Knight (United Kingdom), IWP 6/4 adopted the USSR method with
modifications (e.g., United Kingdom sea-gain term). The method is recommended by
the CCIR for provisional use. The 1975 LF/MF Conference adopted this method for
official use in Region 1 and part of Region 3.

When compared with measured data from different parts of Region 2, the
CCIR method shows better overall results than the FCC curves. However,
qualitatively, certain limitations became apparent. Briefly stated, they are:

a) the method has a tendency to underestimate field-strength levels
in low-latitude areas and to overestimate in high-latitude
areas;

b) measurements taken in North America suggest that when other

factors are equal, the field strength of a higher-frequency path
tends to be stronger. The frequency-dependent term of the CCIR
formula is of the opposite sense;

c) for very long paths, this method has a tendency to underestimate
field-strength levels.

In preparation for the 1980 Regional Administrative Broadcasting
Conference (Region 2), IWP 6/4 of the CCIR held a special meeting in Geneva
(October 1979). A set of modifications to the CCIR method was adopted. These
modifications, which were designed to make the CCIR method more reflective to
the environment of Region 2, include:

3.2.3.1 In using the CCIR formula for sky-wave field strength, 1 000 kHz is
used regardless of frequency. This not only simplifies the calculation but also
reconciles the differences in frequency dependence as observed in different
regions.

3.2.3.2 A loss factor (k) of the CCIR method was modified in such a way that
the accuracy in the high-latitude areas and the low-latitude areas 1is improved
without affecting the prediction in the average-latitude areas.
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3.2.3.3 For planning purposes the sunspot number is assumed to be zero.

3.2.3.4 1t should be emphasized that these modifications are derived from
studies of data collected in different parts of Region 2. It should be mentioned
that this method is flexible and can be further simplified. For example, sea
gain and polarization coupling loss can be deleted if administrations so desire.
The simplified version of the CCIR method can be found in Report 575-2 (1982),
section 7; or Annex IV to this report.

3.2.4 The Region 2 method (535 - 1 605 kHz)

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

a) the metric version of the FCC curve, normalized to a
characteristic field strength of 100 mV/m at 1 km, is to be used
for paths up to 4,250 km in length;

b) for paths greater than 4,250 km in length, the Cairo north-south
curve, converted to 100 mV/m at 1 km and "lowered" by 5.4 dB, is
to be used. This lowering allows the Cairo and the FCC curves to
intersect with each other smoothly at 4,250 km. This composite
FCC/Cairo: curve was originally adopted by Permanent Technical
Committee II, Inter-American Conference on Telecommunications
(PTC II/CITEL) at a meeting held in Brasilia, Brazil (July 1979;
C. Romero (Peru), Chairman);

c) the first session decided against the adoption of the sea gain
factor. Instead, it invited the CCIR to carry out further studies
(Recommendation C). 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. Furthermore, the second session of the
Conference also decided that in calculating interregional
interference, the arithmetic mean of the signal strengths
calculated both by the official Region 2 method and the method
described in CCIR Recommendation 435-3 is to be used.

Details of this method can be found in the Rio Final Acts or Annex III
to this report.

3.2.5 The modified FCC method

Recognizing the basic limitations with the current FCC (hence, the
Region 2) method, and in preparation for the forthcoming 1 605 - 1 705 kHz RARC,
a new latitude-dependent term has been developed (IWP 6/4 Document 101,
June 1984). The application of the method for Region 2 described in the Rio
Final Acts, with the inclusion of this term has the following features:

3.2.5.1 The modified method is simple to use. A hand-held calculator would
suffice. In many cases, a pencil and a straight edge would be all that is
needed. A computer is not necessary.
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3.2.5.2 The modified method is fully compatible with the existing model.
Computer programs being used by the administrations and the IFRB can be changed
very easily. =

3.2.5.3 The modified method takes into account the effects of latitude by
utilizing the mean geomagnetic latitude ¢ of a path involved. Conversion from
geographic to geomagnetic coordinates is straightforward (see, for example,
Annex IV, Figure 6).

3.2.5.4 The curve corresponding to ¢ = 359 is extremely close to the Cairo
north-south curve. The difference is about 1.5 dB, on the r.m.s. basis.

3.2.5.5 The curve corresponding to ¢ = 45° is similar to the current curve for
Region 2, which is the new metric version of the FCC curve. The Region 2 curve
and the new modified curve for ¢ = 45° are about 2.5 dB apart, on the r.m.s.
basis.

3.2.5.6 The curve for ¢ = 59° has been adopted by the FCC for use between
Alaska and the lower 48 states of the United States of America.

3.3 Comparison of prediction methods

Data from propagation paths within Region 2 as well as from
interregional paths have been studied. Region 2 data have been divided into
three groups according to mid-point geomagnetic latitudes. In the mid-latitude
and high-latitude cases, only measured field strengths for a year of low solar
activity (i.e., the worst-case data) were studied. Table 3.I1 summarizes
prediction errors of the different prediction methods mentioned in this report.
In this study, an error is defined as the difference, in dB, between the
calculated field strength and the measured field strength. '

TABLE 3.II

Prediction errors

Case RMS Errors for different methods Geographical areas where
measurements were taken

A B C D
- BR, MEX, USA, USA-ARG,
0° - 44.9° 9.9 7.8 7.7 8.2 CEN AM-USA
459 - 52 .5° 4.7 6.0 4.1 5.8 UsA
> 52.5¢° 11.1 13.4 4.6 6.8 USA, CAN-USA

SUB-TOTAL 8.1 8.7 5.4° 6.9
INTERREGIONAL
PATHS 13.6 17.2 11.1 8.9 ALL ITU REGIONS
TOTAL 10.97 13.96 8.51 8.05

All figures are in dB

= the Region 2 method

the Cairo curves

the simplified CCIR method
the modified FCC method

oOQwp»
]
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A careful study of the results of this comparative study and results of
previous work (Report 431-3, 1982) suggests that:

3.3.1 As expected, the Region 2 method works well in the mid-latitude areas
of the region. When used in the low-latitude areas, however, it usually under
predicts field strength levels. When used in the high-latitude areas, on the
other hand, it almost always over predicts. From a frequency management point of
view, it means that in the low-latitude areas, sky-wave contours for a given
signal level, calculated by the Region 2 method, are usually considerably
smaller than the actual ones. The calculated contours in the high-latitude
areas, on the other hand, are usually much larger than the actual ones.

3.3.2 Much the same can be said about the Cairo curve, except its inaccuracy
when applied to the high-latitude areas is more obvious. It should be mentioned
that for long paths over sea water, the Cairo curve consistently offers good
results.

3.3.3 The simplified CCIR method for planning purposes in Region 2 yields
promising results. When compared to measured data collected in Region 2, it
offers closer agreement with observations than the other methods. When compared
to measurements made over interregional paths, it offers reasonable overall
results too. However, it has been reported that when applied to paths longer
than, say, 4,000 km, this method has a tendency to underestimate field strength
levels.

3.3.4 Like the simplified CCIR method, the modified FCC method contains a
latitude-dependent term. Unlike the simplified CCIR method, the modified FCC
method seems to work well for long paths as well as short paths. This method
links the Cairo curve and the FCC curve together.

3.4 Conclusions

Based on the latest study on frequency dependence, the Region 2 method,
as described in the Rio Final Acts, for calculating night-time sky-wave field
strengths in the band 535 - 1 605 kHz can be extended to 1 705 kHz without
introducing significant additional errors. (For details of this method, see
Annex III.)

If administrations in Region 2 prefer a somewhat more advanced approach
to improve the accuracy of prediction, there are two alternative methods. The
simplified CCIR method for planning purposes in Region 2 (see Annex IV) and the
modified FCC method (see Annex V) should be considered.
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CHAPTER 4

BROADCASTING STANDARDS

4.1 Class of emission

It is recommended that the plan be established for a system with
double-sideband amplitude modulation with full carrier A3E.

Classes of emission other than A3E, for instance to accommodate
stereophonic systems, could also be used on the condition that the energy level
outside the necessary bandwidth does not exceed that normally expected in an
A3E emission and that the emission be receivable by conventional receivers
employing envelope detectors without increasing appreciably the level of
distortion. '

4.2 Necessary bandwidth of emission

For planning purposes, a necessary bandwidth of 10 kHz is recommended
in conformity with the provision of the MFBC-R2 Plan. The protection ratio
selected allows operation with 20 kHz occupied bandwidth without an appreciable
increase in interxference.

4.3 Channel spacing

The Regional Administrative MF Broadcasting Conference (Region 2),
1981, accepted a channel spacing of 10 kHz and carrier frequencies which are
integral multiples of 10 kHz, beginning at 540 kHz. Since many modern receivers
use frequency synthesis in tuning, it is recommended that the same channel
spacing be used up to 1 700 kHz.

4.4 Protection ratios in MF broadcasting (Recommendation 560-1,
Report 794-1) '

4.4.1 Protection ratio values for planning purposes

The RF protection ratios specified by the CCIR for broadcasting relate
to the interference between broadcast transmissions using amplitude
modulation.

The protection ratios quoted refer, in all cases, to the ratios at the
input to the receiver, no account having been taken of the effect of using
directional receiving antennas.

Protection ratios depend on several parameters, among which
transmission standards and receiver characteristics play an important role.
Apart from technical factors there are others of a physiological and a
psychological nature which have to be respected. It is, therefore,
extraordinarily difficult to determine generally agreed values of protection
ratios, even if both the transmission standards and the receiver
characteristics are given.
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For planning purposes, the Regional Administrative MF Broadcasting
Conference (Region 2) adopted a co-channel protection ratio of 26 dB, a first
adjacent channel protection ratio of 0 dB and a second adjacent channel
protection ratio of -29.5 dB. These ratios were used for both the ground- wave
and sky-wave protection. These same values could be used in
the 1 605 - 1 705 kHz band in Region 2.

Night-time protection, computed for two hours after sunset, is
afforded for 50% of the nights of the year. According to Recommendation 560,
the margin value for short term fading has been 1ncorporated in the radio-
frequency protection ratio value indicated above.

4.4.2 Relative radio-frequency protection ratio curves

The relative radio-frequency protection ratio is the difference,
expressed in decibels, between the protection ratio when the carriers of the
wanted and unwanted transmitters have a frequency difference of Af (Hz or kHz)
and the protection ratio when the carriers of these transmitters have the same
frequency.

Once a value for the co-channel radio-frequency protection ratio
(which is equal to the audio-frequency protection ratio) has been determined,
then the radio-frequency protection ratio, expressed as a function of the
carrier-frequency spacing, is given by the curves of Figure 4.1:

- curve A, when a limited degree of modulation compression is
applied at the transmitter input, such as in good quality
transmissions, and when the bandwidth of the audio-frequency
modulating signal is of the order of 10 kHz;

- curve B, when a high degree of modulation compression (at least
10 dB greater than in the preceding case) is applied by means of
an automatic device and when the bandwidth of the audio-
frequency modulating signal is of the order of 10 kHz;

- curve C, when a limited degree of modulation compression (as in
the case of curve A) is applied and when the bandwidth of the
audio-frequency modulating signal is of the order of 4.5 kHz;

- curve D, when a high degree of modulation compression (as in the
case of curve B) is applied by means of an automatic device and
when the bandwidth of the audio-frequency modulating signal is
of the order of 4.5 kHz.
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FIGURE 4.1

Relative value of the radio-frequency protection ratio as a function
of the carrier-frequency separation

The curves A, B, C and D are valid only when the wanted and unwanted
transmissions are compressed to the same extent. They have been obtained mainly
from measurements and calculations with a reference receiver representative of
good quality receivers used for reception in band 6 (MF). The overall frequency
response curve of the European Broadcasting Union (EBU) reference receiver used
passes through -3 dB, -24 dB and -59 dB at 2 kHz, 5 kHz and 10 kHz,
respectively.

In Region 2 the protection ratio has been generally calculated on the
basis of values close to curve A in Figure 4.1. For the first adjacent channel,
the absolute value is O dB. That is, where the co-channel protection ratio is
26 dB and the relative radio-frequency protection ratio for the adjacent
channel at 10 kHz is -26 dB (see Figure 4.1), the absolute protection ratio for
the adjacent channel becomes zero.

For the second adjacent channel, the Regional Administrative MF
Broadcasting Conference (Region 2) adopted a protection ratio of -29.5 dB (the
reference value is 26 dB for the same channel).

4.4.3 Radio-frequency protection ratios for synchronized broadcasting
transmitters

It is well known that the radio-frequency protection ratios for
transmitters working in the same channel can be improved considerably by
synchronizing techniques, thereby increasing the effective service areas of
these transmitters. Actual values for these protection ratios depend on various
factors, including the synchronization method, but with the criteria in
definition 1.1.16, a co-channel protection ratio of 8 dB is recommended.
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For the purpose of determining interference caused by synchronized
- networks, the following procedure taken from the Final Acts of the 1981
Regional Administrative MF Broadcasting Conference (Region 2) is recommended.

If any two transmitters are less than 400 km apart, the network should
be treated as a single entity, the value of the composite signal being
determined by the quadratic addition of the interfering signals from all the
individual transmitters in the network. If the distances between all the
transmitters are equal to or greater than 400 km, the network should be treated
as a set of individual transmitters.

It is also recommended that for the purpose of determining sky-wave
interference received by any one member of a network, the value of the
interference caused by the other elements of the network should be determined
by the quadratic addition of the interfering signals from all those elements.

In any case, where ground-wave interference is a factor it should be taken into
account.

4.4.4 Application of protection criteria

4.4.4.1 Value of protected contours

Within the national boundaries, the protected contour should be
determined by using the nominal usable field strength or the usable field
strength determined at the site of the protected station.

4.4.4.2 Protection outside national boundaries

No station should have the right to be protected beyond its national
boundary which should be deemed to encompass only its land area, including
islands.

No broadcasting station should be assigned a frequency separated by
10, 20 or 30 kHz from that of a station in another country if the 25 mV/m
contours overlap over land.

4.4.4.3 Application of protection ratios

The interfering signal should not exceed the field-strength value of
the protected contour, which should be the greatest of the following, divided
by the protection ratio:

- the nominal usable field strength;

- the usable field strength; or

- the field strength at the national boundary.
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CHAPTER 5
RECEIVER CHARACTERISTICS AND THEIR IMPACT ON

STANDARDS USED FOR PLANNING

5.1 Introduction

A number of planning criteria, namely minimum and nominal usable field
strength, co- and adjacent-channel protection ratios, necessary bandwidth of
emission and channel spacing must be established taking representative values
of receiver characteristics into consideration. Equivalent field strengths of
man-made noise, atmospheric noise and typical receiver noise in the frequency
band 1 605 - 1 705 kHz are of quite comparable magnitude for day-time
propagation as well as night-time propagation over Region 2 and this has some
impact on the nominal usable field strengths to use for planning.

Minimum performance specifications for low-cost sound broadcasting
receivers for individual and community reception are presently given in CCIR
Recommendations 415-1 and 416-1, while Report 617-2 shows the results of
measurements carried out on several receivers by some administrations. It is
worth recalling that these specifications were recommended by the CCIR to
assist manufacturers in the design and development of low-cost sound-
broadcasting receivers suitable for production in large quantities. Therefore
it is to be stressed that the data contained in these Recommendations which
originated in 1963 are not representative of present production receiver
performance.

CCIR studies on receiver characteristics to be used for planning
purposes and on reference receiver characteristics are currently being carried
out by IWP 10/7.

Following are descriptions and tentative values of typical receiver
characteristics commonly referred to when deciding on planning criteria. The
planning criteria proposed in this report were selected so as to allow a
representative broadcast receiver to produce a "fair" quality of sound.

5.1.1 Sensitivity

5.1.1.1 Definition

For planning purposes, "sensitivity" is understood to mean "noise-
limited sensitivity" defined for amplitude modulation receivers in IEC
Publication 315-3. This refers to a chosen value of audio-frequency signal-to-
noise ratio which is defined in IEC Publication 315-3, clause 72.

Other limitations may be significant, for example, impulsive noise,
galactic noise, atmospheric noise, man-made noise, etc., depending on the
location and on the receiving antenna used.
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5.1.1.2 Conditions of measurements and typical values

Conditions of measurements are according to IEC Publication 315-3,
clauses 76 and 77.

No specific signal-to-noise ratio is standardized at this moment. but
the following typical values are compatible with the planning criteria:

- an audio frequency signal-to-noise ratio of 26 dB for 50 mW
output and 30% modulation at 400 Hz,

- an average value for receiver sensitivity
of 46 dB (uV/m) (200 uv/m)l.

5.2 Overall selectivity of the receiver

5.2.1 Definition

For planning purposes, "receiver selectivity" is as per
IEC Publication 315-7, i.e., the frequency selectivity of the overall
receiver.

5.2.2 Conditions of measurements and resulté

The method of measurement is according to IEC Publication 315-3,
clauses 15-18, i.e., by the single-signal method. As a guide to this
Conference, results of measurements on medium-priced HF receivers currently in
use can be useful.

Measurements on the overall frequency response (RF and AF, excluding
the loudspeaker) of receivers currently in use in Europe, Asia and
North America show a wide range of variation with respect to the EBU reference
receiver mentioned in Recommendation 560-1. The results of the above
measurements are shown in Figure 5.1. It is nevertheless to be noted that
current MF receivers are more closely represented by the wide-band selectivity
range of measured performance.

1 From the CCIR Report concerning Technical Bases for the first session of
the World Administrative Radio Conference for the Planning of HF Bands
Allocated to the Broadcasting Service and consistent with the recommended
value of Epop of 500 uV/m.
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5.3 Relationship between reception quality and radio-frequency
wanted-to-interfering signal ratio

5.3.1 Description

From subjective listening tests involving a specialized or non-
specialized audience, RF wanted-to-interfering signal protection ratios can be
determined which can be related to the subjective assessment of the quallty or
of the impairment of the quality of sound.
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5.3.2 Measurements and results

Results of subjective assessments carried out in Japan concerning the
relationship between reception quality and radio-frequency
wanted-to-interfering signal ratio are shown in Figure 5.2a for co-channel
interference and Figure 5.2b for adjacent-channel interference. Listening tests
were made by ten experts using three HF receivers (A, F, H), using a high
degree of compression on the wanted and interfering signals; the audio-
frequency bandwidth was 4.5 kHz.
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Relationship between reception quality and radio-frequency
wanted-to-interfering signal ratio

* See Recommendation 562-1.
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CHAPTER 6

REQUIRED FIELD STRENGTH

6.1 Minimum usable field strength (Egin)

The minimum usable field strength should be evaluated numerically
using reference atmospheric and man-made noise data, from data concerning
signal strength variability and the intrinsic receiver noise level.

6.1.1 . Atmospheric noise data

Use should be made of the atmospheric noise data contained in
Report 322-2.

The following noise zones were adopted by the Regional Administrative
MF Broadcasting Conference (Region.2), 1981, for the band 535 - 1 605 kHz:

Noise zone 1

Comprises the whole of Region 2 with the exception of noise zone 2.

Noise zone 2

Comprises the area within the line defined by the coordinates
20° S - 45° ¥, the meridian 45° W to the coordinates 16° N - 45° W, the
parallel 16° N to the coordinates 16° N - 68° W, the meridian 68° W to the
coordinates 20° N - 68° W, the parallel 20° N to the coordinates 20° N - 75° W,
the meridian 75° W to the coordinates 16° N - 75° W, the parallel 16° N to the
coordinates 16° N - 80° W, the meridian 80° W to the north-east coast of
Panama, the frontier between Panama and Colombia, the south-east coast of
Panama and the meridian 82° W to the parallel 20° S, and the parallel 20° s,
with the exception of Chile and Paraguay, until the frontier between Paraguay
and Brazil until 45° W. Bolivia is entirely included in noise zone 2 as are
the archipelago of San Andrés and Providencia and the islands belonging to
Colombia and the Colon Archipelago or the Galapagos Islands (Ecuador).

Grenada is included in noise zone 1 night-time and noise zone 2
day-time.

The maps of noise zones are shown in Figure 6.1.

However, studies on the r.m.s. value of the field-strength equivalent
of atmospheric noise power, for 50% of the time, in the new band do indicate
some differences between the noise zones, .in particular when a "representative"
set of antenna noise factors is taken from Report 322-2, for noise zone 1,

i.e. factors that represent a median value for the noise zone not only in
absolute value but also in terms of geographical representation.
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The important result however is when all noise sources, i.e.
atmospheric, man-made and receiver noise, are combined with the interference
contribution from other stations. At this point it can be shown for the values
of Enom that are proposed further in the text, that noise is not the limiting
factor but rather interference. In this context, different noise zones may not
be necessary for planning in this new band. ’

TABLE 6.1

Noise levels

Area Median value dB(uV/m)
f = 1.56 MHz; bandwidth = 10 kHz
Day-time Night-time
Noise zone 1 ’ 19.86 31.86
Noise zone 2 ' 16.85 37.36
Man-made radio noise ' - 15.85 15.85

Lower noise levels have been found in certain areas of North and South
America with the exception of the tropical zone.

