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ADDENDUM No. 1
to.
Volume I of the Documents
of the VIIIth Plenary Assembly of the C.C.I.R.
Warsaw, 1956

Note by Director, C.C.I.R.

The 1st Plenary Assembly of the C.C.LLT.T. has submitted a new Question to the
C.C.I.R. for study (in accordance with Article 7, para. 2 of the Buenos Aires Convention).
This Question thus becomes officially a C.C.I.R. Question and the Director has allocated
it to Study Group No. IX as Question No. 165 (IX). The text is given overleaf for insertion
between pages 572 and 573 of Volume I. The necessary additions should be made on
page 30 and in the middle of page 619.

This opportunity is taken to draw attention to the following corrections concermng the English
text of Volume I:

Pages 147 and 148  Delete present Para. 5.
Present Para. 4 becomes new Para. 5.
The text of new Para. 4 is as follows:

““ 4. that, in cases where operation over a frequency band with a high degree of
stability is required, it is desirable to consider frequency-synthesis methods
(e.g., methods whereby the frequency change oscillation is derived from the .
combination of two frequencies, one being a harmonic of a quartz-crystal oscil-
lator and the other being a variable frequency (interpolating) oscillator of limited
range), noting, however, that special care may have to be taken to avoid undesired
responses in the receiver from unwanted frequency components present with
the frequency-change oscillations;’

1 |
Page 175 Second formula of Annex 11, for “ P(F)= 5—\7 ...”7 read “P(F) = —{/—2:
7T [0 0
Page 183 Footnote, insert: “ Czechoslovakia .
Page 217 Formula (9), for “0 = —Ax —;— ..”read “0= —A l{ ",
: X

Page 274 Third line of Report No. 21, for “ Austria (Doc. No; 379) ' read “ Austria (Doc.
No. 329) .

Page 381 = Twelfth line, add after “ radiation diagram ”: “,.in the purely theoretical case when
the antenna is situated in free space, the effect of the ground being neglected *’.

Page 382 Lower ﬁgure This figure is not drawn with sufficient accuracy. In particular, near
the origin, the angles of intersection between the main lobe and thc radial line
= 0 should be =+ 60°.
The corrected radiation diagram will be published as a supplement to the
“C.C.LR. Antenna Diagrams ”.



= Const. [ sin... ”’

. |
Page 383 At the top of the page, for “E = |sin...” read *

| max
Pages 406 and 416 Interchange the bottom diagrams of Fig. 11, p. 406, and Fig. 19, p. 416.
.Page 416  Right hand part of Fig. 19 (1), delete “ g + (533 % ™. -

Page 419 Fig. 1, insert “ Long distance international television circuit >’ between
junction line ” and “ incoming junction line .

[13

outgoing

Page 476. Fourteenth line, for “ resolves ”’, read: “ unanimously resolves. ”’

Page 569 The English text of Question No. 97(IX) should read as follows, to fall in line with
the French text: “ . .. .. the elements appropriate to such a circuit and the
sub-division of the noise power appropriate to the complete circuit between the
various circuit elements.” .

Page 616 Chazrman and Vice-Chairman of Study Group No. VI
By a letter dated' 16th December 1957, Dr. J. H. Dellinger (United States), Chairman of
CCIR Study Group No. VI, has announced his retirement as Chairman of that Study Group.
" In conformity with Chapter 15, para. 3 of the General Regulations annexed to the International
Telecommunication Convention, the Vice-Chairman of Study Group No. VI, Dr. D. K. Bailey
(United States) will take his place as Chairman of this Study Group, which will elect a new
Vice-Chairman from among its members,

Page 622 - - Chairman and Vice-Chairman of Study Group No. XIV

By a letter dated 11th November, 1957, Professor Tullio Gorio (Italy), Chairman of CCIR
Study Group No. XIV, has announced his retirement as Chairman of that Study Group.

In conformity with Chapter 15, paragraph 3, of the General Regulations annexed to the
International Telecommunication Convention, the Vice-Chairman of Study Group No. XIV,
Mr. R. Villeneuve (France), will take his place as Chairman of this Study Group, which will elect
a new Vice-Chairman from among its members.



ADDENDUM No. 2

to
Volume I of the Documents
of the VIIIth Plenary Assembly of the C.C.LR.
(Warsaw, 1956)
Note by Director, C.C.LR.: l

The meeting of C.C.I.LR. Study Group XI, which took place in Moscow from 28th -
May to 9th June 1958, proposed one new Question and four Study Programmes for study
by the C.C.ILR. This Question and two of the Study Programmes are intended to replace
one existing Question and two existing Study Programmes. New numbers have been given
to them and it will remain for the IXth Plenary Assembly of the C.C.I.R. to decide, where
necessary, on the cancellation of existing ones. The two other Study Programmes are new.

Of the Administrations, Members of the I.T.U., present at this meeting of Study
Group XI, nineteen have requested that this Question and these Study Programmes, should -
be studied (see Art. 7, para. 2 of the Buenos Aires Convention) and’ accordingly they
become officially a C.C.I.R. Question and Study Programmes. The texts are given overleaf
for insertion between pages 592 and 593 of Volume I. The necessary additions should
be made near the top of pages 30 and 621 and at the bottom of pages 33 and 620.

This opportunity is taken to draw attention to the following corrections concerning the English
text of Volume I:

Page 49 First line, for “ 2000 km ” read: “ 200 km ”.

-Page 216 Formula (8), for “... 2#Af)* " read: “... Qudf)?...".

Page 346 Figure 15. Near 8°N—110°E for “90” read “80”. .
Page 348 Figure 17. The small closed contour line over Madagascar should be labelled “ 70 .
Page 349 Figure 18. The small closed contour line over Madagascar should be labelled “ 40 .

Page 399 Figure 5, (1) Even fields, at the bottom, for:

“(e) Vertical blanking 0.05 V { T 0003 V7 read:

“(e) Vertical blanking 0.05 V { i 8.03 v

Page 400  Figure 6 (3) add after: “ (i) 0.18 H max. ”: *“ See note 4 *’.
Figure 6 (4) for “ (1) 0.045 H ” read: (1) 0.04 H ” and for
“(r) 0.08 H+0.01H” read: “(r) 0.07H -+ 0.01H".
Figure 6 (5) for “ 1/10 0 max. sync. ”, read: © 1/10 of max. sync. .

Page 401  Table III. Notation e. for “13 H to 21 H”’ and “ 826 us to 1334 us“ read “0.05V
to 0.08 V “ and “ 833 us to 1333 ys”

Page 408 Top of the page. For “_Notes concerning Figures 11 and 12 (Belgian 625-line system) ”
read: “ Notes concerning Figures 5 and 6 (525-line system, notes 1 to 6), 11 and 12
(Belgian 625-line system) “,

Page 539  Fifth line of the Annex. -For “0,1 g ” read “ 0,1 g/kg™”.
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INTRODUCTION

The International Radio Consultative Committee (C.C.I.R.) held its VIIIth Plenary Assembly
in Warsaw from 9th August to 13th September 1956. It was attended by about 400 delegates,
representatives, experts and observers from some 40 countries Members of the I.T.U., 16 recognised
private operating agencies, 8 international organisations and 7 scientific or industrial organisations.

At the same time all the fourteen Study Groups of the C.C.I.R. held meetings in Warsaw
and the Plenary Assembly adopted 83 Recommendations, 58 Reports and 19 Resolutions put
forward by the Study Groups. ) )

The programme of work for the néxt three years was also established. It consists of 71
Questions and 57 Study Programmes dealing with all aspects of radio communication, including
problems of the transmission, propagation and reception of electromagnetic waves which arise
in the operation of all radio services.

" This volume contains all the texts adopted at Warsaw, as well as those which were adopted
during the three preceding Plenary Assemblies and still remain valid. Hence it forms an up to date
collection of the texts of the C.C.I.LR. '

The three preceding Plenary Assemblies of the C.C.I.R. took place in Stockholm in July 1948
(Vth C.CI.R. Plenary Assembly), Geneva in June/July 1951 (VIth C.C.LR. Plenary Assembly),
and London in September/October 1953 (VIIth C.C.I.R. Plenary Assembly), respectively.

During its first meeting the VIIIth Plenary Assembly of the C.C.I.R. accepted unanimously
and by acclamation an invitation from the Administration of the United States of America to
hold the IXth Plenary Assembly of the C.C.LLR. in that country.



“ The duties of the International Radio Consultative Com-
mittee (C.C.LLR.) shall be to study technical radio questions and
operating questions, the solution of which depends principally
on considerations of a technical radio character and to issue
recommendations on them.”

— Extract from Article 7, paragraph 1 of the International
Telecommunication Convention (Buenos Aires, 1952).
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LIST OF PARTICIPANTS IN THE VIIith PLENARY ASSEMBLY

Administrations

Albania (People’s Republic of) " Monaco
Argentine (Republic of) Norway
Australia New Zealand
Austria Pakistan
Belgium Netherlands

BlelorussmnISovxet Socialist Republic
Bulgaria (People s Republic of)
Canada .
China
Denmark
Egypt
Spain
United States of America
Finland :
France
Hungarian People’s Repubhc
India
Ireland
Italy
Japan
Laos .

Poland (People’s Republic of)

Federal German Republic

Federal People’s Republic of Yugoslavia

Ukrainian Soviet Socialist Republic

Roumanian People’s Republic

United Kingdom of Great Britain and Northern
Ireland

Sweden

Switzerland (Confederation)

Syrian Republic

Czechoslovakia

Overseas Territories of the French Republic

Turkey

Union of South Africa

Union-of Soviet Socialist Republics

Venezuela (United States of)

Private Operating Agencies

American Telephone & Telegraph Co.

British Broadcasting Corporation (B.B.C.)

Cables & Wireless Ltd.

Compagnie générale de Télégraphie sans Fil

Independent Television Authority

International Marine Radio Co., Ltd. .M.R.C.)

Italcable S.A.

Kokusai Denshin Denwa Co., Ltd. (K.D.D.)

Marconi International Marine. Communication
Co., Ltd. M.ILM.C.C))

Nippon Hoso Kyokai (N.H.K.)

Nippon Telegraph & Telephone Public
Corporation (N.T.T.)

Radio Austria A.G.

Radiotelevisione Italiana (R.A.L)

Radiojianst A.B.

South African Broadcasting Corporation
(S.A.B.C)

Transradio Espafiola S.A.

International Organisations

Association Internationale des Intéréts Radio-
Maritimes (A.LLLR.M.)

Bareau International de I'Heure (B.L.H.)

International Radio Maritime Committee
(CIR.M)

International Special Committee on Radio Inter-
ference (C.I.S.P.R.)

International Chamber of Shipping (I.C.S.)

International Broadcasting Organisation (O.I.R.)

European Broadcasting Union (E.B.U.)

International Scientific Radio Union (U.R.S.1)



Scientific and Industrial Organisations

Ateliers de Constructions Electriques de Charleroi Magneti Marelli

(A.CE.C) Siemens & Halske A.G.
Brown, Boveri & Co., Ltd. Telefonaktiebolaget L.M. Ericsson
Hasler S.A. Telefunken G.m.b.H.

Specialised Agencies of the United Nations

International Civil Aviation Organisation World Meteorological Organisation (W.M.O.)
(I.C.A.0) :
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NOTE BY THE DIRECTOR OF THE C.C.LR.
DOCUMENTATION. FOR C.C.I.R. MEETINGS

In order to secure economy in the reproduction of documents for C.C.I.R.. meetings (both
with regard to time and money), the Director draws particular attention to Resolution No. 35
which deals with the contents and length of documents. It is printed on page 483 of this volume.
Further, as requested by the Organisation Committee of the C.C.LLR. in Warsaw, the Director
offers the following additional suggestions concerning the preparation and presentation of -

- documents:

1. General :

(a) On each document it should be clearly mdlcated to which Study Group, and to Wthh
meeting it is to be presented;

(b).each document should treat only one Question, Study Programme, etc.;

(c) the texts of Questions, Study Programmes, etc. should not be quoted in extenso where a
simple reference. to the number (or paragraph) will suffice;

(d) when announcing a C.C.1.R. megting, the Director, in consultation with the Study Group
Chairmen concerned, will state the last date by which documents should be received,
taking into account C.C.LR. Resolution No. 36;

" (e) in conformity with paragraph 1 of C.C.ILR. Resolution No. 37, when documents are
sent to a Study Group Chairman, three copies should be s1multaneously despatched to
the Director of the C C.L.R. for translatlon and reproduction,

2. Texts:

Texts, not longer than approximately 2,500 words (5 pages), should be presented in one of
the working languages of the Union, typewritten on one side of the paper only.

In addition, mathematical formulae should only be included where absolutely necessary for
clarification. The derivation of formulae should, in general, be avoided.

3. Figures :

In general, not more than three pages of figures should be included with any one document
and, in the interests of economy, the use of photographs and other half-tone reproductions
should be avoided.

In view of the several languages in which C.C.I.R. documents must be reproduced, no text
should appear on figures, with the exception of standard abbreviations (e.g. “ Fig. 1 7, “ Mc/s ",
“km ”, etc.). Should any explanatory text be required, this should be given on a separate page.

If possible, figures should be submitted on transparent paper for speedier reproduction.

The overall dimensions of figures should not exceed 17 X 25 cm. (6145 X 10 inches) so that
they may be reproduced on paper of the standard size used by the C.C.LL.R.



- TERMS OF REFERENCE OF THE C.C.LR. STUDY GROUPS *

(Warsaw, 1956)

Study Group No. I (Transmitters):

1. To make speciﬁc studies and proposals in connection with radio transmitters and generally
to summarise and co-ordinate proposals for the rational and economical use of the radio
spectrum.

2. To study a number of problems concerning telegraphy and telephony from the transmission
point of view.

3. To study spurious radiation from medical, scientific and industrial installations.

Study Group No. II (Receivers):

Measurement of the characteristics of receivers and tabulation of typical values for the dif-
ferent classes of emission and the various services. Investigation of improvement that might be
made in receivers in order to solve problems encountered in radio communication.

Study Group No. III (Fixed service systems):

1. To study questions relating to complete systems for the fixed and allied services and terminal
equipment associated therewith (excluding radio relay systems). Systems using the so-called
ionospheric-scatter mode of propagation, even when workmg on frequencies above 30 Mcfs,
are included.

2. To study the practical application of communication theory.

Study Group No. IV (Ground-wave propagation):

» To study the propagation of radio waves over the surface of the earth, taking into account
changes in the electrical constants of the earth and irregularities of terrain, and including the effect
of a standard radio atmosphere.

Study Group No. V (Tropospheric propagation):

To study the influence of the troposphere on radio-wave propagation insofar as it concerns
‘radio communication. .

Study Group No. VI (Ionospheric propagation):

To study all matters relating to- the propagation of radio waves through the ionosphere
insofar as they ‘concern radio communication.
Study Group No. VII (Standard frequencies and time signals):

Organisation of a world-wide service of standard-frequency and time-signal transmissions.
Improvement of measurement accuracy.

* Doc, No. 995 (Warsaw), unanimously adopted.
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Study Group No. VIII (International monitoring):

/

To study problems relating to the equipment, operation and methods of measurement used -
by monitoring stations established for checking the characteristics of radio-frequency emissions.
Examples of such measurements are: frequency, field-strength, bandwidth, etc.

* Study Group No. IX (Radio relay systems):
To study all aspects of radio relay systems and equipment operating at frequencies above
about 30 Mc/s, including systems using the so-called tropospheric-scatter mode of propagation.

Study Group No. X (Broadcasting):

To study the technical aspects of transmission and reception in the sound broadcasting service-
(except for tropical broadcasting), including standards of sound recording and sound reproduction
to facilitate the international exchange of programmes.

Study Group No. X1 (Television):
Television.
Study Group No. XII (Tropical broadcasting):,

To study standards required for good quality service in the tropical zone, and for tropical
broadcasting systems; interference in the shared bands; power requirements for acceptable service;
design of suitable aerials for short-distance tropical broadcasting; optimum conditions for the utili-
sation of frequency bands used for broadcasting in: the tropical zone; other associated questions.

Study Group No. XIII (Mobile servfces):

To study technical questions regarding the aeronautical, maritime, land mobile and radio
location and navigation services, and miscellaneous operating questions of concern to several
services.

Study Group No. XIV (Vocabulary):

To study in collaboration with the other study groups and, if necessary, with the
C.C.I1.T.T., the radio aspect of the following: vocabulary of terms and list of definitions, lists
of letter and graphical symbols and other means of expression, systematic classification, measure-
ment units, etc.

Co-ordinating committees:

Ad hoc committees for the co-ordination of the work common to two or more study groups,
constituted by the chairmen and vice-chairmen of the study groups, and chaired by the Director
of the C.C.LR. o :
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DEFINITION

of the Recommendations, Reports, Resolutions, Questions and
Study Programmes of the C.C.LR.

The following definitions of Recommendations, Resolutions and Questions are those which
appear in Doc. No. 272 of Geneva (Drafting Committee). The definition given for Study Pro-
grammes is that which appears in Doc. No. 630 of London (Drafting Committee). The definition
given for Reports is that which appears in Doc No. 731 of London (U. S A.) modified by the
addition of the words “ by a study group ” i

Recommendation  Statement issued when the study of a-Question, or part of a Question, has.
been concluded. ' -

Report Statement on the studies carried out by a study group on a given subject,
for information. ,

Resolution Statement of an opinion of the C.C.ILR. on a non-technical subject.
Question Statement of a technical problem which the C.C.LR. is to consider.

© Study Programme Text describing the work to be done on a given technical problem formmg
the subject of a Question.

GENERAL LAY-OUT IN THIS VOLUME

of the Recommendations, Reports, Resolutions, Questions and
Study Programmes of the C C.LR. :

The Recommendations, Reports, Resolutions, Questions and Study Programmes ‘of the
C.C.I.R,, the texts of which appear in this volume, are those which have been approved by the
VIIIth Plenary Assembly of the C.C.I.R., together with those which, approved by the Vth, VIth
and VIIth Plenary Assemblies, have been retained.

The Recommendations, Reports and Resolutions are arranged in numerical order.

The Questions and Study Programmes are grouped together and arranged in the numerical
order of the Study Groups. For each Study Group the Questions are laid out in numerical order,
each being followed by the Study Programme or Programmes to which they are related. Study
Programmes which are not the result of a Question are indicated by a Note.

Questions submitted to the C.C.I.LF. and C.CI.T. form the subject of a separate bchapter.

References to the texts, if any, forming the basis of Recommendations, Reports, Resolutions,
Questions and Study Programmes, are given below the title. On the right, under this reference,
is shown the Plenary Assembly or Assemblies which have approved or subsequently modified
the text.

Mention is made in a footnote, when the occasion arises; of the text or texts which have been
replaced by the text in question; in the case of Questions, the Study Programmes are shown which
arise from it; and in the case of Study Programmes, mention has been made, where necessary, of
the Question to which they refer.
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ORIGIN

of certain documents referred to in thlS volume

2

The documents referred to in this volume as “ Stockholm ” ,“ Geneva ”, “ London ” and

“ Warsaw ”, are respectively the documents of the Vth, VIth, VIIth and VIIIth Plenary Assemblies

of the C.C.ILR. held in Stockholm in 1948, Geneva in 1951, London in 1953 and Warsaw in 1956.
. 7

The documents referred to in this volume as of “ Mexico ” and * Florence/Rapallo ”, are
respectively those of the High-Frequency Broadcasting Conferences of Mexico City (1948/49)
and of Florence/Rapallo (1950).

