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Prof. Dr. B. van der Pol



IN MEMORIAM

t Prof. Dr. B. van der Pol

On October 6, we received the sad news that van der Pol was
no more. During the night, at his desk, in the midst of his family
and with a mind which was clear right up to the end, he peacefully
rendered his soul. During the last six months an excruciating
pain was rapidly pulling him down without being able, however,
to turn him away from his work. Only last August, he had parti-
cipated actively at Genova in the International Radio Conference.
He had not been able to attend the session held at the Hague,
a few days before his death, of the executive committee of the
International Council of Scientific Unions (I.C.S.U.), but still
L. V. Berkner, the president of the committee, had been to see
him to put before him the questions under consideration. More-
over, on his desk was lying a finished scientific manuscript, regar-
ding a certain aspect of the theory of the elliptic theta functions,
in which he had inserted formulae, in his own hand, up to the last
but one page.

In him, the International Radioscientific Union has lost an
honorary president, who had served the Union with devotion and
competence as vice-president from 1934 to 1950 and as a most
active member ever since the revival of the U.R.S.1. alter the first
war. [t was van der Pol who, at the Brussels Assembly of 1928,
created the new (fifth) Commission on « Radio Physics », which is
particularly concerned with the theoretical questions of propaga-
tion and circuits. All those who have participated even once in
a General Assembly of the U.R.S.I. and particularly in the very
last session, held at Boulder (Colorado) in 1957, have appreciated
his command not only over the scientific problems of our Union
but equally much over the administrative problems. Indeed van
der Pol was at the same time, a great scholar, a great technician
and a great administrator at the International level.
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Many people have know him and seen him at work, but often could
only discern one aspect of his powerful and sympathetic persona-
lity. Throughout his career, which was so productive, the three
aspects of his activity mentioned above were intimately inter-
woven, offering us the harmonious spectacle of a development
which never suffered a decline.

van der Pol was born in Utrecht in 1889. Having studied at
Utrecht University, he went to Fleming in London in 1916 and
then to J. J. Thomson at Cambridge. From his three years stay
in this famous laboratory, he brought back a thesis (1), on experi-
mental work, which was most remarkable at that time in demons-
trating that the effective dielectric constant of a gas ionised by
a glow discharge falls below unity for high frequency electroma-
gnetic waves (wave length 3 meters). Thus he obtained an arti-
ficial ionosphere in the laboratory and proved it to have a refractive
index below unity for short waves, which ensures the curvature of
the electromagnetic waves in the ionosphere and their return
towards ground. At that time long distance transmission and
reception of short waves had nol vet been realized.

Having obtained his doctorate, he became the theoretical assis-
tant of the great Lorentz for a period of three yvears at the Teyler
Foundation in Haarlem. In 1922, he was engaged as Head of the
Philips research laboratories at Eindhoven and later became the
director of radioscientific research, a position which he occupied
till the limit of age, in 1949. He was then invited to Genova as
the Direclor of the Consultative Committee on Radiocommuni-
cations (C.C.I1.R.) and finally in 1956 he retired and settled down
in his home land at Wassenaar.

Concurrently with his scientific activities which we shall mention
later, he devoted himself to the development of radiotechnique,
in Holland and elsewhere. He was a founder member, in 1920,
of the Netherlands Radio Society and was always at its helm. In
1921 he was also one of the founder members of the Dutch Physical
Society. In 1927, his important role in the establishment of the
first radiotelephone connection with the Dutch Indies was reco-
gnized in the form of an official distinction. Since 1927, he parti-
cipated as a delegate of his country in more than twenty five
conferences en Telecommunications held in all parts of the world.
From 1946 to 1949 he presided over the technical committee of
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the International Radio Organisation (I.R.O.) ; he was also a mem-
ber of the Radio-Raad of Holland.

In a rather schematic way one can classify the scientific work
of van der Pol under three headings; the theory and experiment
of non-linear oscillations, propagation of electromagnetic waves,
pure and applied mathematics.

Even before inspiring, al the Philips research laboratories,
numerous experimental studies on the non-linear, free (transmis-
sion) and forced (reception) oscillations in triodes, he had already
developed the concerned theory, partly with Appleton. Together,
they showed how a receiving circuit becomes synchronized with
a modulated incident signal (2) : in a certain band around the reso-
nance frequency, the free oscillation of the receiver is suppressed
and is locked to the incident carrier frequency. This work was
completed by the theory of the « hysteresis » phenomenon in coupled
oscillators (3).

In 1926, van der Pol published an important theoretical work (4)
which marked the entry into science of the so called relaxation
oscillations, the period of these being proportional to the time
constant CR of the circuit. The phenomenon is now well known,
and the non-linear differential equation corresponding to its simple
and basic form is, rightly, called after van der Pol. His elegant
discussion of the solutions, based on the work of Poincaré, is now
classic.  The following vear (9), in collaboration with van der
Mark, he showed experimentally the existence of sub-harmonics
produced in relaxation systems. Immediately afterwards (6) he
recognized that the heart beat is essentially a relaxation oscillation
and constructed an electrical model with the same co-worker.

To this part of his work are also related van der Pol’s researches(7)
on the theory of frequency modulation and on the stabilisation of
unstable harmonic oscillations (Mathieu equation).

The important series of studies on the propagalion of electro-
magnetic waves on the surface of the earth, started in 1931, with
Niessen (8). The classic solution of Sommerfeld, applicable to
waves of medium wave-length, with the surface of the earth consi-
dered as plane and possessing electrical conductivily and permea-
bility, was greatly developed and discussed from a physical point
of view. Irom 1937 onwards, in collaboration with Bremmer (9);
came the remarkable studies on the propagation of very short



-7

waves, taking into account the curvature of the earth. Use of
the operational calculus is a characteristic of all these-studies. As
for the results, these are well known by the propagation curves
which have been accepted as official at various international
conferences (10).

Finally, in recent years, van der Pol was the first to attack a
difficult problem : the propagation of a discontinuity wave from
a source, in the presence of a flat ground with unrestricted charac-
teristics (11). He showed the presence of the conical wave which
develops in the ground and explained the meaning of the so called
surface wave of Sommerfeld.

One must also mention the discovery, in 1934, at the Philips
laboratories, of the cross modulation of two radio waves, called
the Luxembourg effect (12).

One cannot but limit oneself to a rather brief mention of the
mathematical work of van der Pol. Firstly his big contribution
to the theory and applications of the operational calculus in which
he became interested in 1929 (13), culminating in the publication,
with Bremmer, of a work of exceptional quality on this subject.
Then one has to mention his numerous contributions to our know-
ledge of the functions of mathematical physics, contributions
which have always been most suggestive from the physical point
of view. Finally the increasing attention which van der Pol
devoted, towards the end of his career, to the elliptic functions and
to the theory of numbers (14) when he recognized the possibility
of applying operational methods in these domains.

A word here regarding the scientific career of van der Pol. In
1938 he was appointed professor of theoretical electricity at Delft
Technical University, fortunately, however, without ever carrying
the burden of academic duties. In 1945, after liberation, he
became president of the temporary University established at
Eindhoven ; his service were recognized by an official distinction.
He was visiling professor in the United States, in 1957 at Berkeley
and in 1958 at Cornell University.

Since 1947, he was member of the Royal Academy of Sciences of
Holland ; he was correspondant member of the Academy of Sciences
of Paris, and honorary doctor of the Technical University of
Warsaw and of the University of Genova. He received the medal
of honour of the Institute of Radio Engineers (U. S.), of which
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he was vice-president in 1934 and the Poulsen medal of the Aca-
demy of technical sciences of Denmark. He was honorary member
of various scientific societies and administrator of the Mathematical
Center of Amsterdam.

We have yet to pay hommage to the man, to his character so
gay and optimistic, to his talent for friendship and for music, to
his qualities of a scientific diplomat in international assemblies,
to the energy which he put into his work, to his vast erudition
which he carried with such ease and simplicity. He was a master
of the classics of science, specially of Rayleigh and Heaviside, and
those who shaied the same tastes owe him memories of many
unforgettable hours. He was a remarkable lecturer as well, and
in several languages too, as good in exposing difficult subjects as
in the art of serious popularizations.

Before ending, it will perhaps be not out of place to express a
wish : that most of the scientific work of van der Pol be collected
and published quickly, by some current method of reproduction.
This publication should include not only the fundamental scientific
memoirs but also some works on popularization and some short
articles on mathematical physics, which are most suggestive and
too little known. In the scientific world, such a publication would
honour a country which has always had a high credit abroad.

(.. MANNEBACK.
Treasurer U.R.S.1.
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INFORMATIVE PAPER

Historical account of U.R.S.1.

Section III. — Ionospheric radio-wave propagation

1. — Origin

As it has been previously mentioned in the preceding section (3.3),
the Commission on [onospheric Radio, the present Gommission III,
took its origin from the Permanent Sub-Commission on the Iono-
sphere constituted in 1946. The chairmanship of this new commis-
sion was entrusted in 1948 to Sir Edward Appleton who remained
in charge up to 1954 when Dr. D. F. Martyn took the chairmanship.

2. — Aclivilies

IFrom the beginning the new Commission fell the effecls of the
impulse given by the Permanent Sub-Commission on the Ionosphere
and directed its activities along various ways but all converging
toward the essential aim of the Commission, the study of radio
wave propagation through the ionosphere.

Such investigation fundamentally needed an elaborate knowledge
of the ionosphere and of its characteristics. From the beginning,
Commission IIT felt the need of a close cooperation of workers inves-
tigating the ionosphere from a point of view different from the one
which primarily interested U.R.S.I.  This need had given birth
to Lthe Mixed Commission on the Ionosphere constituted by the
International Council of Scientific Unions. This Commission which
had held its first plenary session in Brussels a few days before the
Stockholm General Assembly of U.R.S.1., 1948, worked since then
in close cooperation with Commission III.

Due to the use made of their contents for the preparation of the
International Geophysical Year, two Reports drafted during
this 1948 Assembly should be mentioned, one was on the location
of ionospheric stations, the other on operating ionospheric stations
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and on reduction of ionospheric data ; this last one was the starting
point of various reports drafted later on by the World Wide lono-
spheric Soundings Commitlee.

A review of the work carried out during the IXth General
Assembly (Zurich, 1950) shows in a strikirz way the diversity of
Commission 111 activities. Going fthrough the Prodeedings of
this Assembly one notices that the Commission appointed seven
Working Groups and that each of them drafted a report which
was considered al the end of the meetings. These reporls dealt
with :

— non linear effects in the ionosphere,

— long distance propagation of waves ol 30-300 Mc/s by means
ol regions E and I¥ ol the ionosphere,

— problems of medium and long wave propagation,

— ionospheric absorption of radio waves,

— reduclion of ionospheric data for geophysical purposes,

— Ursigrams, this report led to the constitution of the Permanent
Committee on Ursigrams,

— production and reduction of ionospheric information.

