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Mr. Bureau asked Mr. Rivault to give a brief account of the
work described in these papers.

In paper n° 174 it 1s shown that an merease 1s cosmic radiation
occurs one hour after a sudden enhancement of the mean level
of atmospheric noise.

Paper n° 183 gave detailed information on sudden enhance-
ment of atmospherics as obtained by mean level recorders.

3. Mr. HornEr illustrated his paper no 227 on the accuracy
of the C.R.D.F system for locating the source of atmospherics.

4. Mr. Rivaurt gave a brief summary of the paper n° 145
by Mr. Carbenay extending the concept of « impulse flux » apphed
to the narrow sector gomiometer already defined n a previous
paper.

5. The formal recommendations from Commission IV (1) were
read by the Rapporteurs, discussed and adopted.

6. The PresiDENT closed the session at 17 30 h.
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List of documents submitted to the Commission

No Titles and Authors Part
6 | The position and movements on the solar disc of sources
of radiation at a wave-length of about 3 metres, by
R Payne-Scott and A G Little. I1
7 | Solar radio frequency emussion from localized regions
at very high temperatures, by J H. Piddington and
H C Minnett. II
8 | The derivation of a model solar chromosphere from
radio data, by J H Piddington I
9 | Analyses of cistmbution of sources of galactic radio
waves 1n the galactic plane, by K C Westfold 11
{0 | Observations of the dynamic spectrum of radio fre-
quency bursts from the sun, by J P Wild and .
L L MeCready ] I
27 | Report of the Japanese National Commuttee I, p. 162
28 | Results of scientific activity of the Japanese lonosphere
Research Committee, by Y Hagihara and T Nakata | I, p. 28
50 | Report of Commussion V on Extra-Terrestrial Radio
Noise I, p 375
70 | Cosmic radio noise intensity measurements in the VHF
band, by H V Cottony and J R Johler 11
71 | Observations of the variable 205 Me/s radiation of
Cygnus A, by Ch L Seeger IT
72 | Some characteristics of 107 centimetre sofar noise,
by A Covington 11
73 | Radio pole of the Galaxy at 205 Mc/s, by Ch L Seeger
and R E Wilhamson 11
78 | Report of the Italhan National Commttee on Extra-
terrestrial Radio Noise, by Raghim I, p 161
84 | Report of the French National Commuittee, Chap-
ter V I, p 110
110 | Report of the U S A National Commuttee I, p 224
117 | Report of the Swedish National Commuttee I, p 215
129 | The Chalmers Radio Astronomical Observatory, by
O E H Rydbeck, H Wallman and B Stjernberg 11
130 | Galactic Nowise, by J G Bolton 11
131 | The propagation of electron beam waves 1 an omzed
medium, by O E H Rydbeck and 8 Forsgren I1
132 | Survey of results of meteor recordings during 1949 at
the Chalmers Observatories, by B Stjernberg 1I
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No

Titles and Authors Part

133 | Cosmic radiation and radio stars, by Alivén and 11

N Herlofson
176 | Radio observations of the solar eclipse on 28-4-49, by

M Laffineur, R Michard, R Servajean and

J L Stemnberg II
177 | Study of radio emissions from the sun on decimetre

waves, by J F Demsse i1
178 | Analysis of observations on the radio solar emission

performed at the Meudon Observatory, by M Laffi-

neur 11
179 | Analysis of observations made at the Laboratory of the

Ecole Normale Supérieure at Paris and at the Ser-

vice Laboratory of the Marine Studies at Marcousts,

by E J Blum, J F Demsse, J L Stenberg and

S Zisler 11
200 } Report of the Swiss National Committee I, p 221
206 | The solar radiation on 10 cm wave length, by ’

M Waldmerer , 11
216 | Limiting sensitivities  a comparnson of optical and

radio astronomy, by H Wallman 11
228 | Report on British work since 1948 for Commssion V

of URSI I, p 144
241 | The seminar of Radio-Astronomy of the Astrophysical ,

Institute of Paris, by J Laffineur and V Kourganoff IT
247 | The origin of the fluctuations in the mtensity of radio

waves from localized galactic sources, by A C B

Lovell IT
250 | Report of the Australian National Commitiee of Radio

Science 1948-50 I 71
251 | Electro-magneto-lonic waves, by V A Bailey and ' F

K Landecker I
264 | The Dutch Progress Report 1948-1950 I, p. 190
2568 | Report on work on radio-astronomy in Netherlands o