When "representative" values of antenna noise factors for noise zone 1
are taken, the following noise levels are obtained:

TABLE 6.11

Noise levels

Area ‘ Median value dB(uV/m)
f = 1.56 MHz; bandwidth = 10 kHz
Day-time Night-time
Noise zone 1 0 31.86
Noise zone 2 16.85 37.36
Man-made radio noise 15.85 15.85
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6.1.2 - Man-made noise data

Figure 6.2 comes from Report 258-4 (endorsed by Recommendati?n 372-3) and
contains reference curves showing the variation with frequency of median man-
made noise power for four envirommental categories. For planning purposes, curve A
related to the 'business category' is proposed for use since it represents the
worst-case situation.
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6.1.3 Intrinsic receiver noise level

When the intrinsic noise level of the reference receiver exceeds the
atmospheric or man-made noise level, the minimum usable field strength should
be based on the intrinsic receiver noise level.

Up to now the term "intrinsic noise level™ has not been defined in IEC
or CCIR publications. If such a definition is to be introduced it might be
sensible to base it on field strength and call the resultant quantity an
"equivalent receiver intrinsic noise field strength" (E;®).

For a receiver with a linear envelope detector characteristic, E;i° is
given by:

E{® (dB (uV/m)) = E; (dB (uV/m)) + 20 log m - SNR (dB) ()
where:

E.: carrier field strength for a wanted signal-to-noise ratio with a
modulation depth m,

m: modulation depth (%/100),
SNR: audio signal-to-noise ratio (dB).

The receiver studies in progress in several Region 2 countries may add useful
data on this topic. '

6.2 Carrier-to-noise ratio (C/N)

For planning purposes, the requirement exists to adopt reference
values of RF C/N power ratios at the receiver input to give a defined
satisfactory reception performance for some specified fraction of the time.
This depends on:

- the éudio-frequency S/N ratio needed to give the defined
satisfactory performance for a steady signal;

- the C/N ratio at the RF input to a reference receiver needed to
give the required audio-frequency S/N ratio;

- the allowances to take account of short- (within an hour) and
long-term (from day-to-day) variations of both the signals and
the noise;

- the specified fraction of the time.

6.2.1 Audio-frequency signal/noise ratio

The method of measurement described in IEC Publication 315-3
clauses 75-77, CCIR Recommendations 560-1, 562-1 and Report 617-2 all point to
an AF S/N ratio of 26 dB for steady-state conditions, based on the proposed
protection ratio of 26 dB. If this ratio is used, the limiting constraint that
will reduce this grade of sound in terms of planning criteria is the
availability of the desired and interfering signals which are determined at 50%
of the time.
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6.2.2 Radio-frequency carrier/noise ratio

Several papers suggest the use of the same value for RF C/N as for

AF S/N.

6.3 Nominal usable field strength

The following values of nominal usable field strength have been
adopted for planning purposes by the Regional Administrative MF Broadcasting
Conference (Region 2), 1981, for the band 535 - 1 605 kHz.

TABLE 6.1III

Noise zone 1

Noise zone 2

Class A station
Ground-wave

Day-time:
co-channel 100 UV/m
adjacent- .
channel 500 pV/m
Night-time: 500 uV/m
Sky-wave 500 pVv/m, 50%

of the time

Class A station
Ground-wave
Day-time:

co-channel
adjacent-
channel

Night-time:
Sky-wave

250 uV/m
500 puv/m
1 250 uv/m

1 250 uV/m, 50%
of the time

Class B station
Ground-wave

Class B station
Ground-wave

Day-time: < 500 pyV/m Day-time: 1 250 uV/m

Night-time 2 500 pV/m Night-time 6 500 uv/m
Class C station Class C station

Ground-wave ) Ground-wave

Day-time: 500 uv/m Day-time 1 250 uV/m

Night-time: 4 000 HV/m Night-time: 10 000 uv/m

For the 1 605 - 1 705 kHz band, the following values of nominal usable

field strength are suggested:

Class B - ground-wave

Class C ground-wave

Day-time:

500 UV/m

Night-time: 2 500 uv/m

Day-time:

500 uv/m

Night-time: 4 000 uV/m
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6.4 Usable field strength (for definition see § 1.1.5)

6.4.1 Overall usable field strength

The overall usable field strength E,, due to the individual
interference contributions is calculated on an RSS basis, using the
expression:

/
By = Y(ap ED2 + (ap E)2 + ......... (ag E2 ... (2)

where:
Ej: field strength of the ith interfering transmitter (i pV/m);

aj: radio-frequency protection ratio associated with the ith
interfering transmitter (see Figure 4.1 and add 26 dB co-channel
protection ratio) and expressed as a numerical ratio of field
strengths.

Since each individual usable field-strength contribution is, by
definition, equal to the individual interfering field strength weighted by the
associated protection ratio, the overall E, calculated on an RSS basis takes
into account the effect of frequency offsets between each interfering carrier
and the wanted carrier.

6.4.2 50% exclusion principle

The 50% exclusion principle allows a significant reduction in the
number of calculations. ,

With this method, the values of the individual usable field-strength
contributions are arranged in descending order of magnitude. If the second
value is less than 50% of the first value, the second value and all subsequent
values are neglected. If the second value 1s not less than 50% of the first,
an RSS value is calculated for the first and second values. The calculated RSS
value is then compared to the third value in the same manner by which the first
value was compared to the second and a new RSS value is calculated if required.
The process is continued until the next value to be compared is less than 50%
of the last calculated RSS. At that point the last calculated RSS value is
considered to be the usable field strength E,,.

For planning purposes, if the contribution of a new station is greater
than the smallest value considered in calculating the RSS value, the
contribution of the new station is unacceptable even if it is less than 50% of
the RSS value. However, the new contribution is acceptable if the RSS value
determined by inserting the contribution of the new station into the list of
contributors is smaller than the nominal usable field strength E,,pn.
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Annex VI provides examples of the procedure based on the root sum
square and on the 50% exclusion principle adopted by the Regional
Administrative MF Broadcasting Conference (Region 2), 1981.

6.4.3 Calculation of sky-wave interference to Class B or C stations

For a Class B or C station, the RSS of the interference should be
calculated site-to-site and the resulting protected contour should be
determined using the ground-wave method in Chapter 2.
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CHAPTER 7

TRANSMITTING ANTENNA CHARACTERISTICS AND

TRANSMITTER POWER

7.1 Transmitting antenna characteristics

7.1.1 Antenna patterns

The CCIR Book of "Antenna Diagrams" published in 1978, is the only CCIR
publication presenting information on MF antenna directivity in the form
requested in Recommendation 414. The publication provides, inter alia, the
theoretical directivity patterns in space for simple vertical antennas, arrays
of vertical antennas and arrays of horizontal half-wave dipoles.

A micro-computer program for calculating LF and MF antennas with up to
4 vertical elements in any position on perfect or imperfect ground has
been developed by the CCIR Secretariat. The program is written in BASIC and is
available for a variety of computers.

7.1.1.1 Vertical antennas

These antennas consist of one or more vertical conductors close to the
ground, and fed between their base and ground. The radiation is vertically
polarized everywhere.

Figure 7.1 provides the vertical radiation patterns of single vertical
antennas of different heights, as a function of wavelength. It thus indicates
field strength as a function of elevation angle at a distance of 1 km, assuming
a reference transmitter power of 1 kW.

The antenna gain in dB can be obtained directly for any elevation angle
from the relationship:

antenna gain (dB) = 20 log field strength (mV/m) at 1 km
300 mV/m

The denominator of 300 mV/m is the reference value of field strength
provided at a distance of 1 km and at an elevation angle of 0° above a perfectly
conducting plane of the reference short vertical antenna when fed with a 1 kW
transmitter power.

There are innumerable different radiation patterns that can be obtained
with arrays of two or more elements, even though they are identical. They vary
according to the elements, their geometrical lay-out and the feed
characteristics of each element.



Antenna gain (08)

-6 -

-10

400

300

200

100

_36_

80°

o

h<0,25 A
hs025 A
h20,3715A
ht0,50 A
h® 0,625\

°°
300 400 500 mV/m
1 4 | 1 1 1 1 1
-10 -6 -3 dB(kW) o 1 2 3 4 e.m.r.p.
1 1 1
0.1 0,5 kW 1,0
FIGURE 7.1

Effective monopole-radiated power (e.m.r.p.), and field strength

at a distance of 1 km as a function of elevation angle,

for different height vertical antennas

(A transmitter power of 1 kW is assumed)

A: short vertical antenna



- 37 -

Once a usable frequency has been found in a location for a new station,
a calculation is then made of permissible radiation in each direction to protect
other existing stations from both night- and day-time interference due to the
new station. The permissible radiation in each direction will then determine the
antenna radiation pattern to be used to provide protection to these other
stations. In some cases an omnidirectional pattern may meet the requirements.

7.1.2 High-efficiency antennas in the MF band (Report 401-4)

Attention should first be drawn to the economic benefits - as soon as
transmitting power reaches 10 kW - of high efficiency antennas, i.e. essentially
of antennas with very low losses (particularly in the ground) or concentrating
radiation in the wanted areas. Among the antennas having been produced as

full-scale models and used for the verification of diagrams, mention may be made
of the following. '

7.1.2.1 Anti-fading antennas

A high-efficiency anti-fading antenna should be of sectionalized
construction and have a total electrical height ranging from 2) /3 to ), to
produce the necessary rapid rise of sky-wave field strength near the point where
it equals that of the ground wave. The effect of the resistive component of the
antenna current on the vertical radiation pattern of a sectionalized tower can
be reduced or compensated by multiple feeding. It should be noted that the
location and extent of the fading zone varies due to changes in the properties
of the reflecting ionospheric layers.

In practice, the fading zone is somewhat larger than that calculated.
This might be due, on the one hand, to variations of the E-layer reflection and,
on the other hand, to F-layer reflections. These factors should be taken into
account in the design of the antennas.

7.1.2.2 Antennas with variable radiation pattern

With these antennas, which have multiple feeding points that can be
switched, two vertical radiation patterns can be obtained, for example, one for
- the day (maximum radiation at 0°) and the other at night (large lobe at 40°
or 60%) for a sky-wave service.

7.1.2.3 Directional antennas with reduced radiation over wide sectors

Report 401-4 refers to various directional transmitting antennas
employing vertical-mast radiators for LF and MF broadcasting characterized by
very low radiation over wide sectors, both in elevation and azimuth. Such
antennas make it possible to reduce the interference in overcrowded frequency
bands. Some practical installations are described and details are given of the
attenuation that can be obtained (30 dB at present) as well as the stability of
the antenna adjustments verified over several years.
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7.1.3 Variation of the vertical antenna pattern

Report 401-4 also indicates the variations of the vertical antenna
pattern depending on ground conductivity and taking into account the curvature
of the Earth. With the aid of curves from Report 401-4, the variations of
radiation can be determined, and experiments have confirmed these results. It
should be added that these variations of the radiation pattern are due to
reflection on the ground at a certain distance from the antenna. The results
given assume a no-loss antenna, i.e. an antenna having a sufficiently extensive
Earth network.

Figure 7.2 shows the characteristic field strengths for vertical
antennas of various heights for a particular ground system.
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7.1.4 Horizontal radiation patterns of directional antennas

The procedures for calculating theoretical, expanded and augmented
(modified expanded) directional antenna patterns are given in Appendix 3 of
Annex 2 of the Final Acts of the Regional Administrative MF Broadcasting
Conference (Region 2), Rio de Janeiro, 1981.

7.1.5 Top-loaded and sectionalized antennas

Stations may employ top-loaded or sectionalized towers, either because
of space limitations or to vary the radiation characteristics from those of a
simple vertical antenna. This is done to achieve desired coverage or to reduce
interference.

Calculation procedures are given in Appendix 4 of Annex 2 of the
Final Acts of the Regional Administrative MF Broadcasting Conference (Region 2),
Rio de Janeiro, 1981.

7.1.6 Reduction of sky wave in MF broadcasting

The natural rotational frequency of electrons in the Earth's magnetic
field is called "gyrofrequency". The Earth's magnetic field varies from place to
place. At the same time, gyrofrequency varies from about 700 kHz (near the
magnetic equator) to about 1 800 kHz (near the poles), as illustrated in
Figure 7.3.
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Upon entering the ionized media, a radio wave is split into two
components: ordinary wave and extraordinary wave. The former suffers less
absorption than does the latter. If the frequency of the incident wave equals
the gyrofrequency, the extraordinary wave will suffer maximum absorption.

Studies have been carried out in Australia to investigate a method of
sky-wave field strength reduction which exploits the high absorption of
extraordinary waves for transmission frequencies near the gyrofrequency. The
transmitting antenna for this system is required to radiate a signal polarized
in such a manner that waves entering the ionosphere do so exclusively through
extraordinary modes. The system is termed orthogonal transmission (see
Report 461),

7.2 Receiving antennas

Report 619 indicates that in MF reception by sky wave the use of two
(ferrite) antennas in cross-polarization improves quality because it reduces
fading.

7.3 Power considerations

7.3.1 Station power limits by class of station

It has been found helpful by a number of countries in reducing overall
interference, simplifying planning and generally improving spectrum management,
to categorize transmitting stations into classes and to apply differing maximum
stations powers to those classes (see in Chapter 8 the classes of station
adopted by the Regional Administrative MF Broadcasting Conference (Region 2)).

If used together with appropriate planning procedures such an approach
~is more likely to match the available channels to the coverage objectives.

It should also be noted that for equal power of stations causing mutual
interference, the coverage areas are independent of transmitter power since
mutual power Iincreases will be matched by a mutual increase in interference.

Where specific target areas require higher field strengths, the use of
directional antennas is generally the most efficient means of achieving the
increase, the desired coverage being provided while restricted radiation in
other directions permits increased re-use of the frequency in.these directions.

7.3.2 Radiated power

Recommendation 561-1 recommends that the term e.m.r.p. (effective
monopole radiated power), i.e. the product of transmitter power and antenna gain
in the relevant direction of azimuth and elevation, be employed to define and
determine radiation from transmitters in the MF band (for the definition of
e.m.r.p. see RR 157).
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CHAPTER 8

PLANNING

8.1 Planning criteria

8.1.1 Percentage of time

In calculating the field strength of the interfering sky-wave signal,
the sky-wave field strength 50% of the time has been used at- the Regional
Administrative MF Broadcasting Conference (Region 2), 1981.

8.1.2 Class of station

The following categories of station have been adopted by the Regional
Administrative MF Broadcasting Conference (Region 2), 1981.

8.1.2.1 Class A station

A station intended to provide coverage over extensive primary and
secondary service areas and which is protected against interference
accordingly.

New Class A stations will have a power not exceeding
100 kW day/50 kW night.

8.1.2.2 C(Class B station

A station intended to provide coverage over one or more population
centres, and the rural areas contiguous to them, located in its primary service
area and which is protected against interference accordingly.

The maximum station power is 50 kW.
8.1.2.3 C(Class C station

A station intended to provide coverage over a city or town and the
contiguous suburban areas, located in its primary service area and which is
protected against interference accordingly.

During night-time, the maximum station power is 1 kW.
During day-time, the maximum station power is:
. 1 kW in noise zone 1,

- 5 kW in noise zone 2.

8.1.2.4 Since the frequency band 1 605 - 1 705 kHz is much narrower than the
535 - 1 605 kHz band dealt with at the above Conference, a different class or
classes of stations might be considered.

8.1.2.5 1In particular, the provision for Class A stations would impose serious
restrictions on the number of stations that could be assigned, as would a limit
of night power as high as 50 kW. In the process of deciding on classes of
stations for this band, a trade-off will have to be made between maximizing
assignment capacity and maximizing the extent of coverage area. These two
factors are discussed below.
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8.2 Assignment capacity

Since co-channel night-time interference considerations cause greater
restrictions on assignment capacity, the following table is based only on this
consideration.

If the use of non-directional antenna systems is assumed, the number of
possible assignments will decrease with increasing power and with the extent of
the service area protected. The following table (based on short antennas and the
sky-wave propagation curve adopted by the Regional Administrative MF
Broadcasting Conference (Region 2), 1981, shows the relationship between these
factors:

Separation between assignments (km)

Protected contour (mV/m)
Power (Sky wave) :
(W) 0.5 2.5 4 5
250 @) 600 250 200
1 000 @) 1 100 800 550
5 000 @) 1 600 1 300 1 200
10 000 2 900 1 800 1 500 1 400
50 000 4 200 2 200 1 900 1 800

,(1) No-sky wave service attainable at this power.

If directional antennas are used, assignment capacity can be greatly
increased. For example, a Canadian study showed that nine assignments could be
made in an area of 100 by 400 km using five alternate channels (i.e., 1 620,

1 640, 1 660, 1 680 and 1 700 kHz) and reserving the other five channels for use
in adjacent areas. The study was based on powers of 10 kW and protected contours
of 0.5 mV/m day and 5 mV/m night and showed that 3-tower antenna systems were
needed for separations of 100 to 200 km and 2-tower systems for greater
separations.

The subject of assignment capacity is also addressed in Annex A of the
Report to the second session of the Regional Administrative MF Broadcasting
‘Conference (Region 2), Rio de Janeiro, 1981. Although this annex is primarily
"concerned with adding new assignments to a congested band, the approach taken
may be of interest.
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8.3 Planning coverage

Any planning method will strongly depend upon the constraints imposed
on the use of the band and to possible station classifications (i.e., power
limitation, night-time protection, etc.). The following table shows the radius
of service expected over a range of powers assuming an E, of 2.5 mV/m for
different ground conductivities. Since conductivity in large cities is
generally 4 mS/m or less, that column should be used to assess the maximum
extent of urban coverage, bearing in mind that a signal of 2.5 mV/m may not be
adequate in areas subject to industrial noise. While the table was based on non-
directional antennas, it also provides a good estimate of directional service
bearing in mind that the antenna site will not coincide with the centre of the
service area, but will be displaced in the direction of minimum radiation.

Service radius (km) for given
Characteristic conductivity in mS/m (assume 2.5 mV/m E,)
Power field strength
(W) (mV/m at 1 km)
1 4 10
250 240 5.2 9 15
. 1 000 240 : 6.5 13 22
5 000 300 12 - 20 34
10 000 300 15 24 40
50 000 - 300 22 36 58
8.4 Planning options

Particular attention should be given to maintaining the maximum degree
of flexibility in any broadcasting plan to be developed for the 1 605 -
1 705 kHz band. This would have to be consistent with the general need to
satisfy demand and obtain adequate protection for future broadcasting services.

To achieve this flexibility, the first decision that must be made
concerns the form of the plan. Should it be an allotment plan or an assignment
plan or one using features of both? For the purpose of this initial discussion,
the essential difference between these two forms of plans lies in the
specification of the location of the station. In allotment planning an area can
be specified within which the station may be located and afforded protection. In
assignment planning, a specific transmitter site is given.

After the form of the plan is decided, the planning method must be
developed. Since the primary goals of planning are to distribute the resource
and obtain international recognition for stations implemented in accordance with
the plan (protection), the planning method will need to be tailored to the form
of the plan (allotment or assignment). These two cases are contrasted below.
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8.4.1 Allotment planning

Allotment planning involves three basic steps. First, there is a need
to develop a list of allotments based upon the general requirements of
administrations. Then this list must be examined to determine the conformity of
the allotments with the agreed interference objectives of the conference.
Finally, an adjusted list of allotments that has been accepted by all would
become the plan. It also is important to establish a set of implementation
criteria which define the conditions to be met and the steps to be taken to
bring into use stations in conformity with the plan. These conditions would
specify a simple way to determine whether the station would exceed the
interference levels accepted by the conference. Under this system, one or more
stations could be brought into use within the allotment area and there would be
no need to modify the plan as long as the agreed protection levels to the
allotments of other countries were not exceeded. If the agreed interference
levels were exceeded, the allotment plan would have to be modified in accordance
with the procedure adopted by the conference.

Specific methods will need to be developed to facilitate the several
stages of allotment planning. In contrast with the assignment planning case,
emphasis would be on methods of distribution of the channels, and not the
establishment of acceptable interference levels between stations, which would
take place after the conference, when specific station requirements become known
and station assignments are made. :

8.4.1.1 Allotment planning criteria

The development and implementation of an allotment plan poses many
questions. The answers to these questions help define the concept of allotment
planning. For example, since requirements are to be specified in terms of areas,
rather than specific transmitter sites, how should the areas be defined and, in
general, how large should they be? Such decisions will greatly influence the
ease of implementation of an allotment plan and its capacity. The size of the
allotment area would determine the degree of station implementation flexibility
after the conference. In addition to defining the permitted area in which
stations may be implemented in accordance with the plan, the protection to be
afforded such stations is also defined within the allotment area. Thus, the lay-
out of allotment areas will determine the class of service on that channel,
i.e., Class B and Class C.

Certain specifications of the shape of the allotment area might make it
difficult to confirm analytically that a station is located within the allotment
area. In the case of irregular shapes other than national boundaries, this would
require the creation of a massive data base of allotment boundaries. In
addition, time-consuming computer routines would be required to determine which
side of the allotment boundary the station is on. However, if the shape can be
defined mathematically, no such data base or software would be required.
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The shape of an allotment could also influence the complexity of the
analysis required for plan development. Since an allotment plan designates a
frequency channel, for use by a country within certain geographic areas
indicating the level of protection to be afforded, the analysis of such a plan
is done by constructing various scenarios of station implementation and
comparing the resulting interference levels with tentatively agreed levels. Such
analysis would be used to adjust the allotments and develop realizable agreed
protection levels. A likely scenario would be to place a station on the edge of
an allotment area nearest to another co-channel allotment. A mathematically
describable shape for the allotment would simplify the determination of that
nearest point.