Those who closely followed the works carried out during the
International Geophysical Year, and particularly the activities in
the field of the ionosphere, will notice the importance of the last
of the above reports for the drafting and functioning of the pro-
gramme concerned with vertical incidence ionospheric soundings.

At the time of the Zurich Assembly it might be thought that the
activities of Commission III had reached a level which would be
difficult to exceed. But the use of rockets and later of space
vehicles strengthened the impulse given to the Commission by the
forthcoming International Geophysical Year. The history of this
large enterprise shows that since the beginning U.R.S.I. was very
closely connected to it.

As soon as 1952, U.R.S.1. appointed a Committee entrusted with
the coordination of efforts to organize research and observation
during the I.G.Y. in the various fields of activities of the Union;
Commission ITT was closely connected with such activities ; iono-
spheric investigation was, indeed, one of the major parts of Lhe
L.G.Y. programme.
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As soon as 1950, endorsing the resolutions of the Mixed Com-
niission on the Ionosphere, the Commission recommended the use
of rockets, and later of any space vehicles, to improve our know-
ledge of the high atmosphere.

Resolutions and recommendations drafted by the present Com-
mission III, in agreement with the Mixed Commission on the
Ionosphere, at the 1952 and 1954 General Assemblies, have directed
observations and investigations carried out during the International
Geophysical Year in the various ionospheric fields and particularly
for vertical incidence soundings, measurements of drifts, absorp-
tion, ete.

To have a complete view of the numerous activities of Commis-
sion 111, the work of its sub-commissions should he mentioned,
but this would lead us too far and may be to an overlapping with
other activities which will be dealt with in further parts of this
account such as those of the U.R.S.I./A.G.I. Committee, the Ursi-
gram Committee, Lhe Sub-Committee on World Wide Soundings,
ele.

One of the most striking results of the activities of the Gommis-
sion is obviously the increase of the number of ionospheric stations
in the world. In 1932, for the Second Polar Year, about twenty
stations carried out ionospheric observalions, this number increased
to more than 200 during the International Geophysical Year.

It is obvious that with the help of National Committees, Lhe
ionospheric investigation would not have reached the results which
partly gave U.R.8.1. its present standing. To give here even only
a short summary of the collaboration of various National Commit-
Lees would be overstep the boundaries of the review and we have
Lo refer the reader to the numerous National Committee reports
printed in the Proceedings of the Assemblies and in the Information
Bulletin.

(to be conlinued).



XIII™ GENERAL ASSEMBLY

Letter from the Chairman of Commission V

To all Official Members and Officers, Gommission V.
Dear Colleague

ProGRAMME OF MEETINGS FOR THE XIIITH GENERAL ASSEMBLY
or U.R.S.T. i~ T.onpon 1960

At a meeting of the Coordinating Committee of U.R.S.I. held
in Brussels last June the programme for the General Assembly in
London next year was drawn up and the following sessions have
been allocated for discussion by Commission V.

(1) Joint session with Commission VII on highly sensitive receivers-
molecular and parametric amplifiers, applications.

(2) Joint with Commission ITI. The aurora, radar observations.

(3) Joint with Commission VI. Antennas and data processing.

(4) Commission V only. Solar phenomena and their physical inter-
pretation.

(5) Commission V only. Planets and meteors.

(6) Commission V only. Galactic emission and its physical inter-
pretation.

(7) Commission V only. Discrete sources and their physical
interpretation.

It is now necessary that speakers should be invited as soon as
possible to prepare the introductory papers for opening these
various sessions, and I would be glad to receive from you your
views as to whom should be invited to present these papers on the
subjects enumerated above. According to the new by-laws of
U.R.S.I. the only papers which may be reproduced for the Assembly
are those which have been invited by International Chairmen or
by the Board of U.R.S.I. The people selected to give these intro-
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ductory talks must, therefore, be prepared to produce their papers
in time for them to be reproduced before the meeting of the
Assembly.

After the introductory papers the session will take the form
of short discussions, but no papers relevant to these discussions
will be reproduced. Apart from the fact that none of the discus-
sion papers will be reproduced, it seems to me that the new arran-
gements are close to those which we have followed in Commis-
sion V during the previous Assemblies. In order to facilitate the
smooth working of the sessions, I would be grateful if you could
let me have your preliminary suggestions of individuals who will
take part in these discussions and the time required. The most
urgent matter, however, is a decision on the opening speaker and
I would be grateful for your views on this as soon as possible.

Yours sincerely,
(sgd) A. C. B. LowEeLL,

Jodrell Bank Experimental Station,
Lower Withington,
7th September, 1959 Macclesfield, Cheshire.
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NATIONAL COMMITTEES

U.S. A

RESOLUTION

The following resolution was passed by the U.S. A. National
Committee at its fall meeting in San Diego, California, on Octo-
ber 19 : « The U. 8. A. National Committee of the U.R.S.1. aknow-
ledges with thanks the receipt of the U.R.S.I. publication « Iono-
spheric Stations Manual » edited by E. Herbays, W. J. G. Beynon,
and G. M. Brown, and compliments the editors on their completion
of a very useful source document which with the supplements that
are planned will aid scientific work in Ionospheric Radio Propa-
gation for many years. »
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COMMISSIONS

Commission 1.
On Radio Measurements and Standards

COLLABORATION WITH C.C.L.R.
(See pp. 44).
SYMPOSIUM

Attention of the Members of Commission I is drawn to the Pro-
ceedings of the Symposium of the International Astronomical
Union on the Rotation of the Earth and Atomic Time Standards

(p. 42).

Commission Il. — On Radio and Troposphere
BIBLIOGRAPHY

Attention is drawn to the following publications issued by the
Loyola University, New Orleans, Lo, U. S. A.

Guerzi, Fr. E., KeLLEr, J. F. — The electricity of the air as
weather factor.
Guerzi, Fr. E. — Meteorological Notes.

Commission 1Il. — On lonospheric Radio
BIBLIOGRAPHY

The following Reports have been issued by the National Bureau
of Standards - Boulder Laboratories :

Analysis of ionospheric vertical soundings for electron density
profile data
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I. Facilities for convenient manual reduction of ionograms,
J. W. Wrignr and R. B. Norton (n° 14).

I1. Extrapolation of observed electron density profiles above
F2, J. W. WrigHT (n° 19). ' ‘

hmax

Commission V. — On Radio Astronomy
SYMPOSIUM ON RADIO ASTRONOMY

Paris, Aucust 1958

The proceedings of this symposium have been published by the
Stanford University Press (Stanford, California, U.S. A.) under
the title « Paris Symposium on Radio Astronomy ». The volume,
of 624 pages, contains 106 original contributions and a complete
account of the discussions at the symposium (336 items).

The published price is $ 15.

Members of the Union may obtain copies at reduced price of $ 9,
together with the following charge to cover; the cost of packing
and postage : in U. 8. A. §0.45, outside the U. S. A. $ 0.60.

The price for contributors to the volume is $ 4.50 with the same
charge for packing and postage as for members of the Union.

Application for copies by members of the Union, and by contri-
butors, should be made on the enclosed form to the Secretary
General of U.R.8.1. and must include the appropriate remittance.

Persons not entitled to a reduced price should order through a
bookseller and not from either the Stanford University Press or
the U.R.S.I. General Secretary.

Commission VI. — On Radio Waves and Circuits
COLLABORATION WITH C.C.I.R.
(See pp. 48).
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CENTRAL COMMITTEE ON URSIGRAMS
AND I. W.D. S.
STEERING COMMITTEE

Resoluticns
(Brussels, September 4th, 1959)

At this meeting, the following Resolutions were adopted :

Resolution 1

(a) The I.W.D.S. Steering Committee invites the C.R.P.L. to
undertake the compilation of the 1959 Calendar Record, with the
cooperation as needed of other participating agencies in the Unions.

(b) Mr. A. H. Shapley and the Secretary General of U.R.S.I.
are invited to take the necessary steps to undertake the publication
of the Calendar Record, under I.W.D.S. auspices, either as an
U.R.S.1. Monograph, or any other way after consultation with the
constituting Unions.

Resolution 2

(@) The IL.W.D.S. Steering Committee agrees with the draft
Geophysical Calendar for 1960, subject to confirmation on technical
points from the Adviser for Meteors, and to the information from
the S.C.G. Reporter for Meteorology on World Meteorological
Intervals, and possibly from the President of C.0.S.P.A.R. for an
International Rocket Week. Mr. A. H. Shapley is invited and
agrees to undertake such consultations. The final Calendar for
1960 is given in Appendix 3.

(b) The Geophysical Calendar for 1960 should be printed in large
quantities by the U.R.S.I. Secretariat. The Calendar should be
sent directly to the L.G.Y.-I.G.G. participating Committees in
liberal quantities, roughly twice the number of I.G.Y. stations,
and to National Committees of the three constituting Unions
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(U.R.S.I,, I.LA.U., I.LU.G.G.), in each case enclosing a reply form for
additional copies.

(c) Copies of the Calendar should be sent to the Editors of the
principal journals on the fields of the participating Unions, with
a request that it be published therein.

Resolution 3

The .LW.D.S. Steering Committee invites the C.R.P.L. to conti-
nue to maintain the World Warning Agency for 1959 and onwards,
to serve in a similar manner as it did during [.G.Y.

Resolution 4

The I.W.D.S. Steering Committee requests the World Warning
Agency to perform the active coordination of the plan for Alerts
and Special World Intervals, taking into account the comments
which may be received from regional centres and other participants.
The World Warning Agency is requested to report on the operation
of the plan at approximately vearly intervals to the [.W.D.S.
Steering Committee.

Resolution ©

(@) The C.C.U. requests the assistance of U.R.S.I., if possible
with financial help, in order to organize in connection with the
General Assembly in 1960 a meeting of the representatives of
Regional groups, thoroughly familiar with the details of the Ursi-
gram system, to discuss the details of codes, to advice the C.C.U.
on these matters and to aid in the homogeneity and simplification
of the Ursigram system.

(b) The C.C.U. resolves to invite Mr. A. H. Shapley to draft a
comprehensive report to submit to the above meeting and mean-
while, to take the provisional decisions on such matters of detail
until the above meeting, after consultation with the other members
of C.C.U. in due time for reply.

Resolution 6

The C.C.U. confirms Resolution 20 reached at its last meeting
(Brussels, May 6-7, 1959) and. adds that special airmail reports
should also be used for information that requires more detailed
description that can be expressed in telegrams.
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Resolution 7

The C.C.U. calls attention to the scientific and practical need
for a modest amount of rapid data exchange by telegrams in the
world, and urges authorities in countries participating in Ursigram
work to make available to their organisations sufficient funds so
that a minimum telegraphic data programme can be accomplished.

Resolution 8

The C.C.U. endorses the following list of countries proposed to
constitute the Western Pacific Ursigram Network :

Australia Japan
Burma Philippines
Formosa Viet Nam
Indonesia

Notes : (a) India, New Zealand, Hong Kong and Manila are sug-
gested additions to this list.