1948-1950, by M Minnaert. I 194
277 | Interstellar meteors, by A C B Lovell ’ pII
278 | The problem of the duration and the fluctuations and

the fading of radio echoes from

meteor t

A ¢ B Lovell or trals, by IT
279 | A continuous survey of meteor activity by the radio

echo techniques, by A C B Lovell IT
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(1) MEMBERSHIP

The following 1s a list of Officers and Members of the Commussion
as at 8 May, 1950 :
Dr D. F. MarTyN (President) . Radio Research Board, c/o Com-
monwealth Observatory, Mount Stromlo, Canberra, A.C.T.
Dr. J. L. Pawsey (Secretary) Radiophysics Laboratory, Uni-
versity Grounds, Chippendale, N.S.W.

Australia .
Dr. ¢. W. ArLLex . Commonwealth Observatory, Mount
Stromlo, Canberra, A.C.T
Prof. L. G. H. HuxLEY : Physics Department, Umversity,

Adelaide, S.A. ’

Denmark
Prof. B. STROMGREN . Director, Astronomisk Observatorium,
ostervoldgade 3, Copenhagen, K

France :
Mr. Laffineur : Institut d’Astrophysique, 98bis, Boulevard
Arago, Pars, 14¢.
M Y. Rocarp : Professeur a la Sorbonne, 120, Rue d’Assas,
Paris, 6¢.
Greal Brilain *

Dr. M. Martin RyLe : Cavendish Laboratory, Cambridge,
England.

Italy :
Prof. G. ABETTI :
Arcetri, Firenze.

Direttore dell’ Osservatorio Astronomico,
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Japan :
Dr. TAkEo HATANAKA : Asst Prof
: essor, Tok
Obsomnton okyo Astronomical
Mr. TErsuo K :
AgencyI_JO oNo : Radio Wave Division Radio Regulatory
Dr ATSI&SHI KimpARa : Professor, Nagoya University (Cor-
respondence : c/o The Science (o
Panc. Tokso) uncil of Japan, Ueno
Netherlands -

Prof. Dr. J. H. Oorr : Sterrewacht, 5, Leiden, Holland.
New Zealand :

Dr. E. MARSDEN : New Zealand Scientific Offic
Kmgsway, London, W C 2, England.

Sweden -

e, Africa House,

Prof. O. E. H RypeECK : Chalmers

logy, Goteborg. Umiversity of Techno-

Swiizerland .

Prof Dr. M WA’LDMEIER : Directeur de I’Observatoire Astro-
nomique Fédéral, Sternwartestrasse, Zurich.

Prof. Dr. Fr. Tank : Directeur de I'Institut de Haute Fré-

quence de I'Ecole Polytechm 2 dé
strasse, 174, Zurich. y que Fedérale, Frohburg-

Union of South Africa :

Captamn P. MEERHOLZ : ¢c/o T.R E G
tershire, England, / - Lreat Malvern, Worces-

United Stales of America -

Dr. D. H. MenzeL, Harvard Colle

Mass., U.S.A. ge Observatory, Cambridge,

(2) REGULAR PUBLICATION oOF SOLAR NOISE DATA

.Jomtly with the President of Commission 40 of the Interna-
tlona.l Astronomical Union the following letter was sent to labi—
ratories making measurements of solar radio noise :
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Dear Colleague,

The International Astronomical Umon and the International
Union of Scientific Radio each set up in 1948 Commuissions dealing
with radioastronomy We believe that the time 1s now appro-
priate to revise and extend the regular summaries of the chief
characteristics of solar radio noise, now being published. Enclosed
15 a document deseribing the prelimimary measures which have
been taken in this respect. It s hoped that you will find it possible
to participate in the proposed scheme, which will come 1nto ope-
ration at the end of the first quarter of 1949 Any suggestions
you may make with regard to improving or extending the scheme
will be warmly welcomed.