~ Other documents referred to in this volume are the documents of the meectings of certain
Study Groups of the C.C.ILR. The following list of the meetings of these Study Groups is given
for information:

Zurich (July 1949) Meeting of Study Group No. XI

Washington (March 1950) Meeting of Study Groups Nos. VI and X

London (May 1950) Meeting of Study Group No. XI

. Geneva (July 1950) Meeting of Sub-Group Gerber of Study Group No. XI -

The Hague (April 1952) Meeting of Study Groups Nos. I and IIT
Stockholm (May 1952) Meeting of Study Groups Nos. V, VI and XI
Geneva (August 1952) Meeting of Study Group No. X

Geneva (September 1954) Meeting of Study Group No. IX

Brussels (March-April 1955) Meeting of Study Groups Nos. I and XI

NUMBERING

of the Recommendations, Reports, Resolutions, Questions and
Study Programmes of the C.C.LR.

The Recommendations, Reports, Resolutions, Questions and Study Programmes of the
C.C.I.R. are numbered consecutively in five series, each starting at No. 1. :

The series of Recommendations, Questions and Resolutions were started at the Vth Plenary
Assembly (Stockholm, 1948). .

The series of Reports and Study Programmes were started at the VIth Plenary Assembly
(Geneva, 1951). :

Questions and Study Programmes remaining for study after the VIIIth Plenary Assembly
(Warsaw, 1956) carry in Roman figures after the serial number, the number of the Study Group
to which they have been subm1tted .

The followmg table serves as a guide to the numbering of C.C.LR. documents:



— 15 —

Warsaw (1956)

Plenary Assembly Recommen- | Report No. | Resolution No. | Question No. |, Stwdy
Stockholn (1948) 10 35 Nil land2 | 1t033*|  Ni
Genev;“(‘lhgs]) 3610 85* 11015 | 3t09 46 to 73 1 to 38
LondoXH(tIgSB) 87 to 144 | 16t0 37 | 10 to 19 |74 to 112 *#*| 39 to 78 ***

VIiith 14510227 | 381095 | 201038 | 123 t0 163 | 82 to 115

* Questions Nos. 34 to 45 were submitted to the C.C.I.R. between the Vth and VIth Plenary Assemblies.
** Recommendation No. 86 was issued after the meeting of Study Group No. X of the C.C.L.R. held at Geneva, 1952,
*+* Questions Nos. 113 to 122 and Study Programmes Nos. 79 to 81 were submitted to the C.C. I R. between the VHth and

VI]'Ith Plenary Assemblies.
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COMPLETE LIST OF RECOMMENDATIONS OF THE C.C:LR.:

Replaced, together with Recommendation No. 43, by Recommendation No. 97.
Replaced successively by Recommendations Nos. 41, 94 and 154.

Replaced successively by Recorﬁmendatz'ons Nos. 36, 87 and 145.

Replaced successively by Recommendations Nos. 42, 95 and 155.

Cancelled.

Cancelled.

Cancelled.

Cancelled.

Cancelled.

Cancelled.

Cancelled.

Cancelled.

Cancelled.

Cancelled.

Cancelled.

Cancelled. )

Reclassified as Question No. 48 which no longer remains for study.
Reclassified as Question No. 54 which no longer remains for study.
Organisation of an international monitoring service . . . . . . . . . . . . . . . . ..
Replaced by Recommendation No. 180.

Cancelled. ‘

Form of report for frequency and field-strength measurements made at monitoring stations
Signals MAYDAY and PAN . . . . . . . . . . . . . ... ...
Reclassified as Question No. 56 which no longer remains for study.
Reclassified as Question No. 58 which no longer remains for study.

Cancelled.

Methods of measurement and limits of tolerances for interference caused to broadcasting
by electrical instaliations . . . . RN

High-frequency broadcasting. Bandwidth of emissions . . . . . . . . . . . . . ..
Reclassified as Question No. 64 which no longer remains for study.

Cancelled. '

Cancelled.

Use of simultaneous interpretation . . . . . . . . . . . . . . . .. ...
Replaced by Resolution No. 36.

Cancelled.

Cancelled.

Replaced successively by Recommendations Nos. 87 and 145.

Replaced by Recommendation No. 88.
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Replaced by Recommendation No. 165.
Replaced by Recommendation No. 168.
Replaced by Recommendation No. 169.
Replaced by Recommendation No. 170.

- Tropospheric-wave propagation curves . . . . . . . . . . . P
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Discontinued.

Recommendation No. 83 terminates the study of this Question.
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Recommendation No. 85 terminates the study of this Question.

. Recommendation No. 40 terminates the study of this Question.

Recommendation No. 74 terminates the study of this Question.
Recommendation No. 75 terminates the study of this Question.
Recommendation No. 76 terminates the study of this Question. ‘
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Recommendation No. 78 terminates the study of this Question.
Recommendation No. 45 terminates the study of this Question.
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programme . . . ., . . .- . . T e e 575

Discontinued. .
High-frequency broadcasting. Conditions for satisfactory reception. . . . . . .. . 576
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Dtscontznued

Recommendation No. 40 terminates the study of this Questton
Recommendation No. 81 terminates the study of this Question.
Voice-frequency telegraphy on radio circuits . . . . . . . e
Replaced by Question No. 133 (IlI) .
Recommendation No. 69 terminates the study of this Questzon

Replaced by Question No 74 (1).

Replaced successively by Questzons Nos. 76 and 123 (1I).

(Former Recommendation No. 17). Replaced by Question No. 81 (III).
Recommendation No. 108 terminates the study of this Question.

Report No. 23 refers to this Question which is discontinued.

Report No. 27 refers fo this Question which is discontinued.

Report Né. 27 refers to this Question which is discontinued. ,

Report No. 25 refers to this Question which is discontinued.

( Former Recommendation No. 18). Replaced successively by questions Nos. 87 and
140 (VII).

Recommendation No. 123 terminates the study of this Question.

( Former Recommendation No. 24). Recommendations Nos. 124 & 125 terminate the
study of this Question.

Recommendation No. 124 terminates the study of this Question.

(Former Recommendation' No. 25). Recommendation No. 127 & Report No. 11 terminate
the study of this Question.

Recommendation No.-130 terminates the study of this Question.
Recommendation No. 129 terminates the study of this Question.
Recommendation No. 126 terminates the study of this Question.
Recommendation No. 136 terminates the study of this Question.
Recommendations Nos. 133, 134, & 135 terminate .the study of this Question.
Replaced by Question No. 118 (XI).

Replaced by Question No. 152 (XI).

Television recording . . . . . . . . . . . . ..

Replaced by Question No. 119 ( X1 ) v

Replaced by Question No. 153 (XI).

Replaced by Question No. 154 (XI1I).

Recommendations Nos. 139 & 140 and Report No. 36 terminate the study of thls Question.
Replaced by Question No. 155 (XII).

Decimal classification . . . . . . . . .. . . . .. ... .
Recommendation No. 142 terminates the study of this Question.

Arrangement of channels in multi-channel telegraph systems for long-range radio
circuits operating on frequencies below about 30 Mc/s . . . . . . .. . . . .

Limitation of unwanted radiation from industrial installations . . .. . . . .
Replaced by Question No. 123 (11).
Replaced by Question No. 124 (II).

Choice of intermediate frequency and protection against undesired responses of super-
heterodyne receivers . . . . .. . . . . . . . . .. e e e R

Replaced by Question No. 125 (II).
Replaced by Question No. 126 (1I).
Directivity of antennae at great distances . . . . . . e e e

Interference effects of atmospheric noise on radio reception . . . . . . . . . . . .
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Replaced by Question No. 129 (I1I).

Determination of the maximum interference levels tolerable in complete systems
Replaced by Question No. 136 ( V)‘.

Replaced by Question No. 137 (V).

Replaced by Question No. 140 (VII).

Replaced by Question No. 143 (VIII).

Report No. 67 replies to this Question which is discontinued.

Recommendation No. 183 replies to this Question which is discontinued.

Replaced by Question No. 146 (1X).

Standardisation of multi-channel radiotelephone systems using tlme-dmswn multiplex
and operating at frequencies above about 30 Mc/s . . . . . .. . . e

Standardisation of multi-channel radio relay systems using frequency-division multiplex
and operating at frequencies above about 30 Mc/s . . . . . . . . . . .. L.

Facsimile transmission of documentary matter over combined radio and metallic circuits
Transmission of half-tone pictures over radio circuits . . . . . . . . . . . . .
Maintenance procedure for wide-band radio relay systems . . . . . . . .
Hypothetical reference circuit for wide-band radio relay systems. . . . . . . . . .
Replaced by Question No. 149 (X ).

Replaced by Question No. 150 (X).

Recommendation No. 211 & Report No. 81 terminate the study of this Question.

Advantages to be obtained from consideration of polarisation in the planning of
broadcasting services in the VHF (metric) and UHF (decnmetrlc) bands (television
and sound) . e e e e e e e e PR

Interference in the bands shared with broadcasting

Replaced by Question No. 156 (XII).

Identification of radio stations .

Replaced by Question No. 158 (XIII).

Replaced by Question No. 159 (XIII).

Recommendation No. 223 terminates the study of this Question.
Recommendation No. 224 terminates the study of this Question.

Use of radio-circuits in association with S-unit start-stop telegraph apparatus. Signals
other than those specified in the International Telegraph Alphabet No. 2

Use of radio-circuits in associat.on with 5-unit start- stop telegraph apparatus Maximum
tolerable signal error rates . . . . . . . e e e e e e e e e e

Signal amplitudes in individual channels of multi-channel telephone systems . . .

Information required on the transmission characteristics of line systems for use in the
design of wide-band radio relay systems . ... . . . . . . . . . .

Recommendation No. 204 replies to this Question which is discontinued.
Recommendation No. 148 replies to this Question which is discontinued.

Report No. 74 terminates the study of this Question.

Resolution No. 29 terminates the study of this Question.

Single value of signal-to-noise ratio for different television systems

Colour television standards . . . . . . . . . e, L.
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Exchange of television programmes . . . . . . . . e e e e
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Transmission of monochrome and colour television signals over long distances . . .
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COMPLETE LIST OF STUDY PROGRAMMES OF THE C.C.LR.*
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(XD

Replaced successively by Study Programmes Nos. 39 and 82 (I).

Harmonics and parasitic emissions . . . e e e e
Frequency stabilisation of transmitters . . . . . . . . . . . . . . . . ..
Replaced by Study Prograimme No. 41 (I).

Recommendation No. 156 refers to this Study Programme which is discontinued.
Replaced successively by Study Programme No. 42 and Question No. 128 (II).
Replaced by Study Programme No. 43 (II). . .

Replaced by Study Programme No. 45 (IlI).

Replaced by Study Programme No. 46 (III).

" Replaced successively by Study Programmes Nos. 47 and 86 (III).
"Replaced successively by Study Programmes Nos. 51 and 87 (IV).

Replaced by Study Programme No. 52.

Replaced successively by Study Programmes Nos. 53 and 88 (IV).V
Replaced successively by Study Programmes Nos. 54 and 89 (IV).
Discontinued.

Discontinued.

Replaced by Study Programme .No. 55(V).

Replaced successively by Study Programmes Nos. 56 and 90 (V).
Discontinued.

Replaced by Study Programme No. 61.

Replaced by Study Programme No. 63 (VI).

Replaced successively by Study Programmes Nos. 64 and 95 (VI).
Replaced successively by Study Programmes Nos. 65 and 96 (VI).
Report No. 23 refers to this Study Programme which is cancelled. .
Replaced successively by Study Programmes Nos. 68 and 101 (VII).
Replaced successively by Study Programmes .Nos. 78 and 115 (XIII).
Replaced by Study Programme No. 50 (I1I).

Wide-band radio relay systems operating in the VHF (metrlc), UHF (dec1metr1c) and
SHF (centimetric) bands™ . . . . . . . . . . . . . . . ... ... ...

Recommendation No. 125 refers to this Study Programme which is discontinued.
Recommendat_ion No. 137 refers to this Study Programme which is discontinued.
Replaced by Study Programine No. 74 (X).

Requirements for the transmission of television over long distances . . . . . . .

Discontinued.

* The numbers of the Questions and Study Programmes still under study are followed by a Roman numeral indicating
the study group to which they have been allocated.
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Discontinued.

Reduction of the bandwidth for television . . . . . . . . . . .. .. .. ..
Conversion, of a television signal from one standard to another . . ... . . .

Replaced by Question No. 118 (X1).
Replaced by Study Programme No. 112 (XII).
Replaced by Study Programme No. 82 (I).

Methods of measuring emitted spectra in actual traffic . . . . . . . .. . . .. :

Frequency-shift keying . . . . . . . . e .
Replaced by Question No. 128 (II).

Protection against keyed interfering signals . . . . . . . . . . .. RN
Effect of interference and noise on quality of serv1ce in the presence of fading

Bandwidths and signal-to-noise ratios in complete systems . . . . . . . . . ..

Voice-frequency telegraphy on radio circuits . . . . . . . . . . .. ..o L.

Replaced by Study Programme No. 86 (III).
Replaced by Study Prog}amme No. 85 (IIT).

Interference effects of atmospheric noise on radio reception. . . . . . . . . L.
Use of radio circuits in association with S-unit start-stop telegraph apparatus . . . .

Replézced by Study Programme No. 87 (IV).
Report No. 46 refers to this Study Programme which is cancelled.
Replaced by Study Programme No. 88 (IV).
Replaced by Study Programme No. 89 (IV).

Tropospheric propagation curves for distances well beyond the horizon . . . . .

Replaced by Study Programme No. 90 V).
Investigation of multipath transmission thl:ough the troposphere . . . . . .
Replaced by Study Programme No. 92 (VI).
Replaced by Study Programme No. 93 (VI ).

Basic prediction information for ionospheric propagation. . . . . . . . . . ..

Resolution No. 27 refers to this Study Programme which is discontinued.
Replaced by Study Programme No. 94 (VI).

Radio propagation at frequencies below 1500 kefs . . . . . . . . . .. .. L.

Replaced by Study Programme No. 95 (VI).

Replaced by Study Programme No? 96 (VI).

Study of fading . . . . . . . . . . . ... ..o
Replaced by Study Programme Nos. 97 (VI) and 98 (VI).

Replaced by Study Programme No. 101 (VII).

Replaced by Study Programme No. 102 (VIII).

Replaced by Study Programme No. 103 (VIII).

Discontinued.

Replaced by Study Programme No. 108 (X ).

Discontinued.

Standards of sound recording for the international exchange of programmes
Discontinued. Question No. 152 (XI) refers to the same subject.
Discontinued. Question No. 153 (XI) refers to the same subject.
Replaced by Study Programme No. 113 (XII).

Page

589
590

494
497

509
512
512
516

518

522

536

537
541
542

543

578



No.

78
79 (V)
80 (X))

81 (XI)

82 (I)
83 (I)

84 (1)

85 (IID)
86 (I1I)
87 (IV)
88 (IV)
89 (IV)
90 (V)
9L (V)

92 (VI)
93 (VD)

94 (VI)

95 (VD)
96 (VI)
97 (VI)
98 (VD)
99 (VD)
100 (VD)
101 (VII)
102 (VIID)
103 (VIII)

104 (IX)

105 (IX)

106 (X)
107 (X)

108 (X)-
109 (X)
110 (XI)
111 (XD

112 (XID)
113 (XID
114 (X1))
115 (VIID

116 (XI)

117 (XI)

118 (XI)

119 (XI)

120 (IX)
3

121 (IX)

122 (IX)'
123 (XI)

— 33 —

Replaced by Study Programme No. 115 (XIII).
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Four-frequency diplex systems . . . . . . . . . . . . . ... ... B
Limitation of unwanted radiation from industrial mstallatlons ...... I
Improvement obtainable from the use of directional antennae . . . . ... . . . : .
Communication theory . . . . . . . . . . . . ... e e e
Effect of tropospheric refraction on frequencies below 10 Mc/s

Ground-wave propagation over mized pzihs , ,

Ground-wave propagation over irregular terrain . . .. . . . . . . . . . ... L.
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RECOMMENDATION No. 19 *

ORGANISATION OF AN INTERNATIONAL MONITORING SERVICE

The C.CIR,, (Stockholm, 1948)
CONSIDERING

that the rapid supply of accurate monitoring information, on a world-wide scale, is essential
to the I.F.R.B. in the efficient performance of its duties, and to administrations in the effective
control of their radio services;

that such monitoring information will be essentially required in respect of a vast number
of radio stations of many types, including those operating short-range services on low power;
and that, in such circumstances, a large number of monitoring stations spread throughout
the world is necessary if the required measurements are to be quickly and accurately made;

that the information at the disposal of the C.C.I.R. shows that large and important areas
of the world are not at present provided with monitoring stations; and that, in consequence,
the I.LF.R.B. will have great difficulty in obtaining full and proper information from these
areas, and especially from the tropical regions where, on account of the high levels of
atmospheric noise and the large number of low-power services in operation, the effective
coverage of any individual monitoring station is likely to be small;

that in Art. 18 and App. C of the Radio Regulations of Atlantic City (1947), it is recognised
that certain stations may not participate in the whole field of monitoring but may operate
only within a limited part of that field;

that owing to the different characteristics of transmitters and the different techniques and
operating procedures employed in the various types of radio services, it would be advantageous
for the I.LF.R.B. to receive regularly the results of measurements by specialised momtormg
stations operated by personnel experienced in the type of service concerned;

that, in particular, the radio stations of the mobile services, due to the special character of
their exploitation and to the vital importance of certain categories of these stations for the
safety of life at sea and in the air, should be systematically monitored and the results of the
measurements transmitted to the I.F.R.B.;

that the exchange of requests for, and the results of measurements would be greatly facilitated
if a single national centralising office were designated in each .country participating in a
world-wide service of monitoring, in conformity with the provisions of Art. 18 of the Radio
Regulations of Atlantic City (1947); that on the one hand a uniform distribution, between
the monitoring stations of any country, of requests emanating from the L.F.R.B. and from
administrations and of actual measurements, and on the other hand the distribution of actual
measurements to the I.LF.R.B. and to those administrations, would be facilitated through
the agency of a single national centralising office, thereby reducing the possibility of over-
loading certain monitoring stations and thus affording the possibility of expediting the
clearance of harmful interference; :

RECOMMENDS
that administrations, recognised private operating agencies, and international organisations

should participate forthwith in the establishment of a coordinated, world-wide, monitoring
service;

* The Roumanian P. R. reserved its opinion on this Recommendation.
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that administrations, recognised private operating agencies, and international organisations
in the regions of the world where few, or no, monitoring stations at present exist, particularly
in the tropical regions, should endeavour, as far as they are able and as soon as possible,
to establish such stations in order to ensure efficient monitoring not only of long-distance
but of short-distance transmissions and with a view to the operation of not less than six
monitoring stations suitably distributed in each continent;

that some monitoring stations be principally devoted to the monitoring of mobile service
transmissions and that their locations be chosen within the regions of the world where the
density of such transmissions is the greatest and where harmful interference is most likely
to be experienced;

that the administrations of each country should designate, as far as they deem it possible
and at an early date, a single’ national centralising office for the exchange of all requests and
information relating to the monitoring service;

that the attention of the administrations is drawn to the need for rapid communications
between the I.F.R.B. and the centralising offices, between centralising offices and between
individual centralising offices and the individual monitoring stations under their control.