The size of an allotment is related to the protection requirement for
the stations to be implemented. Allotment areas should define contiguous regions
where a common level of protection would be required for any stations to be
implemented on that channel. Such a formulation would allow one or more stations
to be implemented successfully by adjusting their powers so that they protect
each other while receiving an acceptable level of interference from other
countries. An additional constraint on allotment size is the need to protect the
allotments of other countries. Large allotments may not result in additional
flexibility if the agreed protection cannot be afforded with desired station
powers over the entire allotment.

An approach to the application of allotment planning is given in
Annex VII.

8.4.2 Assignment planning

The successive stages of assignment planning might be:

- to develop a list of assignments based upon the specific
requirements of administrations;

- identify and resolve the resulting interference levels, and then
to adopt an adjusted list of stations that has been accepted by
all i.e., the plan. :

The resulting interference levels within the plan form the basis for
procedures for the subsequent modification of the plan. As a result of
assignment planning, administrations obtain the right to bring into use specific
assignments in the plan. The right to bring into use assignments differing from
those specified in the plan would require modification of the plan. The precise
conditions under which modifications could be made would have to be developed at
the conference. Typically, the agreement of other countries would be required
only if the interference levels accepted in the plan are exceeded by the
differing assignment. Additionally, if appropriate provision is made in the
agreement, it would be possible to transfer radiation and protection rights to
locations other than those specifically set forth in the plan. Specific methods
will need to be developed to facilitate the different stages of assignment
planning. Major emphasis would be on the resolution of interference levels
between stations.
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8.4.2.1 Assignment planning criteria

As with allotment planning, assignment planning attempts to provide a
satisfactory distribution of assignments to respond to the list of broadcasting
requirements that have been identified. However, there is a difference in their
methodology. With assignment planning, four elements need to be considered:

- development of a list of requirements;
- establishment of technical parameters for the planned stations;
- application of protection criteria; and

- development of a system for optimizing the distribution of the
planned assignments by frequency.

The optimization process involves the theoretical goal of how best to
satisfy requirements in each country and the practical adjustments needed to
resolve conflicts between national plans.

Assignments appearing in the plan would have specific radiation and
protection rights. This would facilitate subsequent modifications to the plan
since interference calculations would follow procedures similar to those applied
today in the existing band. Also, it is possible to provide considerable
flexibility in an assignment plan for the transfer of radiation rights from one
location to another. In effect, planned assignments in the plan would act as an
"umbrella" for making subsequent adjustments to national plans. This ability to
substitute assignments resulting from actual needs for those in the plan
resulting from perceived needs (the list of requirements) would be an important
provision that would have to be included in the new regional agreement for the
extended spectrum. As part of the assignment planning process, computer
resources would be needed to examine frequencies available. To do this it would
be necessary to develop a computer program to investigate as many of the
possible permutations as possible in order to ensure that the plan adopted would
be the most efficient one possible. ’
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CHAPTER 9

COMPATIBILITY WITH OTHER SERVICES

9.1 Introduction

According to the provisions of RR 8-22, the band 1 625 - 1 705 kHz in
Region 2 is also allocated on a permitted basis to the fixed, mobile and
aeronautical radionavigation services and on a secondary basis to the
radiolocation service. Furthermore the temporary allocation as per RR 481
should also be taken into account. In Region 1 the band 1 606.5 - 1 705 kHz is
allocated on a primary basis to the fixed, maritime mobile and land mobile
services except for the 1 625 - 1 635 kHz band which is allocated on a primary
basis to the radiolocation service. In Region 3 the band 1 606.5 - 1 705 kHz is
allocated on a primary basis to the fixed, mobile, radiolocation and
radionavigation services.

Inter-regional and intra-regional compatibility between the
broadcasting service and the fixed, mobile, aeronautical and radiolocation
services should take into account the different classes of emission used by the
various services.

While the broadcasting service is using A3E class, the classes of
emission used by the fixed and mobile stations are:

A3E, A2A, A2B, F1B, J2B, J3E, H2A, H2B.

Protection ratio values for co-channel operation and for suitable
frequency separation should be evaluated in a combination of interference cases
involving the broadcasting service and the other services; there is no apparent
need to evaluate them however for the cases not involving broadcasting. It is
worthy of note that Region 1 has held a conference on planning of the MF
maritime mobile and aeronautical radionavigation services in March 1985 and the
technical parameters in the report of that Conference must be taken into
consideration.
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9.2 Protection ratios

Table 9.I1 shows the protection ratio values to be considered for
planning purposes between the concerned services. According to the specific
cases the value is given for co-channel interference (CO) or for off-channel
interference (0C).

In the wanted HF fixed service case, values are indicated for just
usable (JU), marginally commercial (MC) and good commercial (GC) quality and in
the telegraph communication case they should be specified for a character error
ratio, Pg of 10-2, 10-3 and 10-4 (see Recommendation 339-5), but since the
protection ratios do not significantly vary for Pg values up to 10'6, a single
figure is given (see Report 525-2). '

For the broadcasting service, a value of 26 dB has been indicated in
8§ 4.4.1 for co-channel protection ratio between broadcasting emissions and the
same criteria has been applied to derive the figures given in the case where
interfering services other than broadcasting are considered.

The values reported in the column could be modified when inter-regional
sharing is to be considered, in fact as adopted by the Regional Administrative
Radio Conference for the Maritime Mobile Service and the Aeronautical
Radionavigation Service in certain parts of the MF band in Region 1
(RARC MM-R1), the co-channel radio-frequency protection ratio necessary to
protect the maritime mobile service from like interference is 20 dB for single-
sideband telephony (J3E modulation) and 8 dB for narrow-band direct printing
telegraphy (F1B modulation).

1 Report 302-1 gives some detailed information on the protection to be granted
to the broadcasting service in shared bands in tropical zones. The Report
data, although needing some updating, could be taken as representative
values of protection ratios needed by a broadcasting signal in the case of
interfering A3A, A2A and A2B signals. It should be noted however, that
Region 1, for its maritime mobile service, which is the most constraining
case for Region 2, will be using F1B and J3E types of emissions which are
not covered by Report 302-1, nor is the inverse condition, i.e., when A3E,
A2A and A2B signals should be protected against an interfering broadcasting
signal.

Compatibility problems and sharing criteria between the broadcasting service
and the other services are not fully investigated, although a comprehensive
study is being carried out in CCIR Study Group 3. Preliminary results based
on contributions received are nevertheless indicated in Table 9.I. Further
improvements or amendments might be expected and made available to the
Conference after the CCIR Final Meetings (1985).



TABLE 9-1

Steady-staté protection ratios (dB)*

Interfering signal A3E (BC) A3E (fixed) A2A/A2B F1B J28 J3E H2A/H2B |Class of
emission
_ co | oc co | oC cojocjcolocjcotoc|cojoc] col| oC |Interferin
Wanted signal conditionl
A3E (BC) 26 26 31 47 | 43 38 37
Ju -7 ‘
A3E (fixed) MC 5 * Ratio of wanted-to-interfering signals whose powers are expressed in-
GC 26 terms of p.e.p. (PX) (see Recommendation 240-3 (MOD I)).
A2A/A2B Pg<1076 5
F1B Pg<1076 | -3
J2B Pp<10-6 5
Ju -19 1) co (éo—channel interference) and 0C (off-channel interference) are the
J3E MC -7 cases when the frequency separation between the assigned frequency of the
GC 14 wanted signal and that of the Interfering signal 1s approximately zero
and about 1.4 kHz respectively.
H2A/H2B Pg<10~6 -1
Class of Service
emission grade

_607._
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9.3 Protected contours

9.3.1 Broadcasting contours

Broadcasting contours are defined in €8 6.3 and 6.4

9.3.2 Contours for the maritime-mobile service

The following values of the minimum field strength to be based on
ground-wave service, which include allowances for variations in noise level
with time and signal fading with time, were established by the (RARC MM-R1):

Class of emission F1B:

22.5 dBUV/m north of and on parallel 30° N

42.5 dBuUV/m south of parallel 30° N

Class of emission J3E:

37 dBuV/m north of and on parallel 30° N

57 dBUV/m south of parallel 30° N

9.4 Procedures for calculating protection

9.4.1 Inter-regional protection

In calculating inter-regional interference, the field strength should
be determined by taking the arithmetic mean of the signal strengths, expressed
in dBu for a specified e.m.r.p., calculated both by the method described in
Annex I to CCIR Recommendation 435-4 and by the method used within Region 2.
Signal strengths calculated by the Region 2 method should be increased by 2.5 dB
to allow for the different reference hours of the two methods. The value
determined in accordance with the above should be applied when it is midnight at
the mid-point of the inter-regional path, provided that the entire path is in
darkness. Signal strengths at other times are unlikely to exceed this value.

9.4.2 Protection to the broadcasting service

Broadcasting assignments or allotments should be protected in
accordance with & 4.4.4. Usable field-strength values should be calculated
using broadcasting assignments only because other services operate
intermittently.

9.4.3 Protection to other services

Assignments in services other than broadcasting should be protected to
the field-strength contour corresponding to the greatest of:

- the values adopted by a conference,
- the minimum usable field strength,

- the field strength at the extent of the service range defined in
the Master Register.



ANNEX I

Field-strength curves for ground-wave propagation

The curves are labelled with the ground conductivities in
millisiemens/metre. All curves, except the 5,000 mS/m (sea water) curve, are
derived for a relative dielectric constant of 15. The sea-water curve is derived
for a dielectric constant of 80.
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ANNEX II

Mathematical discussion and computer program for ground-wave curves

Introduction

A computer program has been written to calculate ground-wave field
strengths at metric distances [McMahon, 1979]) using the Norton surface wave
equation [Norton, 1936] at distances within the radio horizon, and using the
Bremmer residue series [Bremmer, 1949] for distances beyond the radio horizon.

Field-strength curves calculated by the Norton equation and by the
Bremmer residue series are parallel for a considerable distance on either side
of the horizon. However, the values of field strength calculated by the two
methods differ by as much as 10% in this region. The method used in the computer
program to merge the Norton field strengths and the Bremmer field strengths into
a smooth continuous curve is to normalize the Bremmer fields to the Norton
fields at the horizon by calculating a factor which when multiplied by the
Bremmer field makes the product equal to the Norton field at the horizon. This
same factor is then used to adjust the Bremmer field strengths at greater
distances. This factor is calculated for each change in frequency, or in ground
constants.

This annex contains a section giving information on the mathematical
methods used to .calculate the field strengths using the Norton surface wave

equation and the Bremmer residue series.

Mathematical discussion

I. Norton surface-wave equation

Norton gives the following equation for A, the surface wave attenuation
factor:

A = |14 iv/rpe™ erfe (— iv/py) |  /"Norton, 1936 7
P1 is the complex numerical distance which is calculated from the following
factors: '
x = 17.9731 o/f
b1 = tan"l ((e-1)/x)
by - tan"l (e/%)
b = 2by - by

P =TD cos (bz)z/ XA cos(by)

pp = p elb
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where:
o: ground conductivity (mS/m) ,
€: relative dielectric constant of the ground,
f: frequency (MHz),
X : wavelength (m),
D: distance from the antenna (kms).

The erfc (-i py) is defined as:

00
2
erfc(—iv§1)=(2ﬁvﬁ3 ./e -t dt [Abramowitz and Stegon, 1970] p.297, §7.1.2.

V43!

This function cannot be evaluated in closed form and most of the labour

in calculating A lies in obtaining suitable series to evaluate erfc (-&/51) for
the full ranges of possible values in p and b.

" Mathematical discussion

II. Computer program evaluation of Norton surface-wave equation

Field strengths out to distances of 80.467/(cube root of the frequency
. in MHz) kilometres are calculated in the computer program using the Norton
surface-wave equation. The program uses five different methods of calculation
depending upon the values of p, the numerical distance, and b (the angle of p).

1) P less or equal to 0.65; b any value

For this range of numerical distances, the computer program uses the
w(z) function. Abramowitz and Stegon [1970] equations 7.13, 7.18, p.297.

[}

2
w(z) = e "% . erfc (-iz) = j{: (iz)/T(n/2 + 1)

n=o0

wherel (n/2 + 1) is a gamma function which is evaluated by the formulae in
Abramowitz and Stegon [1970], Chapter VI.

If the substitution\/ﬁi = z is made in the w(z) summation:

a=|1+ i4m . wopD |
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2) p between 0.65 and 5; b less thanm /2

For this range of p and b, the computer program uses the infinite 2p
series given by Norton [1936], p. 1386.

A = lu + 1v‘

where:
2p)? 2p)3
u=1 —-2pcosb+(—]%0032b - (27) cos 3b + - - -
B N b
+ /wpe? c°* ? sin (7) gin b — ?)
2 2
v=—2psinb+(p) sin2b — - - -
1-3
- . b
+ VmpeP ot cos (p sin b —~2—)
;3) . p between 5 and 20; b less thanm/4

For this range of p and b, the program calculates A using the following
_equations:

erfc (z) = 1 - erf (z) [Abramowitz and Stegon, 1970] & 7.1.2,
P. 297.

erf(z) = erf (z) [Abramowitz and Stegon, 1970] & 7.1.2, p. 297.

2
erf(x + 1iy) = erf(x) + (e * /27x) . (1l-cos(2xy)-isin(2xy) +

©o

2 2
(2/m.e X . z ((e~-25m )y /(n2 + 4x2)).(fn (x,y) + gy (x,¥))
/4, .

n
fn (x,y) = 2x - 2x cosh(ny)cos(2xy) +n sinh(ny) sin(2xy)

gn (X,y) = 2x cosh(ny)sin(2xy) + n sinh(ny) cos(2xy)
[Abramowitz and Stegon, 1970] & 7.1.29, p.299

. ‘ . 5 2
erf(x) = 1 - (ajt + a2t2 + a3t3 + aat4 + agt?) . e"X
[Abramowitz and Stegon, 1970] & 7.1.29, p. 299

t=1/(1 + px) p = .3275911

aj] = .254829592 ap = -.284496736 a3 = 1.421413741
as = -1.453152027 ag = 1.061405429

iSolution of the preceding equations yields erfc(-i/pj)

‘A - ‘1 + 1\/;;1 e Py erfc(i‘/si)l
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4) p between 5 and 20, b greater, or equal to T/4 or p between 0.65 and
20, b greater than m/2

In this range the computer program uses the following identity to
calculate A:

-] .
1 1/2 1 3/2 2
itf a1 2,
{Abramowitz and Stegon, 1970] &€ 7.1.14, p. 298.
If z is set equal to -&/ﬁi the continued fraction (C.F.) equals:
e-B\/Terfe(-1,/Fy) and, A= |1+ 1 T . (C.F))

5) p greater than 20, b any value

In this range of parameter values, the computer program calculates the
w(z) function from the following polynomial equation:

w(z) = iz(.4613135/(z2 -.1901635) + .9999216/(z2 -1.7844297)+

.002883894/(22 -5.5253437)) [Abramowitz and Stegon, 1970} bottom
p. 328.

As in 1) previously, the substitution ,/pj = z is made, and:

a=]1+ivip . v (A

Mathematical discussion

III. Bremmer residue series .

Bremmer [1949] defines the attenuation factor for the ground wave over
the radio horizon as follows:

&TXZ (2, '—T-.]x/ﬁ’)

Ay is the additional attenuation above the inverse distance
attenuation. Tg are terms of the Bremmer residue series.

As defined by Bremmer:
X = (21a/A)m)Y/3 . Dosa
where:

Do: distance from the transmitter to the receiver measured along the
Earth's surface. -

a: radius of the Earth.
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- Bremmer used 6370 km for the radius of the Earth. This is the actual
average radius of the Earth. In the computer program, a radius of 8493 km
(4/3 x 6370) was used for a. This change was made to conform to the usual
practice to account for diffraction and because fields calculated by the Bremmer
series with this larger radius were found to correspond more nearly to those
given by the existing FCC ground-wave curves and to CCIR ground-wave curves (see
Recommendation 368-4).

With this change and using the relationship between A, the wavelength
and f, the frequency in MHz:

Y= 0.006635 . £1/3 . D
where:
D: diétance from the antenna (kms).
If X is defined as previously given by Norton in I:
X =17,9731 0/f

where 0 in milli-Siemens/metre is the ground conductivity. Then using € for the
relative ground dielectric constant, the following parameters used by Bremmer
may be calculated: :

Yo = tan"l (e/x) -.5 . tan"l ((e-1)/%)

Ke = 0.01957/62 + x2) /(4. fe-1)2 + x2.£1/3)

Se = Ke.ei(2»356‘ Ye) (We in radians)

The residue series given by Bremmer [1949] § 3,is as follows:

when K, is small (Yo in degrees):

Im 7,=1.607 — K,sin (45° + y,) — 1.237 K,*sin (75° + 3 y.) +

: + 3 K,*sin (4 ¢.) — 2.755 K3 sin (75° —5 ¢,) ...

Im r, = 2.810 — K, sin (45° + y,) —2.163 K.*sin (75° + 3 y.) +
+ § K.*sin (4 ¢.) — 8.422 K.® sin (75° — 5 y,) .

Im 7, = 3.795 — K, sin (45° + y,) —2.921 K,*sin (75° + 3 y.) +

+ 3 K.A*sin (4 y.) — 15.36 K,° sin (75° — 5 ¢.) ...

Re 7,=0.928 + K, cos (45° + y.) + 1.237 K, cos (75° + 3 Ye) —
_ — 3 K.* cos (4 yo) —2.755 K,* cos (75° — 5 y,) .

‘Re r, =1.622 + K, cos (45° + y,) + 2.163 K, cos (75° + 3 y,) —

— 3 K.* cos (4 ) — 8.422 K. cos (75° — 5 y.) ...
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when Ko is large (Ye in degrees):

e ‘
Im 7, = 0.7003 — 0.6183 SB(15° —¥e) , o354 €8 (2¥e) .
K, : K.?
1 o . o
— 0.0533 %2 (151(: 3¥e) 000226 ™ (GOK,« 4y
1 o __ .
Im r, —2.232 — 0.1940 S5 —¥e) 4 073 5 (2ve)
K. K.
31 o] K o__
+0.0120 857 ¥ 39e) 4 0160 HRE0 —2¥e)
K. I,
o__ _
Re 7o — 0.4043 + 0.618%5 157 —¥0) __ 9364 S0 (24)
K, K.
cos (15° + 3 ye) cos (60° — 4 yi)
—0.0533 ——~ + 0.00226 T -
o__ .
Rer,—1288 + 0.194 25 U5°—¥e) 4473 SIn(24e) |
K, K,
o o__
+ 0.0120 cos (15 + 3 'l’e) _0.00160008 (60 4 '//e) )

K2 K.t

To improve convergence of the series for distances near the radio
horizon, the number of terms in each series has been increased to eight in the
computer program. The additional terms have been calculated by the methods given
by Bremmer [1949] & 4, p. 44-45. In this section, Bremmer lists the first six
zeros of each series according to the Hankel approximation. The remaining two
additional terms were calculated by the tangent approximation.

For Ko small, in the tangent approximation, the zeros are given as
follows:

1'.,°=_2L §3W(s+_i_) %tlaei”/:‘;

where Tg is the term number starting at zero.

For K, large:
1 z ( 1) Ys . 3
T = —{3xrls+4+ — i C‘r/
"2 4
Each series term was then calculated from these equations given by
Bremmer [1949], p. 45:

Ke small: \

Ta==T0— 8 — § 74,0 8° + 38 — *1;,0' 8% ...
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Ke large:

— e — — — et —

g (g )

where § = §,, as previously defined.

Mathematical discussion

IVv. Problems in calculation of ground-wave strengths

One of the most time-consuming operations connected with the
development of the ground-wave field strength computer program was to find
suitable methods of obtaining calculations for the Norton surface-wave
attenuation factor for the ranges of parameters to be used. The present ranges
of use for each series or other calculation method for the attenuation factor
were determined experimentally by requiring each method of calculation to give
consistent values with the adjacent calculation methods. From time to time
during program development, as more field-strength values were calculated for
the standard broadcast band for the required range of ground constants, it would
be found that for a narrow range of values of p and b, a particular series, or
calculation method, would give one, or several values of field strength at
variance with values on either side of the inconsistent values. To the maximum
extent possible, such regions have been eliminated by proper choice of ranges
for each calculation method. The continued fraction solution was introduced into
the computer program to cover a range where none of the other solution methods
gave consistent values.

The Bremmer residue series was also found to contain such a region of
inconsistency where neither K. small or K, large series gave consistent values.
This region occurred for K, values between 0.45 and 0.55. The problem was
eliminated by linearly interpolating between each small and large series term
prior to the Bremmer summation procedure.
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ANNEX III

The Region 2 method

. . . -
The calculation of skywave field strength shall be conducted in accordance with the provisions which
follow. (No account is taken in the Agreement of sea gain or of excess polarization coupling loss.)

List of symbols

d:
E.

c *

J6):

@ % maD

.

short great-circle path distance (km)

chanacteristic ficld strength, mV/m at 1 km for 1 kW

radiation as a fractfm of the value 8 = 0 (when 0 = 0, f(8) = 1)

frequency (kHz)

unadjusted annual median skywave field strength, in dB(pV/m)

field strength read from Fig. 4 or Table 111 for a characteristic field strength of 100 mV/m
station power (kW) ‘

elevation angle from the horizontal (degrees)

General erocedure

Radiation in the horizontal plane of an omnidirectional antenna fed with 1 kW (characteristic field
strength, E.) is known either from design data or, if the actual design data are not available, from Fig. 1.