In the first mstance, the collected mformation will be published,
as at present, only 1n the « Quarlerly Bulletin of Solar Aclivity ».
Consideration will be given at an early date to the question whether
publication should be duphcated m the Bullelin of U RS.I, or
some other Journal devoted to radio sciences

(s) D. F MARTYN,
. Prestdent Commission V, U.R.S I

(s) R. v.d R WooLLEY,

Chairman, Commuiss.on 40, TA U

ENCLOSURE

Solar radio noise dala
for the Quarierly Bullelin of solar Activily

The publication of solar radio-noise data in the Quarierly Bul-
letin of Solar Activily was commenced 1 January, 1947. The
mformation submitted was tabulated almost without alteration,
and 1t was left to the conferences of the I.LAU. and URSL
m 1948 to devise methods of tabulation suitable for a umform
and progressive presentation of results. Both of the Unions
have formed Commissions on radio-astronomy, and the tentative
arrangements set out below have been made by agreement between
the former Bulletin editor, Dr. L. d’Azambuja, and the Presidents
of the respective Commussions, Dr. R. v d. R. Woolley and
Dr. D. F. Martyn. It is suggested that from the commencement
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of 1949 the Commonwealth Observatory, Canberra, in collabo-
ration with the Radiophysics Laboratory, Sydney, assemble the
solar-noise data for publication, with Dr. G. W. Allen acting as
Editor It 15 desirable that this arrangement be complete by the
end of March 1949 so that there should be no break 1n the conti-
nuity of the quarterly publication.

With this in view we wish to ask -

(@) Do you expect to make any regular solar radio noise obser-
vations which you might contribute to this publication ? If so,

please give wavelength, nature of equipment, hours of observing,
probable date of participation in scheme, etc.

(b) Have you any comment to make on the proposed scheme
of tabulation described below ?

(¢) It you have suitable observations can you post them as
early as possible each quarter by air mail to

Dr. C W. ALLkN,

Editor « Solar Radio Noise »,
Commonwealth Observatory,
Mount Stromlo, Canberra, Australia

Tabulation of Data

The scheme of tabulation has been drawn up by conference
between the Commonwealth Observatory and the Radiophysics
Laboratory, while outside suggestions have also been taken into
consideration. It 1s designed to give information on the features
of solar radio-noise which are thought to be of physical importance.
Every attempt has been made to enable an observer to extract
the required information simply by an examination of the solar-
noise recordings  Many observing stations may be unable to give

mnformation as complete as the tabulation suggests, but partial
information will still be useful.

The tabulations are to be made 1 two parts :
(a) Tables of hourly and daily values, and

(b) Lasts of outstanding occurrences.

Standard forms suitable for inserting the required imnformation
will be prepared and sent to those mterested
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Hourly and Daily Values

Hourly values to be centred on the half-hours, U.T. ‘
Occasional readings may be used 1f hourly values are not
available.

The hours durng which daily observations have been made
should be given.

(a) The Inlensity Level - to be expressed 1if poss1b1<'3 In W:}iit
metres—2 (cycles/sec)™t. Hourly values to be medians; 1. e. ) e
mtensity which 1s exceeded for half the time 1n the (hourly) 1111 er-
val. Medians of the hourly values will be used for daily va uesi
Observations with an undetermined absolute value may be usefu

" if they are consistent.

(b) The Polarisation : to be expressed as percentage polarisa-
tion 1 e.
Ir—1t

100 ———
Ig + I

R and L will be used to denote sense of polarisation nstead oif ~+
and —, and Iy and I, are the respective power flux den31tilest.‘
The radio-electric (not optical) convention 1s adopted1 sot ﬂe:
for R polarisation the vector 1n a fixed plane perpendicular (; ne
ray rotates clockwise when viewed 1n the direction of propagation.

(¢) Degree of Varwabuily to be classified as follows :
0. No observable variabihty.

1. Shght varability.

2. Moderate variability.

3. Violent variabihity.

This classification refers to short period variability (orf)er (;f
seconds and minutes). It will be clear that the higher num erst hé
3 i the scale must be used sparingly since they must cover
maximum variabihity ever lhkely to be encountered.

Special Occurrences

These will be mainly outstanding transient increases of intensity
and the tabulation 1s designed particularly for these. Howe\;(;ré
sudden changes of polarisation, or amny other occurrence
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observer thinks to be immportant, should be
to the tabulation as well as possible.

The columns required are .

reported, and adapted

1. Observing station.
2. Wavelength.
3. Date.

4. Starting time, 1. e. when occurrenc

e first reaches 20 9, of
1ts maximum smoothed value.

5. Duration, counting from the start to the last time the smoo-
thed curve 15 0.2 of 1ts maximum value

6. Type of occurrence, using the following terminology :

() § S : Simple nise and fall of mtensity ;
! C : Complex vanation of mtensity.