RECOMMENDATION No. 22

FORM OF REPORT FOR FREQUENCY AND FIELD-STRENGTH
MEASUREMENTS MADE AT MONITORING STATIONS

The C.C.LR., (Stockholm, 1948)

CONSIDERING

the desirability of uniformity in furnishing monitoring data;

UNANIMOUSLY RECOMMENDS
that the form used in reporting frequency measurements should contain, at least, the following
data: . :

(a) serial number; ) .

(b) identification of the monitoring station (administration or organisation and location);
(c) date;

(d) time (G.M.T.);

(e) call letters and/or other means of identification of the measured station;
(f) classification of emission; i

(g) assigned frequency or reference- frequency;

I( h) frequency tolerance;

(i) measured frequency;

(j) accuracy of measurement;

(k) deviation from assigned or reference frequency;

(1) additional observations (e.g. period covered by measurement, drift of measured frequency
during that period, quality of signal and conditions of reception, etc.);

(m) remarks;
(n) signature of responsible official .of the administration or organisation;
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(b)
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that the form used in reporting field-strength measurements should contain, at least, the
following data:

(a) serial number;

(b) identification of the monitoring station (administration, orgamsatlon location);
(c) date;

(d) time (G.M.T.);

(e) call letters and/or other means of identification of the measured station;
(f) classification of emission; :

(g) assigned frequency;

(h) value of measured field;

(i) estimated accuracy of measurement;

(j) polarisation component; _

(k) other elements or characteristics of the measurement;

(!) remarks;

(m) signature of responsible official of the administration or organisation;

that the I.LF.R.B. should study the forms to be umversally used in furnishing the foregoing
data.

RECOMMENDATION No. 23
SIGNALS MAYDAY AND PAN

The C.C.IR., - (Stockholm, 1948)
CONSIDERING '

that the results of the tests presented to the C.C.I.R. by the various administrations and the
interpretation and discussions thereon, relating to the question of changing the radiotelephone
distress signal MAYDAY and the radiotelephone urgency signal PAN indicate that some
technical advantage may be gained in using SOS instead of MAYDAY as the distress signal;
that no such advantage, on the other hand, appears in the proposed use of URGENT instead
of PAN;

that, from the opera’aonal point of view, the signal SOS is used in radiotelegraphy and is
known to laymen as well as to persons in the field of communications throughout the world
as the distress signal;

that, from the operational point of view, the association with the spoken signal SOS of an

-aurally recognisable 51gnal as proposed in Atlantic City Recommendation No. 6 to the

C.C.I.R. (relative to ensuring the watch on the distress frequency 2182 kc/s by the aid of
automatic devices), will tend to lessen any diﬂiculty in changing from MAYDAY to SOS;

UNANIMOUSLY RECOMMENDS

that the international radiotelephone distress signal should henceforth consist of the three
spoken letters SO S instead of the spoken word MAYDAY pronounced as the French

o«

expression “ m’aider ”
that the present international radiotelephone urgency signal PAN be retained.
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RECOMMENDATION No. 27

METHODS OF MEASUREMENT AND LIMITS OF TOLERANCES - -
FOR INTERFERENCE CAUSED TO BROADCASTING
- BY ELECTRICAL INSTALLATIONS

The C.CIR., - (Stockholm, 1948)

CONSIDERING

(a) that there is no need to resume within the C.C.L.R. the study of methods of measurement
since this question has already been entrusted to the Special International Committee on
Radio Interference (C.I.S.P.R.), founded under the auspices of the International Electro-
technical Commission (LE.C.); .

(b) that the C.C.I.R. should keep in regular contact with the C.IS.P.R. and send a representative
to the meetings of this latter Committee;

(¢) that in view of the importance of the work undertaken by the various countries since the
last meeting of the C.I.S.P.R., and which still remains unpublished, a detailed study of the
results obtained by that Committee cannot be usefully carried out at this meeting;

(d) that the measuring equipment designed by the C.I.S.P.R. may prove useful for the study of
disturbances other than those caused by electrical apparatus, for example by atmospherics;

(e) that the measurements should be extended to disturbances affecting all types of receivers
constructed according to modern transmission technique, especially television;

(f) -that Bucharest Recommendation No. 88 should be extended to all disturbances due to causes
other than signals produced by transmitters;

(g) that in this respect, the most urgent problem relates to the disturbances affecting television
receivers and caused particularly by other radio receivers, electrical ignition systems, industrial,
scientific and medical equipment producing hertzian radiations; .

(h) that, in consequence, the means of measurement is to be extended to all the frequency bands
used for sound and visual broadcasting;

(i) that the work of the C.1.S.P.R. is directed according to the four preceding paragraphs;

(j) that, with regard to the precautions to be taken for electrical apparatus and installations
and radio equipment, collaboration is essential between the administrations and the organisa-
tions representing electrical industry on the one hand, and broadcasting on the other hand;

REC OMMENDS

1. . that the C.LS.P.R. maintain regular contact with the C.C.I.R. and admit a representanve
of the C.C.I.R. to its meetings;

2. that, if necessary, the C.I.S.P.R. take into consideration the suggestions by the C.C.LR.
regarding the relative urgency of the work carried out in various fields;

3. thaf, in particular, C.I.S.P.R. pursue actively its work on interference caused to television
* receivers by other receivers, ignition systems, and industrial, scientific and medical equipment
producing hertzian radiations,
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RECOMMENDATION No. 28 *

HIGH-FREQUENCY BROADCASTING
BANDWIDTH OF EMISSIONS

The reasons which justify the following Recommendation are given in the Annex

The C.C.LR., ’ (Stockhoim, 1948)

CONSIDERING

that there is no evidence that, under present day conditions, sensibly increased interference
between broadcasting stations is caused by the use of modulating frequenmes between 5000 and
6400 ¢/s, when the channel separatlon is 10 kc/s;

RECOMMENDS

that broadcasting stations with assigned frequencies near the edge of the bands allocated to
broadcasting, should be so adjusted that none of the sideband frequencies fall outside the broad-
casting bands.

" ANNEX

Listening tests have been made in connection with this investigation on the.quality obtainable
on short-wave and the effect of reducing the frequency band occupied. From the tests made it
is considered that, although there will be some loss in audio-frequency quality in restricting the.
highest modulating frequency to 6400 c/s, the loss-is not serious. Tests have also been made in
further restricting the band of frequencies to 5000 c/s The loss of quality in this further restnctlon
is quite noticeable.

The principal causes of unsatisfactory reception of short-wave signals in decreasing order of
importance are considered to be :

(@) fading and particularly selective fading resulting in heavy distortion,
(b) insufficient signal/noise ratio at the reoeiving point,
(c) heterodynes between carrier frequencies,

(d) heterodynes between sidebands of different stations or between a sideband of one station
and the carrier of another, due to sideband frequencies being transmitted.

In the last case it has sometimes been found that the actual difficulties arise more from harmo-
nics and spurious radiations generated during the process of modulation at the transmitter than
from the actual fundamental modulating-frequency components- themselves. Of the above causes
the first two are outside the scope of the present question. The third cause will be eliminated
when all stations move to fully planned frequency allocations, while in the case of the fourth
cause, a considerable amount of remedy is in the hands of the listener, who can usually so restrict
the bandpass characteristics. of his receiver as to eliminate or reduce interference.

It would be regrettable to eliminate desirable frequency bands from transmissions unless
clearly necessary and effective in eliminating interference in particular cases.

The conclusion reached is that it is desirable to maintain the normal bandwidth of modulating
_frequencies at an upper limit of 6400 c/s.

* The P. R. of Albania did not accept this Recommendation and the P. R. of Poland reserved its opinion on it.
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In order to make bandwidth restrictions as effective as possible, steps should be taken to
minimise the radiation of harmonic and intermodulation products in the transmitter and to avoid
overmodulation with its inherent production of spurious frequencies.

To consider in some detail the effect in a receiver, the interfering signal is assumed to be a
high-frequency broadcasting double-sideband signal with modulating frequencies up to and
including 6400 c/s, and with the carrier 10 kc/s removed from the desired carrier. The out-of-band
radiation (distortion) of the high-frequency broadcasting signal shall not exceed 5%, and thus the
out-of-band radiation falling within the band of the desired signal will be approximately 32 db
below the level of the undesired carrier. '

The receiver to be considered is the type in general use by the public. Comparison of a number
of such receivers has indicated an average selectivity curve which will apply both to European
and American receivers, and most employ a diode for demodulation. The average selectivity
curve of such a receiver indicates that a signal 10 kc/s removed from the centre of the pass band
(assumed position of the desired carrier) will be attenuated 24.4 db. The curve further shows that
a signal 5 kc/s removed will be attenuated 8 db, and a signal 3.6 kc/s removed (6.4 kc/s sideband)
will be attenuated 5.1 db.

Before considering the actual interference reproduced by the receiver it should be noted that
the relatively simple problem of a carrier and two sidebands demodulated by a diode becomes a
complex problem when only one sideband reaches the diode or when the amplitude or phase of
the carrier and sidebands is altered. Of primary importance to this problem is the further fact
that when a carrier is present at the diode, if another carrier is also applied at a lower level, the
resultant output is less than either signal. This effect may be analysed by the use of Bessel functions
indicating that as the ratio of desired to undesired input to the diode is increased the ratio of desired
to undesired output increases much more rapidly.

Assuming no pre-emphasis at the transmitter, and a ratio of desired to undesired signal of 1,
the average receiver would admit a 5 kc/s undesired signal to the diode 22.2 db below the desired
carrier. Similarly, the 6.4 kc/s interfering sideband would be 21.1 db below the desired carrier
and the undesired diode output signal would be more than 40 db below the desired output signal
at 1009, modulation. The exact value of the diode output is complicated by the fact that the
diode linearity varies with input signal and that, in most cases, the diode load varies with audio
frequency. However, at desired-to-undesired signal ratios of one or greater, and without pre-
emphasis, interference should not be caused.

If receivers are improved, and a much lower ratio of desired-to-undesired signal is then adopted,
a point will be reached where interference will be caused by the part of the interfering signal which
lies within the receiver pass band.

It has been shown that under usual circumstances the amplitude of the interference should
not be troublesome. It may be further noted that the interfering signal will usually beat with the
desired carrier and therefore be inverted, the 6400 c¢/s modulation becoming 3600 c/s interference.
The interfering signal would not be intelligible to the listener, and it has been shown that such
interference is more easily tolerated than intelligible interference.

At the present time there is no evidence that interference will be caused to the average receiver
due to the transmission of normal signal intensities in those portions of the sidebands 5 to 6.4 kc/s
removed from the carrier. It does not appear that a reduction in the desired-to-undesired signal
ratio will change this conclusion with respect to present receivers. However, the use of pre-
emphasis, more selective receivers and modified signal ratios, or a combination of these, may
cause the transmission of energy at modulating frequencies up to 5000 c/s and 6400 c/s respectively
to assume new importance,
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RECOMMENDATION No. 32

USE OF SIMULTANEOUS INTERPRETATION

The C.C.LR., ) (Stockholm, 1948)

LY
with reference.to the question set by the Administrative Council in Resolution No. 21, § 4,
sub-para (b), worded as follows:—
“should the simultaneous mterpretatlon system be used for the sessions of the Plenary
" Assembly and/or the Study Groups e

UNANIMOUSLY RECOMMENDS

~ that in principle there is reason to use simultaneous ihterpretation only for the sessions of ’
the Plenary Assemblies and for Committees and Study Groups attended by a large number of
members.

RECOMMENDATION No. 40

- INTERCONTINENTAL RADIOTELEPHONE SYSTEMS - AND USE OF RADIO
LINKS IN INTERNATIONAL TELEPHONE CIRCUITS

(Questions Nos. 29 and 41)

The C.CIR,, ' ' (Geneva, 1951) -
CONSIDERING -

(a) that radlotelephone systems connecting the various contlnents at the present time usually
employ carrier frequencies under about 30 Mc/s *;

(b) that the use of such a radio link in a long-distance telephone circuit implies certain special
conditions which introduce particular difficulties not encountered when purely metalhc .
connections are used;

( ¢) that such a radiotelephone circuit differs from .a metalhc circuit in the following ways:

¢.1 such a radiotelephone circuit is subject to attenuation variation with the special difficulty
of fading;

¢.2 such a radiotelephone circuit suffers from noise caused by atmospherics whose intensity
may reach, or even exceed, a value comparable with that of the signal which it is desired
to receive;

¢.3 special precautions are ncessary in the setting up and maintenance of such a radio- - -
.telephone circuit so as to avoid disturbance of the radio receiver by any radio transmitter
and especially by its own radio transmitter;

¢.4 s0 as to maintain the radiotelephone link in the best condition from a point of view of
transmission performance, it is necessary to take special measures to ensure that the
radio transmitter always operates so far as is possible under conditions of full loading

* Furt_her‘ reference to “30 Mc/s” in this Recommendation means “ about 30 Mc/s .
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whatever may be‘the nature and the attenuation of the telephone system connected to
the radiotelephone circuit;

¢.5 it is necessary to take measures to avoid or correct abnormal oscillation or crosstalk
conditions;

c.6 although the effectively transmitted frequency band recommended for international
landline circuits has been determined by a study of the requirements of the human ear,
this band (in the case of a radiotelephone circuit-operating at a frequency below 30 Mc/s)
may be limited by the necessity of obtaining the maximum number of telephone channels
in this part of the radio-frequency spectrum and in order that each telephone channel
does not occupy a radio-frequency band larger than necessary;

¢.7 in general, such a radiotelephone circuit is a long distance inteycontinental_éircuit giving
telephone service between two extended networks, and this fact is of great importance
from two points of view:

¢.7.1 on the one hand, intercontinental conversations, in general; are of great import-
ance to the subscribers and, on the other hand, they are made in languages which
are not always their mother tongue so that high quality reception is particularly
important;

" ¢.7.2 the public should not be deprived of a very useful service under the pretext that
it does not always satisfy the degree of excellence desirable for long distance
communication from the point of view of transmission quality;

UNANIMOUSLY RECOMMENDS

Circuits above 30 Mcls.

that between fixed points, telephone communications should be effected wherever possible
by means of metallic conductors or radio links using frequencies above 30 Mc/s so as to
make the allocation of radio frequencies less difficult, and where this can be realised, the
objective should be to attain the transmission performance recommended by the C.C.LF.
for international telephone circuits on metallic conductors.

2. Circuits bélow 30 Mc/s.

2.1

2.2

2.3

2.4

2.5

that, since it becomes necessary to economise in the use of the frequency spectrum when
considering intercontinental circuits which consist mainly of single long-distance radio links
operating on frequencies less than 30 Mcf/s, it is desirable to use single-sideband transmission
to the maximum extent possible, to employ a transmitted band less than the 300 to 3400 c/s
recommended by the C.C.L.F. for land-line circuits and preferably to reduce the upper fre-
quency to 3000 c/s or below, but to not less than 2600 c/s except in special circumstances;

that, although it will be necessary to tolerate large variations in noise level on such a radio-
telephone circuit, every possible effort should be made to obtain minimum disturbance to the
circuit from noise and fading by the use of such techniques as full transmitter modulation,
directional antennae and single-sideband operation; with present technical development, it
is not yet practicable to recommend either a minimum value for the signal-to-noise ratio or
a method of measuring the disturbing noise;

that during the time that such a radiotelephone circuit is connected to an extension circuit
equipped with echo suppressors the intensity of disturbing currents should not be sufficient
to operate frequently the echo suppressor;

that such a radiotelephone circuit should- be provided with a reaction suppressor (voice-
operated switching device) so as to avoid singing or echo disturbance on the complete circuit;

that such a radiotelephone circuit should be equipped with automatic gain control so. as to
compensate automatically, so far as possible, for the phenomenon of fading;
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2.6 that the terminal equipments of such a radiotelephone circuit should be such that it may be
connected, in the same way as any other circuit, with any other type of circuit;

2.7 that in the cases where privacy equipment is used, this equipment should not appreciably
affect the quality of telephone transmission;

2.8 that when suitable automatic devices are not provided the circuit should be controlled as
often as necessary by an operator in order to ensure optimum adjustment of transmitter
loading, received volume and the operating conditions of the reaction suppressor.

Note. — Although the requirements contained in Part 2 of the Recommendation are much less
severe than those imposed on international land-line circuits, the ideal remains to attain the same
standards of telephone transmission in all cases. In view of this, it is desirable that the telephone
systems connected to a radiotelephone circuit should conform to C.C.LF. recommendations
referring to the general conditions to be met by international circuits used for land-line telephony
especially in respect of equivalent, distortion, noise, echoes and transient phenomena :

Bearing in mind the recommendations contained in Parts 1 and 2 above, it is desirable that
in each particular case; administrations and private companies concerned should first reach agree-
ment on how far the standards usually employed for international land-line circuits may be attained
in the case considered. If the technique of Part 1 of the recommendation can be used, the objective
should be to obtain as far as possible the characteristics recommended by the C.C.LF. for inter-

national land-line circuits. Otherwise, the administrations and private companies concerned
should study the best solution from the point of view of both technique and economy.

RECOMMENDATION No. 45

AVOIDANCE OF INTERFERENCE FROM SHIPS’ RADAR-
TO OTHER RADIOCOMMUNICATION APPARATUS ON BOARD

(Question No. 35)

¥

The C.C.LR., » o (Geneva, 1951)

CONSIDERING

(a) that experience has proved that with well-de51gned and properly installed radar the posmbxhty
of interference occurring in practice is very remote;’ N

(b) that the possibility of interference to radio reception and to direction finding on a vessel
other than that upon which the radar is locatéd is exceedingly remote 'and that no instances
of such interference have been reported;

(c) that in the unlikely case where radar interference might result to radio reception aboard a
radar equipped vessel, the presence of such interference may be readily detected and identified
by listening on the radio receiver or direction finder; ,

(d) that where interference has occurred to radio reception aboard ships equipped with well
designed radar, in each case the cause of the interference has been faulty initial mstallatlon

and has been removed by correcting the installation;
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UNANIMOUSLY RECOMMENDS

that administrations shall see to it that radar equipments placed aboard ships are well designed
and properly installed so as not to cause interference to radio reception aboard the radar
equipped vessel. In this regard, particular attention shall be paid to shielding, bonding and
to fitting line filters, especially in the modulator circuits, for the conductors which are routed
between the major components of the installation;

that the absence of interference shall be assured either by. test procedures of prototypes or
by installation inspection procedures whereby an investigation is made to determine whether

or not there exists any noticeable interference to ships’ radio receivers or direction finders
under practical conditions of installation and operation. :

RECOMMENDATION No. 48

CHOICE OF FREQUENCY TO AVOID INTERFERENCE IN THE BANDS
SHARED WITH TROPICAL BROADCASTING

(Question No. 4 %)

The C.CIR,, : ’ (Geneva, 1951)

CONSIDERING

(a) that an audible interfering beat note may occur irrespective of the position of the frequencies

used by other services between two adjacent broadcasting carriers in the shared bands;

(b) that the minimum tolerable field-strength ratio of the wanted to unwanted signal depends

primarily upon the frequency separation between the carrier waves;

(c¢) that it is extremely important that all station_s operate with the best frequency stability

obtainable;

(d) that transmitters of poor frequency stability may be capable of causing harmful interference .

to tropical broadcasting when operated in the shared bands;

(e) that mobile stations, due to their lower frequency stability and variable location, are likely

to cause more interference than fixed stations to tropical broadcasting when operated within
the shared bands, particularly when using A3 emissions;

RECOMMENDS

that it is not necessary for frequencies of other services sharing frequency bands with broad-
casting in the tropical zone to be assigned only midway between the broadcasting frequencies.
When mid-spaced frequencies are not assigned, however, it is desirable that the same
frequencies be assigned for other services as for broadcasting. The use of frequencies midway

- between broadcasting station carriers would have the advantage that less stringent tolerances
would be .required to maintain the required degree of protection than would be the case
when frequencies of other services are assigned indiscriminately between adjacent broad-
casting frequencies;

* This Question has been replaced by Question No. 102 (XII).
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2. that administrations should attempt to improve, as soon as possible, the frequency stability
of fixed stations and, more generally, of all stations operating in the shared bands to the
values specified in App. 3, Col. 3, Radio Regulations, 1947, Administrations should arrange
for transmitters which do not meet this requirement to operate only on frequencies outside
the shared bands, unless there is little possibility of interference. to tropical broadcasting
services;

3. that, wherever possrble administrations should avoid the operation of mobile stations in
the troprcal zone within the bands shared with broadcasting, particularly as regards the use
of A3 emissions by such mobile stations.:

RECOMMENDATION No. 49 '

CHOICE OF SITE OF STATIONS
AND TYPE OF ANTENNA TO AVOID INTERFERENCE
IN THE BANDS SHARED WITH TROPICAL BROADCASTING -

. (Question No. 4'*) o
The C.CIR, | . (Geneva, 1951)
CONSIDERING _
{a) the provisions of Art. 13, § 3, Radio Régulations, 1947,
(b) that all possible sources of interference to broadcasting should be minimised;
RECOMMENDS

1. that administrations should make every effort to comply, as soon as possible, with the regula-
tions with regard to the siting of stations and the use of drrectlonal antennae when the nature
of the service permits;

2, that administrations should take steps to ensure that all interference to broadcasting and
other radio services in the tropical zone produced by radiation, such as key-clicks, sideband
spread, etc., be kept to a minimum;

3. that the broadcasting services in the tropical zone .should, for their part, reciprocally take
similar precautions to facilitate the operation of other services working in other zones in the '

shared bands.