(b) It is suggested also that data of Guam, Hollandia,
Okinawa, be collected also in the Western Pacific
Network.
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INTER-UNION COMMITTEE
ON RADIO-METEOROLOGY

We have the pleasure to announce that U.R.S.I. and L.U.G.G.
concluded an agreement on the continuation of the Mixed Com-
mission on Radio Meteorology, as follows :

1. The International Union of Geodesy and Geophysics
(I.U.G.G.) and the International Scientific Radio Union (U.R.S.L.)
agree to constitute an Inter-Union Committee on Radio Meteo-
rology as a successor to the former Joint Commission on Radio
Meteorology. The aims of this Committee will be :

(a) to further the study of these aspects of meteorology which
affect radio propagation,
(b) to further the application of radio techniques to meteorology.

2. U.R.S.1. act as Parent Union for this Committee.

3. The membership of the Committee shall consist of twelve
members, six being appointed by LU.G.G. and six by U.R.S.L
The appointments by each Union shall be reviewed at intervals
of not more than three years.

4. The Chairman and the Secretary of the Committee shall be
elected by the members for a term of three years, on the proviso
that both of them do not be representatives of the same Union.
The Officers are eligible for immediate re-election, but normally
they may not serve more than two consecutive terms.

5. The Committee is empowered to appoint consultants, their
number should not exceed six and they should be agreed either by
LU.G./G. or U.R.8.L

6. The Chairman of the Committee may, on his own authority,
invite to the meetings observers from other international scientific
agencies.

7. The Committee will meet at least every three years. Kach
meeting will be organized, by agreement between the Unions
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concerned, under the supervision of one of them. Such meeting
will be held in close agsociation, but not overlapping in time, with
a General Assembly of that Union. The Committee is encouraged
to organize symposia at other times, subject to the approval of
the financial arrangements by the Parent Union.

8. Resolutions and recommendations adopted by the Committee
during its meetings should be communicated to the Secretaries
General of I.U.G.G. and U.R.S.I. for endorsment by the Association
of Meteorology and Atmospheric Physics of L.U.G.G. and by
Commission IT of U.R.S.I. on Radio and Troposphere, before any
final action be taken.

9. At least two months in advance ; the Secretary should circu-
late agenda and other relevant papers. After each meeting, he
should send a summary report to the Secretaries General of the
two Unions.

10. Publication of the proceedings of the meetings and symposia
will be arranged as necessary by mutual agreement between the
Secretaries General of the two Unions.

11. The two Unions will provide each a yearly contribution of
$ 150 to support the expenses of the Committee. The fund thus
constituted will cover :

(i) the secretarial expenses of the Committee,

(1) the travelling expenses (partly or totally) of the Chairman
and of the Secretary for meetings of the Committee,

(ii1) partly the travelling expenses of the members attending mee-
tings of the Committee. Any other travelling expenses should
be covered by the respective Unions or by any other sources.

12. The Committee should submit to the Parent Union estimates
of the costs of symposia. The Parent Union through arrangements
with [.U.G.G. and other agencies, will assume responsibilities for
financial support of meetings and symposia in accordance with
budget approval by its Board of Officers.

13. The Secretary of the Committee will communicate an annual
statement of income and expenditure on behalf of the Committee
to the Secretary General of 1.U.G.G.
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14. At its first session the Committee will define its terms of
reference and draft a programme of action for further endorsment
by the relevant bodies of [.LU.G.G. and U.R.S.1.

15. Any dispute within the Committee will be settled by a mee-
ting of the Presidents of the two Unions. Arbitration, if necessary,
will be provided by 1.C.S.U.
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INSTRUCTIONS FOR THE PUBLICATION
OF U.R. S.1. MONOGRAPHS

Preliminary remark

To meet previous recommendations made by the Publication
Committee, endorsed by the Executive Committee and approved
by the General Assembly, the Board of Officers, meeting in Brussels
on July Ist, 1959, decided to issue a series of scientific publications
in the form of U.R.S.I. Monographs. In order to ensure an exten-
sive availability, the Monographs will be published by a commercial
publishing firm.

The Instructions for the Publication of U.R.S.1. Monographs
drafted by the Secretary General after consultation of the Board
of Officers are as follows :

Instructions

1. U.R.8.1. Monographs may include the following materials :

(i) Proceedings of Symposia organized by U.R.S.I.;

(i1) Proceedings of Scientific Meetings held by U.R.S.I. Com-
missions or Committees ;

(ii1) Special Reports on specific topics of general interest ;

(iv) Any other scientific materials of wide interest, connected
with U.R.S.1. activities.

2. The Editorial Board is constituted by the Board of Officers
of U.R.8.1., delegation for routine affairs being given to the Secre-
tary General who will act as U.R.S.1. Editor.

3. Any Commission or Committee intending to publish a Mono-
graph should appoint, in agreement with the Secretary General of
U.R.S.1., a Scienlific Editor who will collect the material, draft the
necessary texts, arrange the manuscript and forward it to the
" Secretary General of U.R.S.1. for publication.



4. The above rule is valid for Organizing Committees for Sym-
posia and Scientific Meetings and for Special Report Drafting
Committees.

5. Monographs will be published in one of the official languages
of U.R.S.I. (English or French) with, when suitable, short summa-
ries in the other language.

6. Only original papers should be included in the Monographs.

7. The following rules should be used for the presentation of
manuseript :

(1) Two copies of the manuscript should be sent to the Secretary
General of U.R.S.I. Such copies should be typewritten with
double spacing and carefully revised by their authors so that they
may be printed without further revision.

(11) The symbols used should be clearly explained and in accor-
dance with standard scientific usage.
(iii) Cilations lo lilerature. Whatever system 1s employed, it
should be carried out uniformly throughout the entire manuscript.
The following system is preferred by the publisher :
to periodicals : T. Kuwana and R. N. Apawms, Anal. Rad. Acla,
20 (1959), 51. (Author - comma - periodical abbreviated accor-
ding to standard rules - comma - volume number - year in
brackets - page number - full stop).

to books : B. Jirecensons, Radio Antennas, General Publisher,
New York, 1958, p. 666. (Author - comma - title of book -
comma, publisher, comma, publisher’s residence, comma, year,
comma - p. or pp. - page number(s) - full stop).

In alphabetical lists, the initials of the first author should be
given after his surname.

Be sure that every reference number in the text has its corres-
ponding quotation in the list of references, and vice versa.

Titles of journals, as far as possible, be abbreviated.

(iv) Drawings, diagrams (line-figures) should contain no text
except for brief indications such as Fig. I, etc. The overall dimen-
sions should not be lass than 9 X 12 ecm (3" % x 4" 1) nor
exceeding 16 x 20 cm (6”7 15 x 107).

Glossy sharp photographs should be provided; no half-tones
already printed in a book, journal, etc.
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The accompanying text should be submitted on a separate sheet.
The place of figures should be clearly indicated in the margin of
the text concerned.

(v) In proceedings of Symposia or Meetings only original indi-
vidual papers referring to the subject of the Symposium or to
items on the agenda of the Meeting and whose author is present
at the meeting should be accepted.

(vi) Individual papers for such Proceedings should be limited
in length to 2000-3000 — exceptionally to 4000 — words and three
sheets of illustrations, they should be accompagnied by 100-
200 words abstracts (if possible in the official language not used
for the original text).

8. Scientific Editors (see 3 or 4) should forward the manuscript
of Proceedings or Symposia to the Secretary General of U.R.S.I.
nol later than six weeks after the closing of the meeting.

9. Proof reading will be made in common agreement bhetween
the Scientific Editor and the Secretary General of U.R.S.L

10. Free distribution of monograph copies will be arranged by
the Secretary General of U.R.S.I. in agreement with the Board
of Officers or the Chairman of the relevant Commission or Com-
mittee, taking into account decisions reached by the General
Assembly on this matter.

*
* *

The above instructions have heen approved by the Board of
Officers.

Brussels, August 25th, 1959. The Secrelary General.

APPENDIX
Abstract of the Agreement with the Publishing Firm

An agreement has been signed with a publishing firm according
to which :

1. The publications will only contain papers in English or in
French.

2. The publishing firm acquires the sole end exclusive copyright
of the publications in all languages throughout the world at the



exception of translation in Russian language. Nevertheless,

authors of papers submitted to a meeting or a symposium may

publish them in a scientific journal under the following conditions :

(a) to ask the authorization to the Secretary General of U.R.S.1.,

(b) to mention the U.R.S.I. publication in which the paper has
been printed.

3. The authors of papers will not be entitled to receive reprints
free of charge. However, reprints can be ordered by them at
quoted prices.

4. The publishing firm allows a reduction of 25 9, on the selling
price of copies ordered at the U.R.S.I. Secretariat.

5. Illustrations, tables and diagrams should be supplied free of
any copyright charges. The authois of papers will protect the
publishing firm against any claim by a third party in connection
with infringement of copyright caused by the publication of manu-
seripts.  The authors should obtain the usual permission to quote
passages from books for which a copyright exists.
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U.R. S. 1. PUBLICATIONS

lonospheric Stations Manual

It is recalled that the lonospheric Stations Manual has been
issued. It contains data on more than 200 stations carrying out
vertical ionospheric soundings, and other observations and measu-
rements of ionospheric phenomena. The Manual is on sale at the
General Secretariat of U.R.S.I. at the price of B. F. 800 or $ 16
(B. F. 600 or $ 12 for orders received through National Committees).
This price includes postage and supplements.
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BIBLIOGAPHY

of Scientific reports and papers published
in proceedings of the General Assemblies

(See Informalion Bulletin, n° 116, p. 23)

(R) after the title of a paper indicales thal only a summary has been
published ;

(Re) that a summuary in English language follows the text;

(Rf) that a summary in French language follows.
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C.C.I. R,

Findings of the IXth Plenary Assembly of C.C.!.R.
of interest to U.R.S.I.

GCOMMISSION 1

Besides the documents printed in Informalion Bulletin nos 115
and 116, in which U.R.S.1. is specifically mentioned, the following
documents — which although they do not mention U.R.S.1.,
are of interest to Commission I — may be mentioned.