() Y A : Appear to be part of the general activity.
{ D :

) Distinet from (1 e apparently superimposed upon)
the general activity,

P : Sudden polarsation change
Other symbols may prove necessary later.

and (11) will both be required, thus the ty

nose storm would be SA | the typical outbu
flare would be CD.

Usually the groups (1)
pical burst during a
rst associated with a

7 Maximum mtensity — nstantaneous
during an occurrence will often come from
highest intensity should be recorded altho
good 1indication of the importance of the
to be watts metres—2 (cycles/sec)

The highest intensity
a sharp burst This
ugh 1t may not be a

occurrence. The umit
1 as before

8. Maximum mmtensity — smoothed  This 1s
sent the intensity of the occurrence for comparati
observer should smooth the curve as he think
measure from the highest level of the smoothed
expected without the occurrence,
will be about 10 % of the total duration but the smoothing
will be carmed out roughly by eye. The unit 1s to be watts
metres—2 (cycles/sec)-! as before. The (maximum smoothed

mtensity) x (duration) will give some indication of the energy
emitted by the occurrence.

mtended to repre-
ve purposes. The
s appropriate, and
graph, to the level
Usually the smoothing period
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R

9. Polarisation. Percentage polarisation and the sense (
L).

i O) Remarks. Any points about the occurrence th;;i};l ia;ﬁzt

b 1a.clequ:altely described m the other columns Anlzt(e)d eto o

o: terrestrial phenomena that appear to be re

occurrence. 1st March 1949

f co-
This scheme 18 now 1 operation. There follows a hst o
1 -
operating observatories and laboratories :

o Normal
Frequen- | gpserving
Abbre- cies Period
Observing Station viation Used oo
UT)
Mc/s
200 00-06
Commonwealth Observatory, Can- Can _
berra, Australia »
80 10-
Cav
Cavendish Laboratory, Cambridge, . o
Eugland 500 10-14
62 21-06
Radiophysics Laboratory, Sydney, Syd o2 e
Australia con e
1200 0-06
545 04-17
Meudon Observatory, Paris, Meu
France -
: 2800 -
National Research Council, Ottawa, ott
Canada .
480 -
National Bureau of Standards, Was- NBS i 8
hington, E U.A.

v
The following quantities are tabulated and published quarterly
e fo
i the Quarferly Bulletin of Solar Aclwily - I
1. Fluzx — The umt for this tabulation 1s 1022 watts

(efs) 2.
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The values can readily be converted 1nt
0 equavalent te
T of the sun’s visible disc by the relation .q mperature

Flux = 2 09 x 10-4¢ y2T
where v 1s the frequency i cycles per second.

2. Polarisalion — The radio-electric (not optical) convention
15 adopted so that for R polarsation the vector i a fixed plane
gerpetndlcul?r to the ray rotates clockwise when viewed 1n the

irection of propagation The values

elanmon T quoted are percentage
Ir =1,
Ip + 1,

where I and I are the intensities

100

3 Varwabildy. — The vamnability 1s d
escribed
scale 0 to 3 as follows - y ribed by indices on a

0 No observable variability
1. Shght variabihty

2 Moderate varmabihty

3 Violent varabihty.

The observations from Sydney usually extend through U.T. 0 h
and hence there are observing periods at the beginning a'ln(.i en;i
of the Greenwich day. When the indices differ both are tabulated
the beginning of the Greenwich day being on the left. ,

4 OQulstanding Occurrences

S sumple rise and fall of mtensity.
C complex variation of intensity.
g prears to be part of general activity.
istinet from (1. e apparently superim d
retroity y sup posed upon) the general

The two maximum intensity columns contain, firstly the maxi-
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(3) WorLD BIBLIOGRAPHY
oF ExTrA-TERRESTRIAL RaDIo

The following correspondence has passed between the President
of the Commussion and the Director of the School of Electrical
Engmeering, Cornell University ~ Thanks to the latter’s coopera-
tion an up-to-date Bibliography of Extra-Terrestrial Radio 1s
appended herewith Tt 1s anticipated that supplementary 1issues
will be produced at appropriate intervals :

27th. February, 1950

Professor ¢ R DBurrows,

School of Electrical Engineering
Cornell University, Ithaca, New York

Dear Burrows,

I have been very glad to receive the various Radio Astronomy
Reports from your Department. They certainly fulfill a use-
ful fonction.