RECOMMENDATION No. 52

GROUND-WAVE PROPAGATION CURVES BELOW 10 Mc/s
(Question No. 6 *¥*) '
The C.CIR., , ‘ -(Geneva, 1951)
CONSIDERING

(a) that ground-wave propagation curves for an extended range of -frequencies are of continued
importance for all types of radio communication including navigational aids;

* This Question has been replaced by Question No. 102 (XII).
#* This Question has been replaced by Question No, 134 (IV).
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that such curves for a range of land conductivities are needed for the varying conditions
along the land paths met with in practice;

RECOMMENDS

that the curves in the Annex hereto be used for the determination of ground—wave field

‘strength on frequencies below 10 Mc/s under, the conditions stated;

that these curves supersede the existing C.C.I.R. (1937) curves for fréquencies below 10 Mc/s.

ANNEX
The attached curves apply to propagation on frequencies below 10 Mc/s.
The following points are to be especially noted with regard to them:
they refer to a smooth homogeneous earth, as in the corresponding C.C.LR. (1937) curves;

no account is taken of tropospheric effects on these frequencies, i.e. they are calculated for

_ the actual radius of the earth. It is realised that the troposphere exerts some influence below

10 Mc/s, but experimental evidence suggests that on medium frequencies the usually assumed
4/, earth’s radius over-estimates the effect of normal refraction in the troposphere. Moreover,
mathematical analysis shows that with decreasing wavelength the concept of an effective
earth’s radius is no longer strictly valid as the necessary transformation involves not only

~ the frequency used but also the conductwlty of the earth. It was therefore decided to retain

(c)

(d)

(e)

()

the use of the actual earth’s radius as in the case of the C.C.I.R. (1937) curves, and the consi-
deration of the effect of the troposphere is accordingly made the subject of Study Programme
No. 11%;

the frequency range has been extended down to 10 ke/s in-view of the suggested use of very
low. frequencies for navigational aids;

in order to cater more adequately for the differences of land conductivity met with in practice
the curves for the value 10°2® e.m.u. of the conductivity ¢ have been supplemented by curves
for the further values 10125, 10-13-5) 10-* e.m.u. The value of the permittivity assumed
is € = 4 as in the C.C.I.R. (1937) curves, but it may be stated that the precise value assumed
is not of practical significance for the frequency range under consideration. For the sea curves,
the values o = 4% 10" em.u. and € = 80 have been retained;

it should be pointe'd out that the sea curves and the land curves for ¢ = 108 e.m.u. differ
from the C.C.LR. (1937) curves only in the extension of the frequency range and in the slightly
modified method of presentation, as they are based on the same rigid analysis of the problem
given by van der Pol and Bremmer;

the presentation is given in two forms:

1. with a linear scale of distance out to 2000 km as abscissa and an ordinate scale which
is linear in decibels for which the datum is a field strength of 1 pV/m. A subsidiary
scale reading directly in xV/m is added on the right-hand side. The linear distance scale
has been retained to exhibit the linear aspect of the curves in the diffraction region where
the field strength is approximately exponentially attenuated with distance. The linear scale
in decibels replaces the logarithmic scale for wV/m used in the C.C.LR. (1937) curves
in view of its greater convenience in most engineering applications;

* This Study Programme has been replaced by Study Programme No. 87 (IV).
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2. with a logarithmic distance scale for short distances out to 2000 km. This has been
done to make the curves more useful in the neighbourhood of the transmitter where
they are very steep when the linear distance scale is used. It should be noted that at
these short distances it is not practicable to include all the curves down to 10 kc/s where
they differ very little from one another and from the unattenuated inverse distance curve;
in fact it is not practicable to label all the curves that have actually been included;

the curves are no longer referred to a radiated power of 1 kW, but to what has been called an
unattenuated field strength of 3 X 10°/D in xwV/m where D is the distance from the transmitter
in kilometres. This field would actually correspond to the case of a vertical antenna, shorter
than one quarter wavelength, radiating 1 kW when placed on the surface of a perfectly con-
ducting plane earth. The engineer should regard as an auxiliary problem the determination
of the appropriate value of the unattenuated field in a given practical case and the value
of the necessary multiplier;

the transmitter and receiver are both assumed to be on the ground. In most practical cases
in the frequency range concerned, the height-gain effects with elevated antennae would not
be significant. - Although height-gain curves. exist which refer to this frequency range, their
restriction to the diffraction region makes them of very limited use, and it was decided not
to include them;

the curves should, in general, be used to determine field strength only when it is known that
ionosphere reflections of the frequeney under consideration will be negligible in amplitude
—for example propagation in daylight between 150 kc/s and 2 Mc/s. However, under condi- -
tions where the sky wave is comparable with, or even greater than, the ground wave, the
curves are, still applicable when the effect of the ground wave can be separated from that of
the sky wave by the use of pulse transmissions, as in some forms of dlrectlon finding systems
and navigational aids.

Note by the Director of the C.C.L.R.

Figures 1 to 10 which follow are the curves which were included in Recommendation No. 52

(Geneva, 1951). Subsequently, in accordance with Resolution No. 10 (London, 1953), the Secre-
tariat of the C.C.I.R. extended the curves for distances up to 10,000 km. These new curves,.together -
with those contained in Recommendation No. 52, have been reproduced on 5 graphs, .one for each

. of the 5 groups of ground conductivity and dielectric constant given in Recommendation No. 52,
and are included here for reference (Figures 11 to 15).
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PROPAGATION CURVES

" Ground wave corresponding to an unattenixated. field of:
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PROPAGATION CURVES

Ground wave corresponding to an unattenuated field of:
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RECOMMENDATION No. 54

DEFINITIONS OF TERMS RELATING TO PROPAGATION

The C.CIR,,

IN THE TROPOSPHERE

(Recommendation No. 15)

(Geneva, 1951)

CONSIDERING

that it is well known that the propagation of waves of frequencies greater than 30 Mc/s is
greatly influenced by meteorological conditions in the troposphere,

UNANIMOUSLY RECOMMENDS

that the.list of definitions annexed hereto be adopted for mcorporauon in the vocabulary
related to Recommendation No. 34.

VOCABULARY OF TERMS USED IN RADIO PROPAGATION THROUGH THE TROPOSPHERE

Term

Troposphere

Tropopause

Temperature
inversion

Modified refractive .

index

Refractive modulus
M unit
M curve

Standard refractive
modulus gradient

Standard radio
atmosphere

Standard refraction

Definition

The lower part of the earth’s atmosphere extendmg upwards from
the earth’s surface, in which temperature decreases with height except
in local layers of temperature inversion.

The upper boundary of the troposphere, above which the temperature
increases slightly with respect to height, or remains constant.

In the troposphere: an increase in temperature with height.

For a given height above sea level: the sum of the refractive index of the
air at this height and the ratio of this height to the radius of the earth.

One-million times the amount by which the modified refractive index
exceeds unity. ~ -

A unit in terms of which refractive modulus is expressed in accordance
with the preceding definition.

A curve showing the relationship between refractive modulus and
height above the earth’s surface.

That uniform variation of refractive modulus with height above the
earth’s surface which is regarded as a standard for comparison. The

" gradient considered as normal has a value of 0.12 M units per metre

(3.6 M units per hundred feet).

For tropospheric propagation: an atmosphere having the standard
refractive modulus gradlent

The refraction which would occur m a standard radio atmosphere
(See Fig. 1).



11.
12.
13.

14.

15.

16.

17.

18.
19.
20.
21.
22.
23.

Term
Super-refraction
Sub-refraction

Standard
propagation

Tangential wave
path

Radio horizon

Effective radius of
the earth

Tropospheric radio
duct

Surface duct
Ground-based duct

Elevated duct

Duct thickness
Duct width

Duct height

Tropospheric mode

Trapped mode

Definition
Refraction greater than standard refraction (See Fig. 1).
Refraction less than standard refraction (See Fig. 1).

The bropagation of radio waves over a smooth spherical earth of
uniform electrical characteristics under condltlons of standard refraction

‘in the atmosphere.

In radio-wave propagation over the earth: a path of propagation of a
direct wave, which is tangential to the surface of the earth. The tangential
wave path is curved by atmospheric refraction.

The locus of points at which direct rays from the transmitter become
tangential to the earth’s surface.

The radius of a hypothetical earth for which the distance to the radio
horizon assuming rectilinear propagation is the same as that for the
actual earth with an assumed uniform vertical gradient of refractive
index. (For the standard atmosphere, the effective radius is %/; that of
the actual earth).

A stratum of the troposphere within which an abnormally large propor-
tion of any radiation of sufficiently high frequency is confined and over
part or all of which there exists a negative gradient of refractive modulus.
The upper bounding surface is determined by a local minimum value of
the refractive modulus. The lower bounding surface is either the surface
of the earth or a surface parallel to the local stratification of refractive
properties at which the refractive modulus has the same values as that
at the local minimum value of the refractive modulus (See Figs. 2, 3
and 4).

A tropospheric radio duct having the earth as its lower boundary and
in which the modified refractive index is everywhere greater than the
value at the upper boundary (See Figs. 2 and 3).

A tropospheric radio duct of which the lower boundary is an elevated
surface at which the modified refractive index has the same value as at
the upper boundary (See Fig. 4).

The difference in height between the upper ‘and lower boundaries of a
tropospheric radio duct. -

The height above the surface of the earth of the lower boundary of an
elevated duct (See Fig. 4). ,

Any one of the possible modes of propagation in the troposphere.

. A mode of propagation in which the energy 1s substantially confined
.within a tropospheric radio duct.
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RECOMMENDATION No. 59

EXCHANGE OF INFORMATION FOR THE PREPARATION
OF SHORT-TERM FORECASTS AND THE TRANSMISSION
OF IONOSPHERIC DISTURBANCE WARNINGS

(Recommendations Nos. 11, 13 and 16)

The C.CLLR,, . S (Geneva, 1951)

CONSIDERING

{a) that it is important to give administrations and operating services (navigation and other
services) using ionosphere-propagated waves the earliest possible warning of the onset of
disturbances to ionospheric propagation conditions, so that they may arrange their traffic
schedules accordingly;

(b) that it is desirable to find an easier method of drawing up a p'lan for the rational use of
frequencies in place of the system based on long-term mean values, when the latter is
temporarily unsatisfactory on account of ionospheric disturbances;

(c) that it would therefore be advisable for all organisations publishing ionospheric forecasts
to study the technique of forecasting disturbances;

(d) that it is of great importance to take steps to secure the greatest possible accuracy of such
forecasts and the maximum of speed in their dissemination;

(e) that, for the exchange and dissemination of propagation information, there are three cate-
gories of users: those who make forecasts, those who make operational use of propagation
information and those who require the information for scientific research or other purposes;
and that, to meet these different requirements, it is desirable to use the most appropriate
methods of exchange in each case;

-(f) that collaboration is desirable between administrations or operating services and the organis-
ations studying the characteristics of the ionosphere and deducing forecasts therefrom, with
a view to checking the accuracy of the forecasts periodically; .

(g) that provisional codes, prepared by the International Radio Scientific Union (U.R.S.L)
such as the code used in French Ursigrams, or due to organisations such as the Central Radio
Propagation Laboratory (C.R.P.L.), the Arbeitsgemeinschaft Ionosphire, the Japanese
Central Propa gation Laboratory and others, have proved their usefulness in the dissemination
of information for the preparation of -short-term forecasts;

RECOMMENDS

1. that each country participating in radio propagation research should designate an official
agency for the reception, coordination and exchange of such data and for liaison with cor-
responding agencies in other countries;

L

2. that the information required for the preparation of short-term forecasts should be centralised
by the agencies mentioned in § 1, as far as possible by the most direct electrical means of
communication between the centralising agency and the various scientific institutes for solar,
magnetic and other observations; ‘

3. that, of the data thus assembled, those which are of use for forecasting within 48 hours
should be disseminated in accordance with.the U.R.S.I. decisions by suitable available
communication channels; - .




5.

9.

10.

— 64 —
that the other data,-of use for the improvement of forecasting téchnique in general and for
other purposes, should be disseminated by ordinary post or airmail; if they deem it of use
for the organisation of regional forecasts or.for scientific research, interested administrations
may organise alone or preferably collectivély after centrahsatlon of information, the dissemin-
ation of detailed information by radio; .

that certain short but regular transmissions, giving short-term warnings of ionospheric

- disturbances, should be effected by long-range radio stations;

that the attention of the U.R.S.I. should’_ be drawn to the advantages of the fullest possible
standardisation of the codes to be used either for the short warnings mentioned in § 5, or for
the exchange of the limited information mentioned in § 3 or the general information mentioned
in § 4;

that administrations should be invited to conform to the resulting codes and to make them

‘known to their operating services;

,that'administrations should invite these services, together with operating agencies, to

study the accuracy of the forecasts, to submit records and to make any suggestions which
might assist the studies undertaken to improve the methods used;

that special attention should be paid to the comparison between the forecasts and the actual
behaviour of radio circuits; it is particularly desirable that administrations should adopt
identical methods of assessing the quality of the circuits by using a suitable classification;

that it is also desirable that a common method should be adopted to describe ionospheric '
perturbations, taking account of such factors as the starting time, zone affected, duration and
importance of the perturbation.

RECOMMENDATION No. 60

BEST> ME’I‘HODS FOR EXPRESSING THE FIELD STRENGTH
OF UNMODULATED CONTINUOUS-WAVE TRANSMISSIONS

(Quéstion No. 8, § A.la)
The C.CIR., ' ' (Geneva, 1951)

CONSIDERING

(a) that the field strength which is most easily measured is that of a stable plane wave of linear

-polarisation and constant amplitude;

(b) that fields to be measured are in practicé usually éomposed of several waves;

(c) that field strengths to be measured generally vary as a function of time;

(d) that a single component of the resultant field is generally used but that one or several other

‘1.

components may also be- present;

UNANIMOUSLY RBCOMMENbS

that a field at a given point due to a stable plane wave of linear polarisation and constant

amplitude be expressed:



1.1

1.2
2.

in respect to intensity,

1.1.1 for frequencies below 300 Mc/s by the r-m-s- value of the electric vector in volts (or
submultiples) per metre, :

1.1.2 for frequencies higher than 3000 Mc/s by the power flux of the Poynting vector in
watts (or submultiples) per square metre, )

1.1.3 for frequencies between 300 and 3000 Mc/s by either of these two quantmes
in respect to direction, by the direction of the electric vector; :

that a complex field of constant strength be represented 'by the component or components
to be studied. The variation of the apparent field strength as a function of the orientation
of the antenna constitutes a first element of practical information on the complexity of the
field;

that a complex field, the strength of which varies in time, be represented by recordings of the
component or components to be studied. These recordings should be made with a time
constant adapted to each case, with a view to ascertaining, according to practical requirements,
the average strength of the field and the percentages of time during which it exceeds certain
values.

RECOMMENDATION No. 61

BEST METHODS FOR EXPRESSING THE FIELD STRENGTH
OF MODULATED CONTINUOUS-WAVE TRANSMISSIONS

(Question No. 8, § A.1b)

The C.C.I.R,, : . (Geneva, 1951)

CONSIDERING

(a) that this question should be confined to classical amplitude modulation, since for purposes

of field-strength measurement a frequency-modulated wave can be considered as an un-
modulated continuous wave,-and telegraph modulation can be regarded as a particular case
of pulse transmission; .

(b) that satisfactory processes and apparatus for field-strength measurement have been evolved

and are well known for this type of transmission;

(c) that in the large majority of field-strength measurement processes use is made of the observa-

1.

2.

tion of a rectified current;

UNANIMOUSLY RECOMMENDS

that the field produced by a modulated continuous-wave transmission can normally be
satisfactorily measured by a field-strength measurmg apparatus provided that the linearity of
the apparatus is adequate;

that to allow for certain special cases such as overmodulatxon of the transmitter or carrier
amplitude variation with modulation, it is desirable to make the measurement during the
absence of modulation in order to measure the normal field strength of the carrier.

Note. — The case of overmodulation or of carrier amplitude variation with modulation is

of importance from the point of view of monitoring and control, and should be the object “of
further studies.
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RECOMMENDATION No. 63

BEST METHODS FOR EXPRESSING THE FIELD STRENGTH
OF REDUCED CARRIER TRANSMISSIONS

(Question No. &, § A.1d)

The C.C.IR., ' (Geneva, 1951)

CONSIDERING

(a) that the field strength of a reduced carrier transmission in a given place depends among
other factors on:

— the type of transmission, )
— the magnitude of thé independent sidebands, relative to the carrier;

(b) that in current practice the maximum nominal power and distortion of a channel may at
times be exceeded during a transmission;

(c) that the power of the carrier is the only constant element during transmission but that there
is nothing to prevent the carrier from being adjusted to a level different from normal nor is
there anything to prevent the channels from having different maximum nominal powers;

(d) that consequently the field strength-of such a transmission cannot be satisfactorily represented
by the field strength of its carrier nor can it be represented by the field strength of any one of
the channels without a detailed description of the condition of operation of the channel;

(e) that for a reduced-carrier transmission there exists for each channel a peak field produced
when the transmitter is delivering to this channel its maximum nominal power;

{f) that the peak field-strength so defined represents the field strength of this transmission for the
channel under consideration and that complete representation of the transmission necessitates
knowledge of the peak field-strength for each channel;

UNANIMOUSLY RECOMMENDS

that the field strength produced by a reduced-carrier transmission be represented by the
maximum peak field strength, and also by the average of the peak field strengths, taken over an
interval long enough to include a sufficient number of peaks of maximum modulation, for-

1. each channel operating separately,
2. all channels simultaneously in normal operation.