Elevation angle 0 is given by

d d :
9 = arc tan (000752 cotms‘) YTV degrees : (1)
0°<6 <90°

Alternatively, Table 1 or Fig. 2 may be used.

. It is assumed that the Earth is a smooth sphere with an effective radius of 6,367.6 km and that reflections
occur from an ionospheric height of 96.5 km.

The radiation f(8) expressed as a fraction of thc value at 8 = O at a pertinent clevation angle 6 can be
determined from Fig. 3 or Table II. :
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The product E,f(8)/P is thus determined for an omnidirectional antenna. For a directional antenna,
E.f (9)/7 can be determined from the anténna radiation pattern. E, f(e)/?' is the field strength at 1 km at the
appropriate elevation angle and azimuth.

The unadjusted skywavc field strength F is given by:

E.f(6)/P
F = F _+20log —L:Foi dB(uV/m) 1#d]

where F, is the direct reading from the ficld sirength curve in Fig. 4 or Table I11.

Note: Values of F. id Fig. 4 and Table 111 are normalized to 100 mV/m at l km corresponding to an effective monopole
radiated power (e. m r.p.) or —9.5 dB(kW),

For distances grcltcr than 4250 km, it should be noted that F_ can be expressed by:

F, = 2! 355  dB(uVv
<= 3F 41000 . B{uV/m) 3
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TABLE | ~ Lievation engle vs dissence

Distance Elevation angle

(xm) {degrees)
0 )
100 Q2
130 5.6
200 4.
250 3.9
%0 pIR )
350 7.9
400 ur
430 2.0
300 198
350 180
600 163
0 149
0 13.7
750 2.6
800 "
050 10.8
$00 10.0
30 2.3
1000 [ X}
1030 80
1100 14
150 .
1200 [X
1250 3.9
1300 s
1350 3.0
1400 .8
1430 4y
1300 29
1350 33
1600 32
1650 29
1700 26
1o 23
1000 20
1850 (R}
1900 [K}
1950 12
2000 1.0
2030 0.7
100 [X)
2130 0.2
2200 00
2230 0.0
2300 0.0
2% 0.0
3400 Y]
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TABLE 1l —- f(0) values for simple vertical antennas

. 7
Elevation angle
(degrecs) .
0.112 C.134 0.151 0.172 0.194 0.21/
0 1.000 1.000 1.000 1.000 1.000 1.000
1 1.000 1.000 1.000 1.000 1.000 1.000
2 0.999 0.999 0.999 0.999 0.999 0.999
3 0.999 0.998 0.998 0.998 0.998 0.998
4 0.997 0.997 0.997 0.997 0.997 0.997
s 0.996 0.996 0.996 0.995 0.995 0.995
6 0.9954 0.994 0.994 0.993 0.993 0.993
7 0.992 0.992 0.991 0.991 0.991 0.990
8 0.989 0.989 0.989 0.988 0.988 0.987
9 0.987 0.986 0.986 0.985 0.985 0.984
10 0.984 0.983 0.983 0.982 0.981 0.980
1l 0.980 0.980 0.979 0.978 0.977 0.976
12 0.976 0.976 0.97S 0.974 0.9713 0.971
13 0.972 0.972 0.9 0.969 0.968 0.96%
14 0.968 0.967 0.966 0.96S 0.963 0.961
15 0.963 0.962 0.961 0.959 0.958 0.9%6
16 0.958 0.957 0.956 0.954 0.952 0.950
17 0.953 0.952 0.950 0.948 0.948 0.941
18 0.947, 0.946 0.944 0.942 0.940 0.937
19 0.941 0.940 0.938 0.938 0.933 0.930
20 0.935 0.933 0.931 0.929 0.926 0.922
2 0.922 0.920 0.917 0914 0.911 0.907.
4 0.907 0.908 0.902 0.898 0.894 0.890
26 0.892 0.889 0.885 0.882 0.877 0.872
28 0.878 0.872 0.868 0.864 0.858 0.882
30 0.857 0.854 0.849 0.844 0.839 0.832
32 0.838 0.834 0.830 0.824 0.818 [\ R}
34 0.819 0.814 0.809 0.803 0.798 0.789
3 0.798 0.793 0.788 0.781 0.774 0.766
38 0.776 0.1 0.765 0.758 0.751 0.742
40 0.753 0.748 0.742 0.738 0.728 0.7117
42 0.730 0.72¢ 0.718 0.7110 0.702 0.692
44 0.708 . 0.700 0.693 0.68% 0.676 0.666
46 0.680 0.674 0.667 0.659 0.650 0.6}39
48 0.634 0.648 0.641 0.633 0.62% 0.612
50 0.628 0.621 0.614 0.606 0.59¢ 0.588
52 0.600 0.594 0.587 0.578 0.568 0.587
4 0.572 0.566 0.359 0.550 0.840 0.8
36 0.544 0.537 0.5 0.521 0.512 0.%01
8 0.515 0.308 0.301 0.493 0.483 0.472
60 0.485 0.479 0.472 0.463 0.4%4 0.44}
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TABLE 1l (continued)
S
Elevation angle
(dcgrees)

0232 0.252 0.274 . €291 031124 0.354

0 1.000 ~ 1.000 1.000 1.000 1.000 1.000
1 1.000 1.000 1.000 1.000 1.000 1.000
2 0.999 0.999 0.999 0.999 0.999 0.999
3 0.998 0.998 0.998 0.998 0.998 0.997
4 0.997 0.996 0.996 0.996 0.996 0.993
s 0.998 0.994 0.954 0.994 0.993 0.992
6 0.992 0.992 0.991 0.991 0.990 0.989
7 0.990 0.989 0.988 0.988 0.987 0.98S
8 0.987 0.986 0.985 0.984 0.983 0.980
9 0.983 0.982 0.981 0.980 0.978 0.975
10 0.979 0.978 0.9 0.975 0.973 0.969
1n 0.978 0.973 0.972 0.970 0.968 0.963
12 0.970 0.968 0.966 0.964 0.962 0.935
13 0.965 0.963 0.961 0.958 0.955 0.949
14 0.959 0.957 0.955 0.952 0.948 0.541
15 0.953 0.951 0.948 0.945 0.941 0.932
16 0.547 0.944 0.941 0.937 0.933 0.924
17 0.941 0.937 0.934 0.930 0.925 0.914
18 0.934 ' 0.930 0.926 0.921 0.916 0.904
19 0.926 0.922 0.918 0.913 0.907 0.8%4
20 0.919 0.914 0.909 0.904 0.898 0.883
2 0.902 0.897 0.891 0.885 0.877 0.861
4 0.885 0.879 0.872 0.863 0.856 0.837
26 0.866 0.859 0.852 0.843 0.833 0.811
28 0.846 0.833 0.830 0.820 0.809 0,798
30 0.825 0.816 0.807 0.797 0.784 . 0.758
32 0.803 T 0.794 0.784 0772 0.759 0.729
k7 0.780 0.770 . 0.7159 0.747 0.732 0.701
36 0.756 0.746 0.734 0.721 0.703 0.671
38 0.732 0.720 " 0.708 0.654 .67 0.642
40 0.706 0.695 0.681 0.667 - 0.649 0.612
42 0.681 0.668 0.634 0.639 0.621 0.582
“ 0.654 0.641 0.627 0.611 0.593 0.552
46 0.628 0.614 0.600 0.58) 0.564 0.523
48 0.600 0.587 0.5712 0.553 - 0.53 0.494
50 0.573 0.559 0.544 0.5 0.507 0.465
2 - 0.548 0.531 0.515 0.498 0.479 0.436
s4 0.517 0.503 0.487 0.470 0.451 0.408
56 0.438 0.474 0.439 0.442 0.42) 0.381
8 0.460 0.446 0.431 0.414 0.398 0.354
(7] 0.431 0.418 0.403 '0.387 0.368 0.328
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TABLE 11 fend)
o
V(U]
Elevation angle
{degrees)

0.401 0.451 0.504 0.5282 0.354 0.6254

[ 1.000 1.000 1.000 1.000 1.000 1.000

! 1.000 1.000 0.999 0.999 0.999 0.999

2 0.998 0.99 0.998 0.997 0.997 0.995

] 0.997 0.99 0.995 0.9%¢ 0.993 0.9¢9

4 0.994 0.992 0.9%0 0.989 0.988 0.981

s 0.991 0.988 0.9¢3 0.98) 0.981 0.9%

6 0.986 0.98) 0.979 0.97s 0.972 0.957

1 0.982 0.977 0.971 0.967 0.962 0.941

[} 0.97% 0.97% 0.962 0.957 0.951 0.924

9 0.970 0.963 0.953 0.945 0.938 0.904

10 0.963 0.934 0.942 0.933 0.924 0.882
" 0.953 0.943 0.930 0.919 0.909 0.839

n” 0.947 0.934 0.917 0.903 0.893 0.834
1 0.938 0.92) 0.903 0.889 0.875 0.807

" 0.929 0.912 0.889 [ X ¢5] 0.857 0.773
1} 0.918 0.599 0.873 0.833 0.837 0.743
16 0.9508 0.886 0.837 0.83 0.818 [ R/}
o 0.497 0.873 0.840 0.8 0.795 0.68¢

18 0.883 0.859 0.323 0.397 om 0.631
9 [X 1)) 0.844 0.004 0.776 0.749 0.617
0 0.860 0.828 0.783 0.733 0.726 0.582
2 0.833 0.79% 0.746 0.7110 0.671 0.510
u 0.003 0.763 0.703 0.663 0.628 0.436
2 0.1 0.128 0.663 0.618 0.574 0.36)
28 0.745 0.692 0.621 0.570 0.522 0.29%0
30 0714 0.655 o.M 0.522 0.470 0.219

32 ,0.682 0.619 0.534 0.473 0.419 0.151
3 0.649 0.582 0.492 0.4 0.368 0.085
3 0.617 0.543 0.4%0 0.383 0.321 0.028
38 0.584 0.509 0.409 0.340 0.278 -0.031
40 0.352 0.473 0.370 0.298 0.231 -0.08)
@ 0.519 0.438 0.332 0.258 0.190 -0.129
4 0.438 0.405 0.29¢ 0.221 0.152 -0.17%0
46 Q.a37 0.3712 0.262 0.187 0.117 -0.208
48 0.47 0.341 0.230 0.138 0.08% -0.238
50 0.7 0311 0.201 0.126 0.056 -0.259
$2 0.36% 0.28) 0.17¢ 0.09 0.001 -0.278
b ] 0.341 0.257 0.149 0.076 0.009 -0.291
36 0.318 0.232 1 0.126 0.033 ~0.010 ~0.300
38 0.289 0.208 -0.103 0.037 -0.026 -0.30¢
0 0.263 0.186 0.087 0.021 -0.039 =0.304
«Q . 0.003 -0.049 -0.300
“ -0.00) -0.0%6 -0.292
L) -0.014 -0.062 -0.281
[} -0.017 ~0.064 -0.2¢7
.0 -0.022 -0.063 -0.250
n -0.028 -0.064 -0.231
74 -0.026 -0.061 -0.210
R} -0.026 -0.036 -0.138
" -0.024 ~0.051 ~0.16)
L] -0.022 ~0.044 ~0.138

Nove - mumm1-)mumrm.-mmmmu.mwummMM‘

from the main lobe in the vertical radiation pattern

value /(8) from the Toble.

. In order 10 perform the
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ANNEX IV

The simplified CCIR method for planning purposes in Region 2

In preparation for a

Regional Administrative Broadcasting Conference (535-1605

kHz, Region 2), IWP 6/4 considered available prediction methods and measurements
taken in various parts of Region 2. In order to meet this requirement, some
simplifications were made to the method described in the Annex to Recommendation
435, For planning purposes, the following formula may be used in Region 2:

E=M+

where M=
az

o
—
L]

¢R =

Gg- Lp + 103 - 20 log p - 167 3kp, (1)

transmitter cymomotive force, M is given by
P+ G, + Gy. (2)

= radiated power, dB (kw).

antenna gain, dB, due to vertivle directivity. For an
omni-directional antenna, Figure 1 may be used.

= antenna gain, dB, due to horizontal directivity. G,=0

for an omni~directional antenna.

sea gain, dB. For an idealized case (i.e., transmitter located
on the coast), Figure 2 may be used. See Rec. U35-4 (1982), Sec.
2.3 for details.

polarization coupling loss, dB. Figures 3, & and 5 may be used.
Equation is given in Figure 5.

slant distance, km. For paths longer than 1000 km, p is
approximately equal to the great-circle distance, d. For shorter
paths,

(d2 + 40000)% (3)
basic loss factor; k is given by

0.675 [¢| + 0.2 + tan? ($+3) (&)
3(6r+ 6) (5)

. . ¥ . »
geomagnetic latitude of the transmitter, ) degrees, southern
) latitudes negative,

geomagnetic latitude of the receiver, ) nothern positive.

Geomagnetic latitudes are given by:

T

$_or OR = arc sin [sin a sin 78.5° + cos a cos TB.SO cos (69°+ Bﬂ (€)

vhere a and @ are the latitude and longitude of the terminal respectively.
Paths longer than 3000 km are divided into two equal sections which are
considered separately. The value of ¢ for each half-path is derived by taking
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the average of the geomagnetic latitudes at one terminal and at the mid-point

of the vhole path, the geomagnetic latitude at the mid-point of the whole path

being assumed to be the average of ¢r and 6. As a consequence:
® = 0.25 (30,r + OR) for the first half of the path and (7)
¢ = 0.2 6. + 3¢ for the second half.

The values of k calculated from equation (4 }for the two half-paths
are then averaged and used in equation (1).
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FIGURE | - Transmitting antenna gain factor for single monopoles (Gv}

A: antenna height
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FIGURE 2
Sea gain (G,) for a single terminal on the coast
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ANNEX V

The modified FCC method

According to Chapter 3, Annex 2, Rio Final Acts, nighttime (2 hours after sunset)
skywave field strength, 50% of the time, is given by:

F=F,+2010g%‘/z ()

(all equations are in dB (uVv/m))

For distances less than 4,250 km, F. is the direct reading from Figure &4
of the Rio Final Acts; no equation is available. For greater distances,

Fc can be expressed by:

231 (2)
Fe 3 + d/1000 35.5 .

it is suggested that for great-circle distances (d) greater than
200 km, F_. be given by:

Fo = (95 - 20 log d)-(2m + 4.95 tanZ¢ ) (d/1000)% (3) .

Where ¢= arithmetic mean of the geomagnetic latitude of the transmitter
(¢T) and that of the receiving site (¢R) of a path. Northern letitudes
are considered positive, sothern latitudes negative., If | & ‘is greater
than 60°, equation (3) is evaluated for ¢= 60°.1f d is less than 200 km,
F. is evaluated for d=200 km. However, the actual value of d is to be
used in determining angle of departure (see also Section 3.1.8). Figure 6
or equations (7) and (8) in Annex IV may be used in determining ¢.
Figure 1 shows F_. for selected latitudes.
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ANNEX VI

Examples of root sum square (RSS) addition of weighted
interference contributions to determine usable

field strength

The following tables illustrate the use of the RSS method and 50%Z exclusion principle.
The first example applies to the case where the interfering carriers are co~channel with the
wanted carrier. In the second example, one of the interfering carriers is offset from the wanted
carrier by 3 kHz while a second interfering carrier is offset by 5 kHz. The remaining interfering
carriers are co-channel with the wanted carrier, as in the first example.

TABLE VI-I

Example 1: all interfering signals are co-channel with the wanted signals

Individual
usable field
Inter- Protec~- strength
fering | Interfering signal | tion contribution Calculated
signal field strength ratio (UFS) RSS Remarks
(1)
(uV/m) | (dB(1WV/m)) | (dB) [((dB(W/m))| (W/m) | (dB(1¥/m)) ]| (1V/m)
A 140 - 42.9 26 68.9 2 800
c - 130 42.3 26 68.3 2 600 71.6 3812 |/A2 + 2
B 125 41.9 26 67.9 2 500 Individual UFS
greater than 507%
of /A2 + 2
therefore
73.2 4 555 | Va2 + c2 + B2
D 65 36.3 26 62.3 1 300 Individual UFS
less than 50% of
VA2 + c2 + B2
therefore
disregard
E 52 34.3 26 60.3 1 040 - idem -

(1) 1n descending order of individual usable field strength contribution (UFS).

>
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. TABLE VI-II

Example 2: interfering signals A, B and C are co-channel

with the wanted signal; interfering signal D' is 3 kHz offset;

interfering signal E' is 5 kHz offset

Individual
usable field
Inter- Protec- strength
fering | Interfering signal | tion contribution Calculated
signal field strength ratio (UFS) RSS Remarks
(1)
(uV/m) | (dB(uV/m)) { (dB) ((dB(uV/m)) {(uV/m) | (dB(uV/m)) | (uV/m)
D'
(3 kHz
offset) 65 36.3 40 76.3 6 500
A - 140 42.9 26 68.9 2 800 Individual UFS
less than
50%Z of D',
therefore
disregard
c 130 42.3 26 68.3 2 600 - idem -
B 125 41.9 26 67.9 2 500 - idem -
E!
(5 kHz
offset) 52 34.3 30 64.3 1 644 - idem ~

(1) 1n descending order of individual usable field strength contribution (UFS)
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ANNEX VII

An approach to allotment planning

1. Introduction

This paper studies the allotment planning concept under two different
situations:

- between two countries which are sufficiently large
geographically that the impact on other countries of allotments

along their common boundary is minimal; and

- among a group of countries which are close geographically so

that an allotment to any one country will have an impact on some *

or all countries in the group.

2. Concept

The main advantage of allotment planning relative to assignment
planning is that it is not necessary to provide specific details concerning
requirements many years before their implementation. This allows great
flexibility in the establishment of future assignments and minimizes the effort
required in the planning process. This concept appears to have particular merit
in the case of planning for the opening of the new band.

The approach outlined in this report is based on the concept that the
ten channels in the extended AM band 1 605 - 1 705 kHz will be divided into
"priority" channel allotments and "non-priority" channel allotments in
accordance with agreements among administrations at the Conference.

The priority channels of one country will be available to it to assign
within its borders as and when it wishes, subject to some limitations on power
or radiated power in order to allow for frequency re-use in other countries.

The non-priority channels are those which are priority channels in the
neighbouring country but are available for assignment on condition that they do
not exceed a specified field strength at the border.

3. Situation 1 - Two adjacent large countries

In order to maximize the use of channels, alternate channels rather
than adjacent should be allotted as priority channels to each administration;
for example: 1 610, 1 630, 1 650, 1 670 and 1 690 kHz could be allotted to one
country and 1 620, 1 640, 1 660, 1 680 and 1 700 kHz could be allotted to the
other. Some coordination would be needed to avoid the assignment of adjacent
channels to adjacent cities on opposite sides of the common border.
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3.1 Question

On the assumption that each country will have five "priority" channels
as mentioned earlier, how feasible is it to use the other country's channels at
a distance from the border such as 100 km?

3.2 Assumptions

Station A

- Station on a priority channel in country A, located
approximately 30 km from the border, operating at 10 kW with a
directional antenna* having maximum radiation towards country
B, ER = 2 V/m (night), 1.5 V/m (day).

- Protected contour at the border: 0.5 mV/m day, 5 mV/m night.
- Protection ratio: 26 dB.
Station B

- Located 100 km from border with directional antenna pointing
away from border.

- Maximum radiation at 1 km, Eg = 2 V/m (night).

- Maximum permissible signal at the border of 25]iV/m day and
125 pV/m night.

Technical factors affecting both

- Propagation curves from the 1981 Rio de Janeiro Agreement used
with ground-wave curves extrapolated to 1 655 kHz.

- Conductivity 10 mS/m and 4 mS/m.

3.3 Findings

Considering the above assumptions, it was found that a station could
be assigned 100 km from the border in the other country with a directional
antenna pointing away from the border and maximum power of 10 kW with 2 towers,
day and 10 kW with 3 towers, night. The service expected is summarized in the
table below. It is based 6n a day contour of 5 mV/m**, or higher if limited by
interference; and at night, the maximum E,, which would be created by the
country A station.

*  Country A also has the option of using an omnidirectional antenna but in
doing so would limit its ability to effectively re-use the priority
channel within its own country.

*%

5 mV/m 1is the domestic standard in several Region 2 countries for service
in a station's primary market.
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The following table gives a summary of the extent of service expected
from a 10 kW station for a conductivity of 10 and 4 mS/m under the above
assumptions which represent a worst-case situation.

Conductivity Service (km) Percentage
of
(mS/m) Nights
Day Night Ey
Major Null Major Null | mV/M
Lobe Lobe
10 32(1) 3(L) 12 1 45 10
10 35(2)  6(2) 22 2 18 50
4 20 4.5 9 0.5 45 10
4 20 4.5 15 1 18 50

(1) Limited by ground-wave interference.
(2) Assuming no ground-wave interference.
3.4 Conclusions
It is evident from the above that it would be feasible to assign a
non-priority channel within 100 km of the border using a simple directional
antenna and provide a reasonable service, if the priority channel assignment is
limited to 10 kW. :
It follows that careful use of simple directional antennas will permit
multiple re-use of both priority and non-priority channels at intervals of

100 km or more.

4., Situation 2 - group of countries

To assess the feasibility of this allotment planning concept for a
group of countries an example was taken where the ten channels would have to be
distributed among ten relatively small countries located within a total range
of 2 000 km.