We have had some discussion here about the preparation
of a world Bibliography of Radio Astronomy on behalf of Com-
misston V of U R.S.1, for presentation at Zurich this year as a
Commussion document. It seems to me that 1t would be wasteful
to duplicate the excellent job Miss Stahr 1s doing.

Could T then, as President of Commnussion V invite your Depart-
ment to prepare such a bibliography as a Commussion V document
for presentation at the Zurich Assembly of U.R.8.I. as part of
the Commuission’s Report ?

Dr. Pawsey would be very happy to send you an up-to-date
bibliography of. all Austrahan work m the field, if you cared
to accept this proposal. So far as I can see the proposed arran-
gement would not mvolve any change 1 what you are already
domg, save to give the project official international status on

mum 1nstantaneous value, and, secondly, the maximum smoothed
value which 1s more surtable for comparative purposes. The unit
of mtensity n these columns 1s 102! watts metre—2 (c/'s)—1 If an
occurrence 1s observed almost simultaneously on two <;r more
frequenaes only one is tabulated in detail, and the others briefl

indicated by the station, frequency and starting time. Y

behalf of U.R.S.I., and to ensure also that you are kept fully
up-to-date on all Australian work.

If any additional expense 1s involved, if you let me know the
approximate amount, I would try to get 1t met by U.R.S.I. or
in some other (possibly Australian) manner. A shight redesign
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of the cover would be desirable — heading U R.8.1. Commission V,
Bibliography of Extra-Terrestrial Radio, prepared by School of
Electrical Engineermg Cornell Umiversity, etc., under US Navy
Contract, etc

Agam you mght care to regard this a as continuing function
on behalf of U.R.S.1, or you might care to do 1t only for this
1950 Assembly. No doubt you will have to get the reactions of
the US Navy.

I am looking forward very much to seeing you agam at Zurich
this year

With kindest regards Yours sincerely,

(s) D. F. MarTvN,
Pres.dent, Commussion V, URSI

March 21, 1950.
Dr. D. F. MarTyYN,

Pres dent, Commssion 5, URSTI,
C/o Commonwealth Observatory,
Mount Stromlo, Canberra, Austral a

Dear Dr. Martyn,

The staff of the Radio Astronomy Project here at Cornell
agrees heartily with your suggestion for a World Bibhography
of Radio Astronomy on behalf of your Commission. On behalf of
Miss Stahr and our group, 1t 1s a pleasure to accept your mvitation
to prepare the Bibliography as a continuing function for presen-
tation at the Zurich Assembly as part of the Commssion’s report.

Dr. Pawsey’s contribution of an up-to-date bibliography on
all Australian work 1n the field will be gratefully received Avai-
lable reprints of articles histed in the bibliography are desired to
msure efficient preparation of the material In this regard we
will appreciate the support of you and your Commission members
in urging that workers in the field regularly send reprints of
their articles to  Bibhography of Extra-terrestrial Radio Noise,
School of Electrical Engineering, Cornell University, Ithaca,
New York For your convemence m communicating with the
members of your Commussion, a description of the proposed
plan for the Bibhography 1s enclosed. The early receipt of com-
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ments or suggestions by you and your Commussion members will
be appreciated. We are taking the hberty of corresponding
with the workers 1n the field to request their cooperation n this
undertaking.

The expense of publication 1s being investigated I expect
that this item can be handled locally but will advise you if further
financial support 1s necessary

Wall you please advise us of the number of copies that your
Commussion will require and of the time and location of delivery
of the documents °?

I look forward to renewing our cordial relations at Zurich this
Fall.

Yours very truly,

(s) Chas. R. BUuRrRowsS.

Enclosure. — The following 1s a tentative description of the
«Bibliography of Extra-Terrestrial Radio Noise » currently in
preparation by the School of Electrical Engineering, Cornell
University, Ithaca, N.Y., U.S.A, for issuance as part of.the
Commussion’s Report, to the General Assembly of U.R.5 1. meeting
at Zurich this year.

Members of the Commission are requested to aid in the prepa-
ration of this « Bibliography » in the following respects :

(1) by communicating at their earliest convenience directly to :

Prof. M. E. STAHR,
Department of Astronomy,
Corpell Unmversity, Ithaca, N.Y., U S.A.

any comments, criticisms, or suggestions which they may care
to make regarding the plans described below.