Note.— The measurement of the field strength for reduced-carrier transmission needs in
principle the cooperation of the station being measured. It is desirable but not indispensable
that during the measurement the station should transmit in the channel being measured a single
modulating frequency selected near the centre of the band allotted for the channel.
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FIELD-STRENGTH MEASUREMENT

Desirable and attainable accuracy of field-strength
measurement for each frequency band

(Question No. 8, § A.4)

The CCIR, © (Geneva, 1951)
CONSIDERING '

(a) that the attainable accuracy of measurement of field strength depends on the design of equip-
ment, carefulness of installation and use, location of measuring sites, conditions under which
the measurements are made and the skill of the operator;

(b) that the principles of field-strength measurement have remained unchanged since the
Vth Plenary Assembly of the C.C.LLR., but that equipment is gradually being improved in
range, accuracy and convenience of operation;

(c¢) that the principal instrument error is caused by inaccuracy in voltage measurement over a
wide range of voltage; .

(d) that portable field-strength measurmg equlpment covers a smaller voltage range and is less
stable than that at fixed 1nstallat10ns, .

(e) that the degree of accuracy needed at present can be obtained, but on]y by the use of costly,
complex and non-portable equipment;

UNANIMOUSLY RECOMMENDS

1. that more stable and less complex portable field- étrength méasuring equipment should be
developed, in order to increase the attainable accuracy of such measurement in each frequency
" band;

2. that the accuracy of measurements on unmodulated continuous wave transmissions now
attainable in normal operation using present-day portable equipment is probably somewhat
better than shown in Table I, taken from the proposals submitted to the Vth Plenary Assembly
of the C.C.IR,, Stockholm 1948, as published by the General Secretariat of the I.T.U.,
Geneva, 1949, page 263;

Table 1
Frequency band Accuracy %ﬂ)m?smemem whli\g!]:“:k?ilsm;cgfxlxgc;u;ni%hta?rﬁed

. (LV/m)
10-30  kefs +2 10
30-300  kcfs +2 5
300-3000  kc/s +2 2
3-30 Mc/s +2 2
30-300 - Mc/s +3 5
300-3000 Mc/s +35 50

3000-30 000 Mc/s + 35 10 *

* 10 wV/m corresponds approximately to 2.7x1071® watts/sq. m.
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3. that a study be made to discover the accuracy requirements for field-strength measurements
for various purposes such as communications, . control, and scientific and industrial
applications. :

A number of these require accuracies greater than those shown i in Table I;

4. that ﬁeld-strength measuring equipment should be so designed and operated that the accuracy
of measurement will be limited principally by the accuracy of the voltage measuring device;

5. that in reporting the results of field-strength measurements, the estimated accuracy of the
measurements should always be given.

RECOMMENDATION No. 73

STUDY OF RELATIONSHIPS BETWEEN PEAK POWER
AND MEAN POWER

(Question No. 22)

The C.CIR., '  (Geneva, 1951)

‘ CONSIDERING

(a) that the Radio Regulations, Atlantic City, 1947, Art. 1, Section IV, Nos. 60 to 64, call for
the use of “ peak power” in specifying the power of a radio transmitter, but allow the
additional use of “ mean power ” in cases where the peak power specification is not satis-
factory or adequate;

(b) that in many cases it will be possible to measure the peak power directly and in others it
will be possible to derive the peak power from measurements made under suitably arranged
test conditions;

(c) that a specification of radiated power is advantageous for use in calculations of radio pro-
pagation, channel spacing, signal-to-interference ratios and signal-to-noise ratios involved
in radio communications;

(d) that for administrative purposes or for the calculations in (c), the specification of peak
power as defined in the Radio Regulations, Atlantic City, 1947, is not sufficient to evaluate
adequately the interference-producing capabilities of a signal;

(e) that in monitoring or field-intensity recording of the strength of radio signals the use of
automatic recorders frequently involves measurements of average rather than peak field
strength; for some types of modulated signal, the mean field intensity is not affected by the
modulation;

(f) that consequently it is necessary for the field strength as measured by use of monitoring
equipment to be interpreted consistently *in terms of the rated power of the transmitter;

(g) that information on transmitter power expressed in terms of peak or mean power alone, as
defined in the Radio Regulations, Atlantic City, 1947, is adequate only for certain types of
emission and for certain uses of the information; in many cases it is desirable to use power
ratings expressed otherwise;

RECOMMENDS

. that the table attached in the Annex, which presents, for each type of emission specified in
the Radio Regulations, -Atlantic City, 1947, the relationships between peak power and mean
power, and also the power under conditions of no modulation, should wherever practicable,
supersede the Annex to Question No. 22.
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ANNEX -

CONVERSION TABLE FOR RELATIONSHIPS BETWEEN PEAK POWER AND MEAN POWER

In the following table the symbols Pp and Pm indicate peak power and mean power, respec-
tively, as defined in Art. 1 of the Radio Regulations, Atlantic City, 1947, which states -that:

-1.1 peak power of a radio transmitter is the mean power' supplied to the antenna during one
radio-frequency cycle at the highest crest of the modulation envelope, taken under con-
ditions of normal operatlon,

1.2 the mean power of a radio transmitter is the power supplied to the antenna during
normal operation, averaged over a time sufficiently long compared with the period
corresponding to the lowest frequency encountered in .actual modulation (in general,
a time of 1/10 second, during which the mean power is a maximum, will be selected).

In the following table the average power which a transmitter supplies to its antenna during
one radio-frequency cycle under conditions of no modulation is considered to have a value
of unity. Conditions of no modulation are speciﬁed in the table. With these conditions
as a reference, relative values of Pm and Pp for various modulated emissions are indicated
by conversion factors under the columns Pm and Pp, where applicable.

Specification of modulating wave form is essential for conversions between peak power
ratings and power ratings of other types. . Accordingly, one or more “ characteristic modula-
tions ” are assumed and described for each class of emission evaluated in the following table.
To permit proper evaluation of potential geographical interference ranges, these “ character-
istic modulations ” are chosen, as far as possible, to give maximum ratios of Pp to Pm.

N
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Type of modulated

Characteristic

Condition

.Conversion factors
(See § 2 of this Annex)

emission modulation of no modulation
Pm Pp
Amplitude
- modulation
Al Series of rectangular dots; equal Key down 0.5 1
(On-off marks and spaces; zero space (Note 1)
telegraphy) amplitude :
A2 Series of rectangular dots; equal
(Telegraphy with | marks and spaces; single sine-
keying of audio- | wave audio-frequency modulating
frequcncy ‘ tone; 1009 modulation .
I;o%%laggiuigg% (a) Modulating tone keyed (a) Key up (tone removed) |(a) 1.25 (a) 4
emission) (b) Modulated emission keyed (b) Key down (tone (b) 0.75 (b)
removed) '
A3 | (a) Single sine-wave audio-fre- | (@) Carrier only (a) 1.5 (a) 4
(Double-sideband quency modulating  tone; - (Note 2)
telephony, full 100%; modulation
carrier) (b) Smoothly read text (b) Carrier only (b) 1to 1.08)(b) 4
(Note 2)
A3a See Supplementary Table I and
(Single-sideband, Note 3
reduced carrier)
A3b Seé Supplementary Table II and
(Two independent | Note 3
sidebands,
reduced carrier)
A4 Black and white checkerboard | Full carrier amplitude 0.5 1
(Facsimile) picture giving square modulating (Note 6) (Note 6)
wave; 100% modulation . |
AS (See Note 4)
(Television) .
Frequency
or phase :
modulation (For all types of frequency or
F1 phase-modulated transmissions the- 1 1
F2 modulation changes the distribu- 1 1
F3 tion of power in the frequency 1 1
F4 band of the emissions while leaving 1 1
FS5 the total power of the emissions 1 1
F9 unchanged) 1 1
Pulse madulz;zion Pulse train keyed on and off; mark . Key down 0.5 1/duty cycle
and space equal; rectangular pulses, (Note 5) (Note 5)

(Simple
telegraphy)

constant amplitude and duty cycle
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. Conversion factors
Type of modulated Characteristic Condition (See §2 of this Annex)
emission modulation of no modulation
Pm Pp
Audio-frequency tone-modulated telegraphy. Series of equal
rectangular marks and spaces; single sine-wave audio-frequency
modulating tone; 1009, modulation

P2d (a) Modulating tone keyed (a) Key up (tone rémoved) | (a) 1.25. (a) 4/duty cycle
(Pulses, ampli- . (Note 5)

(t:L(x)cIl];gﬁdulated; (b) Modulated emission keyed (b) Key down (tone (b) 0.75 (b) 4/duty cycle
duty cycle) removed) (Note 5) o :

P2e (a) Modulating tone keyed (a) Key up (tone removed) | (a) 1 (a) 1/average
(Pulsgs, width or : (Note 5) duty cycle
duration . (b) Modulated emission keyed (b) Key down (tone (b) 0.5 (b) .1/average
modulated; removed) (Note 5) duty cycle
constant 4
amplitude).

P2f (a) Modulating tone keyed (a) Key up (tone removed) | (a) 1 (a) 1/average
(Pulses, position (Note 5) ' duty cycle
or phase . (b) Modulated emission keyed (b) Key down (tone (b) 0.5 (b) 1/average
modulated; . d) (Note 5) dut 1
constant remove: ote uty cycle
amplitude)

Telephony

P3d (a) Single sine-wave audio-fre-| (@) Pulse carrier only (a) 1.5 (a) 4/duty cycle
(Pulses,amplitude- quency modulating tone; (Note 5)
modulated; 1009, modulation o
constant (b) . Smoothly read text (b) Pulse carrier only (b) 1to 1.08| (b) 4/duty cycle
duty cycle)

; (Note -5)

P3e -Single sine-wave audio-frequency | Pulse carrier only (Note 5) 1 1/average
(Pulses, width or | modulating tone; 1009/ modula- : duty cycle
duration tion; rectangular pulses
modulated;
constant
amplitude)

. P3f . Pulse carrier only (Note 5) 1 1/average
(Pulses, position : duty cycle
or phase
modulated;
constant
amplitude)

Note 1. — For Morse: Pm = 0.49 Pp. :
For International Alphabet No. 2: Pm = 0.58 Pp.
Note 2. — The peak power of double-sideband transmitters is nominally four times the

power of the unmodulated carrier. To determine the proper level for applying speech two tones
are employed, as in the single-sideband case described in Note 3. In a well-constructed trans-
mitter, this should result in reasonably high percentages of modulation.
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It has been found in connection with smoothly-read text that a reading of 2 (VU * meter
readings) corresponds to a mean power of zero dbm ** measured in the audio-frequency band,
nominally up to 3000 or 4000. cycles/second.

Note 3. — The two-tone method of rating the power of single-sideband radiotelephone
transmitters consists of setting the level of each of two equal tones applied to the audio-frequency
input so that the resulting cross-modulation term (2f;—f,) is 25 db below the level of either tone,
measured in the r.f. output of the transmitter; the peak power rating of the transmitter is taken
as four times the r.f. power output, after removal of one of the two tones. Single channel speech
is applied at the audio-frequency input at a VU level equal numerically to the mean dbm level
of one of the two aforementioned tones. For multichannel single-sideband transmission, the
level of each channel is reduced 0.5 (N—1) db, where N is the number of channels, up. to a total
of about four.

Note 4. — Depending on the standards used, the condition of no modulation may not apply.
For any particular case, the ratio of mean power to peak power can be calculated, for the extreme .
conditions of all-black and all-white pictures, by taking into account the relative amplitudes
and durations of blanking signals, synchronising pulses and picture signals. As examples, in
the 525-line, 60-field system used at present in the United States, this results in a ratio of Pm
to Pp of 0.164 for an all-white picture and 0.608 for an all-black picture; in the 405-line, 50-field
system now used in the United Kingdom, the ratios are 0.800 for an all-white picture and 0.080
for an all-black picture.

Note 5. — The average power which a pulse transmitter supplies to its antenna during one
- pulse period of an unmodulated pulse train (PO conditions) is considered to have a value of unity.

- Note 6. — The values listed here are based upon direct facsimile scanner modulation of
the main radio-frequency carrier. When the output: of the facsimile scanner modulates a sub-
carrier and this sub-carrier is then applied as amplitude or frequency modulation of the main
carrier, the resultant emission has A3, A3a, A3b, or F3 characteristics and the appropriate power
relationships, therefore, must be sought in the corresponding section of the table.

SUPPLEMENTARY TABLE 1
Ratio of Pm to Pp for A3a emission

Condition of no modulation

Characteristic modulation

Carrier level, referred to
peak power of sideband

t Single sine-wave audio-
frequency modulating
tone; transmitter fully

loaded

"1 Smoothly-read text,
transmitter fully loaded

111 “ Other ” programme
material; transmitter
fully loaded

—10 db
—20 db
—30 db

— o0
(fully suppressed)

0.636 (—1.97 db)
0.835 (—0.78 db)
0.940 (—0.27 db)
1.000 (0 db)

0.149 (—8.27 db)
0.139 (—8.57 db)
0.150 (—8.24 db)
0.158 (—8.00 db)

0.115 (—9.39 db)
0.091 (—10.4 db)
0.095 (—10.2 db)

~0.100 (—10.0 db)

For notes see page 73.

* This refers to readings of a VU meter, which is a volume indicating device having certain specific dynamic characteristics,

and which is described in Proc. I.R.E., 28,1 (January 1940). Such a device reads zero for a 1000-cycle tone delivering 1 milliwatt
to a load impedence of 600 ohms. When speech volume is measured by it according to I.R.E. standards, a reading. of zero

corresponds to zero VU,

** dbm defined as “ power. in decibels referred to one milliwatt .
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Ratio of Pm to Pp for A3b emission

Condition of no modulation

Characteristic modulation

Carrier level, referred to
-peak power of either
sideband

1 Single sine-wave
audio-frequency
modulating tone on
each channel;
transmitter fully
loaded

7T Each channel
fully loadéd by
smoothly-read text;
transmitter fully
loaded

" 11t Each channel °
fully loaded by
“ other ” programme
material ; transmitter
fully loaded

Channel 1 smoothly-
read text and
channel 2 “ other ”.
programme material

—10 db
—20 db
—30 db

—_—

0.392 (—4.07 db)
0.456 (—3.41 db)
0.485 (—3.14 db)
0.500 (—3.01 db)

0.078 (—11.1 db)
0.074 (—11.3 db)
0.077 (—11.1 db)
0.079 (—11.0 db)

0.056 (—12.5 db)
0.048 (—13.2 db)
0.049 (—13.1 db)

0.067 (—11.8 db)
0.061 (—12.1 db)
0.063 (—12.0 db)
0.065(—11.9 db)

0.050 (—13.0 db)
(fully suppressed) ’

1 For a single sine-wave audio-frequency modulating tone, the mean radio-frequency power of each sideband channel
is equal to its peak radio-frequency power (Atlantic City definition), but is 3 db below its maximum instantaneous radio-
frequency power: this 3 db difference corresponds to the 3 db difference between the mean and the instantaneous peak audio-
frequency power levels of the impressed modulation.

11 For smoothly-read text, it is assumed that the mean radio-frequency power of:each sideband channel is 8 db below its
peak radio-frequency power (Atlannc City definition), or 11 db below its maximum instantaneous radio-frequency power; the
corresponding underlying assumption of an 11 db difference between the mean and equivalent instantaneous peak audio-frequency .
power levels of the impréssed modulation is made in accordance with the most recent information available.

t11 For conversational speech and certain programme material other than smoothly-read text, it is assumed. that the mean
radio-frequency power of each sideband channel is 10 db below its peak radio-frequency power (Atlantic City definition),
or 13 db below its maximum instantaneous radio-frequency power: the corresponding underlying aSSumpthn of a 13 db.
difference between the mean and equivalent peak radio-frequency power levels of the unpressed modulation is made in accordance
. with the most recent information available.

'RECOMMENDATION No. 74 , . ’

'PRINCIPLES OF THE DEVICES USED FOR ACHIEVING PRIVACY
OF RADIOTELEPHONE  CONVERSATIONS

(Question No. 30) .

The C.CI1R,, (Geneva, 1951)

CONSIDERING

" (a) that the devices referred to are intended for achieving privacy rather than secrecy of radio-
telephone. conversations;

(b) that in the interests of maximum privacy, the detalls of the systems employed and of their
performance should be agreed upon between the administrations and private enterprises
concerned;

UNANIMOUSLY RECOMMENDS

1. that the following statement of pﬁnciples and characteristics of the devices concludes the
study of Question No. 30 for radio circuits operating on frequencies less than about 30 Mc/s*.

* Information regarding this matter may be found in Docs. Nos. 47 and 48 of Geneva.
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1.1 Principles of the devices

¢

Two general types of systems are used for achieving “ privacy ” or “relative secrecy ” of
radiotelephone circuits operating on frequencies less than about 30 Mc/s as follows:

1.1.1  For doubIe-sideband systems

inverter systems with or without wobbling of the carrier (i.e. rapid cyclic variation
of the.carrier frequency over a few hundred ¢/s), the speech band being inverted about
a fixed frequency;

1.1.2  For single-sideband systems

band-splitting systems in which the speech band is subdivided into equal frequency
bands, the speech components in the sub-bands being interchanged, with or without
frequency inversion, and according to a prearranged repetitive sequence, to give
“ scrambled ”’ speech. The process is reversed at the receiving terminal to reform the
speech signals. Accurate synchronisation of the switching processes at the two
terminals is required; '

1.2 Characteristics of the devices . . . ' '

1.2.1  the band-splitting system provides superior privacy to that obtained with the inverter
system, but for satisfactory operation it can tolerate less radio distortion such, for
example, as is caused by selective fading on the radio link;

1.2.2 - the apparatus is designed to reduce to a minimum attenuation distortion and the
levels of unwanted products of modulation and of carrier signals. The extent of the
permissible distortion due to the presence of the privacy devices is, in general, depen-
dent on the type of privacy and is usually agreed between the administrations or
private enterprises concemed

1.3 Location of the devices

to facilitate control and maintenance, and on the grounds of economy, the privacy apparatus
is normally located at the point where the transmitting and receiving channels of a radio-
telephone circuit are combined;

2.. that for frequencies above about 30 Mc/s the details of the systems to be employed and of
their performance should be agreed upon between the admlrustratlons or private enterprises
concerned.

RECOMMENDATION No. 75
CLASSIFICATION AND ESSENTIAL CHARACTERISTICS
. OF FEED-BACK SUPPRESSORS
(Question No. 31)

The C.CLR., ’ (Geneva, 1951)
CONSIDERING '

that the feed-back suppressors now generally used are of a type whose operation is suffi-
ciently independent of the characteristics of those at the.opposite end of the circuit;

UNANIMOUSLY RECOMMENDS

that no classification of types nor terminology be adopted.
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Essential characteristics

§ (b) of Question No. 31)

The essential characteristics of the feed-back suppressors used on radiotelephone circuits in
. the United Kingdom and in the United States of America for fixed services are described respective-
ly in Docs. Nos. 49 and 51 of Geneva. These are in substantial accord with the characteristics .
described in C.C.I.F., 1950-1951, 5th Study Group, Doc. No. 7. Question No. 2.