Stupy ProGramMmE N° 155 (VII) (1)
Slandard-frequency transmissions and time signals
(Geneva, 1951 ; London 1953 ; Warsaw, 1956 ; L.os Angeles, 1959)

The C.C.LR.,

considering : ,

(@) that Question N° 140 (VII) and Recommendation N° 319
call for information on methods for improving the usefulness of the
existing standard-frequency transmission and time-signal service ;

(b) that standard-frequency stations are operated simulta-
neously on the same carrier frequency ;

(¢) that standard frequency transmissions are also used as a
means of measuring radio propagation characteristics ;

unanimously decides that the following studies should be
carried out :

1. an investigation of the possibilities of reducing mutual inter-
ference between transmissions in this service by :

1.1. shortening the programme of tone modulation and of
announcements ;

(!) This Study Programme, which replaces Study Programme N 101,
arises from Queslion No 140 (VII).
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1.2. use of modulation which gives the required information
and accuracy in minimum bandwidth ;
1.3. staggering the transmissions in the allocated bands and
using a convenient type of modulation; a suggested staggering
of frequencies is as follows :

Sub-bands (ke/s)

14,992—14,996

24,992—24,996

4,996— 5,000
9,996—10,000
14,996 15,000
19,996-—20,000
24,996—25,000

5,000— 5,004
10,000—10,004
15,000 15,004
20,000—20,004
25,000-—25,004

15,004—15,008

20,004—20,008
25,004—25,008

Note. — In each sub-band, the carrier frequency should be on the lower
side.
1.4. a convenient world-wide coordinated lime sharing of

frequencies on which there is mutual interference depending ou the
staggering of frequencies ;

2. an investigation, with the assistance of Study Group VI,
into the desirability of staggering the frequencies for radio pro-
pagation studies ;

3. collection of information on how standard-frequency broad-
casts in bands 6 and 7 may be coordinated with broadcasts in other
bands to give the best overall world-wide service.

Stupy ProgramMme N° 156 (VII) (%)
Frequency spectrum conservation for high precision time signals
(Los Angeles, 1959)
The C.C.I.LR.,
considering :

(a) that higher precision in the radio distribution of time signals
necessitates, using present techniques, the use of an increased
bandwidth ;

(1) This Study Programme arises from Question No 186 (VII).
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(b) that newly developed techniques may nevertheless effect a
«considerable bandwidth economy ;

unanimously decides that the following studies should be
-carried out :

1. an invesligation of the relationships between bandwidths
required, and precisions obtainable at present for various carrier-
to-noise ratios as may be encountered in practice ;

2. an investigation of narrow band techniques to generate and
broadcast high precision time markers ;

3. an investigation of the characteristics of the radio paths
‘involved that limit the accuracy of time signals as received, and
how these radio path parameters affect the choice of an optimum
method.

REcoMMENDATION N° 320 (%)
Standard-frequency-iransmissions and lime signals
in addilional frequency bands
(Question No 142 (VII))
(Los Angeles, 1959)
‘The C.C.LR.,

considering :

(a) that Recommendation N© 319 refers only to the trans-
missions of standard-frequency and time signals allocated by the
‘Radio Regulations, Atlantic City 1947, centered on the frequencies
2.5, b, 10, 15, 20 and 25 Mc/s ;

(b) that propagation characteristics, interference and noise
-degrade considerably the short term accuracy obtainable in these
{requency bands;

(¢) that in communications, research and industry, there is an
increasing need for high accuracy of frequency and time measure-
'ments in a short period of time ;

(f) that measurements on controlled stations in Band 4 have
«demonstrated that a precision of frequency comparison of 1 part
in 10710 can be.achieved in a period of a few hours during daylight
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at a range of H000 km, (1) at great ranges the precision decreases:
but is till mueh greater than that obtainable in Bands 6 and 7;

(e) that, therefore, the possibility exists of achieving a world-
wide frequency reference of high precision in Band 4 between 15
and 20 kefs by means of a single station or at most two or three
transmitters operating on different frequencies ;

(f) that it may be possible by specialized techniques to provide
a highly precise world-wide time reference by emissions in Band 4 ;

(9) that studies employing highly stabilized transmissions in
Band 4 provide valuable information regarding ionospheric and
propagation conditions which is useful in scientific studies and
in the design of long range navigation systems ;

unanimously recommends

1. that as many stations as possible already in operation in
Band 4 should be controlled with sufficient stability to permit
an extension of present measurements of path phase stability ;

2. that phase measurements in Band 4 at great distances,
for example near the antipodal points, be continued and refined
to yield further information on the behaviour of such standard-
frequency transmissions at extreme distances ;

3. that the techniques for transmission and reception of standard-
frequency and time signals in Band 4 be investigated with a view
of avoiding interference in the distribution of such a service ;

4. that a band of 100 ¢/s in the neighbourhood of 20 ke/s (15 to
26 kefs) would appear to be a suitable channel for an effective
standard-frequency and time signals service ;

5. that appropriate existing stations in Bands 5 and 6 be employed
as much as possible for distribution of standard-frequency by
precisely controlling their carrier frequency ;

6. that existing broadcasting stations in Band 8, such as FM
and television, be employed as much as possible for distribution
of standard-frequency and time signals which can be added to the
existing present modulation, without interference to the normal
programme ;

(1) See Annex 11 to Report N° 166 « Observations of a standard frequency
service on 16 kec/s».
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7. that any administration contemplating transmissions in
accordance with the above proposals should first communicate
the details to the Chairman and Vice-Chairman of Study Group VII.

COMMISSION VI

At the request of Study Group n° 1 of the C.C.I.R. Report n° 96.
— which is published below — is brought to the attention of Com-
mission VI. This report has been approved, without opposition,
by the Administrations participating in the IXth Plenary Assembly
of the C.C.I.R. in Los Angeles.

C.C.I.LR. Study Group n° 1 considering that the theoretical and
practical possibilities to reduce interference in radiocommunications
are of major importance for the C.C.I.R., asks the help of U.R.S.1.
for the continuation of such investigation. '

The Study Group also suggests that such assistance should,
for example, allow :

— to correct and to extend the considerations included in the
report on the basis of works already published ;

— to initiate further investigations on the non-solved questions,
some of which are mentioned at the end of the report.

Report N° 96 (1)
Possibilities of reducing interference
and of measuring actual traffic spectra
(QuesTions Nos 1 (I) and 133 (II)
(Warsaw, 1956 ; Los Angeles, 1959)
Summary.

Any aclual signal which has passed through a quadripole can
be developed as a series of time-staggered functions. The sole
function on which the development is based is the impulse response
of the quadripole, representing the shortest elementary signal
which can appear at the output of the quadripole. This develop-
ment. helps to show some of the important properties of actual

(1) This report replaces Report No 38,
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signal spectra useful in the study of interference and the measure-
ment of spectra with analysers :

(a) Interference can never be zero, for the spectrum of any
actual signal cannot be zero in any frequency interval; it can be
zero only on discrete frequencies.

(b) If the receiver subject to interference can be assimilated to
a substantially rectangular pass-band quadripole and it is tuned
far enough away from the centre of the spectrum, and if the con-
secutive signal amplitudes are independent and not correlated, the
interference merely adds additional noise to the inherent receiver
thermal noise.

(¢) If the actual signal fulfills the above conditions, its spectrum
can also be determined by means of an analyser, and reproducible
stable results can be obtained if the analyser is followed by a
quadratic integrator.

(d) 1f the signal does not fulfill these conditions, the measurements
will be unstable, as regards both individual measurements made
with the same analyser and measuremenls made with different
analysers. '

On the other hand, constant and reproducible results are pos-
sible, for instance, in telegraphy, if the actual signal is replaced
by a periodic signal, and in telephony if the fransmitter is modulated
with white noise. One then obtains in the first case a time spec-
trum whose envelope is the spectrum of the elementary signal and
in the second case a spectrum identical to that of the elementary
signal.

(e) The problem of reducing interference, which is al a first
approximation the prohlem of reducing out-of-band radiation,
reduces to the problem of finding the besl elementary signal in this
respect.

A first solution, suggested by Shannon’s theories, is Lo give
the signal an approximately Gaussian statistical distribution.
Speech approaches this condition fairly closely and can therefore
easily be filtered, thus introducing little interference outside a
certain band. In telegraphy the only way of forming a similar
signal is to use many different combinations of elementary signals
of different amplitudes.
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Gabor, after choosing a particular definition for signal duration
and bandwidth showed that the best elementary signal in those
respects was a signal having the shape of a Gaussian curve. Such
a shape can be approached as closely as required by using multiple-
section filters whether with a very simple iterative filter section
or non-iterative sections, although a large number of sections
introduces a signal delay which is the only parameter limiting
the practical application of the method. Nevertheless, delays
of not more than one word of medium length should be very helpful
in reducing out-of-band radiation. Delay is apparently inevitable
whenever endeavours are made to compress frequencies or Lo reduce
out-of-band radiation.

Many other signal shapes have been proposed but are either
less effective or not practically feasible.

Yet the problem of interference can be tackled only by also
taking into account the exact nature of the signal and the receiver
properties. Total permissible signal distortion is the distortion
imtroduced by the receiver and transmitter considered together.
Villepelet showed that if a given frequency band was occupied
by radiocommunications of the same kind, the best way of solving
the interference problem was to allocate one-half of the quadripole
representing the syvstem to the transmitter and one-halt to the
receiver, the receiver and transmitter thus becoming equally
selective. Contrary to what might be thought, this principle
could actually be applied in a fairly large number of cases though
it is not followed as a general rule, receivers being nearly always
more selective than transmitters.

The theory for circuits having different natures and working
on adjacent chennels is much more difficult to study and no
solution is known, but the problem might be tackled experimen-
tally.

Finally, the receiver might be adapted to the interference so
that it should not only be able to receive the wanted signal but
also should be highly insensitive to some kinds of interference.
Little work has been done along these lines so far, but a general
method of studying the problem has heen proposed.

1. — Inlroduction. Possible ways of examining inlerference problems.

The number of radio channels which can be used in a given
frequency band depends essentially on the spacing required bet-



ween adjacent channels. Leaving aside various phenomena and
circumstances such as field fluctuations, which necessitate an
increase in spacing, the minimum spacing is determined by the
interference produced by each channel in neighbouring channels.
If the bandwidth occupied by the emissions, and consequently
the out-of-band powers as defined in Recommendation N°o 145
were known, it would then be possible to determine roughly the
minimum necessary spacing between two frequency assignments.
But, without knowledge of additional data, such as the rate of
decrease of the energy outside the band limits, the power definition
of the occupied bandwidth is not sufficient for the purpose of
determining channel spacing.

It is hence necessary to deal with the interference problem in a
more direct and precise manner ; the first problem to be solved is Lhe
reduction of the energy of a given emission outside a certain band,
and the next is the increase in the slope of the spectrum outside
its central part.

Even this does not suffice, for interference cannot be entirely
determined by power consideration. It is closely connected with
the exact nature of the interfering emission, as well as with the
nature of the emission suffering from interference and the characte-
ristics of the receiver. When the problem is thus stated in its
entirety, it is very complex and is not generally possible to take
all the factors fully into account. Hence it is necessary to use
simple and fairly general examples on the basis of which it is
possible to reach approximate conclusions and indicate improved

“procedures with reasonable confidence, after comparing the upper
interference limits in the various cases.

In general, interference is produced by emissions Lransmitting
actual imformation which is not known beforehand. Correct
methods of representing emissions in the study of these problems
should, therefore, enable the signals transmitted to be represented
as random quantities.