In order to investigate optimum distribution of channels, several
powers and E, values were used to determine their effects on service areas.
This is shown in Table VII-I for two ground conductivities: 4 and 10 mS/m.

It was considered that a 10 kW station with an omnidirectional antenna
would be used for each priority channel, giving a night-time service range of
18 - 30 km, and a 1 kW station with an omnidirectional antenna would be used
for non-priority channels, giving a night-time service range of 11 - 18 km.
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The required distance separation for co-channel frequency re-use was
~as follows:

Priority/priority channel: 1 400 km
Priority/non-priority channel: 600 km
Non-priority/mon-priority channel: 400 km

Smaller separations could be used for stations with lower power or
smaller service areas as shown in Table VII-I.

TABLE VII-I

Effect on night service radius and co-channel
separation of varying E, or power

Service radius (km) Ey (mV/m) Power (kW) Co-channel
- (with 10 kW (with Ey = 5 mV/m |separation
: ND power E. = 50% of nights) (km)
1 000 mV/m at
10 mS/m 4 mS/m| 1 km)
30 18 5 10 1,400
25 15.6 ' 6.4 6.1 1,250
20 12.5 13.5 1.6 850
15 9 21.5 0.54 450
10 6.3 45(1) 0.12(3) 100(1)  (2)
5 3.3 120(1) 0.017(3) 100(1), (2)

(1) The very high E, values predicted at short separations are questionable
because sky-wave propagation is unreliable.

(2) When separation distances are shortened without a corresponding reduction
in power, ground wave interference should also be considered and it will
affect day and night service equally.

(3) For E, values of the order of 5 mV/m or more, sky-wave interference from
stations with a power of 100 W or less can be ignored.
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4.1 Findings

Based on the use of omnidirectional antennas, it was found that at
least one priority and one non-priority channel could be allotted to each
country. In any specific area, the shape and size of each country and the
relative position of neighbouring countries will also have an effect on the
number of allotments.

Two means of increasing the re-use of both priority and non-priority
channels are the use of directional antennas, and a reduction of the service
areas.

4.2 Conclusion

Allotment planning can be feasible in a group of countries, and would
provide a minimum number of allotments if a sizable night-time service area is
required. The use of directional antennas, or reduced service areas with
omnidirectional antennas, would provide more allotments or would permit
multiple use of the agreed allotments as the study in Situation 1 shows. A
trade-off will have to be made between type of antenna, service and number of
stations.

-
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APPENDIX

Note 1 - The definitions given in chapter 1 of this report deviate to some
extent from those given in the [relevant CCIR texts, a reason being that they
have been mainly taken from the texts of the Regional Administrative MF
Broadcasting Conference (Region 2).

Taking into account that this Joint Interim Working Party report is
specifically intended to provide the technical basis for a regional planning
conference that will extend the radio broadcasting in Region 2 to the new

band 1 605 - 1 705 kHz. The opinion of the CCIR was to retain these definitions

in the report on the condition that they are not used to modify the existing
CCIR texts.

Note 2 - The following values of protection ratios for the HF fixed service
have been proposed by Study Group 3 at its final meeting, to replace these in
the existing Table 9-1I of chapter 9.

TABLE 9-I

Steady state protection ratios (dB)1

Interfering signal | .0 po)
Wanted signal
JU 6
"A3E (fixed) MC >
‘ GC 32
A2A/A2B Pe < 107 2
FlB PC < 10..6 _3
728 Pc < 10—6 2
| Ju o
J3E MC 6
GC 2T
H2A/E2B Pe < 10°° -
Class of service2
emission Grade

Ratio of wanted-to-interfering signals whose powers are expressed in terms
of p.e.p.(PX). [See Recommendation 240-3 (MOD F).]

2 ¢c (Good Commercial), MC (Marginally Commercial), JU (Just Usable) for
speech communications and Pc (Probability of character error) for telegraph
communications are used only in HF fixed service.




INTERNATIONAL TELECOMMUNICATION UNION

RARC TO ESTABLISH A PLAN FOR
- THE BROADCASTING SERVICE IN THE - Document 4-E
BAND 1605-1705 kHz IN REGION 2 13 January 1986
FIRST SESSION  GENEVA, APRIL/MAY 1986 Original: English

PLENARY MEETING

United States of America

PROPOSALS FOR THE WORK OF THE CONFERENCE
INTRODUCTION

The United States of America is of the view that use of the 1605- 1705
kHz band by the MF broadcasting service can make a valuable contribution to a
quality aural broadcasting service in Region 2. The United States plans to
make extensive use of the expanded band for additional MF broadcasting
stations, and has a strong interest in the successful planning of the band.

In order to meet the requirements for the most effective use of this
band, the United States has:

—-Developed technical, operational, and planning principles,
permitting the most expeditious implementation of the expanded

band, while satisfying the requirements of all countries on an
equitable basis.

—--Developed proposals involving a minimum of regulatory
constraints with a maximum of flexibility, both in the
development and implementation of any planning method, and the
adoption of procedures permitting the growth of the AM
broadcasting service in this expanded band in our Hemisphere.

The United States believes that, in order to achieve these objectives,
the broadcasting standards to be applied to th band 1605-1705 kHz should be
consistent with those applied to the existing MF broadcasting band. This view
1s predicated upon the belief that such consistency will facilitate the design
of receiving equipment for use in the expanded band and expedite its
availabilty to the public. Additionally, the location of the added
broadcasting spectrum adjacent to the existing band provides the opportunity
to treat both broadcasting segments in a similar manner, thereby expediting
consolidation of the two bands into one.

The United States is proposing that the model that was used to develop
the groundwave field strength curves for the existing MF broadcasting band be
used for calculating the curves for the expanded band and is proposing a set
of curves for adoption by the first session of the Conference. Similarly, the
United States is proposing the adoption of a skywave propagation model that is
basically the same as that used for the existing band with the addition of a
latitude-dependent term to improve accuracy. The model being proposed is one
of the methods considered by CCIR Interim Working Party 6/4.

One significant difference in what is being proposed for the expanded
band and what is provided for in the 535-1605 kHz band is that the United
States is not proposing to allow Class A stations or protection of secondary
service. We will be submitting a separate proposal to the Conference on a
planning method for use in the establishment of a broadcasting plan.
Additional proposals will also be submitted to the Conference on inter-
regional and intra-regional sharing, maximum power to be permitted for Class B
stations, guidelines for a Region 2 agreement on use of the broadcasting
service in the 1605-1705 kHz band, and a draft agenda for the second session
of the Conference.

For reasons of economy, this document is printed in a limited number of copies. Participants are therefore kindly asked to bring
their copies to the meeting since no others can be made available.
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CHAPTER 1

The United States proposes the use of definitions in Chapter 1 of Annex
2 of the Rio de Janeiro Agreement wherever possible. Since the United States
does not propose the use of this band for Class A stations, the definition of
such a station or of secondary service would not be required.

Definitions and symbols

1. Definitions

In addition to the definitions given in the Radio Regulations, the
following definitions and symbols apply to this Agreement.

USA/4/11.1 Broadcasting channel (AM)

USA/4/2

USA/4/3

USA/4/4

USA/4/5

A part of the frequency spectrum, equal to the necessary bandwidth of AM
sound broadcasting stations, and characterized by the nominal value of the
carrier frequency located at its center.

1.2 Objectionable interference

Interference caused by a signal exceeding the maximum permissible field
strength within the protected contour, in accordance with the values derived
from this Annex.

1.3 Protected contour

Continuous line that delimits the area of primary service which is
protected from objectionable interference.

1.4 Primary service area

Service area delimited by the contour within which the calculated level
of the groundwave field strength is protected from objectionable interference
in accordance with the provisions of Chapter 4.

[1.5 Secondary service area

This definition does not need to be included as such secondary service
is not contemplated.]

1.6 Nominal usable field strength (E ,.)

Agreed minimum value of the field strength required to provide
satisfactory reception, under specified conditions, in the presence of
spheric noise, man-made noise and interference from other transmitters. The
value of nominal usable field strength has been employed as the reference for
planning.
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USA/4/6 1.7 Usable field strength (Eu)

Minimum value of the field strength required to provide satisfactory
reception under specified conditions in the presence of atmospheric noise,
man-made noise, and interference in a real situation (or resulting from a
frequency assignment plan).

USA/4/7 1.8  Audio-frequency (AF) protection ratio

Agreed minimum value of the audio-frequency signal-to-interference ratio
corresponding to a subjectively defined reception quality. This ratio may
have different values according to the type of service desired.

USA/4/8 1,9 Radio-frequency (RF) protection ratio

.The desired radio—frequency signal-to-interference ratio which, in well-
defined conditions, makes it possible to obtain the audio-frequency protection
ratio at the output of a receiver. These specified conditions include wvarious
parameters such as the frequency separation between the desired carrier and
the interfering carrier, the emission characteristics (type and percent
modulation, etc.), levels of input and output of the receiver and its
characteristics (selectivity, sensitivity to intermodulation, etc.).

[1.10 Class A station

This provision would not be included as stations providing secondary
service are not contemplated.]

USA/4/9 l.11 Class B station

A station intended to provide coverage over one or more population
centers and the contiguous rural areas located in its primary service area and
which is protected against objectionable interference, accordingly.

USA/4/10 1.12 Class C station

A station intended to provide coverage over a city or town and the
contiguous suburban areas located in its primary service area and which is
protected against objectionable interference, accordingly.

USA/4/1? 1,13 Daytime operation

Operation between the times of local sunrise and local sunset.

USA/4/12 l.14 Nighttime operation

Operation between the times of local sunset and local sunrise.
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1.15 Synchronized network

Two or more broadcasting stations whose carrier frequencies are
identical and which broadcast the same program simultaneously,

. In a synchronized network the difference in carrier frequency between
any two transmitters in the network shall not exceed 0.1 Hz. The modulation
delay between any two transmitters in the network shall not exceed 100 us,
when measured at either transmitter site.

1.16 Station power

Unmodulated carrier power supplied to the antenna.
1.17 Groundwave

Electromagnetic wave which i1s propagated along the surface of the Earth
or near it and which has not been reflected by the ionosphere.

1.18 Skywave
Electromagnetic wave which has been reflected by the ionosphere.

[1.19 Skywave field strength, 10% of the time,

This provision would not be included, as there is no need to include 10%
skywave calculations.]

1.20 Skywave field strength, 507 of the time

The skywave field strength during the reference hour which 1is not
exceeded for 50% of the nights of the year. The reference hour is the period
of one hour beginning one and a half hours after sunset and ending two and a
half hours after sunset at the midpoint of the short great-circle path.

1,21 Characteristic field strength (Ec)

The field strength, at a reference distance of 1 km in a horizontal
direction, of the groundwave signal propagated along perfectly conducting
ground for 1 kW station power, taking into account losses in a real antenna,

Notes: a) The gain (G) of the transmitting antenna relative to an ideal short
vertical antenna is given, in dB, by the following equation:

G = 20 log Ec
300

Where Ec is in units of nV/m,

b) The effective monopole radiated power (e.m.r.p.) is given in dB(1l kW)
by the following equation: '

e.m.r.p. = 10 log Pt + G

Where Pt is the station power in kW,
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2. Symbols
Hz : hertz
kHz : kilohertz
W : watt
kw : kilowatt
nV/m : millivolt/meter
uV/m : microvolt/meter
dB : decibel
dB(uV/m): decibels with respect to 1 uV/m
dB(kW) : decibels with respect to 1 kW

mS /m oo millisiemens/meter
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CHAPTER 2

At the first session of the Regional Administrative MF Broadcasting

Conference (Region 2) held in Buenos Aires in 1980, a set of groundwave field

strength curves were tentatively adopted for use in Region 2. These curves
were formally adopted at the second session of the conference in Rio de
Janeiro in 1981. The view of the United States is that the model developed
for the above purpose can be used for calculating the curves for the expanded
band. It is proposed that a graph depicting a set of curves calculated for
1655 kHz be applied to the band 1605 - 1705 kHz.

Groundwave propagation

2,1 Ground conductivity

2.1.1 It is proposed that the Atlas of Ground Conductivity for use in

the band 1605 - 1705 kHz be based on the information communicated to the IFRB
in connection with the Second Session of the Regional Administrative MF
Broadcasting Conference (Region 2), Rio de Janeiro, 1981, along with the
modifications introduced during the First Session of the Planning Conference
to plan the band 1605 - 1705 kHz (Geneva, 1986).

Fdrthermore, the following provisions should be included in the
technical annex to the Agreement.

(a) When an administration notifies to the IFRB data intended to
modify the Atlas, the IFRB shall so inform all administrations having
assignments in Region 2. After 90 days from the date on which this
information is communicated by the IFRB, the IFRB shall modify the Atlas and
communicate the modifications to all administrations.

(b) No assignment in the Plan shall at any time be required to be
modified as a result of the incorporation of these data.

(c) A proposal to modify the Plan shall be evaluated on the basis of
the values in the Atlas on the date the proposal was received by the IFRB.

2.2 Field strength curves for groundwave propagation

The curves shown on Graph 1 are to be used for determining
groundwave propagation in the frequency range 1605-1705 kHz., They are
labelled with the ground conductivities in millisiemens/metre. All the
curves; except the 5000 mS/m (sea water) curve, are derived for a relative
dielectric constant of 15. The sea water curve is derived for a dielectric
constant of 80.

2.3 Calculation of groundwave field strength

2.3.1 Homogeneous paths

The vertical component of the field strength for a homogeneous
path is represented in these graphs as a function of distance, for various
values of ground conductivity.
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The distance in kilometers is shown on a logarithmic scale on the
abscissa. The field strength is shown on a linear scale on the ordinate in
decibels above 1 uV/m. Graph 1 is standardized for a characteristic field
strength of 100 mV/m corresponding to an effective monopole radiated power
(e.m.r.p.) of -9.5 dB relative to 1 kW. The straight line marked "100 mV/m at
1 km" is the field strength on the assumption that the antenna is erected on a
surface of perfect conductivity. ’

For omnidirectional antenna systems having a different
characteristic field strength, correction must be made according to the
following equations:

E
E = Eo x ¢ x P
100

if field strengths are expressed in mV/m, and
E = Eo + Ec - 100 + 10 log P
if field strengths are expressed in dB(uV/m).

For directional antenna systems, the correction must be made according
to the following equations:
E=E x E

R
° 700

if field strengths are expressed in mV/m, and

E = EO + ER - 100

if field strengths are expressed in dB(uV/m).
Where E : resulting field strength
E_: field strength read from graph 1

ERk: actual radiated field strength at a particular azimuth at
1 km .

E_: characteristic field strength
P : station power in kW.

Graph 2 consists of three pairs of scales to be used with Graph 1. Each
pair contains one scale labelled in decibels and another in millivolts per
meter. Each pair can be cut out and trimmed as a unit to be used as sliding
ordinate scales. The scales allow graphical conversion between decibels and
millivolts per meter, and are used to make graphical determinations of field
strengths. Other methods of making calculations on graph 1 may be used,
including the use of dividers to adjust for values of E, that differ from 100
mV/m at 1 km. However, any method used will follow steps similar to those
discussed below.
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For both omnidirectional and directional antenna systems the value of E
must be found. For omnidirectional systems Ep can be determined by using the
following equations:

Ep = FC \|P
if field strengths are expressed in mV/m, and

ER - Ec + 10 log P

if field strengths are expressed in dB(uV/m).

To determine the field strength at a given distance, the scale is placed
at the given distance with the 100 dB(uV/m) point of the scale resting on the
appropriate conductivity curve. The value of E; is then found on the scale;
the point on the underlying graph (which lies underneath the E point of the
acale) ylelds the field strength at the given distance.

To determine the distance at a given field strength, the E, value is
found on the sliding scale and that point is placed directly at the level of
the given field strength on the appropriate graph. The scale is then moved
horizontally until the 100 dB(uV/m) point of the scale coincides with the
applicable conductivity curve. The distance may then be read from the
abscissa of the underlying graph.

Note: Annex E to the Report by the First Session of the Conference, Buenos
Aires, 1980 (RARC-80) contains a mathematical discussion relating to the
calculation of the groundwave curves.

USA/4/25 2+3.2 Non-homogeneous paths

In this case, the equivalent distance or Kirke method is to be
used. To apply this method, graph 1 can also be used.

- Consider a path whose sections §, and §, have endpoint lengths
corresponding to d1 and dz-dl, and conductivities 01 and 0} respectively, as

shown on the following figure:

T, | 5 (o) l S, (09 | R,

d;
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‘The method is applied as follows:

a) Taking section S, first, we read the field strength corresponding
to conductivitycq at distance d1 on the graph corresponding to the
operational frequency.

b). As the field strength remains constant at the soil discontinuity,
the value immediately after the point of discontinuity must be equal to that
obtained in a) above. As the conductivity of the second section is g ,, the
curve corresponding to conductivity ¢, gives the equivalent distance to that
which would be obtained at the same field strength arrived at in a). This
equivalent distance is d. Distance d is larger than d1 when (T2 is larger
than 0]. Otherwise d is less than dl'

c) The field strength at the real distance d, is determined by taking
‘note of the corresponding curve for conductivity cr2 similar to that obtained
at equivalent distance d + (d, - dl)'

d) For successive sections with different conductivities, procedures
b) and c) are repeated.
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CHAPTER 3

The importance of skywave propagation at these frequencies is two-

fold. Because of the disadvantageous groundwave propagation characteristics
of the expanded band, the distance to a given groundwave signal contour is
reduced substantially. As a result, unrealistic night-time limits imposed by
skywave interference can inappropriately restric a station's ability to
provide adequate night-time coverage. Moreover, the skywave effects can
extend beyond Region 2, an issue which needs to be considered when determining
maximum permissible power limits. It is important to recognize .that this band
is to be shared by different services in different Regions of the ITU. Within
ITU Region 2, this band is to be shared by broadcasting and two permitted
services. Also, inter-regional sharing between different services requires an
accurate skywave prediction method. Recognizing these points, the CCIR

" established in 1983 an interim working party——IWP 6/4., CITEL has also invited
administrations to conduct necessary studies and to coordinate their views
with IWP 6/4. As a result of these efforts, a propagation method was
developed. It is closely based on the Region 2 method but with the inclusion
of a latitude dependent term. This method has the advantage of improving
accuracy while maintaining simplicity and compatability with the Region 2
method. For these reasons, the United States proposes that this method, which
is described below, be used in the band 1605 - 1705 kHz.

Skywave propagation

JSA/4/28 3.1 List of symbols

.d : short great-circle path distance (km)
Ec : characteristic field strength, mV/m at 1 km for 1 kW
f(8) : radiation as a fraction of the value 6 = 0 (when 6 = 0,

f(8) = 1)

f : frequency (kHz)

F : ‘'unadjusted annual median skywave field strength, in dB(uV/m)
F : field strength for a characteristic field strength of

100 mV/m at ! km

F(50): skywave field strength, 50% of the time, in dB(uV/m)

P: station power (kW)

e : elevation angle from the horizontal (degrees)

ap: geographic latitude of the transmitting terminal
(degrees)

ap: geographic latitude of the receiving terminal (degrees)

bT: geographic longitude of the transmitting terminal

(degrees)
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bR: geographic longitude of the receiving terminal (degrees)
$T: geomagnetic latitude of the transmitting terminal
(degrees)
¢R: 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.

USA/4/29 3,2  General procedure

Radiation in the horizontal plane of an omnidirectional antenna fed with
1 kW (characteristic field strength, E ) is known either from design data or,
if the actual design data are not avaiiable, from Figure 1.

Elevation angle © is given by
6 = arc tan (0.00752_cot d - d degrees (1)
444,54 444,54
0£6<90°
Alternatively, Table 1 of Fig., 2 may be used.

iﬁiié éééumed‘fhét»tﬁe ﬁarth'is a smooth sphere with an effective radius of
6,367.6 km and that reflections occur from an ionospheric height of 96.5 km.

The radiation f(©) expressed as a fraction of the value at 6 = 0 at a
pertinent elevation angle 8 can be determined from Fig. 3 or Table II.

The product ch(e) Jiris thus determined for an omnidirectional
antenna, For 'a diréctional antenna, E _f(8) {?rcan be determined from the
antenna radiation pattern, ECF(G) \rﬁcis the field strength at’ 1 km at the
appropriate elevation angle and azimuth.

The unadjusted skywave field strength F is given by:

E. £ (8) P dB(uV/m) (2)

F=F +
c 20 log 156

Fc is given by:

F, = (95-20 log d)-(2 + 4.95 tan? § )(4/1000)1/2 4B (uv/m) (3)
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Figure 4 and Table III show F  for selected latitudes. If |$| is greater than
60 degrees, equation (3) is evaluated for |¢| = 60 degrees. If d is less than
200 km, equation (3) is evaluated for d=200 km. However, the actual great-—
circle distance is to be used in determining elevation angle. See section 3.4
for calculation of great-circle distance and conversion from geographic
latitude to geomagnetic latitude.