RECOMMENDATION No. 76

VOICE-OPERATED DEVICES FOR SHIP STATIONS
AND CARRIER-OPERATED DEVICES FOR SHORE STATIONS

(Question No. 32)

The C.CIR., ~ (Geneva, 1951)
CONSIDERING

(a) that the essential characteristics of the devices controlled by voice currents ‘and acting on
the carrier wave in radiotelephone stations on board ships and of the carrier-operated devices
in receivers of coast stations are their “ operate ”’ and “ release ’ times;

(b) that the operate times of the devices should be short to minimise clipping, and their release
" times should be sufficiently long to enable the devices to remain operated in the intervals
between words in normal speech;

UNANIMOUSLY RECOMMENDS

1. that the operate and release times of the voice-operated carrier switching unit on the ship
should be as follows:

Input level Net operate time ‘ Net release time

(Note a) (Note b) : (Note ¢)
—30 db less than 25 ms between 75 and 170 ms
—20 db less than 15 ms between 75 and 170 ms

2. that the operate time (Note d) of the carrier-operated device in the coast station receiver
should be as short as practicable to allow somewhat longer operate times-in the ship’s appa-
ratus and should not exceed 5 milliseconds when the carrier level at the input to the receiver
is more than 1 db above the level just necessary to operate the device. The required value of
release time ( Note e¢) is dependent on several factors, including the time constants of the
automatic gain control of the radio receiver and a value between 10 and 50 milliseconds
is generally suitable.

Note a. — Input level refers to the level of a test sinusoidal signal of frequency correspond-
ing to the middle of the voice-frequency range relative to that producing 100 %, modulation.

Note b. — Net operate time is the time which elapses between the instant the test signal
is applied to the input to the modulator of the transmltter and the instant when the carrier reaches
509 of its maximum amphtude
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~ Note ¢.— Net release time is the time which elapses between the instant when the test
signal is disconnected and the instant the carrier 1s reduced to within 5 db of the maximum carrier.
suppression achieved.

Note d.-— Operate time of the carrier-operated device is the time which elapses between
the sudden application of a test signal simulating the carrier wave from the ship and the instant
of opening of the receiving channel (the instant when the attenuation of the receiving channel
is within 5 db of the final value of attenuation for the receiving condition).

Note e. — Release time of the carrier-operated device is the time which elapses between
the cessation of a test signal simulating the carrier wave from the ship and the instant of blocking
of the receiving channel (the instant when the attenuation of the receiving channel is within 5 db
of the final value of attenuation in the blocked condition).

RECOMMENDATION No. 77 *

CONDITIONS NECESSARY FOR INTERCONNECTION
. OF MOBILE RADIOTELEPHONE STATIONS
(FOR INSTANCE, AUTOMOBILES, AIRCRAFT AND SHIPS)
AND INTERNATIONAL TELEPHONE LINES

(Question No. 33)
The C.C.IR., ‘ o (Geneva, 1951)
l CONSIDERING ‘

(a ) that the conditions concerning which international agreement is necessary appear to be few
in number;

(b) that these conditions, if met, would permit suitable interconnection between mobile radio-
telephone stations and international telephone lines;

RECOMMENDS

1. that mobile radiotelephone circuits, intended for connection to international telephone
systems, should terminate (on a 2-wite basis, for the present at least) in such a way that they
may be connected to international ‘lines in the same manner as other land-line connections;

2. that the mobile radiotelephone circuits should accept from and deliver to the land-line system,
speech volumes conforming, as far as possible, to the C.C.I.R. and C.C.LF. standards for
connections’ to international circuits;

3. that the attenuation-frequency characteristics of the radio system (including the land-lines to
the radio receiver and radio transmitter) should be such that the grade of transmission is not
unduly affected; and in particular, the effectively transmitted band should be not less than
300 to 2600 cfs; )

4. that the noise from a radio circuit connected to an international circuit should not be unduly
great and should be insufficient to operate frequently echo suppressors or other devices on
domestic or international circuits; . .

5. that in the case of mobile radiotelephone stations which may have to communicate with land
stations in more than one country, consideration be given to the necessity for agreement as
to a method of signalling for use between the land mobile stations.

* The Roumanian P, R. reserved its-opinion on this Recommendation.



RECOMMENDATION No. 80

HIGH-FREQUENCY BROADCASTING DIRECTIONAL ANTENNAE
(Question No. 23 (X))

The C.C.IR., (Geneva, 1951)
CONSDERmG ’

(a) Question No. 23 (X);

(b) that the formation of strong subsidiary lobes of radiation can be avoided by the multiple
feeding of, and appropriate current distribution in, appropriately spaced radiation elements;

(c) that, by this means, it is theoretically possible to reduce the subsidiary lobes to a small value
for a limited angle of slew of the main beam, prov1ded the working frequency does not mate- -
rially differ from the frequency for which an array is designed;

(d) that the realisation of these conditions is, however, not considered to be practicable on grounds
of complexity of installation, difficulty of operation and maintenance of designed perfor-
mances; .

RECOMMENDS

that in practical operating conditions, for purposes of calculating interference, the field
strength in directions other than that of the main lobe cannot be assumed to be less than 222 mV/m
at-a distance of one kilometre for one kilowatt of power supplied to the antenna®.

RECOMMENDATION No. 83

DISTURBANCES IN TELEVISION RECEIVERS
RESULTING FROM HARMONICS
AND OTHER NON-ESSENTIAL RADIATIONS FROM RADIO TRANSMITTERS

(Question No. 26)

The C.CIR, _ ' (Geneva, 1951)
CONSIDERING ‘

(a) that the Study Programme No. 2 (I) relatlng to Questlon 1 (I) b covers the general problem
‘of harmonic radiation from transrmtters,

(b)-that the general study of the interference to other serv1ces by those harmomc radiations will
include that caused to television reception;

* Refer to statement of Specialised Secretariat of the C.C.LLR. on the subject The gain, dlrectzvuy and protection ratio of
a directional antenna or antenna array, Doc. No. 24 of Washington as reproduced in Geneva, 1951
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RECOMMENDS

that the administrations should collect all possible data relating to such interference with

broadcasting (television) in order to assist the Study Group concerned with transmitter questions.

Note. — This Recommendation: concludes the study of Question No. 26.

RECOMMENDATION No. 88 *

BANDWIDTH OF EMISSION
MEASUREMENTS MADE NEAR THE TRANSMITTER

The C.CIR.,, ’ (Geneva, 1951 — London, 1953)

CONSIDERING

(a) that accurate determination of bandwidths actually occupled by emissions is of increasing

importance;

(b) that Question No. 1 (I) (a), part 2, speaks of “ practical methods of measuring the band-

widths actually occupied by emissions ”

(c) that new methods of measurements are proposed;
(d) that important progress has been made in the design of measuring apparatus;
(e) that it is now possible to present some tentative values of the degree of accuracy to be attained;

(f)

1.1

1.2

1.3

that a practical basis must be furnished for the final determination of the bandwidth necessary
for a service of appropriate quality;

UNANIMOUSLY RECOMMENDS

that attention should be paid to the following:
Method of measurement on frequencies below 30 Mc/s
Three main methods are at present in use.

The first one consists in completely -analysing the spectrum of the transmission by means of
a narrow band filter of fixed frequency, the frequency of each component being made to
coincide with the central filter frequency by frequency transposition on the superheterodyne
principle either manually or automatically. '

The second method of measurement consists in dlrectly measuring the proportion of the
total energy which is contained in the frequency components more and more remote from the
central frequency of the spectrum in order to determine the relative power of the out-of-band
radiation.

The frequency components of the rectified signal are selected by means of a high-pass filter,
the cut-off frequency of which is progressively increased; equipments based on this method
are described in London Doc. No. 128 (Japan).

The third method consists in dividing the occupied band into narrow bands of say 100 c/s,
for each of which a pass-band filter is provided; the output of each of these filters is connected
either individually and permanently to a measuring device, or successively-and automatically
to a single measuring device. This method seems to be especially suitable for the examination
of non-periodic signals such as telephone transmissions; equipments based on this method
are described in London Docs. No. 79 (U.S.A.) and No. 274 (Austria).

* This Recommendation replaces Recommendation No. 37.
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2. Accuracies required for bandwidth measurement

2.1 Periodic signals of Class Al:

2.1.1

Apparatus using the method described in para. 1.1

2.1.1.1 Laboratory apparatus. This apparatus requires that the signals under test
shall give rise to a spectrum the components of which should be stable in
amplitude and in frequency. Amplitudes are measured by means of a calibrated
attenuator with reference to a constant level; frequencies are measured by
means of a frequency meter:.
If the stability conditions referred to above are satisfied, the accuracy of the
measurement depends only on the accuracy of calibration of the attenuator
and of the frequency meter. An accuracy of 419 in the measurement of the
amplitude is obtainable, but an accuracy of 45 % is sufficient for most practical
purposes,

2.1.1.2 Automatic sweep apparatus. Provided the frequency exploration speed is
sufficiently slow to take full advantage of the high selectivity of the filter,
the amplitudes of the components adjacent to the carrier can be measured
with an accuracy of 4-2db, but a higher inaccuracy must be expected for the
amplitudes of the remote components, especially in the case of narrow spectra
and/or of slow telegraph speeds.
The accuracy of measurement of frequency deviations depends on the linearity
of the sweep and on the width of the explored band. Nevertheless, in the
‘case of periodic signals, the frequency deviations between successive com-
ponents are generally known by the value of the telegraph speed.

2.1.2 Apparatus using the method described in para. 1.2

2.1.3

The accuracy of this measuring equipment depends on the accuracy of the measurement
of power ratio, and on the steepness of the attenuation curve of the high-pass filter.
The accuracy of the measurement of power ratio should be of the order of 4+0.1%
but the errors due to the attenuation characteristics of the filter will of course depend
on the type of filter employed.

Apparatus using the method described-in para. 1.3

When the component frequencies of the signal correspond approximately to the
mid-band frequencies of the filters, accuracies of £17; should be obtained.

2.2 Periodic signals of Class FI :

221

Apparatus u&ing the method described in para. 1.1

If it is possible to form periodic F1 signals for which there are corresponding compo-
nents stable in amplitude and in frequency, the same accuracies as those mentioned in
2.1.1a and 2.1.1.b for periodic signals of type Al can be achieved. It is pointed out
that of course, in the present case, the components which can be measured with an
accuracy of iZbd with automatlc sweep apparatus, are those adjacent to the mark
and space frequencies.

It is important to point out that for F1 signals it is generally difficult, in practice,
to comply with the above mentioned conditions of stability. It is then necessary to
consider the envelope of several spectra observed successively, but it is not yet possible
to give a satisfactory physical significance to this envelope.

2.2.2 Apparatus using the method described in para. 1.2 (see uﬁder 2.1.2).

2.2.3 Apparatus using the method described in para. 1.3 (see under 2.1,3).




2.3 Actual traffic signals :

No data were presented in respect of such signals, which would allow the determination
of the significance of the results given by the apparatus described above. It is thus not yet
. possible to propose any value of the accuracy to be recommended for such signals. .

3. Continuation of studies

The studies, both on measuring equipment and on the methods of measurement itself, should
be continued, and in particular for the frequencies above 30 Mc/s.

ANNEX I

CHARACTERISTICS OF MEASURING EQUIPMENT WITH AUTOMATIC FREQUENCY SWEEP

That equipment suitable for use in analysing the spectrum of transmitters operating in the
medium and high frequency range should in general possess the following characteristics.

Filter bandwidth.

The filter bandwidth depends essentially on the characteristics of the signal to be studied.
It should be small in comparison with the width of the spectrum to be measured, and whilst in
the present state of the art it is inappropriate to specify a single bandwidth to the exclusion of
‘others, it is desirable that the static bandwidth of the filter should not exceed 25 c/s. Its attenuation -
versus frequency characteristic should be steep-sided down to the region of 60 db.

‘Exploration speed.

Although rather high exploration speeds might prove to be useful for preliminary adjustments,
when it is desired to take full advantage of the resolving power of the filter for fine analysis the
exploration speed must be sufficiently slow for the response curve of the filter to be as near as
possible to the steady state selectivity curve. The admissible value of the exploration speed depends
essentially on the filter characteristics and should be determined experimentally in each case.

For information purposes only it can be said that for filters having a bandwidth of 10 c/s
or so at —3 db, the exploration speed admissible is generally lower than 100 c/s per second.

Scanning range.

The scanning range shall be adequate to include the outermost significant sideband components
likely to be encountered. A top limit of 30 kc/s total sweep should normally be adequate. For
investigating narrow band transmissions, the range should be adjustable down to 1 kc/s.

Suppression of automatic. sweep.

Provision should be made for the possibility of stopping the automatic sweep to enable a
_manual exploration to be used in certain cases.

Form of display.

For direct observation the diSplay may take the form of a cathode ray tube, but other means
such as recording meters may be used. ‘

Amplitude range.

The range of amplitudes displayed should be such that it is possible to measure components
differing in amplitude by at least 60 db. The amplitude scale of the display instrument may be



ANNEX II

PRINCIPAL CHARACTERISTICS OF THE FREQUENCY SPECTRUM ANALYSERS PRESENTED BEFORE THE C.C.LR. VIITH PLENARY ASSEMBLY

" EXPLORATION FILTER MEASURING INSTRUMENT
. MEASURE-
ADMINISTRATION Doc. Bandwidth AMPLITUDE MENT OF
No. Sweep Freq. band Fre RANGE - THE
Type duration explored kc/s Type at other kc/%- db Observations| Recording | COMPONENT
at =3 db level FREQ.
) 1 min X 50 ¢/s at | . record. o
Japtqn 127 | autom. S min 6 and 20 | crystal - — 25 db 55 60 voltm. | paper
‘ 20 s. Selective | AdJust- 020
Netherlands 136 | autom. 2 min. 1; 5; 25 | feed back between 8 — 40 20-40 | oscillosc. | recorder —
- 6.7 min. amplifier 40-60
and 40 cfs
) ) 0.1; 0.3; . 6¢cls — 0-30 v
United Kingdom | 168* | autom. 1; 3; 0 to 30 | crystal 30 c/s — 60 30-60 oscillosc. | photo —
10; 30 s. 150 ¢/s —
tom 20; lectro- - 80 cfs at oscill, or marks
Switzerland 191 :E dman 0.1to 60s. 60 in erec ﬁo — —43 SS db | 3 — peak photo each
man. | 3 steps | TeCOD- : voltm. 1 kefs
= 50 é/s at calibrated L frequency-
Italcable 199 | man. — — LF — 80 db 1 attenuator voltm. meter
_ 6 or 30 c/s
France 349 | autom. 6and 36s. | 2 and 6 | crystal — below 70 60 oscillosc. | photo —
: ' o 80 db ;
|20 dblin. | marks
Belgium # | autom. 6; 20; 45 s. | 0.5 to 30 | - crystal 9 ¢/s — 195 60 Sc(l:lill?og oscillosc. | photo 0.5 or
o : ’ ’ 1 kcfs
- scale

_* This apparatus-has been demonstrated before S.G. N° I.
** This apparatus has been demonstrated before S.G. N° I, but was not described in a C.C.I.R. document.
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linear or logarithmic. It may be desirable to measure the major and minor components separately
and by stages such as may be obtained through the use of a calibrated attenuator or calibrated
scale applied to the oscilloscope screen.

Frequency stability.

The frequency stability of thé various beating oscillators must be such that the drift during

the course of a measurement is small compared with the effective resolving power of the filter.

(a)

(b)

(c)

1.

3.

RECOMMENDATION No. 97 *

'CHANNEL SEPARATION

The C.CIR., (Stockholm, 1948 — Geneva, 1951 — London, 1953)
CONSIDERING

that the primary factors which determine frequency separation between channels in the more

usual cases include : .

— the signal power required by the receiver;
— the interference power intercepted by the receiver including that from interfering signals
and from noise; v :

that transmitters in general emit radiations outside the frequency bandwidth necessarily
occupied by the emission}

that a large number of factors are also involved, including the properties of the transmission
medium, which are variable in character and difficult to determine, as well as the characteristics
of the receiver and, in the case of aural reception, the discriminating properties of the human
ear;

UNANIMOUSLY RECOMMENDS "

that the required separation between channels be calculated by the following method:

— first finding the signal power intercepted by the receiver;

— finding the interfering power intercepted, including both noise and interfering signal,
and ) .

— from these data determining the degree of frequency separation that produces acceptable
ratios of signal power to the interfering power for an acceptable percentage of the time
for the type of communication desired, taking into account the fluctuating nature both of
signal and interference and, whenever appropriate, the discriminating properties of the
human ear;

that at every stage of the calculation, co'mpérison should be made, as far as prsible, with data
obtained under controlled representative operating conditions, especially in connection
with the final figure arrived at for the channel separation;

that the study of the problem should be undertaken in connection with Question No. 3 (III).

* This Recommendation replaces Recommendations Nos. 1 and 43.
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RECOMMENDATION No. 98

CHANNEL SEPARATION ACHIEVED IN PRACTICE
' (Question No. 3 (II1))
The C.C.IR,, . ' ‘London, 1953)

CONSIDERING

(a) that it is not yet possible to give a full answer to Question No. 3 (11I);

(b) that in the case of telegraphy using Al and F1 emissions, a large number of machine telegraph
circuits are operating successfully with nominal separations of 2.5 kc/s, particularly in the
frequency range below 12 Mc/s;

(c) that there is evidence (in particular Doc. No 457 of Geneva, 1951) that, with reception of
F1 at a speed of 50 bauds, a separation of about 1.5 k¢/s is satlsfactory when the two signals
have the same median value at the input to the receiver, and that in certain cases a separation
of about 2 kc/s provides fairly satisfactory operation when the median value of the wanted
signal is 6 db below that of the unwanted signal *; .

(d) that, when allowance is made for frequency tolerance this evidence suggests the possibility
of a separation of about 2.5 kc/s between emissions under the partxcular conditions of the
test;

(e) that, while due regard must be paid to the frequency tolerances provided for in the Radio
Regulanons 1947, App. 3, a higher degree of frequency stablhty is possible and is actually.
achieved in practice; .

RECOMMENDS
1. that administrations should: .

1.1 collect data relating to transmitters at present working in adjacent channels, indicating:

— the channel separations observed in practice;
— the field strengths of the signals on adjacent channels received at the same locatlon

— the effect of interference due te signals on adjacent channels (see Study Programme No. 45
(IIT) for the method of expressing the effect of interference);

1.2 carry out tests similar to those descrii)ed in Doc. No. 457 of Geneva;

2. that administrations who have made these tests should submit the result to the Director
" of the C.C.I.R,, as early as.possible. :

RECOMMENDATION No. 100
REDUCTION OF OCCUPIED BANDWIDTH
AND TRANSMITTER POWER IN RADIO TELEPHONY
(Question No. 3 (III))

The C.C.I.R,, ’ (London, 1953)
CONSIDERING

(a) the urgent need for improved utilisation of the radio spectrum particularly in the range .
below 30 Mc/s;

* These tests are related to separate emissions without common control of the respective freqdeneies radiated.
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(b) that a very great improvement in the utilisation of the spectrum will arise from the replace-
ment of double-sideband by single-sideband technique (see Recommendation No. 40, § 2.1

and 2.2); _
(c) that improvements can be obtained by the use of noise reducers and devices enabling the

average percentage of modulation to be maintained at a high level, e.g. peak-clipping devices
(see Recommendation No. 44%); .