Analysis of the properties of real signals is made easier if they
are represented as series of functions. The use of functions
staggered in time is especially useful for showing the random
nature of the signals and dealing at the same time with filtering
and interference problems.

For all classes of emissions, except those using frequency modu-
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Jation, a simple relation can thus be established between the
output radio signal and the input modulating signal. Conse-
quently, the following considerations and results are not, in general,
applicable to frequency modulation.

If the signal to be transmitted consists (as in telegraphy, for
example) of a series of discrete voltages, breakdown into a series
of functions staggered in time is quite natural. The emission
is then fully determined when :

(«¢) an elementary signal, which usually takes the form of a pulse
modulating a carrier wave, has been defined ;

(b) one of the parameters of the elementary signal (amplitude,
frequency, duration, etc.) has been provided with a coefficient
which is proportional to the discrete, random voltages of the
original signal.

Another case (telephony provides the simplest example) when
the signal is defined by a continuous time function, and here the
same procedure may be used, by varying one of the parameters
connected with the elementary signal as a function of the continuous
parameter defining the signal.

Various forms of signal breakdown are indicaled below : the
first one, which uses elementary signals that are all identical but are
staggered in time and provided with a coefficient of proportionality
is useful for the discussion of problems in which only energy is
imvolved and which are entirely determined by the form of the
spectrum of the overall signal, usually representing an entire
message.

Another breakdown, with elementary signals staggered both
in time and frequency, will be mentioned for it will allow a more
precise analysis of the interference problem, taking into account
the exact nature of the transmitting and receiving systems.

2. — Breakdown of the signal by means of elemenlary signals staggered
in time. Spectrum properties and measurement possibilities.

It was mentioned above that representation of the signal should
show the random form of the signal.

However, il is casier to measure the spectrum during trans-
mission of an elementary signal or a periodic signal made up of a
regular succession of elementary signals. These simple signal
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shapes are very convenient for calculation and permit a fairly
easy assessment of their effect on a circuit idealising the receiver
subject to interference. The theoretical problems of interference
will thus be simplified if a relation can be found between the spectra
of random signals and the spectra of simple signals coming from
the same transmitter.

Such a relation can easily be found if the actual signal can bhe
represented by a series of functions with constant coefficients,
successive functions being obtained by time-staggering a single
function representing an elementary signal. To obtain such a
signal in practice, the minimum requirement. is that the corres-
ponding function should always be zero before a given moment
which is the beginning of the transmission. For example, the
theoretical original elementary signal could be a narrow rectangular
pulse, the successive switching times being separaled by intervals
equal to the pulse width. The signal is then represented by a
series of functions, the coefficients of which are equal to its mean
value during each elementary interval.

By reducing the width of the pulse, anyv actual conlinuous signal
can be represented with a root-mean-square error as small as
desired. For this it is sufficient for the integral of the square
of the derivative of the signal to be bounded ; now, in physical
terms, this means that the signal must represent a finite quantity
of information. Some authors have in fact used this integral of the
square of the derivative of the signal to measure the amount of
detail contained in a real signal particularly in television (1).

It will immediately be seen that the Fourier transform or
«amplitude spectrum» of a signal expanded in this way is the
product of two spectrum functions.

The first function represents the spectrum of the elementary
signal ; this spectrum does not depend on the information contained
in the signal.

(1) This measurement is naturally different from Lhe measurements
based on probabilities of the amount of information which can be defined,
after SuanNoN, by using, for instance, the binary unit. 1t is logical only
with certain types of continuous signals, especially, the usual type of lele-
vision signal. SHANNON has shown (4, para. 29) how the r.m.s. error
limits the capacity of a source for lransmitling information.




The second function might be called the switching spectrum ;
it depends on the switching instants and on coefficients which
themselves contain all the information. In complex terms, this
spectrum function is equal to the sum of the vectors whose length
is equal to the coefficients and whose phase is proportional to the
frequency and the times of switching.

Such an analysis of the signal presents a certain general character
in spite of the special form of the rectangular pulses which have
been used. If the spectrum is represented as a product of functions
it can be seen that transformation of the signal by a linear qua-
dripole is equivalent to transformation of the elementary pulse
only. At the quadripole’s output, the transformed signal spectrum
is still represented by the product of two functions. The switching
spectrum is the same (and hence so are the coefficients of the series
of functions representing the transformed signal); the elementary
signal spectrum is replaced by the spectrum of this pulse trans-
formed in the quadripole. At the limit, when the pulse width is
reduced indefinitely, the transformed pulse tends towards the
impulse response of the quadripole. Any signal transformed
by a quadripole can, therefore, be expanded as a series of staggered
functions, the original function being the impulse response of the
same quadripole.

If the signal is received by an apparatus (e. g., the receiver of the
correspondent, or the receiver subject to interference, or a spectrum
analyser) which integrates the signal during a certain time, the
output voltage of this apparatus, at a given frequency, depends
on the sum of the corresponding vectors the number of which
increases with the integration time. The phases of these vectors,
however, are uniformly distributed around the phase circle and
under certain conditions their amplitudes, equal to the mean
values of the signal during the sampling intervals, are statistically
independent, each one being small, with respect to the overall
amplitude. It is well known that in Lhis case, particularly accor-
ding to the theorems of Liapunov and Paul Levy (1), the statistical
distribution of the amplitude of the resultant vector tends towards
the Rayleigh law, whereas the instantaneous value of the cor-
responding overall voltage (projection of the vector on to any
fixed axis) has a statistical distribution which tends to become
Gaussian when the integration time increases indefinitely. This
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is valid for any random signals, such as those occurring in telephony,
or television, the amplitude of which is always bounded.

It is known that continuous signals in practice do not have
statistically independent values at instants very near to each other;
however, these values become more and more independent as the
instants become more distant one from the other. The condition
for independence, therefore, means that the chosen sampling
instants are sufficiently separated to ensure that the values cor-
responding to any two successive instants are practically indepen-
dent, and hence capable of representing entirely different infor-
mation.

In the case of telegraphy of the usual type, the position is parti-
cularly simple. The elementary signal can be the usual unit
signal of the telegraphists, the finite duration of which is that
of one code unit and the amplitude coefficients are all equal to 0
or 1 with, as a first approximation, an equal probability for these
two values at the sampling instants. The problem is then reduced
to that of the random walk which was originally studied by Lord
Rayleigh. The statistical distribution of the total amplitude
and the total instantaneous value still tend towards Rayleigh and
Gaussian distributions respectively, which are approached, with
a fair degree of approximation for practical purposes, if a fairly
small number of components are added.

The effect of the signal on receivers of fairly small bandwidth
which integrate the amplitudes or the powers, can be easily assessed
when the spectrum of the elementary signal and also the first
(in the case of a linear integrator) or the second (in the case of a
quadratic integrator) moment of the statistical distribution of the
amplitudes are known. These moments show the mean amplitude
and the mean power of the signal respectively.

It may be pointed out that receivers with a narrow bandwidth
have a large time constant and are thus naturally linear or quadratic
integrators. However, practical calculations show that the most
selective ordinary receivers and even the most accurate spectrum
analysers still have too wide a bandwidth and consequently a
time constant that is too small to ensure a good approximation
to the moments of the statistical distribution ; their output voltage
is always fluctuating, in the presence of a random signal, if they
are not followed by an indicator with a very high degree of inertia,
preferably a quadratic integrator.
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However, the switching spectrum is a periodic function of the
frequency without a constant term when the switching times are
uniformly spaced ; the result is thal the spectrum has the shape
of the elementary pulse spectrum, multiplied by a periodic function
which depends mainly on the information transmitted. Conside-
ring the part of the spectrum falling within the (not too narrow)
passband of a receiver subject to interference, the average level
of the voltage induced in this receiver thus depends primarily on the
shape of Lhe elementary pulse spectrum, whatever the time during
which the whole receiving system integrates the voltage or the
power.

If, instead of considering the Fourier transform of the signal
{or amplitude spectrum) we consider the usual spectrum of the
physicists, which is a power specirum, it is possible to specify
the preceding properties a little better. It is known that this
spectrum is the Fourier transform of the signal’s correlation
function. 1If this signal is represented, as before, by a series of
staggered functions, it is found that the spectrum is also the product
of two spectrum furctions. The first is the (power) spectrum of the
elementary signal, and the second the Fourier transform of the
original signal’s correlation function. This second spectrum
function is reduced to a constant if the correlation funclion is
periodically cancelled out, the period being equal to the time
separating fwo consecutive switching instants. In this case the
signal is said to be uncorrelated with the switching or sampling’
imstants (which alone are of interest to us). The spectrum is then
identical with that of the elementary signal, apart from a constant
coefficient which represents the mean power of the overall signal.
The problems of determining interference and measuring the
spectrum with a spectrum analyser are then very simple; a qua-
dratic integrator at the output immediately gives the power in the
analysed part of the spectrum. With regard to those parts of the
spectrum which are fairly distant from the central frequency,
where the spectrum of the elementary signal generally varies
fairly slowly with frequency, and if the receiver subject to inter-
ference or the analyser has a passband which without too much
error, may be treated as a relatively narrow rectangular filter they
isolate within the spectrum a portion having a constant level
throughout their bands, with zero level outside. If then the origi-
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nal signal is not only uncorrelated, but takes independent values
al the sampling instants, the signal leaving the analyser, or acting
on the terminal apparatus of the receiver subject to interference,
is a «white» Gaussian signal, which can be compared in every
respect. with thermal noise ((3) Chapter XIII, page 513). The
sole effect of the interference is then to increase the noise level
at the output of the receiver subject to interference. With equal
power in a given band, this is the most damaging form of inter-
ference 1. e. it causes the greatest loss of capacity in the channel
under consideration.

If, therefore, we wish to measure easily and rapidly the spectrum
emitted by a transmitter which is designed to send out continous
signals (a radiotelephone transmitter, for example), it suffices
to apply a thermal noise of suitable power to it, instead of its
normal signal. This method, which is indicated in Recommen-
dation No 145 (para. 2.4.) as elsewhere, i1s the simplest in theory.

If, on the other hand, the signal is correlated, a term depending
on the frequency is added to the preceding constant which repre-
sents the mean signal power. If, as before, we assume that the
receiver subject to interference or the spectrum analyser has a
fairly narrow passband, and is tuned at some distance from the
central part of the spectrum. it is reasonable to examine especially
the effect of the second spectrum function on such apparatus.
This effect is represented by a doubly periodic function : it varies
periodically when the tuning frequency departs from the central
frequency of the signal; it also varies periodically when the band-
width of the receiver or the analyser varies. Hence, if the signal
is correlated, the amount of interference experienced by a receiver
and the information provided by a spectrum analyser depend in a
complicated way not only on the statistical properties of the signal,
but on the characteristics of such apparatus, particularly on the
bandwidth ; the analysis cannot be followed through to its conclu-
sion unless all the corresponding data are known.