(2) by providing reprints of any papers, suitable for inclusion
in the « Bibliography », which have been prepared by them or by
colleagues at their institutions. Reprints should be addressed to

Bibliography of Extra-Terresirial Radiwo Noise,
School of Electrical Engineering,
Cornell Umiversity, Ithaca, New York, U.S.A

It 1s proposed that in scope and orgamisation the « Bibliography

of Extra-Terrestrial Radio Nowse » will be closely similar to the
25
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« Bibliography of Radio Astronomy » and 1ts First and Second
Supplements, already 1ssued as Reports Nos 2, 4 and 10 of the
School of Electrical Engineering, Cornell Umniversity. Descriptive
statements concerning the latter are contamed in their Intro-
ductions. The salient features, modified for apphcation to the

Commuission’s « Bibhography of Extra-Terrestrial Radio Noise »,
are summarised below :

L. Crileria for ihe Inclusion of References. — Tt 1s proposed to
give as complete a histing as possible (with the exception noted
below) of papers dealing wholly or in part with the observation,
prediction or interpretation, of radio-frequency radiations origi-
nating 1n extra-terrestrial sources. Theoretical papers of more
general nature will for the most part be included if they contain
any application, however shght, to one or more of these subjects,
Reports of research projects will be included unless they have
appeared n regularly 1ssued and generally available publications,

I1. Absiracts — 1t 1s proposed that the contents of all papers
bsted i the Bibliography will be summarised or described,
so far as ther subject matter 1s applicable to the fields of research
here considered Authors’ abstracts or previously published
abstracts from other sources will be used 1if appropriate, and m
such cases due acknowledgment will of course be given.

LI1. Arrangement of Malerial — 1t 1s proposed that the refe-
rences be arranged according to subject matter 1n the following
categories which are not mtended to be mutually exclusive but
merely to indicate 1n each case the primary emphasis of the subject
matter :

A. Galactic Radio-Frequency Radiation :
1. Observations.

2. Theories and Interpretations.

. Radio-Frequency Radiation from Discrete Sources
C. Solar Radio-Frequency Radiation :
1. Observations.

2. Theories and Interpretations.

Radio-Frequency Radiation from Moon.
. Miscellaneous.

us]

gD

Reviews.
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(In any future Supplementary Bibhographies, new sections
can be added and the above sections subdivided wherever such
changes become appropriate as knowledge of the field advances).

The references in each catagory will be grouped according
to year of publication, and within each year will be placed }:;\lphfa-
betically by author or by title 1f no author is given Each refe-
rence will be assigned a number which designates the categoq;
m which 1t 1s placed, the year of publication and the position 0f
the reference within that year, e g the fifth entry i the hstlo
papers published 1 1948 and dealing with observations of Solar
Radio-Frequency radiation will be numbered C1-485 .

Following the entries in each category, reference will be made
to other articles contaimmg mformation pertinent to that category
but histed elsewhere in the «Bibhography »

IV. Other Features. — It 1s proposed that the « Bibliography, »
will also contain

1. An explanatory introduction
9 An author mmdex of all references mcluded

3. Charts mdicating the wavelengths at which radlo-frequean
observations of each of the following have been reported
Galactic radiation,
Radiation from discrete sources,
Solar radiation, and possibly,
Radiation from the moon.

On these charts reference will be made by number to the perti-
nent papers mentioned 1n the « Bibhography »

(4) NOMENCLATURE AND UNITS

The subject of our Commission has developed rapidly mn a
field of science bordering on the one side astrophysics, and otn
the other ultra-mgh frequency radio. In the two latter subjects
very different physical concepts and umts are 1 common use;
Hence there has been considerable diversity 1n the terms and con

our field
Celﬁs 1lslseo(i)xlllllously desirable to reach some measure of general
agreement on these matters as soon as possible, while bemg cire(;
ful to make provision for new developments The attache
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Ei;)riu;nrféltUen:ltled d« Notes and Recommendations on Nomencla
mts used in Radio Astronomy : I» h y
by the Secretary of the Com Y nsultation win ored
mission, in consultation with rad
physicists mm Australia. A second att s and
. ached document « Notes
Z{efommendatlons on Nomenclature and Units used 1 eRaadn ;
mi, ronorllfr;l}}lf 0{) I'» has been prepared by Dr. C. W. Allen, of the Conllo
nwea servatory, Canberra ; 1t may b ’ ving
the astronomer’s view , N erdomable e BVIRE
pomnt. There 1s considerable di
ve
view evident i these two documents. No doubt other oo
MeImbers have yet other views, prson
t will be our aim at the Zurich
meetings to seek the 1
measure of general agreement on these and kindred p(fmss et

D. F. MarTvN,
President, Commission V, URSI.

J. L. Pawsky,

- May, 1950. Secretary, Commission V, URSTI.