RECOMMENDS

1. that administrations should, whenever possible, make use of single-sideband systems in
preference to double-sideband systems **;

2. that noise reducers should be employed at the receiving terminal of all circuits where an
improvement in signal-to-noise ratio can be obtained ***;

3. that devices should be employed at the transmitting terminal of all circuits to enable the
average percentage of modulation to be maintained at a high level (for example, peak-clipping
devices). With the use of these devices adequate precautions must be taken to prevent radiation
outside the necessary bandwidth (for example, by the use of an adequate low-pass filter after

the device) ****,

RECOMMENDATION No. 101 . -

BANDWIDTH REQUIRED AT A TELEGRAPH OR TELEPHONE
RECEIVER OUTPUT

(Question No. 3 (IID)

The C.C.IR., (London, 1953)

CONSIDERING

(a) the urgent need to determine the minimum separation between frequency assignments of
stations operating on adjacent channels, in the range 10 kc/s to 30 000 kc/s;

(b) that the width of the frequency band which is necessary at the output of the receiver is one
of the factors which determine the band of frequencies required for the overall system; °

(c) that, in the case of telegraphy the permissible degree of distortion is not yét defined;

(d) that, in the case of telephony the bandwidth may depend among other factors upon the type
of privacy equipment in use;

RECOMMENDS

1. that in the case of telegraphy a provisional value for the bandwidth necessary at the output
of the receiver, under average practical conditions, should be as follows:

* This Recommendation has become Recommendation No. 161. i
** Improvement of signal-to-noise ratio or a reduction in power of at Jeast 9 db is obtained by the use of single-sideband
systems instead of double-sideband systems.

**++ The iniprovement which may be obtained in practice by the use of a noise reducer is dependent upon the signal-to-
noise ratio at theinput to the noise reducer (for example, an improvement of the order of 10 db-may be obtained on radiotelephone
circuits of good commercial quality).

#x++ The improvement which may be obtained in practice is dependent upon the original average percentage modulation of
the transmitter. Improvement up to 6 db may be obtained in practice.



1.1

1.2

2.1

2.2

(a)
(b)

(c)

2.
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for A1l emissions, the bandwidth in cycles per second, after the final detector stage, should
be equal to 2.5 times the signalling speed in bauds; :
for F1 emissions, the bandwidth in cycles per second after the discriminator should be equal
to 1.4 times the signalling speed in bauds.

The extent to which these values can be applied to permit closer spacing of adjacent
channels, depends upon the degree and speed of amplitude variations due to fading and upon
the differential fading of the mark and space frequencies;

that, in the case of telephony, as a compromise between intelligibility and economy of
bandwidth, the bandwidth necessary for each speech channel at the output of the receiver
should be as follows:

in accordance with Recommendatlon No. 40 the upper limit frequency should be reduced
to 3000 c/s or less but not lower than 2600 cfs;

for systems employing privacy equipment the necessary bandwidth for satisfactory service
may require the use of an upper limit frequency greater than 2600 c/s (e.g. in five-band privacy
equipment the necessary bandwidth is 2750 c/s, the upper limit being 3000 c/s).

RECOMMENDATION No. 102 *

DIRECTIVITY OF ANTENNAE AT GREAT DISTANCES

The C.CLR,, ' (Geneva, 1951 — London, 1953)
CONSIDERING

that the study of the directivity of antennae at great distances concerns chiefly radio com-
munication on frequencies between 3000 and 30 000 kc/s;

that in certain cases the phenomena of ionospheric propagation may be such as to modify
appreciably both the theoretical directivity diagram and the practical diagram drawn up for
measurements at short distances;

that it would be very useful for operators to have the most accurate idea possible of the
directional discrimination that can be expected of the antennae they are using;
RECOMMENDS

that all administrations in a position to do so should undertake systematic measurements
on frequencies that can be used for long-distance circuits;

that the method used for the study of § (¢) could be either the statistical method described
in Doc. No. 23 of Geneva (see also Doc. No. 206 of London) or any other appropriate method;

N

that members of the C.C.ILR. who are able to provide either transmitting or receiving
installations which could take part in the programme of studies proposed above should
communicate full details of their installations to the Director of the C.C.LLR. as soon as
possible, so that the latter may send them on to such-other members of the C.C.I.R. as express
a wish to receive them. .

#* This Recommendation replaces Recommendation No. 46.
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RECOMMENDATION No. 106

VOICE-FREQUENCY TELEGRAPHY ON RADIO CIRCUITS
(Question No. 43 (IIL))

The C.C.LR., (London, 1953)
" CONSIDERING -

(a) that diversity ;eception on radiotelegraphy circuits is not general practice;

(b) that, -in the case where voice-frequency equipment is used on radio circuits at frequencies
lower than about 30 Mc/s, the quality of these circuits will in general be insufficient when
no means of diversity reception is provided;

_ (c) that, in the presence of fading, space diversity or frequency diversity givé comparable improve-
ment to the quality of reception of telegraph signals transmitted on radio channels;

(d) that for adequate frequency diversity it appears necessary that the frequencies which are
used in combination to obtain this diversity should differ by at least 400 c/s;

(e) that space diversity needs only half the bandwidth and less power for.each telegraph channel
when compared with the case of frequency diversity but, in general, requires more equipment;
UNANIMOUSLY RECOMMENDS

1. that, when voice-frequency telegraphy systems are used on radio circuits at frequencies
lower than about 30 Mc/s, diversity reception should be used on the individual voice-frequency
channels;

that, whenever practicable, space diversity should be used in preference to frequency diversity;

3. that, in the case of frequency diversity, the channel frequencies used in combination should
have a separation of at least 400 c/s so that adequate diversity effects may be obtained.

RECOMMENDATION No. 111 *
TROPOSPHERIC-WAVE PROPAGATION - CURVES

The C.C.LR., ' (Geneva, 1951 — London, 1953)
CONSIDERING

" (a) that there is an urgent need to give a guide to engineers in the planning of services in the
30-300 Mc/s band, in particular for television and VHF (metric) broadcasting;

(b) that in the case of stations working in the same or adjacent frequency channels the determin-
ation of the minimum geographical distance of separation required to avoid intolerable
interference due to long-distance tropospheric transmission is a matter of great importance;

* This Recommendation replaces Recommendation No. 55.
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(c) that the annexed curves are based on the statistical analysis of a considerable amount of
experimental data;

RECOMMENDS

that the revised curves given in Ann. II be adopted for use, subject to the conditions stated
in Ann, I, : ‘

ANNEX I

(a) The curves of Ann.II were prepared principally from data obtained in the United States
of America and the United Kingdom, supplemented by data from other European countries;

(b) it is not known to what extent these curves will be applicable in other parts of the world;

(c) for paths which lie wholly or mainly over the sea, the curves should be used with caution,
as present experience suggests that, under these conditions, the field strengths may be con-
siderably greater on the average than those given by the curves, particularly in areas having
meteorological conditions such as are met with in the Mediterranean;

(d) the curves give field strengths exceeded for 1% and 10%; of the time respectively over a long
period of continuous observation. Curves for higher percentages are not given as they would
scarcely be of interest in the planning of a system based on common channel working. It
should be borne in mind that all the data that exist on this subject show that for short periods
of time (in general much below 1% of the overall time) very high peak values of field strength
may be obtained. There are even occasions when those peak values approach the free-space

" value;

(e) they apply only for distances greater than twice that of the radio horizon from the transmitter

where the effects of different antenna heights are small;

(f) they are referred to a radiated power of 1 kW from a half-wave dipole several wavelengths,
at least, above the ground;

(g) they refer equally to horizontal and vertical polarisation;

(h) the observed field strength depends upon the nature of the terrain over which the transmission
takes place and these curves represent median values with respect to locations in the geo-
graphical areas (United States of America and Europe) in which the data were obtained;

(i) the curves are always subject to a wide scatter about the mean values given; they should
therefore not be interpreted too precisely. In fact, each curve ought rather to be considered
as a broad band with the curve as a mean value. On the other hand, the data show that in the
case of the “ 109 " curves there is a statistical dependence on frequency;

(j) these curves take no account of ionospheric propagation.
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RECOMMENDATION No. 112 *

BEST METHODS FOR EXPRESSING THE FIELD STRENGTH
OF PULSE TRANSMISSIONS »

(Question No. 8, § A.lc)

The C.CIR., ) (Geneva, 1951 — London, 1953)

CONSIDERING

that the characteristics of the field of a pulse-modulated transmission include the peak
amplitude, the repetition rate, the shape of the pulse and the type of transmission;

(b) that the relative importance of these various quantities depends on the objectives of the

‘measurement, but that the peak amplitude is, nevertheless, the most characteristic quantity;

(c) that the pulse shape may be altered by propagation phenomena; )
(d) that the measurement of pulse field strengths will in principle involve the use of all the equip-

(e)

6.

ment required for-the measurement of fields produced by continuous wave transmissions,

_with certain parts of the equipment modified or other equipment added in v1ew of the special

operating conditions necessitated by pulse modulation;

that corrections may be necessary because of limited bandwidth and detector characternstlcs
of the measuring equipment; .

UNANIMOUSLY RECOMMENDS

that the field strength produced by pulse transmissions should be represented by the r.m.s.
value of the field of the carrier corresponding to the peak amplitude of the pulse, normally
disregarding transient peaks (spikes). If necessary these should be considered separately;

that in the special case of amplitude-modulated pulses the field strength should be represented
by the average of the pulse amplitudes taken over an interval long compared with the perio-
dicity of the modulation;

that the measurements should include determination of the shape, the repetition rate, and
other characteristics of the pulses;

) that apparatus for measuring and determining pulse characteristics should be developed;

that a cathode-ray oscilloscope should be included as a part of any pulse field-strength
measuring equipment;

that the bandwidth of the receiving equipment should be large enough to reproduce the
generdl form of the pulse.

* This Recommendation replaces Recommendation No. 62,




RECOMMENDATION No. 113 *

FIELD-STRENGTH MEASUREMENT
Types of wave collector and equipment for use in each frequency band

(Question No. 8§, § A.3)

The C.CIR., . (Geneva, 1951 — London, 1953)

CONSIDERING

(a) that the effective length of a loop antenna whose dimensions are small compared with the

received wavelength is easily calculable;

(b) that the effective length of a doublet, sufficiently far from the ground, or of a stub-antenna,

is calculable;

(¢) that the effective length of the more complex directional antenna arrays cannot be calculated

accurately;

(d) that the field-strength measurement apparatus commonly in use is composed essentially

of a wave collector and a radio-frequency voltmeter;

UNANIMOUSLY RECOMMENDS

that the following wave collectors should be used for measuring field strengths stronger

than a few microvolts per metre;

— between 10 kc/s and 30 Mc/s, loop or stub-antennae (it is possible to use loops up to
about 100 Mc/s);

— above about 30 Mc/s, doublets, or stub-antennae, or loop antennae up to about 100 Mc/s;

— above about 300 Mc/s, more complex directional wave collectors, as may be desirable;

that for the measurement of field strengths below a few microvolts per metre the more complex
directional antenna arrays should be suitably calibrated and used, with due care in orientation
of the wave collector for the component of the field being measured;

that in some cases, if so desired, the receiving equipment in use or available may be trans-
formed into field strength measuring equipment by the addition of reference standards of
voltage, mdlcators and the use of suitable calibration methods.

Note. — It is to be noted that longer single-conductor antennae may be used effectively to
measure weak field strengths.

* This Recommendation replaces Recommendation No. 64.
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RECOMMENDATION No. 116 *

PRESENTATION OF BASIC PROPAGATION PREDICTION CHARTS

(Recommendation_ No. 53)

The C.CIR., : ' " (London, 1953)
CONSIbERING

(a) that basic propagation prediction charts produced by different organisations are not of
uniform presentation;

(b) that the use of such charts for routine predictions, and their intercomparison, Would be
facilitated by the standardisation of the scales employed;

UNANIMOUSLY RECOMMENDS *

that, keeping their present form, the charts should be made with a uniform scale using a
centimetre grid on which one centimetre represents 10 degrees of latitude and 15 degrees of longitude
or one hour of time,

RECOMMENDATION No. 121

LOCAL LIGHTNING-FLASH COUNTERS
(Study Programme No. 23 **)

The C.CIR,, o ) (London, 1953)
CONSIDERING

(a) that several devices designed for counting local lightning flashes have been proposed;
(b) that available performance data are insufficient to compare the merits of these devices;

RECOMMENDS

~

1. that direct comparisons should be made at several places, between various devices proposed.
. for the counting of local lightning flashes;

2. that steps should be taken by the Director of the C.C.I.R. and Study Group No. VI in colla-
boration with the World Meteorological Organisation to arrange for direct comparison to
be made between the several devices;

3. that the United States of America, France, India, Japan, the United Kingdom and the Union
of South Africa should each be invited to propose a member to participate in'this work and -
that the United Kingdom member should co-ordinate the work on behalf of the Chairman -
of Study Group No. VL

* This Recommendation replaces Recommendation No. 53.
** This Study Programme has become Study Programme No. 96 (VI).
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Notes. — It is not possible to devise a simple radio device which will count all lightning
flashes within a specified radius and none of those originating at greater distances.

It is considered that an instrument which responds to all major discharges will provide better
indications. of radio interference caused by storms than one which responds only to discharges
to the ground.

It is considered that counters would provide a more satisfactory measure of thunderstorm
activity if designed for a range greater.than the 20 kilometres suggested in Study Programme
No. 23 *,

It is considered that the most reliable indications of local thunderstorm activity are likely
to be provided by instruments responding to a wide band of frequencies in the VLF (myriametric)
band.
' The standard or standards of reference to be used in the comparisons should be decided in
close consultation with the Director of the C.C.I.R. and representatives of the World Meteoro-
logical Organisation.

RECOMMENDATION No. 124

WATCH ON THE RADIOTELEPHONY DISTRESS FREQUENCY
~ OF 2182 kefs
(Questions Nos. 56 & 57)
The C..C.I.R., : (London, 1953)
CONSIDERING '

(a) that, according to Atlantic City Radio Regulations No. 815, the frequency of 2182 kc/s may
be used for calls and replies, and is the frequency to be used for the distress call and traffic,
as well as for urgency and safety signals and messages;

(b) that there is, as yet, little experience of the world-wide use of a common frequency for
calling and distress in the MF (hectometric) maritime radiotelephony service;

(c) that in certain areas distress calls at times suffer interference from traffic calls and replies;

(d) that certain countries use frequencies other than 2182 kc/s, especially working frequenéies,
for normal traffic calling and replies, in accordance with Radio Regulations No. 817;

(e) that, nevertheless, the exclusive use of the frequency of 2182 kc/s for distress purposes would
militate against extensive watch-keeping on this frequency by ships;

(f) that the use of an alarm signal with strongly distinctive characteristics would facilitate the
reception of distress calls in ships and coast stations carrying out aural watch as well as in
those stations fitted with automatic alarms; .

(g) that a loudspeaker distress watch in ships not fitted w1th automatlc alarms would increase
the efficiency of the distress watch;

' UNANIMOUSLY RECOMMENDS

1. that an alarm signal of the type specified in Recommendation No. 219 should be adopted
by all administrations and brought into use at an early date;

2, that administrations should encourage the keeping' of a loudspeaker watch on the calling
and distress frequency of 2182 kc/s on board those of their ships which are not fitted with

¥ This Study Programme has become Study Programme No. 96 (VI).
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automatic alarm receiving equipment for that frequency; nevertheless -the .automatic or
aural watch for the alarm signal on the distress frequency of 2182 kc/s need be encouraged
only on ships not fitted with radiotelegraph equipment in the 500 kc/s band;

that administrations should take special steps to enforce respect for the Radio Regulations
(especially Nos. 815 and 816) regarding the use of the calling and distress frequency of

2182 kc/s;

that administrations should maintain observations over a sufficient period to determine
whether there is a need to change the Radio Regulations regarding the use of the international
calling and distress frequency of 2182 kc/s;

that the results of such observations should be submitted directly by administrations to an
appropriate administrative conference.

N

Note. — This Recommendation concludes the study of Question No. 57.

RECOMMENDATION No. 126 *

PULSE TRANSMISSION FOR RADIO DIRECTION FINDING
(Question No. 61)

The C.C.ILR., (London, 1953)

CONSIDERING

that certain studies, extending over many years, of the errors of direction finders show that,
under ideal conditions of site, equipment and operation, the use of pulse transmissions offers
only a slight improvement in accuracy over the use of continuous-wave transmissions;

that, in practice, unavoidable departures from the ideal conditions referred to in (a) would
tend to reduce this improvement in accuracy;

that, for reasons of interference, their wide bandwidths make the use of pulse transmissions
on frequenmes below 20 000 kc/s generally undesirable;

UNANIMOUSLY RECOMMENDS v
that the foregoing considerations should be brought to the notlce of the admmlstratrons

and other organisations concerned.

ANNEX

The. following errors in high-frequency direction finding can occur:

observational errors introduced by the operator;

instrumental errors, including polarisation errors and those due to deficiencies of the direction-
finder site; )

errors due to radiation scattered from topographical features many wavelengths distant
from the direction finder ; ,

* This Recommendation completes the study of Question No. 61.
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- 4. errors due to lateral deviation in the ionosphere;

errors due to wave interference caused by convergence of rays and by different modes of

propagation.

The advantage of a pulse emission over a continuous-wave emission lies in its ab111ty to allow
signals arriving over different paths to be separated, and so to reduce errors arising from sources

4 and 5 above.
The degree of accuracy to be expected from the use of pulse emissions for radio direction

finding has been studied, and it is estimated that in most favourable circumstances, for a frequency
of about 8000 kc/s, the standard deviation of a single rapidly observed bearing might be about 3
degrees for a continuous-wave emission and about 2 degrees for a pulse emission. The corre-
sponding figures for the mean of ten such bearings taken in a period of five minutes are: conti-
nuous-wave 2.5 degrees pulse 1.7 degrees.

RECOMMENDATION No. 128

WIDE-BAND RADIO RELAY SYSTEMS OPERATING IN THE
VHF (METRIC), UHF (DECIMETRIC) AND SHF (CENTIMETRIC) BANDS

Sub-control stations -

(Study Programme No. 28 (IX))

The CCIR., - _ (London, 1953)

CONSIDERING

(a) that it is normal practice in multi-channel telephony to divide high-frequency cable systems
for maintenance, supervision and monitoring purposes’ into line-regulated sections;

(b) that the length of such sections (which may include several relays or repeaters) varies with-
circumstances but is generally of the order of 100 miles (160 km);

_ (c) that supervisory, control and pilot signals are extracted and reinserted at the end of such
sections in stations called sub-control stations;

UNANIMOUSLY RECOMMENDS

that in all cases where there is a junction between.a wide-band multi-channel telephony.
cable system and a radio system, and where each system contains at least one intermediate repeater
station, this junction should be made a sub-control station,(i.e. the junction of two regulated
sections), not necessarily ‘attended. .



RECOMMENDATION No. 129

METHODS OF SPECIFYING THE POWER SUPPLIED TO AN ANTENNA
BY A RADIO TRANSMITTER

(Question No. 60)

The C.CIR., ) o (London, 1953)
CONSIDERING

(a) that the Radio Regulations, Atlantic City, 1947, Art. 1, Section 1V, Nos. 60 to 64, call for the
use of peak power in specifying the power of a radio transmitter, but permit the use of mean
power-in cases where the peak power specification is not satisfactory or adequate;

(b) that in some cases the power of the uhmodulated carrier may be a preferable method of
rating the power of a transmitter with regard to monitoring and interference producing
capabilities;

(c) that, although the two alternatives provided in the Radio Regulations may not always be
adequate for all the uses made of transmitter power ratings, there is no satisfactory alternative
form of specification immediately available;

(d) that there is no good reason. for not specifying the power of a radio transmitter in a number
of ways simultaneously, as long as each way can be shown to be necessary;

UNANIMOUSLY RECOMMENDS

1. that for the time being the provisions of the Radio Regulations, Atlantnc City, 1947, Art. 1,
Section IV, Nos. 60 to 64 need not be altered;

2. that other methods of specifying and measuring the power of radio transmitters should be
included when this is justified.