What is always important, however, is the independence of the
two spectrum functions, as well as the essential consequence
the spectrum of any signal decreases as the spectrum of the ele-
mentary signal defined by the quadripole through which the signal
flows. :

In the case of a correlated signal, the collected power simply



becomes proportional to the bandwidth of the analyser filter only
if this bandwidth is very narrow (with respect to the reciprocal
of the sampling interval). But with a narrow filter it is necessary
to reduce the sweep speed, and even to abandon an automatic
sweep, if it is wished to obtain results with a fair degree of approxi-
mation from the measurements. With a manual-sweep analyser,
the total measurement of the spectrum takes so long that measure-
ments of the different parts of the spectrum are mutually incoherent,
even if the analyser is followed by an integrator with a long time
constant. This incoherence disappears only if the measurements
are carried out by applying periodic signals to the transmifter.

For telegraphy, this method always seems preferable owing
to the simple relationships which exist between the spectra of the
periodic signals, the spectrum of the elementary signal and the
mean spectrum of the random signals emitted by the same system.

Marique has made a fairly rigorous study of the effect of non-
periodic telegraph signals on spectrum analysers (2).

Let us end these considerations with a mathematical note which
has important practical consequences. The spectrum of an actual
signal is represented by an integerfunction, if (as is always the case
in practice), the signal has traversed a passive quadripole. This
is because an actual signal is null before the finite instant at which
the message begins, is always bounded and after passage through
the passive quadripole falls off exponentially towards zero from
the moment the message ends.

Hence, whatever real signal is transmitted, we must always
consider a spectrum represented by an integerfunction, that is to
say, extending to infinity and cancelling out only at distinct fre-
quencies (which may be an enumerable infinity) but never in a
frequency interval, no matter how small it may be.

The rest will perhaps be clearer if we sum up the conclusions
we can draw from the above :

(a¢) The problem of interference will always exist. Since the
spectrum of an actual signal cannot be zero in any frequency
interval, any receiver tuned close to the carrier of any actual
emission receives energy therefrom. If the frequency difference
is large enough, this energy may be small, and sometimes negligible,
but it can never be zero.
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(b) The effect of interference on a receiver cannot be assessed
if we know merely the energy received from the interfering station.
It will depend on the nature of the signal transmitted and on the
kind of receiver.

Only in one case is the effect of the interfering station very
simple : whenr the receiver passband can be assimilated to a rectan-
gular band, and is tuned reasonably far away from the centre
of the interfering spectrum. If, in addition, the interfering signal
can be vrepresented by successive uncorrelated, independent
amplitudes, the interference will be assimilable to thermal noise.
It will merely increase the inherent channel noise, but, for equal
power, it will have the maximum eflect on the loss of capacily
of the channel.

(¢) 1f the signals transmitted can be regarded as represented by
a series of uncorrelated amplitudes stalistically independent of
each other, it is possible to measure the spectra of the random
signals and to obtain stable results, readily comparable with those
obtained by measuring the spectrum of an elementary signal or of
the periodic elementary signals applied to the same transmitting
system, provided that the indicator of the spectrum analyser
is followed by a linear, or preferably, by a quadratic integrator.

{d) On the other hand, if the successive amplitudes of the random
signal are correlated, its spectrum oscillates around the spectrum
of the elementary signal and cannot show any stability, whether
the same spectrum analyser is used for successive measurements
or a different analyser is used. The oscillations have a complicated
relationship with the bandwidth and filter characteristics of the
analyser, unless the bandwidth is extremely small. In this case,
the overall time of measurement may be far too long for the whole
to remain coherent and reproducible. It is then preferable to
replace such a signal for measurement purposes either by a white
noise modulating the transmitter (which is possible with a radio-
telephone transmitter) or by a periodic signal (which is generally
possible for radio telegraph transmitters). Laboratory measure-
ment of radiotelegraph spectra is often effected by means of periodic
elementary signals; this provides isolated points of the spectrum
of the single pulse, which is the envelope of the line spectrum of the
periodic pulses.
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(e) The problem of reducing interference or out-of-band radiation
is reduced to the problem of finding the elementary signal which,
transmitted by the same system, would produce minimum inter-
ference.

In telegraphy of the usual type, the elemeutary signal to be
considered is identical with the unit signal of the telegraphists.
the length of which is practically that of a unit interval.

In systems transmitting a continuous signal, like telephony or
television, the elementary signal is the shortest isolated signal
that the system can transmit; it is the output signal obtained
when a very short rectangular pulse is applied to the input.

In pulse systems, the elementary signal is the basic pulse.

In systems using frequency modulation, in which the trans-
mitters by their very nature cannot be linear, the elementary
signal to be used for sampling the signal transmitted is much
more difficult to define and cannot bear a simple relation to a
corresponding input signal. The considerations described above
and below can, therefore, be applied only with difficulty to such
systems.

3. — Reduclion of oul-of-band radialion.

If nothing is known about the characteristics of the receiver
sulfering from interference, or if the person transmitting is unfami-
liar with the system used by the circuit experiencing interference,
the only action which the transmitting station can take to lessen
the interference is to reduce the power transmitted outside a given
frequency band. We have seen, however, that, whatever signal
is transmitted, the power spectrum oscillates around the spectrum
of the elementary signal. The solution of the interference problem
in this case lies in the reduction of the power transmitted by the
elementary signal beyond a given band. But before examining
methods of reducing interference which depend upon the shape
of the elementary signal, some light may be thrown on this pro-
blem by a study of the consequences of Shannon’s theory of channel
capacity (4, ).

It is well known that the fullest demonstration of the Hartley-
Shannon theorem on the capacity of a channel in the presence of
noise makes use of an expansion of the signal with the help of a
.staggered elementary function of the type mentioned in para. 2
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above; but the elementary function used is Whittaker’s inter-

sin o I,

polation function which does not fulfill the condition set

w

at the beginning of para. 2 for an actual elementary signal : it is
not zero in any interval. Any actual signal can be arbitrarily
approximated by such an expansion. For a given approximation,
the expansion is found to have a uniform spectrum in a certain
frequency band, beyond which it is zero. The hand is wider as
the signal is more closely defined, i. e. reproduced exactly at a
larger number of instants.

This is paradoxical, because any signal can be represented in
this way, but then it no longer produces any interference outside
a certain band. This is because although the signal is correctly
represented-in the finite time interval when it has been actually
transmitted, another arbitrary signal has been added to it outside
this interval, and this completely alters the total spectrum. In
actual fact, this mode of expansion assumes that the signal was
known for infinite time. Under these conditions, it is obviously
useless to transmit it over any telecommunication channel and the
problem of interference does not arise. The Hartley-Shannon
theorem, which is based on such an expansion, is thus only a limit
theorem, valid only for indefinitely delayed signals. However,
IKolmogorov has recently shown in which way the theory has to
be changed to take into account actual signals (6).

But it is very interesting to observe that a signal, expanded in this
way with the help of an infinity of elementary Whittaker functions,
has statistically a Gaussian distribution under certain conditions
which are more or less fulfilled for normal signals. All that is
required is that the random function representing the signal
should be stationary, that the characteristic function of its distri-
bution should be regular at the origin and that the values of the
function at the different sampling instants should be uncorrelated
and independent ((3) Chapter XIII, page 513).

By continuity, it can be concluded from the preceding properties
that a fairly long actual signal, with a roughly Gaussian statistical
distribution, can give a very weak spectrum outside a certain
band ; this would represent minimum interference. All that would
be required, would be to filter it in a suitable way and it can be




deduced from the above that this filtering would be possible without
inordinately affecting the signal, but that the reduction of the
out-of-band radiation would be achieved only at the cost of a
«lelay of the signal and would be greater as the delay was increased.

A well known practical example is that of the signal directly
representing speech. This signal has been studied by many
authors who have shown that, for a fairly long period of time and
a fairly large number of different voices, its statistical distribution
was approximately Gaussian, in this respect approaching white
noise, which exactly satisfies the mathematical conditions posed
above. The speech spectrum can thus be reduced to a very low
amplitude outside a band which is easy to determine, but it cannot
be reduced to zero, as a given conversation begins at a finite
moment. The reduclion of out-of-band radiation can be achieved
with the help of a filter without too much deterioration of articu-
lation : the reduction is greater as the number of sections is increased,
the increase of this number being the only means available of
increasing the asymptotic slope of the filter. The signal delay,
which increases with the number of sections, is thus all the greater
as the out-of-band radiation is reduced. Some of these latter
properlies are well known to engineers; the very general way in
which they have been obtained shows that they are independent
of any hypothesis on the exact nature of the signal and the circuits
used.

Unlike telephone signals, telegraph signals, which are quantised
by means of adjacent signal elements, and have only two distinct
levels, cannot approximate a Gaussian distribution ; they are also
prolific sources of out-of-band interference.

To obtain signals approximating to a Gaussian distribution
with amplitude modulation, different amplitudes would have
to be used at the different sampling instants ; Shannon’s theoretical
signal considers amplitudes whose difference at two distinct instants
is at least equal to the noise level. The convergence theorems
of the sum of random variables towards a Gaussian variable (1)
shows how a Gaussian signal can be obtained in this way : the
overall signal must be constituted by the sum of a large number
of signal elements, all small and occurring at random instants.

If only a limited number of signal elements can be superimposed,
occurring at random instants and statistically independent,
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and if the overall signal is to have a Gaussian distribution, it can
be seen, by application of Cramer’s theorem, that a signal element
represented by the inverse function of the Gaussian distribution
function should be employed. Such a signal could not be exactly
achieved. The preceding signal, with a large number of combi-
nations, seems to be achievahle.

4. — Reduction of bandwidth.

This theoretical problem differs at least on the surface from
the one above, although it may lead to the solution of the same
physical problem. It has been shown above that the problem can
be reduced to finding the best elementary signal, without, at
least as a first approximation, there being any need to take account
of the information transmitted, provided, of course, that the ele-
mentary signal permits transmission of such information.

If an attempt is made to find an elementary signal providing
maximum power within a given frequency band, as suggested
by the definition of occupied bandwidth, the result will obviously
be the sinusoidal signal and the Whittaker signal referred to above.
These two signals are physically unobtainable and do not meet
the conditions stated above for the elementary signal : they have
existed for infinite time. Their spectrum is zero outside a certain
band whereas we must use signals which are zero before an instant
when they begin, subsequently to be prolonged indefinitely and
vanish progressively, in accordance with an expotential law.
The spectra of these latter signals cannot be zero outside any
given band.

Not all elementary signals which satisfy these simple conditions
can be acceptable ; in telegraphy, in particular, and in most other
cases, we wish to use an elementary signal with a build-up time
lower than a given value or a limited practical duration. Such
a condition, even if physically accurate for a category of signals
of a certain given shape, cannot easily be formulated for a signal
whose shape has still to be determined. A similar difficulty is
encountered in designating mathematically the concept of «band-
width ».