N Notes and Recommendations on
omenclature and Unils used in Radio Astronomy : [

1. Notes on specification of magmtudes
I.1. Equvalent temperature conceptl.
2. Notes on words defining phenomena.
3 Recommendations.
3 1. Words defining phenomena.

3 2. Quantities and units
33 Summary.

These notes relate to nomenclature in E i
gszgzgrszv;lth U« 1(;:d;ra—terrestrlal radio noise » I(ltg;lsgsepzlﬁ)ilc:at;?lzi
et T ceh Ol. .SEI. title of Commission V). Two aspects arise
o) ce of physical quantities (including their units and
fpanes) Wh usea:iretused to measure the radiation ; and secondly
Do o describe various phenomena. The current
postion 1s. min?rlsed and, 1n conclusion, a series of recommen-
anons o Colr)ll;lde?;:;a;(:.a bI;;Sls fsuggested that these recommen-
which could be formulated bl; ggrg;fl(;;lssj)lzn\?fort"e(;;?nlinéellldatlons

. A
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1. NOTES ON SPECIFICATION OF MAGNITUDES. — Radio waves
from extra-terrestrial sources are measured m terms of the power
which they cause a given aeral to deliver to a given receiver.
The finite bandwidth of the receiver 1s usually ehmmated by quot-
mg the result as « power per umt bandwidth and the mid-frequency
of the received band » (1).

The magnitude of the wave can then be specified either in
terms of the whole rachation recerved from all parts of the object,
which is measured by the flux density () or m ferms of the
« brighiness » (B) of the mdividual parts of the source. In m.ks.
units, which are preferred in the Radiophysics Laboratory, S is
measured m watts m=2 (¢/s)~! and B is measured in watts m2 (cfs)?
(stereradian)~*. The umt of B 1s clumsy (2).

The alternative specification 1n terms of equivalent temperature
yields a simpler expression.

The words which have been used for these two fundamentally
distinct quantities S and B are confused. Fluz densdy for S
appears unambiguous but the word «1ntensity » has also been used.
The latter word 1s used by certain writers m astrophysics for the
other quantity B (cf. E. A. Milne : Handbuch der Asirophysik,
Vol. 111, 1930. Milne uses « specific mtensity » and subsequently
abbreviates to «intensity »). In this context the concept 18 preci-
sely defined and valuable properties derived, e g mtensity constant
along a ray if no absorption or emission and refractive index
constant. « Intensity » 1s also used 1n this sense in some radio-

astronomy papers.

If the word intensity 1s to be used 1 a precise sense such as that
used by Milne, 1t 15 obviously necessary to define 1t emphatically
m order to avoid ambiguity

(1) This procedure 18 misleading 1f the spectrum shows marked variation
mn frequency ranges less than the bandwidth-usually about 1 Me/s

(%) The sumplification whieh oceurs when a source of constant brightness B
completely fills the aerial beam should benoted If the aerial has an effec~
t1ve area A and effective solid angular beam width Q and receives a power
per unit bandwidth p, then B = p/AQ by defimtion  However, 1t can be
shown that for any aerial A = A® (wWhere A 1s the wavelength) Hence 1n
this case B = p/A? mdependently of the individual values of A and Q
although the umt includes a suggestion of both.




— 390 —

A further possible source of ambiguity arises because an aerial
normally accepts a single component of polarisation — hence the
component measured should be stated. In particular, 1t 1s common
practice but not universal to specify not the measured value of S
or B but twice that value as an estimate of the lofal power 1n the
two conjugate components.

1.1. Equivalent Temperalure Concepl. — This concept 1s used
n three applications as follows :

(1) The « brightness » or « specific intensity » as used by Milne (B)
of radiation from a black body of unmiform temperature T 1s known

B = EYS for both components). Hence this temperature may be

used as a measure of B. It 1s called the « effective » or the «equi-

valent » temperature (T,). At these long wavelengths T, 1s pro-
portional to B.