RECOMMENDATION No. 130 * -

POWER RELATIONSHIPS FOR MODULATED EMISSIONS
(Question No. 59).

The C.C.LR., ' (London, 1953)
CONSIDERING

(a) that the modulated 51gnals likely to be used for field-strength measurements can be divided
into two classes;

Class, 1: where the radiated power is wholly or largely independent of the degree of
modulatlon

This Recommendation completes the study of Question .No,y 59.
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Class 2: where the radiaied power is largely dependent on the degree of modulation.

(b) that for modulation by speech, music or conversation, or by certain other forms of intel-

1.

(a

N

(b)

(C)

(d)

2.

ligence, the power relationships of the modulating signal -are variable;

UNANIMOUSLY RECOMMENDS

that for signals of Class 1 it should suffice, for most field-strength meésurements, to specify
the unmodulated carrier power;

that for signals of Class 2, when it is necessary to make field-strength measurements of high
precision, it appears desirable for the two terminals to co-operate, either by recording the
transmitter output power with an instrument having similar characteristics to those of the
field-strength recorder or by the transmission of special signals.

RECOMMENDATION No. 131 *

INTERFERENCE TO RADIO SERVICES **

The C.CIR,,. ) : (London, 1953)
CONSIDERING

that the study of certain aspects of interference, affecting sound and television broadcasting,
especially from industrial sources, is already entrusted to the International Special Committee
on Radio Interference (C.I.S.P.R.) administered by the International Electrotechnical Com- -
mission (I.LE.C.); )

‘that the C.C.L.R.'in accordance with Recommendation No. 27 of the Vth Plenary Assembly

(Stockholm, 1948) maintains regular-contact with the C.I.S.P.R.; .

that the harmonious co-existence of radio services with industrial installations producing
radio oscillations involves close collaboration between organisations representing the manu-
facturers and users of these installations on the one hand, and the radio services on the
other, for which the existing collaboration between the C.C.LR. and the C.I.S.P.R. provides;

that the C.I.S.P.R. has already studied and is continuing to study extensively the permissible
signal-to-interference ratios for sound and television broadcasting, but has not yet made
equivalent studies for other radio services;

RECOMMENDS

that the existing collaboration between the C.C.I.R. and the C.L.S.P.R. should be actively
maintained and extended;

that in the course of such collaboration the C.C.I.R. should bring to the notice of the
C.I.S.P.R. those aspects of the work that are of the greatest urgency, so far as the C.C.I.R.
is concerned, so that the results of their work can be used in future by the C.C.I.R.;

that the study of interference to radio services, required by Resolution No. 5 annexed to
the International Telecommunication Convention, Buenos Aires, 1952, should be carried

* France reserved its opinion on this Recommendation.
** See Buenos Aires Resolution No. 5.
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out by the C.C.I.R., the latter continuing to study the maximum interference levels (including
radiation from industrial scientific and medical equiprnent) tolerable in various radio
systems, while avoiding duplication of the work already in progress in the CI.S.P.R., and
that the C.C.LLR. should transmit its findings to the C.I.S.P.R. to facilitate the latter’s study

of radio interference problems;

that the C.C.ILR. should continue to take cognisance of those aspects of this work which
relate specifically to the study and establishment of conditions necessary to ensure the
avoidance of harmful interference between services whose operation is covered by the Radio
Regulations.

RECOMMENDATION No. 136

SINGLE-SIDEBAND SOUND BROADCASTING
(Question No. 62)

~The C.CIR., ‘ : (London, 1953)

(a)

CONSIDERING

that< the results of a series of laboratory experiments (see London Doc. No. 305) on the use
of SSB or ASB transmissions for HF (decametric) broadcasting indicate that:

— with present types of HF (decametric) broadcast receivers no economy in the radio spectrum
can be obtained by changing from double-sideband (DSB) to SSB or ASB transmission;

—a relatively small saving (about 7%;) might be obtained by the use of SSB transmissions

(b)

if substantial improvements were made in the selectivity of receivers, but the modifications
could not be applied to receivers already manufactured;

— a greater saving (about 14 %) might be obtained by the use of SSB with a “ téte-béche ”
system of channelling but this would necessitate elaboration in the design of receivers,
which could not be applied to receivers already manufactured;

— closer carrier spacing might be possible if low-pass audio-frequency filters could be added
to.present receivers, but this would be almost equally true whether applied to the reception
of SSB-or of DSB transmissions;

that the use of SSB or ASB transmissions for medium-frequency broadcasting would also

necessitate considerable modifications to the receivers and, in addition, would reduce the

range obtainable for an acceptable distortion from a transmitter of given power;

UNANIMOUSLY RECOMMENDS

that these results be accepted as a conclusive answer to Question No. 62,
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RECOMMENDATION No. 139

DESIGN OF TRANSMITTING AERIALS FOR TROPICAL BROADCASTING
(Questlon No. 70, § 1)

The C.CIR., ' (London, 1953)

CONSIDERING

(a) that it is desirable to use transmitting aerials for tropical broadcastmg that cause, outside
the service area, a minimum of interference;

(b) that the aerials should be economical in des1gn and simple in operation;

(c) that Report No. 36 * gives the principles on which aerials for tropical broadcasting should
be designed and constructed; )

(d) that it is desirable to obtain as much operational data as possible on tropical broadcasting
using aerials designed on these principles;

RECOMMENDS

1. that administrations and organisations operating tropical broadcasting services should use
aerial systems so designed that:
— the power radiated is as large as possible at the high angles of elevation required for

the needs of the service area;
— a sufficient value of radiation should be maintained at angles of elevation necessary to

serve the fringe of the service area;
-— the power radiated at angles of elevation lower than those used to serve the fringe of the

service area is as low as possible;

2. that administrations and organisations should forward to the C.C.LR. reports on the
operation of such aerials so that an addendum can be issued to Report No. 36 * giving
practical operatlonal data concerning these aerials. The data and information should be
forwarded in the following form:

— type of aerial system used and its physwal dimensions in relation to the frequency of
operation;

— electrical characteristics—polar diagram in the vertical and the horizontal planes;

— power radiated by the aerial;

— siting of the aerial with respect to the geographical configuration of the area to be served
and the orientation of the aerial with respect to north;

— hourly averages of field strength measured, whenever practicable every 100 or 200 km,
up to a maximum distance of 2000 km in all directions;

— fading characteristics of the received signal;

— influence, if any, of the orientation of the aerial with respect to the magnetic meridian;

— ground conductivity in the vicinity of the aerial system;

— any other information considered useful in respect of this Recommendation.

* This Report has been replaced by Report No. 86.
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RECOMMENDATION No. 140

DESIGN OF RECEIVING AERIALS FOR TROPICAL BROADCASTING
(Question No. 70, § 3)

The C.CIR,, ' (London, 1953)

CONSIDERING

(a) that for the great majority of domestic tropical broadcast’ hsteners, only s1mp1e aerlals are
practicable;

(b) that the aerial has to be both cheap and simple to install and it has to be used on a number
of frequencies. with fields at varying angles of incidence;
RECOMMENDS

1. that the directivity of receiving aerials cannot be relied upon to improve the signal-to-
noise ratio;

2. that it appears reasonable to assume that the aerial of the average listener cannot be better
than that given in the Report of the Geneva Planning Committee (1948) and this consisted
of an “ L ” type aerial with horizontal and vertical limbs, each 16 feet in length (4.80 metres).

RECOMMENDATION No. 143

UNIT SYSTEMS
(Resolution No. 6)

The C.CILR,, ' ‘(London, 1953)

CONSIDERING

that the use of the rationalised M.K.S. system (also known as the rationalised Giorgi system)
has been recommended by the International Electrotechnical Commission (Technical Committee
No. 24 meeting, held in Paris on 17th and 18th July, 1950) and that it is now very widely used
by radio engineers and by the authors of radio publications;

~ RECOMMENDS

- that administrations and - private operating agencies should be encouraged gradually to
adopt, in their relations with the I.T.U. and its permanent organs, the rationalised M.K.S. system
(also known as the rationalised Giorgi system). )
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RECOMMENDATION No. 144

MEANS OF EXPRESSION
TERMS, DEFINITIONS, GRAPHICAL AND LETTER SYMBOLS
AND THEIR CONVENTIONAL USAGE

(Resolution No. 5)‘

The C.C.LR., ‘ : 7 : . (London, 1953)
© CONSIDERING ' ’

(a) that it is of importance for the ease and efficiency of the work of the C.C.Ls that means of
expression of all kinds (terms, symbols, etc.) and the conditions of their use be rendered and
maintained as uniform as possible;

{b) that the C.C.LLF. has finished its “ Draft list of definitions of essential telephone terms”’
that the -C.C.I.T. has made considerable progress in its work: of terminology and that a pro-
cedure for coordinating the vocabulary work of the three C.C.Ls is outlined in Resolution
No. 283.of the L.T.U. Administrative Council ;

(c) that the desired unification means avoiding, unless imperatively necessary, contradictions
between the conventions accepted by the C.C.ILR. and those used by other qualified organisa-
tions, especially the International Electrotechnical Commission (LE.C.) and that efficient

~ cooperation must be secured for this purpose, not only in the final stage of the work but also
in the preparatory stages, i.e. at the level of each of the participating countries;

(d) that the 1.E.C. has on its part sought means of cooperation with the C.C.L.LR.;

(e) that the Australian Administration has submitted to the C.C.L.R. (London Doc. No. 269) a
proposal to the effect that the unification of graphical means of expression should not be
restricted to elementary symbols but should be extended to circuit diagram lay-out, making
them of greater practical utility to the engineer by giving each of the sub- 01rcu1ts an appearance
characteristic of the function it fulfils; .

UNANIMOUSLY RECOMMENDS

1. that lists of the various categories of means of expression suitable for the work of the C.C.I.R.
(terms, definitions, graphical and letter symbols) and the conventions for putting these means
of expression to the best use should be prepared as soon as possible and kept up to date as
constantly as possible, this permanent task belng entrusted to the Study Group No. XIV
specially set up for this purpose by the C.C.LR.;

2. that each administration wishing to cooperate effectively in this work should nominate to
the Study Group concerned a “ national correspondent ’, and that the Study Groups_of the -
C.C.LR. should appoint “ representatives > whose technical qualifications are required for
the efficient performance of this work; )

3. that the Study Group concerned should take all appropriate action for coordination and
cooperation with the organisations active in this sphere, so as to avoid useless duplication
of work already begun and harmful divergences in results, this being particularly important
with reference to the C.C.ILF. and the C.C.I.T. on the one hand, and the International
Electrotechnical Commission on the other;

4. that priority should be given to the preparation of that part of the I.T.U. vocabulary dealing
with radio communication, so as to ensure as soon as possible the publication of the complete
vocabulary, for which the work done by the C.C.LLF, and the C.C.1.T. is much more advanced;
and for this purpose:



— 101 —

4.1 that the 1.T.U. vocabulary should be published in separate sections so as to avoid, both for
the edition at present in preparation and for any future revised editions, delay in the publication
of certain sections not yet ready, merely because of delays in other sections; that consequently
a section should be devoted to each of the following subjects: telegraphy, telephony, radio
communication, terms common to all three branches of telecommunication;

4.2 that the initial document intended to serve as a basis for the “ radio communication  section .
of the I.T.U. vocabulary, which was drawn up during the VIIth Plenary Assembly under the
heading “ Preparatory list of terms and definitions used by the C.C.I.R.” should be com-
municated to the Director of the C.C.LR. for issue and distribution to the “ national cor-

respondents ”’ and “ representatives ” referred to in point 2 above, so that they may examine

it; .

4.3 that replies to this first consultation be sent direct to the Chairman of the relevant Study
Group (No. XIV); that comments should be made and amendments suggested bearing in
mind the fact that the published section will in principle contain only the terminology peculiar
to the work of the C.C.I.R. and not the terminology formally adopted by the L.LE.C. for. its
vocabulary; so that for this common terminology only major objections to the corresponding
terms or their definitions need be mentioned;

4.4 that the Chairman of the Study Group concerned should carry out in the most suitable manner
an analysis of the results of this first enquiry; that he should then entrust the three “ national
correspondents ”—of the U.S.A., United Kingdom and France—with the necessary translation
work for the bilingual text (taking into account differences in American and British termi-
nology) required to draw up a “ provisional list of terms and definitions peculiar to the work
of the C.C.I.R.”; that he should then request the Director of the C.C.LR. to issue this document
and to send it for study to all the Study Groups and the administrations participating in the
work on terminology;

4.5 that replies to this second enquiry should be sent to the Director of the C.C.I.R.; that the
Chairman of the Study Group concerned should carry out in the most appropriate manner
an analysis of these replies; that, with the assistance of the Study Group, the final text of the
(bilingual) “ List of terms and definitions peculiar to the work of the C.C.ILR.” should then
be drawn up, which would then constitute the draft sections to be placed before the joint Study
Group of the three C.C.1.s provided for by the Administrative Council of the 1.T.U.;

5. that work should also be started on means’ of expression other than those in the vocabulary,

so long as work on the latter is not thereby held up, and using a procedure based on the
experience acquired.

RECOMMENDATION No. 145 *

BANDWIDTH OF EMISSIONS

(Recommendations Nos. 3 and 36)

The C.CILR., (Stockholm, 1948 — Geneva, 1951 — London, 1953 — Warsaw, 1956)
CONSIDERING '

(a) that it is of the utmost importance to ensure economy of the radio spectrum by reducing
the spacing between assigned frequencies; .

* This Recommendation replaces Recommendation No. 87.
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that, to this end, it is necessary to reduce the spectrum occupied by each emission, in com-
pliance with the rules of Art. 13, § 4, of the Radio Regulations; that, moreover, the Radio
Regulations have prescribed in Art. 17, § 2, that the bandwidths mentioned in App. 5 must
be considered as a guide, until more recent recommendations of the C.C.I.R. are published;

that for the determination of a spectrum of minimum width, the whole transmission circuit
as well as all its technical working conditions, and particularly, propagation phenomena,
must be taken into account;

that one cannot, strictly speaking, mention bandwidth without having previously adopted
quantitative definitions of the various bandwidths by fixing well determined points on the
complete spectrum;

that the definition of the bandwidth occupied, being the only definition mentioned in the
Radio Regulations and satisfying the previous conditions, is useful to specify a given emission;

that, however, this definition does not suffice when consideration of the complete problem
is involved; and that one should be in a position to establish general rules limiting, on the
one hand, the bandwidth occupied to the value strictly necessary in each case and, on the
other hand, the amplitudes of the emitted components in that part of the spectrum which
could interfere with adjacent channels;

that one can thus realise the usefulness of three conceptions:

— the bandwidth necessarily occupied;
— the bandwidth occupied;
— the emitted spectrum outside the bandwidth necessarily occupied;

which can be defined and applied according to the following principles:

g.1 the bandwidth necessarily occupied should be established at the smallest value possible,
while including the spectrum components useful to a good receiver to ensure com-
munication with the quality required by the two correspondents (that is to say, for
example, maintaining the telephone quality laid down, or the percentage of errors ad-
mitted in telegraphy), in the presence of given technical conditions;

2.2 the bandwidth occupied, as defined in the Radio Regulations, enables the operating
agencies, and the national and international organisations to carry out measurements
of the bandwidth actually occupied by a given emission and so to ascertain, by com-
parison with the bandwidth necessarily occupied, that such an emission does not occupy
an excessive bandwidth in view of the service to be provided, and is, therefore, not likely
to create harmful interference beyond the limits laid down for this class of emission.
The use of this concept appears then to be a useful way of requiring the operating
agencies to restrict the emitted energy outside the bandwidth necessarily occupied;

2.3 the emitted spectrum outside the bandwidth necessarily occupied must be determined
by reconciling the following requirements:
— the necessity to limit to a strict minimum the interference caused to the adjacent
channels;
— the technical and practical possibilities of transmitter design;
— the limitation to a permissible value of the shaping or distortion of the signal;

that, however, one must always bear in mind the fact that the three concepts are not inde-
pendent and that given a specific emission, the knowledge of each one provides partial infor-
mation on the emitted spectrum; the emission is completely determined only by its entire
spectrum;

UNANIMOUSLY RECOMMENDS
Definitions

that in addition to the definition of bandwidth occupied by an emission, given in Chap. 1,
Art. 1 No. 58 of the Radio Regulations, and which is quoted for reference in § 1.1 below, the
following definitions and explanatory notes should be employed as convenient conventions
to facilitate and clarify the consideration of bandwidth problems.
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Bandwidth occupied by an émission

The band of frequencies comprising 999 of the total radiated power extended to include
any discrete frequency on which the power is at least 0.25% of the total radiated power.

Bandwidth necessarily occupied by ar emission

The minimum value of the bandwidth occupied by an emission, sufficient to ensure the
transmission of information of required quality at the output of the receiving equipment for
the class of emission, the system employed, and for specified technical conditions (see.

notes 1 & 3).

Out-of-band radiation of an emission

" The power radiated by an emission outside the bandwidth necessarily occupied (see note 1).

The out-of-band radiation does not include radiations on remote frequenc1es such as
harmonics and parasitic emissions (see notes 2, 3 & 4).

Build-up time of the signdl

The time during which the telegraphic current passes from one tenth to nine tenths (or vice
versa) of the value reached at the steady state (see note 5).

Note 1. — Such radiation useful for the good functioning of the receiving equipment, as
for example, the radiation corresponding to the carrier of reduced-carrier systems should be
included in the bandwidth necessarily occupied, and not in the out-of-band radiation.

Note 2. — It is not intended that radiation on frequencies remote from the useful part of
the emission, such as radio-frequency harmonics, be included in'the defined out-of-band -
radiation, as these are covered by separate regulations (see App. 4, Radio Regulations).

Note 3. — The bandwidth occupied by an emission which would be considered as perfect
from the standpoint of bandwidth economy equals the bandwidth necessarily occupied. In
this case the out-of-band radiation generally equals 19 of the total radiated power. For other
cases the percentage will, in general, be higher.

Note 4. — The concept of out-of-band radiation gives a convenient means to indicate the
relative imperfection of an emission. However, a complete description of the spectrum.of
the out-of-band radiation is indispensable for the determination of interference caused on

adjacent channels.

Note 5. — In the case of asymmetric sighals, two different values corresponding to this
definition can exist, representing the build-up times at the beginning and end of the signal.

Limitations of the emitted spectra

_that, since some present emissions (particularly class Al emissions) occupy an unduly wide
" bandwidth, administrations should endeavour, with the minimum practicable delay, to limit

the emitted spectra to those shown below for various classes of emission.

2.0.1 The telegraph speed in bauds (later referred to as B) used in the following text is the
maximum speed used by the corresponding transmitter. In the case of a transmitter
operating at a speed lower than this maximum speed the build-up time should be
increased to keep the occupied bandwidth at a minimum in order to comply with
Art. 17, § 2 (No. 398) of the Radio Regulations.

Clas