To facilitate formulation of the problem, other concepts which
may be equivalent to «build-up time» or «significant duration »
or « bandwidth » must be used. Gabor, taking up a theory esta-
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blished by Pauli and Weyl, seems to be the only author to have
dealt with the problem in a general sense (7); he has given a
definition of «eflective duration» and «eflective spectral width ».
These effective values are the r. m. s. values of the signal and of its
spectrum, centred respectively round a mean time and a mean
frequency.

Gabor then shows the existence of a relation between these two
quantities, similar to an uncertainty relation, according to which
their product cannot be less than unity. Since, in addition,
our aim is to find an elementary signal with a minimum duration
and as narrow a spectrum as possible, the required conditions
must be fulfilled, in the Gabor sense, by signals which make the
uncertainty product near to unity. It has recently been shown
that this relation is only exact when the spectrum function is
zero for frequency zero (8). This is not usually the case, but
in the radiocase under consideration where the r. m. s. spectrum
width is negligible with respect to the carrier frequency, the spec-
trum energy is almost zero for frequency zero and the Gabor
relation is fully applicable. The corrective term should not be
considered unless the same theory is to be applied, for example,
to carrier frequency telegraph systems, which this report makes
no attempt to deal with.

The limit value of the uncertainty product is attained only in
the case of a signal whose shape is represented by a Gaussian
function and whose spectrum is a function of the same form.
This signal has the same drawback as the Whittaker signal
it begins in the infinite past and cannot, therefore, in practice
be realised with accuracy. Nevertheless, on both sides, its decrease
towards zero is extremely rapid, contrary to that of the Whittaker
signal, which is slow. It should, therefore, be easy enough to
approach the theoretical optimum shape by curtailing the signal
on one side and neglecting the remainder of one of the infinite
branches.

Several investigators have shown that such approximations to a
Gaussian signal can be obtained with any degree of accuracy
required, by means of fairly simple physical circuits. Vasseur (9)
uses simple resistance-capacity sections separated by vacuum
tubes ; he proves that if the input signal in such a system is a very
short pulse, the output signal approaches the Gaussian signal when
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the number of sections increases indefinitely. Naturally the main
part of the signal recedes, at the same time, indefinitely along the
time axis : a signal delay proportional to the square root of the
number of sections must therefore be admitted. But, since a
great many resistance-capacity sections and nearly as many vacuum
tubes have to be used, the system is hardly a practical proposition.
Indjoudjian (10) has shown that the same result can be obtained
with an inductance-capacity low-pass filter having a non-constant
characteristic impedance, and the same number of sections as
above. Since the dissipation of the network is low and fewer
amplifying tubes are required, the latter filter would appear to be
more economical.

Practical use of the Gaussian signal had already been advocated
before Gabor, particularly in the United States, for television (11).
In the United IKingdom, Roberts and Simonds (12) had already
described its properties as long age as 1943 and 1944. Chalk (13),
in seeking to establish the best signal shape on the lines above,
while bringing into play the characteristics of a circuit under the
influence of interference, arrived infer alia at the Gaussian signal.
But if radio channels subject to interference are taken as a whole,
circuits of unknown characteristics are no longer to be considered,
and the overall measurement of the interference is determined
by the out-of-band energy; therefore, in the Gabor sense, at
least, the Gaussian pulse provides the best shape.

Marique (14), after examining, in a similar way, the case of
signals with Gaussian flanks, came to the conclusion that they
offered no marked advantages over other shapes, and in particular
over sine squared signals. However, these signals are not, strictly
speaking, Gaussian signals ; the considerations above have shown
that in telegraphy each telegraph instant should be transmitted
by a Gaussian signal with joined elements represented by successive
elementary signals of such a length as to ensure that the resulting
undulation on the signal along the maximum is small. In a more
recent contribution (15), the same author, comparing several
shapes of signal, shows that the higher the degree of the first term
of its power series expansion, the weaker the interference caused
by the signal. This property is very general : a reduction in out-
of band radiation required a rapid decrease in the spectrum with
movement away from its centre : the order of asymptotic decrease
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of the spectrum is equal to the order of the tangent at the origin
of the signal beginning at the origin of time (16). The signal delay,
on the other hand, increases with the degree of the first term of its
power series expansion. Thus, the quite basic principle in the
theories of Shannon and Gabor is once again confirmed, whereby
the interference can be reduced only if the signal is delayed,
the best results being obtained when the delay is infinite (that
is, of course, when there is no telecommunication whatsoever).

Numerical calculations made with the practical signal shapes
obtained by the Vasseur process seem to indicate that a shape,
sufficiently close to the Gaussian shape, can be obtained for the
principal part of the signal with a small number of filter sections,
but a sufficiently low value of the product of build-up time and
bandwidth occupied is only reached when the number of sections
is much greater, i. e. only when the signal has suffered a marked
delay.

Chalk (13), M. S. Gourevitch (17) and J. A. Ville (19) have
determined the form that a pulse of finite duration should have
so that a given frequency band contains the maximum energy.
Gourevitch has also determined the bandwidth containing 99 %,
of the total energy for various forms of pulses. It has been shown
also that the cosine squared shaped pulse, although occupying
a wider band than the trapezoidal pulse, had the advantage of a
faster decrease of its power spectrum components outside the
occupied bandwidth, and therefore would produce smaller inter-
ference for sufficiently wide channel spacing (18). But these
authors have not considered the concept of the delay of the signal.
A sufficiently delayed Gaussian shaped impulse would give a much
faster decrease of the power spectrum components than any of their
optimum signals of finite duration.

When determining the form of a telegraph signal element by
such methods, one must consider that such a signal element should
have a sufficiently long flat portion ; if the optimum pulse is found
to be not satisfactory in this respect, a suitable signal element can
be constructed with several time staggered pulses.

The problem should therefore be considered in its practical
aspects as being essentially a function of signal delay., more than
of signal shape. A delay in telegraphy is not a very serious matter :
one equivalent to the length of a letter seems to produce satis-
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factory results; and there seems to be no need to exceed a delay
longer than that corresponding to a word. These delays are of the
order of those obtained with the mechanical devices in certain
existing multiplex systems.

Another reason for the necessary delay is found if one considers
the adaptation of the signal itself to its transmission in the mini-
mum bandwidth. In particular, in this respect, if «optimum
coding » is sought, it can be shown that the signal must be delayed.
The same applies if the signal is to be transmitted after frequency
compression and to be expanded when received. The importance
of delay has been stressed in the latest version of a C.C.L.R. question
on information theory (20).

In conclusion, it is well to cite some of Gabor’s further researches
on other forms of signals, as they may give rise to complementary
studies. Considering that an exact Gaussian signal is unattainable,
Gabor shows that the signal which is zero outside a certain time
interval and which has the smallest «effective bandwidth » is
represented by half a sine- wave; reciprocally, the signal with
the shortest «effective duration » has a half-sine-wave spectrum.
For these two reciprocal forms, the uncertainty product is only 1.14,
which is only a little higher than the theoretical optimum. Gabor
remarks that «sine-squared » signals, also called «raised cosine »
signals, give substantially similar results. Use of this sine-squared
shape is justified in television by power considerations, and it is
closer to the Gaussian optimum. Wheeler and Loughren (11)
were the first to propose the use of clipped sine-wave signals for
television, but their justification was empirical.

All of these latter signals, however, are still not physical, because
their attenuation is not exponential and they finish abruptly.
It remains to be determined which is the best signal which will
become zero before a given instant, will decrease exponentially,
and will have a fixed maximum delay. This problem would not
appear easy to resolve within the framework of Gabor’s theory,
nor is it certain that the research will lead to a result different from
the approximation to the Gaussian signal given by Vasseur and
other authors, which so far seems to be the most satisfactory
process, both from the theoretical and from the practical points
of view.
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5. — Reduction of inlerference, from the standpoint of the transmitter
and the receiver taken as a whole.

Filtering at the transmission end to reduce interference is
limited by the attendant distortion of the signal. The quality
of the signal itself is fully defined by the form of the elementary
signal, i. e. the shortest signal that can be emitted by the quadripole
representing the transmitter. But it is at the output of the receiver
that the desired quality of the signal must be maintained. Hence,
v interference problems, we have to consider not only the characte-
ristics of the receiver suffering interference, but also those of the
correspondent’s receiver, which in many cases can be represented,
like the transmitler, by linear quadripole (the most important
exceptions are the cases in which frequency modulation is used).

Even when we limit ourselves to energy consideration, that is
to say, when we do not take into account the kind of system used
nor the nature of the signal, the problem of interference with one
transmitter and two different receivers is a complicated one.
There would seem to be no simple general solution.

The problem is easier if we assume two identical receivers.
We can then assume that since two identical receivers are in prin-
ciple designed to receive two signals of the same kind, the trans-
milters are also identical. We shall then be able to inquire under
what conditions the mutual interference between two such circuits
of the same nature is minimum, when they operate on neigh-
bouring frequencies. If we make some extra assumptions — we
shall not go into them here, since they do not appear to affect the
general validity of the result obtained — Villepelet (21) has shown
that in these circumstances the mutual interference is minimum
when Lhe equivalent quadripoles representing each transmitter
and each receiver are identical. This result fully determines the
quadripoles, for we can also look for the optimum form of the
filter to be used (as mentioned above), together wilh the minimum
bandwidth and the maximum delay which will retain the desired
signal quality. The quadripole thus defined represents the unit
transmitter-receiver. If iterative, it will suffice to out it in two,
allocaling an equal number of sections to the transmitter and to
the receiver, to oblain Villepelet’s optimum. With present-day
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equipment, at least in radiotelegraphy and broadcasting (1),
this optimum is very far from being attained. Receivers are in
general equipped with relatively narrow filters, with rather steep
slopes, while transmitters are filtered little or not at all. The
rest of Villepelet’s paper shows the drawbacks of this inadequate
filtering in every case.

Of course, this equality between the transmitter and receiver
quadripoles (other things being equal) allows minimum spacing
between neighbouring channels. Hence, if a frequency band is
fully assigned to circuits of the same kind juxtaposed in frequency,
this condition will allow the maximum number of circuits to be
accommodated. For certain kinds of service and certain bands,
where this juxtaposition of circuits of similar nature is more or less,
imposed by circumstance, the above conclusion is fully applicable.

In some other bands (for example, the HF bands allocated to the
fixed services) such a juxtaposition is in no sense compulsory,
since the circuits are generally operated with a few substantially
different, classes of emission. If, in such a band, the use of a parti-
cular class of emission and system definitely predominates over
all the others then, cleaily, the condition of equality of the trans-
mitter and receiver quadripoles must be applied to the corres-
ponding apparatns, since a particular circuit is more likely to cause
reciprocal interference with a circuit of the same kind than with
a circuit of a different kind, even if frequencies be assigned at
random.