Note: Values of F_ are normalized to 100 mV/m at 1 km corresponding to
an effective monople radfated power (e.m.r.p.) of -9.54 dB(kW),

USA/4/30 3.3  Skywave field strength, 50% of the time

This is given by:
F(50) = F dB(uV/m) (4)

USA/4/31 3.4 Path parameters

Refer to section 3.l. The great-circle distance d (km) is given by:

d = 111,18 arc cos{sin a, sin ap + cos a, cos a, cos (bR—bT)] (5)
The geomagnetic latitude of the transmitting terminal, dT, is given by:
$T = arc sin [sin ar sin 78.5° + cos ap cos 78.5° cos (69°+bT)] (6)
¢y can be determined in a similar manner. And,

b =Yy (e ¥R) 7

Alternatively, Figure 5 may be used.
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Antenna height in A
A: Radius of ground system

Full lines: Real antenna correctly designed
Dashed line: Ideal antenna on a perfectly cohducting ground

FIGURE 1 - Characteristic field strengths for simple vertical antennas,
using 120-radial ground systems
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USA/4/33
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FIGURE la - Effective monopole radiated power (e.m.r.p.) and field strength at a distance of 1 km as a function of elevation angle,
Jor different heights of vertical antennas assuming a transmitter power of 1 kW
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TABLE I — Elevation angle vs distance

Distance Elevation angle
(km) (degrees)
50 75.3
100 62.2
150 51.6
200 433
250 36.9
300 319
350 279
400 24.7
450 22,0
500 19.8
550 18.0
600 - 16.3
650 14.9
700 13.7
750 12.6
800 11.7
850 10.8
900 10.0
950 9.3
1000 8.6
1050 8.0
1100 7.4
1150 6.9
1200 6.4
1250 5.9
1300 5.4
1350 5.0
1400 4.6
1450 43
1500 39
1550 35
1600 3.2
1650 2.9
1700 2.6
1750 23
1800 2.0
1850 1.7
1900 1.5
1950 1.2
2000 1.0
2050 0.7
2100 0.5
2150 02
2200 0.0
2250 0.0
2300 " 0.0
2350 0.0
2400 0.0
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USA/4/37
TABLE II — f(8) values for simple vertical antennas
J©
Elevation angle
(degrees)

0.111 0.132 0.152 0.172 0.194 0.214

0 1.000 1.000 1.000 1.000 1.000 1.000
1 1.000 1.000 1.000 1.000 1.000 1.000
2 0.999 0.999 0.999 0.999 0.999 0.999
3 0.999 0.998 0.998 0.998 0.998 0.998
4 0.997 0.997 0.997 0.997 0.997 0.997
S 0.996 0.996 0.996 0.995 © 0.995 0.995
6 0.994 0.994 0.994 0.993 0.993 0.993
7 0.992 0.992 0.991 0.991 0.991 0.990
8 0.989 0.989 - 0.989 0.988 0.988 0.987
9 0.987 0.986 0.986 0.985 0.985 0.984
10 0.984 0.983 0.983 0.982 0.981 0.980
11 . 0.980 0.980 0.979 0.978 0.977 0.976
12 0.976 0.976 0.975 0.974 0.973 0.971
13 0.972 0.972 0.971 0.969 0.968 0.967
14 0.968 0.967 0.966 0.965 0.963 0.961
15 0.963 0.962 0.961 0.959 0.958 0.956
16 0.958 0.957 0.956 0.954 0.952 0.950
17 0.953 0.952 0.950 0.948 0.945 0.943
18 0.947 0.946 0.944 0.942 0.940 0937
19 0.941 0.940 0.938 0.935 0.933 0.930
20 0.935 0.933 0.931 0.929 0.926 0.922
22 0.922 0.920 0.917 0.914 0.911 0.907
24 . 0.907 0.905 0.902 0.898 0.8%4 0.890
26 0.892 0.889 0.885 0.882 0.877 0.872
28 0.875 0.872 0.868 0.864 0.858 0.882
30 0.857 0.854 0.849 0.844 0.839 0.832
32 0.838 0.834 0.830 0.824 0.818 0.811
34 0.819 0.814 0.809 0.803 0.79% 0.789
36 0.798 0.793 0.788 0.781 0.774 0.766
38 0.776 0.771 0.765 0.758 0.751 0,742
40 0.753 0.748 0.742 0.738 0.728 0.717
42 0.730 0.724 0.718 0.710 0.702 0.692
44 0.705 0.700 0.693 0.685 0.676 0.666
46 0.680 0.674 0.667 . 0.659 0.650 0.639
48 0.654 0.648 0.641 0.613 0.623 0.612
50 0.628 0.621 0.614 0.606 0.596 0,585
52 0.600 0.594 0.587 0.578 0.568 0.5587
54 0.572 0.566 0.559 0.550 0.540 0.529
56 . 0.544 0.537 0.530 0.521 0.512 0.501
58 0.515 0.508 0.501 0.493 0.483 0472
60 0.48$ 0.479 0.472 0.463 0.454 0.443
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USA/4/38 TABLE II (continued)
J6)
Elevation angle
(degrees)

0.234 0.254 0274 0.291 03114 0.352
0 1.000 1.000 1.000 1.000 1.000 1.000
1 1.000 1.000 1.000 1.000 1.000 1.000
2 0.999 0.999 0.999 0.999 0.999 0.999
3 0.998 0.998 0.998 0.998 0.998 0.997
4 0.997 0.996 0.996 0.996 0.99 0.995
s 0.995 0.994 0.994 0.994 . 0.993 . 0.992
6 0.992 0.992 0.991 0.991 0.990 0.989
7 0.990 0.989 0.988 0.988 0.987 0.985
8 0.987 0.986 0.985 0.984 0.983 0.980
9 0.983 0.982 0.981 0.980 0.978 0.975
10 0.979 0.978 0.977 0.975 0.973 0.969
1 0.975 0.973 0.972 0.970 0.968 0.963
12 0970 - 0.968 0.966 0.964 0.962 0.955
13 0.965 0.963 0.961 0.958 0.955 0.949
14 0.959 0.957 0.955 0.952 0.948 0.941
15 0.953 0.951 0.948 T 0.945 0.941 0.932
16 0.947 0.944 0.941 0.937 0.933 0.924
17 0.941 0.937 0.934 0.930 0.925 ' 0.914
18 0.934 . 0.930 0.926 0.921 0.916 -~ 0.904
19 0.926 0.922 0.918 0.913 0.907 0.894
20 0919 . 0.914 0.909 0.904 0.898 0.883
2 0.902 0.897 0.891 0.885 0.877 0.861
24 088 | 0879 0.872 0.865 0.856 0.837
26 - 0.866 0.859 0.852 0.843 0.833 0.811
28 0.846 0.833 - 0.830 0.820 0.809 0.795
30 0.825 0.816 0.807 0.797 0.784 0.758
2 0.803 0.794 0.784 0.772 0.759 0.729
34 0.780 0.770 0.759 0.747 0.732 0.701
36 0.756 0.746 0.734 0.721 0.70$ 0.671
38 0.732 0.720 0.708 0.694 0.677 0.642
40 0.706 0.695 0.681 0.667 0.649 0.612
42 0.681 0.668 0.654 0.639 0.621 0.582
4 0.654 0.641 0.627 0.611 0.593 0.552
46 0.628 0.614 0.600 0.583 0.564 0.523
48 0.600 0.587 0.572 0.555 0.536 0.494
50 0.573 0.559 0.544 0.527 0.507 0.465
52 0.545 0.531 0.515 0.498 0.479 0.436
54 0.517 0.503 0.487 0.470 0.451 0.408
6 0.488 0.474 0.459 0.442 0.423 0.381
58 0.460 0.446 0.431 0.414 0.395 0.354
60 0.431 0.418 0.403 0.387 0.368 0.328
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BC-R2/4-E
USA/4/39 ' TABLE 1I (end)
J©)
Elevation angle
(degrees)
0.4014 0.4521 0.501 0.5284 0.551 . 0.6254

0 1.000 1.000 1.000 1.000 1.000 | 1.000
1 1.000 1.000 0.999 0.999 0.999 0.999
2 0.998 0.998 ; 0.998 0.997 0.997 0.995
3 0.997 0.996 0.995 0.994 0.993 0.989
4 0.994 0.992 0.990 0.989 0.988 0.981
] 0.991 0.988 0.985 0.983 0.981 0.970
6 0.986 0.983 0.979 0.975 0.972 0.957
7 0.982 0.977 0.971 0.967 0.962 0.941
8 0.976 0.970 0.962 0.957 0.951 0.924
9 0.970 0.963 0.953 0.945 0.938 0.904
10 0.963 0.954 0.942 0.933 0.924 0.882
11 0.955 0.945 0.930 0.919 0.909 0.859
12 0.947 0.934 0.917 0.905 0.893 0.834
13 0.938 0.923 0.903 0.889 0.875 0.807
14 0.929 0.912 0.889 0.872 0.857 0.773
15 0.918 0.899 0.873 0.855 0.837 0.748
16 0.908 0.886 0.857 0.836 0.815 0.717
17 0.897 0.873 0.840 - 0.817 0.795 . 0.684
18 0.885 0.859 0.823 0.797 0.772 0.651

’ 19 0.873 0.844 0.804 0.776 0.749 0.617
20 0.860 0.828 0.785 0.755 0.726 0.582
22 0.833 0.796 0.746 0.710 0.677 . 0.510
24 0.805 0.763 0.705 0.665 0.625 0.436
26 0.776 0.728 0.663 0.618 0.574 0.363
28 0.745 0.692 0.621 0.570 0.522 0.290
30 0.714 0.655 0.577 0.522 0.470 0.219
32 0.682 0.619 0.534 0.475 0.419 0.151
34 0.649 0.582 0.492 " 0.428 0.368 0.085
36 0.617 0.545 0.450 0.383 0.321 0.025
38 0.584 0.509 0.409 0.340 0.275 -0.031
40 0.552 0.473 0.370 0.298 0.231 ~0.083
42 0.519 0.438 0.332 0.258 0.190 -0.129
44 0.488 0.405 0.296 0.221 0.152 ~0.170
46 0.457 0.372 0.262 0.187 0.117 ~0.205
48 0.427 0.341 0.230 0.155 0.085 -0.235
50 0.397 0.311 0.201 0.126 0.056 -0.259
52 0.369 0.283 0.174 0.099 0.031 -0.278
54 0.341 0.257 0.149 0.076 0.009 -0.291
56 0.315 0.232 0.126 - 0.055 -0.010 ~0.300
8 0.289 0.208 0.105 0.037 -0.026 -0.304
60 0.265 0.186 0.087 0.021 -0.039 -0.304
62 : 0.003 -0.049 -0.300
64 _ -0.003 -0.056 -0.292
66 -0.011 ~0.062 -0.281
68 -0.017 -0.064 -0.267
70 ' -0.022 ~0.065 © =0.250
7” -0.025 ~0.064 -0.231
74 -0.026 -0.061 -0.210
7 -0.026 —0.056 -0.138
78 -0.024 ~0.051 -0.163
80 -0.022 ~0.044 -0.138

Note ~ Whgn the n;gative sign (=) appears in the Table, it signifies only the existence of a secondary lobe having the opposite phase
from the main lobe in the vertical radiation pattern. In order to perform the calculation, ignore the negative (—) and use only the absolute
value f(6) from the Table.



USA/4/ 40 TABLE III - Skywave field strength vs distance (200 to 10 000 km)

for a characteristic field strength of 100 mV/m.
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| | .
| | FIELD STRENGTH FOR INDICATED MEAN GEOMAGETIC LATITUDE
| |
| pIST- | I | : _ | ' 1 -
| TANCE | 0 degrees | . 15 degrees | 30 degrees | 45 degrees . | 60 degrees
| (km) | dB(uV/m) uV/m : dB(uV/m) uV/m : dB(uv/m) uV/m | dB(uv/m) uV/m | dB(uV/m) uV/m
| | | | '
| 0-200 | 46.17 203.4574 | 46.01 199.7683 | 45.43 186.8867 | 43.96 157.6842 | 39.53 94,7147
] 250 | 43,90 156.6680 | 43,72 153.4954 | 43.07 142.4722 | 41.42 117.8230 | 36.47 66.6392
| 300 | 42.02 126.1266 | 41.82 123.3314 | 41.11 113.6631 | 39,30 92.3093 | 33.88 49,4450
| 350 | 40.40 104.7304 | 40.19 102.2257 | 39.43 93.5977 | 37.47 74.7566 | 31.62 38.0894
| 400 | 38.98 88.9709 | 38.76 86.6981 | 37.94 78.8988 | 35.85 62.0462 | 29,59 30.1752
| 450 | 37.72 76.9207 | 37.48 74.8381 | 36.61 67.7174 | 34.40 52,4825 | 27.76  24.4320
| 500 | 36.58 67.4351 | 36.33 65.5120 | 35.41 58.9589 | 33.08 45.0689 | 26.08 20.1307
| 550 | 35.53 59.7930 | 35.27 58.0059 | 34.31 51,9358 | 31.86 39.1832 | 24,52 16.8266
| 600 | 34,57 53.5183 | 34.29 51.8487 | 33.29 46.1953 | 30.74 34.4183 | 23.07 14,2352
| 650 | 33.68 48.2840 | 33.39  46.7172 | 32.35 41.4276 | 29.69 30.4974 | 21.70 12,1669
| 700 | 32.84 43.8589 | 32.54 42,3829 | 31.46 37.4139 | 28,70 27.2260C | 20.42 10.4915
| 750 | 32.06 40.0746 | 31.75 38.6794 | 30.63 33.9955 | 27.77 24,4640 | 19.20 9.1169
| 800 | 31.32 36.8059 | 31.00 35.4833 | 29.84 31.0547 | 26.89 22.1079 | 18.04 7.9764
| 850 | 30.62 33.9579 | 30.29 32.7007 | 29.10 28.5022 | 26.06 20.0797 | 16.93 7.0208
| 900 | 29.95 31.4572 | 29.62 30.2595 | 28.39 26.2696 | 25.26 18.3198 | 15.87 6.2133
| 950 | 29.32  29.2464 | 28.98 28.1030 | 27.71  24.3030 | 24,50 16,7818 | 14.85 5.5255
| 1000 | 28.72  27.2798 | 28.36 26.1861 | 27.07 22.5601 | 23.77 15.4291 | 13.87 4,9356
| 1050 | 28.14 25.5207 | 27.77  24.4729 | 26.45 21.0066 | 23.07 14.2325 | 12.92 4.4265
| 1100 | 27.58 23.9394 | 27.21 22.9339 | 25.85 19.6150 | 22.39 13.1684 | 12.01 3.9845
| 1150 | 27.05 22.5115 | 26.67  21.5451 | 25.28 18.3625 | 21,74  12.2177 | 11.12 3.5988
| 1200 | 26.53 21.2165 | 26.14 20.2866 |. 24.73 17.2306 | 21.11 11.3645 | 10.27 3.2607
I 1250 | 26.04 20.0378 | 25.64 19.1418 | 24.19 16.2036 | 20.50 10.5958 | 9.43 2.9628
I 1300 | 25.56 18.9609 | 25.15 18.0967 | 23.68 15.2685 | 19.91 9.9007 | 8.63 2.6995
| 1350 | 25.09 17.9741 | 24.68 17.139% | 23.18 14.4142 | 19.34 9.2699 | 7.84 2,4657
|

Continued . .
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TABLE III - Skywéve field strength vs distance (200 to 10 000 km)
for a characteristic field strength of 100 mV/m

Page 2 of 8

FIELD STRENGTH FOR INDICATED MEAN GEOMAGETIC LATITUDE

—— — — G S — —— — N — — ——— — — — — —— — — — — — — — — ——— ——— — — —

|
|
O
DIST- | | ] ] |
TANCE | 0 degrees | -15 degrees | 30 degrees | 45 degrees | 60 degrees
(km) : dB(uV/m) uV¥/m : dB(uV/m) uV/m ° : dB(uv/m) uwV¥/m | @B(uV¥/m) uwV¥/m | dB(uV/m) uV/m
| ' |
1400 | 24.64 17.0669 | 24.22 16.2603 | 22.69 13.6313 | 18.79 8.6958 | 7.07 2.2574
1450 |  24.21 16.2306 | 23.78 15.4503 | 22.22 12.9119 | 18.25 8.1716 | 6.32 2.0713
1500 | 23.78 15,4577 | 23.35 14.7021 | 21.76  12.2490 | 17.72 7.6916 | 5.60 1.9045
1550 | 23.37 14,7416 | 22.93 14,0094 | 21.32 11.6367 | 17.21 7.2512 | 4.88 1.7544
1600 | 22,97 14.0766 | 22,52 13.3665 | 20.88 11.0698 | 16.71 6.8459 | 4.19 1.6192
1650 | 22.58 13.4577 | 22.12 12.7687 | 20.46 10.5438 | 16.22 6.4722 | 3.50 1.4970
1700 | 22.20 12.8806 | 21.74 12.2115 | 20.05 10.0547 | 15.74 6.1268 | 2.84 1.3862
1750 | 21.83 12.3415 | 21.36 11.6913 | 19.64 9.5991 | 15.28 5.8071 | 2.18 1.2857
1800 | 21.46 11.8369 | 20.99  11.2046 | 19.25 9.1739 | 14.82 5.5104 | 1.54 1.1942
1850 | 21.11 11.3638 | 20.63 10.7487 | 18.87 8.7763 | 14.38 5.2347 | 0.91 1.1107
1900 | 20.76 10.9196 | 20.27 10.3208 | 18.49 8.4041 | 13.94 4,9780 | 0.29 1.0345
1950 | 20.43 10.5018 | 19.93 9.9186 | 18.12 8.0549 | 13.51 4.7386 | -0.31 0.9648
2000 | 20.09 10.1084 | 19.59 9.5401 | 17.76 7.7270 | 13.09 4,5151 | -0.91 0.9008
2050 | 19.77 9.7373 | 19.26 9.1832 | 17.41 7.4185 | 12.68 4.3060 | -1.49 0.8421
2100 | 19.45 9.3869 | 18.94 8.8465 | 17.06 7.1280 | 12.28 4,1102 | -2.07 0.7880
2150 | 19.14 9.0555 | 18.62 8.5282 | 16.72 6.8540 | 11.88 3.9265 | -2.64 0.7382
2200 | 18.83 8.7419 | 18.30 8.2271 | 16.38 6.5953 | 11.49 3.7541 | -3.19 0.6923
2250 | 18.53 8.4446 | 18.00 7.9419 | 16.06 6.3508 | 11.11 3.5919 | -3.74 0.6499
2300 | 18.24 - 8.1626 | 17.70 7.6714 | 15.73 6.1194 | 10.73 3.4393 | -4.28 0.6106
2350 | 17.95. 7.8947 | 17.40 7.4147 | 15.42 5.9002 | 10.36 3.2955 | -4.82 0.5743
2400 | 17.66 7.6400 | 17.11 7.1708 | 15.11 5.6923 | 9.99 3.1599 | -5.34 0.5405
2450 | 17.38 7.3977 | 16.83 6.9388 | 14.80 5.4949 | 9.63 3.0318 | -5.86 0.5092
2500 | 17.11 7.1669 | 16.54 6.7179 |} 14.50 5.3075 | 9.28 2.9107 | -6.37 0.4801
2550 | 16.84 6.9468 | 16.27 6.5075 | 14.20 5.1292 | 8.93 2.792 | -6.88 0.4530

Continued . .
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USA/ 4] 42 TABLE III - Skywave field strength vs distance (200 to 10 000 km)
for a characteristic field strength of 100 mV/m
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FIELD STRENGTH FOR INDICATED MEAN GEOMAGETIC LATITUDE

| |
| |
| |
| DIST- | | | I |
| TANCE | 0 degrees | - 15 degrees | 30 degrees | 45 degrees | 60 degrees
: (km) : dB(uV/m) uV/m : dB(uV/m) uV/m" : dB(uV/m) uV/m | dB(uv¥/m) uV/m | dB(uV/m) uV/m

| !
| 2600 | 16.57 6.7369 | 16.00 6.3068 | 13.91 4.9594 | 8.59 2.6877 | -7.38 0.4278
| 2650 | 16.31 6.5364 | 15.73 6.1152 | 13.62 4.7978 | 8.25 2.5849 | -7.87 0.4042
I 2700 | 16.05 6.3448 | 15.46 5.9323 | 13.34 4.6436 | 7.91 2.4873 | -8.35 0.3823
| 2750 | 15.79 6.1616 | 15.20 5.7574 | 13.06 4.4966 | 7.59 2.3948 | ~8.83 0.3617
| 2800 | 15.54 5.9862 | 14.95 5.5901 | 12.78 4,3562 | 7.26 2.3068 | -9.31 0.3425
| 2850 | 15.30 5.8183 | 14,70 5.4299 | 12,51 4.2220 | 6.94 2.2231 | -9.77 0.3246
| 2900 | 15.05 5.6573 | 14.45 5.2765 | 12.24 4.0937 | 6.62 2.1435 | -10.24 0.3077
I 2950 | 14.81 5.5029 | 14.20 5.1295 | 11.98 3.9709 | 6.31 2.0677 | -10.69 0.2919
| 3000 | 14,57 5.3547 | 13.96 4.9884 | 11.72 3.8534 | 6.00 1.9955 | -11.15 0.2771
| 3050 | 14.34 5.2125 | 13.72 4.8530 | 11.46 3.7408 | 5.70 1.9267 | -11.59 0.2632
| 3100 | 14.11 5.0758 | 13.48 4,7230 | .11.20 3.6328 | 5.39 1.8610 | -12.04 0.2501
| 3150 | 13.88 4.9444 | 13.25 4.5981 | 10.95 3.5293 | 5.10 1.7982 | -12.47 0.2379
| 3200 | 13.66 4.8180 . | 13.02 4.4779 | 10.71 3.4299 | 4.80 1.7383 | -12.91 0.2263
| 3250 | 13.44 4.6963 | 12.79 4,3624 | 10.46 3.3345 | 4,51 1.6810 | -13.34 0.2154
l 3300 | 13.22 4.5792 | 12.57 4.2512 | 10.22 3.2428 | 4.22 1.6262 | -13.76 0.2051
I 3350 | 13.00 4.4663 | 12.35 4.1441 | 9.98 3.1546 | 3.94 1.5738 | -14.18 0.1954
| 3400 | 12.78 4.3575 | 12.13 4,0409 | 9.74 3.0698 | 3.66 1.5236 | -14.60 0.1863
| 3450 | 12,57 4.2526 | 11.91 3.9414 | 9.51 2.9883 | 3.38 1.4755 | -15.01 0.1776
| 3500 | 12.36 4.1514 | 11.70 3.8455 | 9.28 2.9097 | 3.10 1.4294 | -15.42 0.1695
| 3550 | 12.16 4.0537 | 11.49 3.7529 | 9,05  2.8341 | 2.83 1.3852 | -15.82 0.1618
I 3600 | 11.95 3.9593 | 11.28 3.6636 | 8.82 2.7611 | 2,56 1.3428 | -16.22 0.1545
| 3650 | 11.75 3.8682 | 11.07 3.5773 | 8.60 2.6909 | 2.29 1.3021 | -16.62 0.1476
I 3700 | 11.55 3.7801 | - 10.87 3.4940 | 8.38 2.6231 | 2.03 1.2631 | -17.01 0.1410
I 3750 | 11.35 3.6949 | 10.66 3.4134 | 8.16 2.5577 | 1.77 1.2255 | =-17.40 0.1348
|

q-%/29-04
_gz_
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USA/4/43

TABLE III - Skywave field strength vs distance (200 to 10 000 km)
for a characteristic field strength of 100 mV/m