We shall now have to consider circuits of different kinds to be
placed, in more or less equal numbers, in the same frequency band.
Is there any advantage in assembling circuits of the same kind
in the same section of the band, or should they be interlaced so that
a circuit is, if possible, flanked by circuits of different kinds ?
As thus stated, there is no one general answer to this question ;
it depends on very many parameters, and is difficult to put preci-
sely. [Existing theories (4, 5) can only suggest partial replies,
by assimilating the interfering station to Shannon’s noise generator,
and by taking the channel capacily into consideration, as well as

(1) In general, with sound broadcasting, the bandwidths of amplitude-
modulation transmitters are at least double those of the corresponding
receivers.




— 70 —

the quantity of information actually transmitted. Blachman (22)
has recently shown how the problem can be imagined as a game
between two players, one of whom wants to transmit information
at the highest possible speed by choosing the best system, while
the source of interference tries to limit this speed by choosing the
most damaging interference (1). The complexity of this problem
arises from the fact that the two are not independent. But, for
a given mean energy in a given limited band, the interference
which most reduces the channel capacity is Gaussian white noise,
and we have already described how this can be produced by an
interfering transmittor. A circuit subject to such noise will
suffer little if the channel capacity is adequate, and if the trans-
mission speed is limited to suit this capacity as reduced by inter-
ference. Again to make the best of things, it should also use a signal
assimilable to Gaussian white noise, that is to say, a signal with a
limited, uniform spectrum and with uncorrelated, independent
amplitudes. Among the most usual classes of emission, those
which produce such interference are amplitude-modulation radio-
telephone transmission (DSB, SSB or ISB). Hence, in assigning
frequencies, these emissions should be placed close to the circuits
which are the least sensitive to the inlerference they cause. These
will be emissions belonging to the same class. Thus to the cases
in which emissions of the same class are naturally juxtaposed in the
same band, we have added at least one case in which they should be
juxtaposed in the interests of the circuits as a whole and to save
band space. This having been done, we can then readily apply
Villepelet’s principle to reduce the energy of the interference,
if that has not been done already.

We must not generalize and assume that this is only one instance
of a general principle, according to which circuits of the same kind
should always work on adjacent channels. In the present state
of theory, there is no justification for such principle. Indeed,
there are several reasons why it may be, in part at least, false. If,
for example, we consider a synchronous telegraph cireuit, it would

(1) As thus slated, BLacunman’s problem corresponds well to inlentlional
interference, but the same reasoning can be applied to cases when assign-
ments are requested at random as and when channels become vacant,
without making allowance for the kind of circuits juxtaposed.
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seem that an excellent source of interference would be an emission
of the same type, of the same speed, and with its characteristic
instants sychronized, the messages being, of course, independent
(telegraph apparatus can respond to false signals only when they
are more or less synchronized with their distributors). Here white
noise is not necessarily the best source of interference, because
the spectrum of the signal cannot be assimilated to a limited,
uniform spectrum.

In view of the complexity of the problem it would seem prefe-
rable to determine experimentally the possibilities of juxtaposition
of circuits of various types. Especially in the fixed services,
we are dealing with relatively few systems, with fairly stable,
well-known characteristics for which no theoretical model affording
a possibility of accurate reasoning could, except with very great
difficulty, be devised. But it is relatively easy to carry out labo-
ratory measurements of mutual interference under stable conditions,
by eliminating the effect of variable propagation conditions.

6. — Reduction of the effecl of interference by adapling receivers
to the inlerference.

In practice, all existing receivers are designed to receive and
decode the desired signal as well as possible. Protection is only
envisaged against white noise, never against interference of other
kinds, which may be very different, except, for instance, with
multiplex in which the adjacent channel belongs to the same
system. Now, since interference is inevitable, it would conceivably
be of advantage, in some cases at least, to determine the receiver
characteristics to suit both the signal to be received and the inter-
ference. This will be feasible only if the interference is of a parti-
cular kind, or at least has characteristics of a certain kind. It is
inconceivable that the receiver should reject an interfering signal
by making a distinction between it and the signal desired, if it
does not, in some sense « know » some of the characteristics of the
interference. Protection will be the more effective the better the
receiver « knows» these characteristics. To realize this, it will
suffice to consider an obvious extreme case, namely, when the
interfering signal is sinusoidal, in the band of a signal such as a
radiotelephone signal. If we know accurately the frequency
(stable) of the interference, the only parameler on which it depends,




— 79 _

we shall be able to filter it by a very narrow filter neutralizing
a very small receiver frequency band without in practice, affecting,
as we know, the reception of the signal desired.

To deal with the problem of the adaptation of the receiver,
P. Deman (23), like Gabor, has proposed that the signal be repre-
sented by a series of functions staggered both as regards frequency
and time. Each function represents a single elementary signal,
like those considered in paragraphs 2 and 3 above, and the various
elementary signals are staggered in time. But, in addition, they
modulate sinusoidal carriers of different frequencies (and no longer
a single carrier, as heretofore). Hence every elementary signal
depends on two discrete parameters, the switching instant and the
frequency, and on one continuous parameter, the amplitude.
One or more of these can serve for recognition of the signal by the
receiver, while the remainder represent the information. Thus,
for example, interfering signals can be distinguished from the
desired signals by the frequency parameter. The filtering and
decoding functions of the receiver can be represented by linear
transformations, the kernels of which are identical with the stagge-
red elementary functions which represent the desired signal. The
effect of the interfering signals then takes the form of interaction
between two functions, one desired, the other undesired. Cancel-
lation, or rather reduction of the interference effect (since full
cancellation is impossible with linear physical circuits) can be
mvestigated by using the theory of orthogonal functions.

Such a procedure might be convenient for a study of interference
problems, from an angle which seems to have escaped attention
so far.
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Telephone and Cables Ltd., Harlow
Industrial Estate (East), Harlow
(Essex)
40-4 Piezo-electric Crystals M. H. Mavr (Italie), Via Fratelli Casi- | Netherlands | M. L. van Roors

Connectors and Switches

raghi, 125, Sesto S. Giovanni
(Milano)

() By decision of the Committee of Action in Madrid, the work of this Sub-Committee
Technical Committee no 46,

will be taken over by



No Title Chairman Secretariat Secretary

40-5 Basic Testing Procedure M. L. Poporsky (U. S. A.) Technical United
Assistant to the President, Sprague | Kingdom
Electric Co., North Adams (Mass.)

40-6 Parts made of Ferro-ma- | Dr K. H. von Krizing (Germany), | Netherlands | M. H. W. GHIJSEN
gnetic Oxides Oberregierungsrat, Physikalisch-
Technische Bundesanstalt, Bunde-
sallee, 100, Braunschweig

g —

44 Electrical Equipment of | To be appointed France

Machine Tools |
45 Electrical Measuring Ins- | M. W. A. HamiLtoN (U. S. A.), Wes-| Germany

truments used in con- tinghouse Electric Corporation,

nection with lonizing| Pittsburgh 30, Pa.

Radiation
46 Cables, Wires and Wave- | To be appointed Germany

guides for Telecommu-
nication Equipment

C.1.S.P.R. | International Special Com- M. O. W. HumpureYs (U. K.), Re- United
mittee on Radio Interfe-| search Laboratories General Elec-| Kingdom
rence tric Co. Ltd., Wembley (Moddx.)!
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BIBLIOGRAPHY

Unesco

Broadcasting wilthoul barriers. — We draw the allention of the readers
lo a boolk recently issued by Unesco «Broadeasting without barriers»
drafted by Mr. G. A. Codding who develops the following theme. Unsur-
passed in speed, range and economy, radio broadcasling is an ideal means
of informing and enterlaining Lhe world’s peoples and promoting the free
flow of ideas between countries. But many obstlacles impede its effective
use. The development of broadecasling in various regions had been extre-
mely disparate, with the result that 60 per cent of the world population
still lacks adequate transmitting and receplion services. Broadcasting
organizations and industries have not always kepl pace with technical
advances, with the changing requirements of public interes(, or with the
challenge of the new medium, television. Insufficienl effort has been made
Lo promote the international exchange of programmes. And finally, failure
to agree on Lhe rational use of frequencies for broadcasling has hindered
expansion in the advanced as well as the less advanced countries.

The main topics dealt with in this work are :

The use of radio

The world’s domestic broadeasting systems
Broadcasting in less advanced areas
Broadeasting between countries

Use of the radio spectrum

Frequencies : fair share for all

The quest for better techniques

The challenge of television

The future of broadcasting.

This work is on sale at the price of F. F. 1050; § 3.00; 15/— (slg).

International Telecommunicalion Union
List of Coast and Ship Stations.

The I[.U.T. has issued the 32nd edition of the List of Coast and Ship Slalions.

This List, which according to the provisions of the Radio Regulations
annexed to the International Telecommunication Convention must be in
the possession of stations on board ships compulsorily fitted with a radio-
telegraph station, can also prove very useful to other ship stations and to
ship-owners, life-saving undertakings, transport, companies, etc.
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The presenl and future editions will consist of fwo volumes, as follows :

Volume 1 : List of Coast and Ship Slalions : Coasl Slations.

Preface. — Alphabetical index of coast stations. Particulars of coast
stations throughout the world, in the alphabetical order of the names of
countries. The information covers the name of the station, call sign, fre-
quencies used, emission classes and powers, the type of service carried out,
operating hours, charges, geographieal position of the operator, and any other
details of use for operational purposes. Information is given at the end of
the book on the inland and limitrophic telegraph rates for correspondence
to the country in which the coast station is located or to limitrophic
countries.

Volume I1 : List of Coasl and Ship Slalions : Ship Slalions.

Preface. — Parliculars of ship stations, listed in alphabetical order regard-
less of their nationality. The information covers the name of the ship, call
sign, the country under whose jurisdiction it comes, frequencies used, emis-
sion powers and classes, type of service, operaling hours, charges levied for
the exchange of correspondence, the accounting authorities and, where
appropriate, the owner of the ship, the number of lifeboats equipped with
radio apparatus, ete. Comments on ship stations are given at the end of
the book.

The litle on the covers and the explanatory texts are in English, French
and Spanish.

Prices for Lhe two volumes of the 32nd edition of the List of Coast and
Ship Stations, which may be ordered separately, are as follows (carriage
paid) : )

Volume I. Coast Stations (562 pages), 4.10 Swiss francs.
Volume 1I. Ship Stalions (1676 pages), 12.30 Swiss francs.

A complele list of I.T.U. publications, with prices, will be sent free of
charge in answer to requests made to the 1.T.U. General Secretariat,
Palais Wilson, Geneva, Switzerland.

Internatlional Eleclrolechnical Commission
Publication n° 56-4, First edition. — I.IE.C. Specification for alternating
current circuit-breakers,
Chapter 11I : Rules for strength of insulation,
Chapter 1V : Rules for the selection of circuit-breakers for service,
Chapter V : Rules for the erection and maintenance of circuit-breakers
in service.

This publication is on sale at the Central Office of the I.E.C, at the price
of Sw. Fr. 12 per copy, plus postage.