Page &4 of.8

FIELD STRENGTH FOR INDICATED MEAN GEOMAGETIC LATITUDE

|

|

|

DIST- | | | o | I '
TANCE | 0 degrees | ‘15 degrees | 30 degrees | 45 degrees | 60 degrees
(km) : dB(uv/m) uV/m : dB(uV/m) uV/m : dB(uV/m) ‘uV/m | dB(uV/m) uV/m : dB(uv/m) uV/m
|

3800 | 11.16 3.6125 | 10.46 3.3356 | 7.94 2.4945 | 1.51 1,189 | -17.79 0.1289
3850 | 10.96 3.5328 | 10.26 3.2602 | 7.72 2.4335 | 1.25 1.1547 | -18.18 0.1234
3900 | 10.77 3.4556 | 10.07 3.1873 | 7.51 2.3746 | 0.99 1.1214 | -18.56 0.1181
3950 | 10.58 . 3.3808 | 9.87 3.1168 | 7.30 2.3177 | 0.74 1.0892 | -18.93 0.1131
4000 | 10.39 3.3084 | 9.68 3.0485 | 7.09 2.2627 | 0.49 1.0583 | -19.31 0.1083
4050 | 10.21 3.2383 | 9.49 2.9823 | 6.89 2.2094 | 0.24 1.0286 | -19.68 0.1038
4100 | 10.02 3.1702 | 9.30 2.9182 | 6.68 2.1580 | 0.00 0.9999 | -20.05 . 0.0995
4150 | 9.84 3.1043 | 9.12 2.8560 | 6.48 2.1081 | -0.24 0.9722 | -20.41 0.0954
4200 | 9.66 3.0403 | 8.93 2.7958 | 6.28 2.0599 | -0.49 0.9456 | -20.78 0.0915
4250 | 9.48 2.9782 | 8.75 2.7373 | 6.08 2.0132 | -0.73 0.9199 | -21.13 0.0878
4300 | 9.30 2.9179 | 8.56 2.6806 | 5.88 1.9679 | -0.96  0.8951 | -21.49 0.0842
4350 | 9.13 2.8594 | 8.38 2.6255 | 5.68 1.9240 | -1.20 0.8711 | -21.85 0.0808
4400 | 8.95 2.8026 | 8.21 2.5721 | 5.49 1.8815 | -1.43 0.8480 | -22.20 0.0776
4450 | 8.78 2.7474 | 8.03 2.5202 | 5.30 1.8403 | -1.66 0.8257 | -22.55 0.0746
4500 | 8.61 2.6937 | 7.85 2.4698 | 5.11 1.8003 | -1.89 0.8041 | -22.89 0.0717
4550 | 8.44 2.6416 | 7.68 2.4208 | 4.92 1.7615 | -2.12 0.7833 | -23.24 0.0689
4600 | 8.27 2.5909 | 7.51 2.3732 | 4.73 1.7239 | -2.35 0.7632 | -23.58 0.0662
4650 | 8.10 2.5415 | 7.34 2.3269 | 4.54 1.6873 | -2.57 0.7437 | -23.92 0.0637
4700 | 7.94 2.4936 | 7.17 2,2819 | 4.36 1.6518 | -2.79 0.7249 | -24.26 0.0613
4750 | 7.77 2.4469 | 7.00 2.,2381 | 4,18 1.6174 | -3.02 0.7066 | -24.59 0.0589
4800 | 7.61 2.4014 | 6.83 2.1955 | 3.99 1.5839 | -3.24 0.6890 | -24.93 0.0567
4850 | 7.45 2.3572 | 6.67 2.1541 | 3.81 1.5513 | -3.45 0.6719 | -25.26 0.0546
4900 | 7.29 2.3141 | 6.50 2.1137 | 3.64 1.5197 | -3.67 0.6554 | -25.58 0.0526
4950 | 7.13 2.2721 | 6.34 2.0744 | 3.46 1.4890 | -3.88 0.6394 | -25.91 0.0506

Continued . .
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USA/4/44 TABLE III - Skywave field strength vs distance (200 to 10 000 km)
for a characteristic field strength of 100 mV/m
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FIELD STRENGTH FOR INDICATED MEAN GEOMAGETIC LATITUDE

|

|

|

DIST- | | . | | o ,
TANCE | 0 degrees | 15 degrees ] 30 degrees | 45 degrees | 60 degrees

(km) | dB(uv/m) uV/m | dB(uV/m) uV/m | dB(uV/m) uV/m | dB(uV/m) uV/m | dB(uV/m) uV/m

| | ! | | ‘
5000 | 6.97 2.2313 | 6.18 2.0362 | 3.28 1.4591 | -4.10 0.6239 | -26.23 0.0488
5050 | 6.81 2.1914 | 6.02 1.9989 | 3.11 1.4300 | -4,31 0.6089 | -26.56 0.0470
5100 | 6.66 2.1526 | 5.86 1.9626 | 2,93 1.4017 | -4,52 0.5943 | -26.88 0.0453
5150 | 6.51 2.1147 | 5.70 1.9272 | 2.76 1.3741 | -4.73 0.5802 | -27.19 0.0437
5200 | 6.35 2.0778 | 5.54 1.8927 | 2,59 1.3473 | -4.94 0.5665 | ~-27.51 0.0421
5250 | 6.20 2.0418 | 5.39 1.8591 | 2.42 - 1.3212 | -5.14 ‘0.5532 | -27.83 0.0406
5300 | 6.05  2.0067 | 5.23 1.8263 | 2.25 1.2958 | -5.35  0.5404 | -28.14  0.0392
5350 | 5.90 1.9724 | 5.08 1.7943 | 2.08 1.2711 | -5.55 0.5279 | -28.45 0.0378
5400 | 5.75 1.9389 | 4,93 1.7631 | 1.92 1.2470 | -5.75 0.5157 | -28.76 0.0365
5450 | 5.60 1.9063 | 4.77 1.7326 | 1.75 1.2235 | -5.95 0.5040 | -29.06 0.0352
5500 | 5.46 1.8744 | 4.62 1.7029 | 1.59 1.2006 | -6.15 0.4925 | -29.37 0.0340
5550 | 5.31 1.8433 | 4.47 1.6739 | 1.42 1.1783 | -6.35 0.4814 | -29.67 0.0328
5600 | 5.17 1.8129 | 4.33 1.6456 | 1.26 1.1565 | -6.55 0.4706 | -29.97 0.0317
5650 | 5.02 1.7832 | 4.18 1.6180 | 1.10 1.1353 | -6.74 0.4602 | -30.27 0.0306
5700 | 4.88 1.7542 | 4,03 1.5909 | 0.94 1.1146 | -6.94 0.4500 | -30.57 0.0296
5750 | 4.74 1.7259 | 3.89 1.5646 | 0.78 1.0944 | -7.13 0.4401 | -30.87 0.0286
5800 | 4.60 1.6982 | 3.74 1.5388 | 0.63 1.0747 | -7.32 0.4304 | -31.16 0.0277
5850 | 4.46 1.6711 | 3.60 1.5136 | 0.47 1.0555 | -7.51 0.4211 | -31.46 0.0267
5900 | 4.32 1.6446 | 3.46 1.4890 | 0.31 1.0367 | -7.70 0.4120 | -31.75 0.0259
5950 | 4.18 1.6187 | 3.32 1.4649 | 0.16 1.0184 | -7.89 0.4031 | -32.04 0.0250
6000 | 4,05 1.5934 | 3.18 1.4414 | 0.00 1.0005 | -8.08 0.3945 | -32.33 0.0242
6050 | 3.91 1.5686 | 3.04 1.4184 | -0.15 0.9831 | -8.27 0.3861 | -32.62 0.0234
6100 | 3.78 1.5444 | 2.90 1.3959 | -0.30 0.9660 | -8.45 0.3780 | -32.90 . 0.0226
6150 | 3.64 1.5207 | 2,76 1.3739 | -0.45 0.9494 | -8.63 0.3700 | -33.19 0.0219
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USA/4[45 TABLE III - Skywave field strength vs distance (200 to 10 000 km)
’ for a characteristic field strength of 100 mV/m

Page 6 of 8

FIELD STRENGTH FOR INDICATED MEAN GEOMAGETIC LATITUDE

| |
| |
[ |
| pIST- | | ) | ‘ | I :
| TANCE | 0 degrees } 15 degrees . | 30 degrees | 45 degrees | - 60 degrees
: (tm) : dB(uV/m) uV/m | dB(uv/m) uV/m : dB(uv/m) uV/m | dB(uV/m) uV/m : dB(uV/m) uV/m

| : | '
| 6200 | 3.51 1.4975 | 2.62 1.3524 | -0.60 0.9331 | -8.82 0.3623 | -33.47 0.0212
| 6250 | 3.37 1.4748 | 2.49 1.3314 | -0.75 0.9172 | -9.00 0.3548 | -33.75 0.0205
| 6300 | 3.24 1.4525 | 2.35 1.3108 | -0.90 0.9017 | -9.18 0.3475 | -34.03 0.0199
| 6350 | 3.11 1.4308 | 2.22 1.2906 | -1.05 0.8865 | -9.36 0.3403 | -34.31 0.0193
| 6400 | 2.98 1.4095 | 2.08 1.2709 | -1.19 0.8717 | -9.54 0.3334 | -34.59 0.0186
| 6450 | 2.85 1.3886 | 1.95 1.2515 |  -1.34 0.8571 | -9.72 0.3266 | -34.86 0.0181
| 6500 | 2.72 1.3682 | 1.82 1.2326 | -1.48 0.8429 | -9.90 0.3200 | -35.14 0.0175
| 6550 | 2.59 1.3481 | 1.69 1.2141 | -1.63 0.8291 | -10.07 0.3135 | -=35.41 0.0170
| 6600 | 2.47 1.3285 | 1.55 1.1960 | -1.77 0.8155 | -10.25 0.3073 | -35.68 0.0164
| 6650 | 2.34 1.3093 | 1.42 1.1782 | -1.91 0.8022 | -10.42 0.3012 | -35.95 0.0159
| 6700 | 2,21 1.2905 | 1.29 1.1608 | -2.06 0.7892 | -10.60 0.2952 | -36.22 0.0154
| 6750 | 2.09 1.2720 | 1.17 1.1437 | -2.20 0.7765 | -10.77 0.2894 | -36.49 0.0150
| 6800 | 1.97 1.2539 | 1.04 1.1270 | -2.34 0.7641 | -10.94 0.2837 | -36.76 0.0145
| 6850 | 1.84 1.2362 | 0.91 1.1106 | -2.48 0.7519 | -11.11 0.2782. ] -37.02 0.0141
| 6900 | 1.72 1.2188 | 0.78 1.0946 | -2.62 0.7400 | -11.28 0.2728 | -37.29 0.0137
| 6950 | 1.60 1.2017 | 0.66 1.0788 | -2.75 0.7283 | -11.45 0.2675 | =37.55 0.0133
| 7000 | 1.47 1.1850 | 0.53 1.0634 | -2.89 0.7169 | -11.62 0.2624 | -37.82 0.0129
| 7050 | 1.35 1.1686 | 0.41 1.0483 | -3.03 0.7057 | -11.79 0.2573 | -38.08 0.0125
| 7100 | 1.23 1.1525 | . 0.29 1.0334 | -3.16 0.6947 | -11.96 0.2524 | -38.34 0.0121
| 7150 | 1.11 1.1367 | 0.16 1.0189 | -3.30 0.6840 | -12.12 0.2477 | -38.60 0.0118
| 7200 | 0.99 1.1212 | 0.04 1.0046 | -3.43 0.6735 | -12.29 0.2430 | -38.85 0.0114
| 7250 | 0.88 1.1060 | -0.08 0.9906 | -3.57 0.6632 | -12.45 0.2384 | -39.11 0.0111
| 7300 | 0.76 1.0911 | -0.20 0.9769 | -3.70 0.6531 | -12.62 0.2340 | -39.37 0.0108
| 7350 | 0.64 1.0765 | -0.32 0.9634 | -3.83 0.6432 | -12.78 0.229 | -39.62 0.0104
|
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TABLE III - Skywave field strength vs distance (200 to 10 000 km)

- USA/4/46
for a characteristic field strength of 100 mV/m
- Page 7 of 8
|
: FIELD STRENGTH FOR INDICATED MEAN GEOMAGETIC LATITUDE
DIST- | N ] I | I
TANCE | 0 degrees | 15 degrees - | 30 degrees | . 45 degrees | 60 degrees
(km) : dB(uv/m) uV/m : dB(uV/m) uwV/m | dB(uV/m) uV/m | dB(uV/m) uV/m : dB(uv/m) uV/m
| |
7400 | 0.52 1.0621 | ~-0.44 0.9502 | -3.97 0.6335 | -12.94 0.2254 | -39.87 0.0101
7450 | 0.41 1.0480 | -0.56 0.9372 | -4.10 0.6240 | -13.10 0.2212 | -40.13 0.0099
7500 | 0.29 1.0341 | -0.68 0.9245 | -4,23 0.6147 | -13.26 0.2172 | -40.38 0.0096
7550 | 0.18 1.0205 | ~0.80 0.9120 | -4.36 0.6055 | -13.42 0.2132 | -40.63 0.0093
7600 | 0.06 1.0072 |- -0.92 0.8997 | -4.49 0.5%6 | -13.58 0.2093 | -40.88 0.0090
7650 | ~-0.05 0.9941 | -1.03 0.8877 | -4,62 0.5878 | -13.74 0.2055 | -41.12 0.0088
7700 | -0.16 0.9812 | -1.15 0.8759 | -4.74 0.5792 | -13.90 0.2018 | -41.37 0.0085
7750 |  -0.28 0.9685 | -1.27 0.8643 | -4,87 0.5707 | -14.06 0.1982 | -41.62 0.0083
7800 | -0.39 0.9561 | -1.38 0.8529 | -5.00 0.5625 | -14.21 0.1947 | -41.86 0.0081
7850 | -0.50 0.9439 | -1.50 0.8417 | -5.12 0.5543 | -14.37 0.1912 | -42.11 0.0078
7900 | -0.61 0.9319 | -1.61 0.8307 | -5.25 0.5464 | -14.53 0.1878 | -42.35 0.0076
7950 | -0.72 0.9201 | -1.73 0.8198 | -5.38 0.5385 | -14.68 0.1845 | -42.59 0.0074
8000 | -0.83 0.9085 | -1.84 0.8092 { -5.50 0.5309 | -14.83 0.1813 | -42.84 -0.0072
8050 | -0.94 0.8971 | -1.95 0.7988 | -5.62 0.5233 | -14.99 0.1781 | -43.08 0.0070
8100 | -1.05 0.8859 | -2.06 0.7885 | -5.75 0.5159 | -15.14 0.1750 | =-43.32 0.0068
8150 | -1.16 0.8749 | -2.18 0.7785 | -5.87 0.5087 | -15.29 0.1720 | -43.55 0.0066
8200 | -1.27 0.8641 | -2.29 0.7686 | -5.99 0.5016 | -15.44 0.1690 | -43.79 0.0065
8250 | -1.38 0.8535 | -2.40 0.7588 | -6.12 0.4946 | -15.59 0.1661 | -44.03 0.0063
8300 | -1.48 0.8430 | -2.51 0.7493 | -6.24 0.4877 | -15.74 0.1632 | -44.27 0.0061
8350 | -1.59 0.8327 | -2.62 0.7399 | -6.36 0.4810 | -15.89 0.1604 | -44.50 0.0060
8400 | -1.70 0.8226 | -2,73 0.7306 | -6.48 0.4743 | -16.04 0.1577 | -44.74 0.0058
8450 | -1.80 0.8127 | -2.83 0.7215 1 -6.60 0.4678 | -16.19 0.1550 | -44.97 0.0056
8500 | -1.91 0.8029 | -2.94 0.7126 | -6.72 0.4615 | -16.34 0.1524 | -45.20 0.0055
8550 | -2.01 0.7933 | -3.05 0.7038°] -6.84 0.4552 | -16.49 0.1499 | -45.43 0.0053

Continued . .
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TABLE III - Skywave field strength vs distance (200 to 10 000 km)
for a characteristic field strength of 100 mV/m

Page 8 of 8

FIELD STRENGTH FOR INDICATED MEAN GEOMAGETIC LATITUDE
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I
I
| .
DIST- | | . | oo |
TANCE | 0 degrees . | 15 degrees | 30 degrees | 45 degrees | 60 degrees-
(km) | dB(uV/m) uV/m | dB(uV/m) uV/m | dB(uV/m) uV/m | dB(uV/m) uV/m | dB(uV/m) uV/m
I | v | | | '
8600 | -2.12 0.7838 | -3.16 0.6952 | -6.95 0.4490 | -16.63 0.1474 | -45.66 0.0052
8650 | -2.22 0.7745 | -3.26 0.6867 | -7.07 0.4430 | -16.78 0.1449 | -45.89 0.0051
8700 | -2.32 0.7653 | -3.37 0.6783 | -7.19 0.4370 | -16.92 0.1425 | -46.12 0.0049
8750 | -2.43 0.7563 | -3.48 0.6701 | -7.31 0.4312 | -17.07 0.1401 | -46.35 0.0048
8800 | -2.53 0.7474 | -3.58 0.6620 | -7.42 0.4254 | -17.21 0.1378 | -46.58 0.0047
8850 . | -2.63 0.7387 | -3.69 0.6540 | -7.54 0.4198 | -17.36 0.1356 | -46.81 0.0046
8900 | -2.73 0.7301 | -3.79 0.6462 | = -7.65 0.4142 | -17.50 0.1334 | -47.03 0.0044
8950 | -2.83 0.7216 | -3.90 0.6385 | -1.77 0.4088 | -17.64 0.1312 | -47.26 0.0043
9000 | -2.93 0.7133 | -4.,00 0.6309 | -7.88 0.4034 | -17.78 0.1291 | -47.48  0.0042
9050 | -3.03 0.7051 | -4.10 0.6235 | -8.00 0.3982 | -~17.93 0.1270 | -47.71 0.0041
9100 | -3.13 0.6970 | -4.21 0.6161 | -8.11 0.3930 | -18.07 0.1249 | -47.93 0.0040
9150 | -3.23 0.6891 | -4.31 0.6089 | -8.23 0.3879 | -18.21 0.1229 | -48.15 0.0039
9200 | -3.33 0.6813 | -4.41 0.6018 | -8.34 0.3829 | -18.35 0.1210 | -48.38 0.0038
9250 | -3.43 0.6736 | -4,51 0.5948 | -8.45 0.3780 | -18.49 0.1190 | -48.60 0.0037
9300 | -3.53 0.6660 | -4.61 0.5879 | -8.56 0.3731 | -18.63 0.1171 | -48.82 0.0036
9350 | -3.63 0.6585 | -4.,72 0.5811 | -8.67 0.3684 | -18.76 0.1153 | -49.04 0.0035
9400 | -3.73 0.6511 | -4.82 0.5744 | -8.79 0.3637 | -18.90 0.1135 | -49.26 0.0034
9450 | -3.82 0.6439 | -4.92 0.5678 | ~-8.90 0.3591 | -19.04 0.1117 | -49.47 0.0034
9500 | -3.92 0.6368 | -5.02 0.5613 | -9.01 0.3546 | -19.18 0.1099 | -49.69 0.0033
9550 | -4.02 0.6297 | -5.12 0.5549 | -9.12 0.3501 | -19.31 0.1082 | -49.91 0.0032
9600 | -4.11 0.6228 | -5.21 0.5486 | -9.23 0.3457 | -19.45 0.1065 | =50.12 0.0031
9650 | -4.21 0.6160 | -5.31 0.5424 | -9.33 0.3414 | -19.59 0.1049 | -50.34 0.0030
9700 | -4.30 0.6092 | -5.41 0.5363 | -9.44 0.3372 | -19.72 0.1033 | -50.55 0.0030
9750 | -4.40 0.6026 | -5.51 0.5303 | -9.55 0.3330 | -19.86 0.1017 | -50.77 0.0029
9800 | -4.,49 0.591 | -5.61 0.5244 | -9.66 0.3289 | -19.99 0.1001 | -50.98 0.0028
9850 | -4.59 0.589 | =-5.70 0.5186 | -9.77 0.3248 | -20.12 0.098 | -51.19 0.0028
9900 | -4.68 0.5833 | -5.80 0.5128 | -9,87 0.3209 | -20.26 0.0971 | -51.41 0.0027
9950 | -4.78 0.5770 | -5.90 0.5072 | -9.98 0.3169 | -20.39 0.0956 | -51.62 0.0026
10000 | -4.87 0.5709 | -5.99 0.5016 | -10.09 0.3131 | -20.52 0.0942 | -51.83 0.0026
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FIGURE 4 Skywave field strength vs distance (100 mV/m at 1 km, 50 %, 2 hours after sunset)
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CHAPTER &

Broadcasting Standards

The United States is of the view that the modulation standards to be
applied to the band, 1605 kHz to 1705 kHz, should be consistent with those
applied to the existing MF broadcasting band, 535 kHz to 1605 kHz. This view
is predicated upon the belief that such consistency will facilitate the design
of receiving equipment for use in the expanded band and expedite itsg
availability to the public. Additionally, the location of the added
broadcasting spectrum adjacent to the existing band provides the opportunity
to treat both broadcasting segments in a similar manner, thereby expediting
consolidation of the two bands into one. With this in mind, the United States
proposes that the following standards should apply for international purposes:

Frequency Tolerances

_ As 1ndicgted in the Radio Regulations, the frequency tolerance should be
20 parts in 10" for powers of 10 kW or less, and 10 Hz for powers greater than
10 kW. In the case of the existing band, the United States recognizes that
countries covered by the North American Regional Broadcasting Agreement
(NARBA) are permitted to operate with a frequency tolerance of 20 Hz.

However, since this exception does not apply to the expanded band,
transmitting equipment which might be authorized that would exceed 10 kW will"
have to meet the 10 Hz tolerance.

4,1 Channel spacing

The channel spacing in the expanded band should be maintained at 10
kHz. Use of the same 10 kHz channel spacing as is now used in the existing
band, will ensure that new broadcasting services established in the expanded
band will have the same opportunities for audio quality and stereophonic
gsound. Use of the same channel spacing will facilitate the early commencement
of service in the expanded band.

The Plan is based on a channel spacing of 10 kHz and carrier frequencies
which are integral multiples of 10 kHz, beginning at 1610 kHz.

4,2 Class of emission

The standard class of emission should be A3E, double sideband amplitude
modulation with full carrier. Classes of emission other than A3E should also
be permitted on condition that the spectral distribution does not exceed that
typical of an A3E emission and that there is no appreciable degradation of co-
channel and adjacent channel protection. This latter provision is needed in
order to provide for AM stereo in the expanded band as is now provided for in
the existing 535-1605 kHz band.

The Plan is based upon double-sideband amplitude modulation with full
carrier A3E,
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Classes of emission other than A3E, for instance to accommodate
stereophonic systems, could also be used on condition that the energy level
outside the necessary bandwidth does not exceed that normally expected in A3E
emission and that the emission is receivable by receivers employing envelope
detectors without increasing appreciably the level of distortion,

4.3 Bandwidth of emission

- This Plan assumes a necessary bandwidth of 10 kHz, for which only
a 5 kHz audio bandwidth can be obtained. While this might be an appropriate
value for some administrations, others have successfully employed wider
bandwidth systems having occupied bandwidths of the order of 20 kHz without
adverse effects.

4.4 Station power
[4.4.1 Class A This listing is not needed see, 1.10]
4.4,2 Class B The United States is continuing its studies related to

the maximum power recommended for Class B stations. The United States'
proposal in this regard will be made separately.

4.4.3 Class C
During night-time, the maximum station power shall be 1 kW.
During daytime, the mazimum station power shall be:
= 1 kW in noise zone 1
- 5 kW in noise zone 2

provided that the protection criteria given in paragraph 4.9 of this Chapter -
are met,

4,5 Skywave interference calculations

The field strength of skywave interfering signals shall be
calculated on the basis of 50% of the time.
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USA/4/56 446 TABLE IV - Nominal usable field strength(1)(2)

[4.6.1 This refers to Class A stations and as a result is inapplicable]
Noise Zome 1 Noise Zone 2

4.6.2 Class B station (5) Class B stations(5)
Groundwave Groundwave
Daytime: 500 uV/m Daytime: 1250 uV/m
Night-time: 2500 uV/m Night-time: 6500 uV/m

4,6.3 Class C station (5) Class C station(5) |
Groundwave Groundwave
Daytime: 500 uV/m Daytime: 1250 uV/m
Night-time: 4000 uV/m Night-time: 10,000 uV/m

(1) The nominal usable field strength values shown in the Table
were used as the reference for planning (see definition in Chapter 1,
paragraph 1.6 of this Annex).

(2) Higher values than those shown in the Table may be employed in
order to satisfy noise limitations or special arrangements between two
or more administrations.

[(3) This footnote is not required as it applies only to Class A
stations.]

[(4) This footnote is not required as it applies only to Class A
stations.] : ,

(5) The protected contour during night-time operation for class B
and C stations shall be the higher of the groundwave contour in 4.6.2
and 4.6.3 respectively, or the groundwave contour corresponding to the
usable field strength of the station as defined in 4.7 and resulting
from the Plan,
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4.7 Use of the root sum square (RSS) method to determine the usable
field strength resulting from the weighted interfering signals

4,7.1 General

The overall usable field strength E_ due to two or more individual
interference contributions is calculated on an ﬁSS basis, using the
expression:

' 1
Ey =\l(a1E1)2 + o (@EN? 4 il (E)? )

where:

is the field strength of the ith interfering transmitter (in uV/m);

a, is the radio-frequency protecton-.ratio associated with the ith
interfering transmitter, expressed as a numerical ratio of field strengths.

Ey

4,7.2 507% exclusion principle

The 507% exclusion principle allows a significant reduction in the
number of calculations, '

According to this principle, the values of the individual usable
field strength contributions are arranged in descending order of magnitude.
If the second value is less than 507 of the first value, the second value and
all subsequent values are neglected. Otherwise an RSS value is calculated for
the first and second values. The calculated RSS value is then compared with
the third value in the same manner by which the first value was compared to
the second and:-a new RSS value is calculated if required. The process is
continued until the next value to be compared is less than 50% of the last
calculated RSS value. At that point the last calculated RSS value is
considered to be the usable field strength Eu'

For the purposes of this Agreement, if the contribution of a new
station is greater than the smallest value previously considered in
calculating the RSS value of assignments in the Plan, the contribution of the
new station adversely affects assignments in conformity with this Agreement
even if it is less than 507 of the RSS value. However, the new contribution
does not adversely affect assignments in conformity with this Agreement if the
RSS value determined by inserting the contribution of the new station in the
list of contributors is smaller than the nominal usable field strength En

om

4.8 Definition of noise zones

Noise zone 1

Comprises the whole of Region 2 with the exception of noise zone 2.
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Noise zone 2

Comprises the area within the line defined by the coordinates 20°
S~45°, the meridian 45° W to the coordinates 16° N-45° W, the parallel 16° N
to the coordinates 16° N-68° W, the meridian 68° W to the coordinates 20° N-
68° W, the parallel 20° N to the coordinates 20° N-75° W, the meridian 75° W
to the coordinates 16° N-75° W, the parallel 16° N to the coordinates 16° N-
80° W to the northeast coast of Panama, the frontier between Panama and
Colombia, the southeast coast of Panama and the meridian 82° W to the parallel
20° S, and the parallel 20° S, with the exception of Chile and Paraguay, until
the frontier between Paraguay and Brazil until 45° W. Bolivia is entirely
included in noise zone 2 as are the archipelago of San Andres y Providencia
and the islands belonging to Colombia and the Colon archipelago or the
Galapagos Islands (Ecuador).

Note 1. - Grenada is»inclﬁded in noise zone 1 night-time and noise zone 2
daytime.

Note 2. - See the maps of noise zones on the following page.
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4.9 Channel protection ratios

The United States proposes that the co-channel protection ratios for stations
not in a synchronized network should be 26 dB. This ratio has been
successfully applied in the United States for many decades and has been
verified by testing and has been included in various international

agreements. In addition, on the basis that receivers in the expanded band
will not change significantly from those in use for the existing band, the lst
and 2nd adjacent channel protection ratios shold be 0 dB and -29.5 dB,
respectively. Their application here would be consistent with existing
Regional usage.

4.9.1 Co—-channel protection ratio

The co—channel protection ratio is 26 dB.

4.9.2 Adjacent channel protection ratio

- protection ratio for the first adjacent channel: 0 dB.
- protection ratio for the second adjacent channel: - 29.5 4B,

4.,9.3 Synchronized networks

In addition to the standards specified in the Agreement, the
following additional standards apply to synchronized networks,

For the purpose of determining interference caused by synchronized
networks, the following procedure shall be ‘applied. If any two transmitters
are less than 400 km apart, the network shall be treated as a single entity,

" the value of the composite signal being determined by the quadratic addition
.of the interfering signals from all the individual transmitters in the

network. If the distances between all the transmitters are equal to or
greater than 400 km, the network shall be treated as a set of individual
transmitters.

For the purpose of determining skywave interference received by any one
member of a network, the value of the interference caused by the other
elements of the network shall be determined by the quadratic addition of the
interfering signals from all of those elements. In any case, where groundwave
interference is a factor it shall be taken into account.

The co-channel protection ratio between stations belonging to a
synchronized network is 8 dB.

4.10 Application of protection criteria

4.10.1 Value of protected contours

Within the national boundary of a country, the protected contour shall
be determined by using the appropriate value of nominal usable field strength,
or as otherwise determined in Note 5 to paragraph 4.6 for class B and C
stations.
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4,10.2 Co~channel protection

4.10.2.1 Daytime protection of all classes of stations

During the daytime the groundwave contour of class B and C
stations shall be protected against groundwave interference. The protected
contour is the groundwave contour corresponding to the value of the nominal
usable field strength. The maximum permissible interfering field strength at
the protected contour is the value of the nominal usable field strength
divided by the protection ratio. The effect of each interfering signal shall
be evaluated separately, and the presence of interference from other stations
in excess of this permissible level shall not reduce the necessity to limit
interference which would result from proposed modifications or assignments.
Where the protected contour would extend beyond the boundary of the country in
which the station is located, the maximum permissible interfering field
strength at the boundary is the calculated field strength of the protected
station along the boundary divided by the protection ratio.

[4.10.2.2 This provision regarding protection to Class A stations is not
needed, as protection to secondary service is not proposed by the United
States.]

4.10.2.3 Nighttime protection of class B and C stations

During the nighttime, the groundwave contour of class B and C
stations shall be protected against skywave interference. The protected
contour is the groundwave contour corresponding to the value of the greater of
the nominal usable field strength or the usable fleld strength resulting from
the Plan as determined at the site of the protected station in accordance with
4.7. The maximum permissible interfering field strength calculated at the
site of the protected station in accordance with 4.7 shall not be exceeded at
the protected contour. Where the protected contour would extend beyond the
boundary of the country in which the station is located, the protected contour
shall follow that part of the boundary.

4.10.2.4 Modification of assignments

If a station of an administration causes interference to a station of
the another administration and such interference is permitted in accordance
with the terms of this Agreement, then in the event of a modification being
proposed to the assignment corresponding to the former station, it will not be
necessary to protect the assignment corresponding to the latter station beyond
the level provided before the proposed modification.

4.10.3 Adjacent channel protection

During the daytime and night-time, the groundwave contour of class
B and C stations shall be protected against groundwave interference,

The protected contour during daytime is the groundwave contour
corresponding to the value of the nominal usable field strength. The maximum
permissible interfering field strength at the protected contour is the value

~of the nominal usable field divided by the protection ratio. The effect of

~each interfering signal shall be evaluated separately, and the presence of
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interference from other stations in excess of this permissible level shall not
reduce the necessity to limit interference which would result from the
proposed modifications or assignments.

The protected contour during night-time is the groundwave contour
corresponding to the value of the nominal usable field strength or the usable
field strength, whichever is stronger. The maximum permissible interfering
field strength at the protected contour is the value of the protected contour
divided by the protection ratio.

Where the protected contour, either daytime or night-time, would
extend beyond the boundary of the country in which the station is located, the
maximum permissible interfering field strength at the boundary is the
calculated field strength of the protected assignment along the boundary
dividied by the protection ratio.

4,10.4 Protection outside national boundaries

4,10.4.1 No station has the right to be protected beyond the boundary of
the country in which the station is established, except when otherwise
specified in a bilateral or multilateral arrangement.

4.10.4.2 No broadcasting station shall be assigned a nominal frequency with
a separation of 10 kHz from that of a station in another country if the 2500
uV/m contours overlap.

No broadcasting station shall be assigned a nominal frequency with
a separation of 20 kHz from that of a station in another country if the
10,000 uV/m contours overlap.

. No broadcasting station shall be assigned a nominal frequency with
a separation of 30 kHz from that of a station in another country if the

25,000 uV/m contours overlap.

4,10.4.3 In addition to the conditions described in 4.10.4.2, when the
protected contour would extend beyond the boundary of the country in which the
station is located, its assignment shall be protected in accordance with
4.10.2 and 4.10.3.

4,10.4.4 For protection purposes, the boundary of a country shall be deemed
to encompass only its land area, including islands.
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CHAPTER 5

Radiation Characteristics of Transmitting Antennas

5. In carrying out the calculations indicated in Chapters 2 and 3,
the following shall be taken into account:

5.1 Omnidirectional antennas

Figure 1 of Chapter 3 shows the characteristic field of a simple
vertical antenna as a function of its length and of the radius of the ground
system.

1t is clear that the characteristic field strength increases as
the loss in the ground system 18 reduced to zero and as the antenna height is
increased up to 0.625 wavelengths.

The increased characteristic field strength for antenna lengths up
to 0.625 wavelengths is obtained at the expense of radiation at high angles as
shown graphically in Figure la and numerically in Table II of Chapter 3.

5.2 Considerations of the radiation patterns of directional antennas

The procedures for calculating theoretical, expanded and augmented
(modified expanded) directional antenna patterns are given in Appendix 2,

5.3 Top-loaded and sectionalized antennas
5.3.1 Calculation procedures are given in Appendix 3.
5.3.2 Many stations employ top-loaded or sectionalized towers, either

because of space limitations or to vary the radiation characteristics from
those of a simple vertical antenna. This is done to achieve desired coverage
or to reduce interference.

5.3.3, The Administration using top-loaded or sectionalized antennas
shall supply information concerning the tower structure of the antennas,
Normally, one of the equations in Appendix 3 shall be employed to determine
the vertical radiation characteristics of the antennas. Other equations may
also be proposed by an Administration and shall be used in determining the
vertical radiation characteristics of the antemnas of that Administration,
subject to the agreement of the other Administration.
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APPENDIX 1

Proposed

Atlas of ground conductivity
To be published _separately

The United States recommends that the conductivity data base developed for
use with the Region 2 AM broadcasting Agreement (RJ81) also be employed
in the band 1605 - 1705 kHz,

LE TRACE DES FRONTIERES N'IMPLIQUE DE LA PART DE L'UIT AUCUNE PRISE DE POSITION QUANT
AU STATUT POLITIQUE D'UN PAYS OU D'UNE ZONE GEOGRAPHIQUE, NI AUCUNE RECONNAISSANCE
OFFICIELLE DE CES FRONTIERES.

THE TRACING OF BORDERS DOES NOT IMPLY ON THE PART OF THE ITU ANY POSITION WITH RESPECT TO
THE STATUS OF A COUNTRY OR GEOGRAPHICAL AREA, OR OFFICIAL RECOGNITION OF THESE BORDERS.

EL TRAZADO DE FRONTERAS EN LOS MAPAS NO IMPLICA QUE LA UIT TOME POSICION EN CUANTO AL
ESTATUTO POLITICO DE PAISES O ZONAS GEOGRAFICAS NI EL RECONOCIMIENTO POR SU PARTE DE
ESAS FRONTERAS.
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APPENDIX 2

USA/4/79 Calculation of directional anteana patterns

Introduction

This Appendix describes methods to be employed in calculating the field strength produced by a
directional antenna at a given point.
1. General equations

The theoretical directional antenna radiation pattern is calculated by means of the following equation,
which sums the field strength from each element (tower) in the array.

EA9,8) = xL‘)_: Fufi®)] Wi + 5, cos 8 cos (91—9) M
where: :
cos (G, sin 6) — cos G,
) = (1—cos G)) cos 0 @
where:
Er(p, 0): theoretical inverse distance field strength at one kilometre in mV/m for the given azimuth
and elevation;
K, : multiplying constant in mV/m which determines the pattern size (see paragraph 2.5 below
for derivation of K. ):
n: , number of elements in the directional array;
i: denotes the ith element in the array; ‘
F;: . ratio’of the theoretical field strength due to the ith element in the array relative to the
theoretical field strength due to the reference element;
0: vertical elevation angle, in degrees, measured from the horizontal plane;
fi@): ratio of vertical to horizontal plane field strength radiated by the ith element at elevation
angle 0;
G;: clectrical height of the ith element, in degrees;
S;: electrical spacing of the ith element from the reference point in degrees;
@, orientation of the ith element from the reference element (with respect to True North), in
degrees; :
Q: azimuth with respect to True North, in degrees;
TP electrical phase angle of field strength due to the ith element (with respect to the reference
element), in degrees.
Equations (1) and (2) assume that:
— the current distribution in the elements is sinusoidal,
— there are no losses in the elements or in the ground,
— the antenna elements are base-fed, and
— the distance to the computation point is large in relation to the size of the array.
2. Determination of values and constants
2.1 Determination of the multiplying constant K for an array

The multiplying constant X for the loss-free case may be computed by integrating the power flow over the
hemisphere, deriving an r.m.s. field strength and comparing the result with the case where the power is radiated
uniformly in all directions over the hemisphere.
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where:

where:

e(©):

where:

2.2
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K=E"/F
€

mV/m

no-loss multiplying constant (mV/m at 1 km);

reference level for uniform radiation over a hemisphere, equal to 244.95 mV/m at 1 km for
1 kW; ’

antenna input power (kW);

root mean square radiation pattern over the hemisphere which may be obtained by integrating
e(8) at each elevation angle over the hemisphere. The integration can be made using the
trapezoidal method of approximation, as follows:

_|=A 2 N 2 ; ”
= |75 {ireon + £ teman cos ma] | ®

interval, in degrees, between equally-spaced sampling points at different elevation angles 0;
an integer from 1 to N, which gives the elevation angle 0 in degrees when multiplied by A, i.e.
0 = mA;

one less than the number of intervals (N - 939 - ):

root mean square radiation pattern given by equation (1) with K equal to 1 at the specified
elevation angle 0 (the value of 0 is O in the first term of equation (3) and mA in the second
term); e(6) is computed using equation (4).

e6) = [‘Z Z.) F,f(O)F,;ff8) cos yyJo(S; cos 9)]'; @

=1j=1

denotes the ith element;

denotes the jth element;

number of elements in the array;

difference in phase angles of the field strengths from the ith and jth elements in the array;
angular spacing between the ith and jth elements in the array;

Jo (S; cos 8) : the Bessel function of the first kind and zero order of the apparent spacing between the ith

and jth elements. In equation (4), §; is in radians. However when special tables of Bessel
functions giving the argument in degrees are used, the values of §; should then be in
degrees.

_ Relationship between field strength and antenna current

The field strength resulting from a current flowing in a vertical antenna element is:

where:

L.
.e

S YT QSN2

Eo R [cos (G sin ) — cos G)
: 2nr cos O

x 10° mV/m | )

field strength in mV/m;

resistivity of free space (R, = 120n ohms);
current at the current maximum, in amperes ';
electrical height of the element, in degrees;
distanoe‘ from the antenna, in metres;

vertical elevation angle, in degrees.

I is the current at the maximum of the sinusoidal distribution. If the electrical height of the element is less than 90°, the
base current will be less than 1
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At one kilometre and in the horizontal plane (68 = 0°):

120x1(1 —cos G) x 10°

E=- 27(1000)

mV/m )
hence: _ )

E=60I(1 — cos G) mV/m )
23 Determination of no-loss current at current maximum

For a tower of uniform cross-section or for a similar type of d:rectlonal array element, the no-loss current
at the current maximum is: .

1 KF,
-7 60(1—cos G) @®
where:
I: current at current maximum in amperes in the ith element;
K: no-loss multiplying constant computed as shown in paragraph 2.1 above.

The base current is given by /; sin G,.

24 Array power loss
. : \ N .
~ Power losses in a directional antenna system are of various types, including ground losses, antenna
_coupling losses, etc. The loss resistance for the array may be assumed to be inserted at the current maximum to
allow for all losses. The power loss is:

T &, R 0
where: .
P, : total power lloss, in kW;
R;: assumed loss resistance, in ohms (one ohm, unless otherwise indicated) for the ith tower ';
I current at current