(2) In the case of solar radio waves the flux density (8) 1s usually
measured without observation of its distribution. This flux
density 1s often specified 1 terms of the temperature of a black
body, having the angular size of the visible disc which would yield
the observed flux density. This temperature T, 1s a particular
mean value of T, over the radio disc of the sun. Tt 1s given by :

JT.dQ
(solid angle of visible disc)

a =

where dQ 1s an increment of solid angle and the integration 1s
over the whole of the contrbuting parts of the sun

The distribution of T, 1s usually non-uniform, extends beyond
the optical disc and 1s often dominated by one or two highly
emitting small areas. Hence this mean value 1s a little artificial.
The quantity T, has been called «apparent temperature» by
Pawsey with the idea that «apparent» infers a more artificial

character than «equvalent» or «effective». Various other
names are used.

(3) The total available power per umit frequency band from an
aerial (p) can be specified 1n terms of the temperature T of a uni-
form temperature enclosure surrounding 1t which would yield the

same power (p = kT). This 1s called the «equivalent aerial fem-
perature », T,.
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These three temperatures ave specified in degrees Kelvm.ﬂ
. The specification of these three quantities, bmghtm:lss, 1111;;
density and available power, mn terms of temperature thoes o
mmply that the power con31der'ed 18 of thermal origin thoug
may obviously be convenient in discussing such powe}*I: e T
The considerations of this section are collected 1 Table

TasLE [
Corresponding
el Quantity Temperature
bol (per umt frequency Unit Expression
used pand m each case) Ut (9K)
here
(of sun)
nsif
° llg'riltfns’i:y* / watt m—2 (¢/s)~! | Apparent Temp (Tq)
B Brightness watt m~2 (¢/s)~ | Effective Temp (Te)
¢ (Ster. Rad )t ni T
emp.
Iatrinsic Intensity” Equivalen p
Intensity y
tt (e/s)~t (from an aeria
D Avatlable power watt (c/s) o atont )
Temp
Words 1n 1talhes are considered accepted usage
* Danger of ambiguity
9. NoTEs oN WORDS DEFINING PaeEnoMENA. — A full satistac-

the sun or galaxy 1s still
d to describe radio waves from
%zzlzi:igor——— « Nowse » (1) 18 used with obvious reluctance. The
lumsy.
tive «radio frequency radiation » 18 ¢ . ]
alt(e)rfn:h:s various terms used by different authors to descrlb: };:he
th concepts which may not have
nomena, some are concerned wi A ve
7 1d therefore be premature
ched therr final form It wou
I:tiempt to standardise these yet, but 1t would be unfortunate 1f

-

h
(1) Its mtroduction 1s based not on normal English usage but on the

ving an
technical term «no1se» used 1n radio to describe a disturbance having

esse[]l I 0 1nuo ])e(:l rum, € g L «T aIldO noise » Sh t . B

’ m ’
131 y C nt n us § « ot noise » lll
tOO mally IeadeIS IlatUI ally aCCept’ Lhe nor Hlal aCOuSth lmpllcatloll
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(Ija;;;r authors should create confusion by using these terms with
1t§rent nrclleamngs. There follows a hst of some of the terms used

with an mndication of

pth o meamngs and of some early authors using the

TABLE I1

Term Meaning

1 Cosmic n *
o1se Radio waves from the cosmos — restricted

to extra-terrestrial sources and usually
excluding the sun.

2. *

Galactic noise Radioc waves from a galaxy — usuall
ours Y

3 Solar noise Radio waves from the sun.

4. Burst (McCready, Pawsey, | Short pertod mcrease of radiation (dura-

Payne-Scott, Ryl -
berm) yle and Von tion seconds or mrnutes).
5 Duscrete source (Bolton) L
ocalised source of cosmic n
Radio-type star (Bolton) than a few minutes of arc) e (less

Radio star (Pawsey)

.

Solar Noise Terms **

6.
Quiet sun {Martyn) Sun in absence of forms of activity

associated with sunspots (mmcluding all
bursts, storms, etc, 8 to 12 below).

7.
Basic thermal radiation Thermal radiation from the « quet » sun

* The word «cosmic» a
ppears applicable in cases where t
1‘:’11}]12; tgeavogl tt}llletquestlon of where the waves originate Forhgxzrlilt;lloer
sa1 at galactic nos :
sy Do e from our galaxy forms a part only of

Some ()f these are Slmple d lp 10ns — lll:l]l(l
escript y
1 ed heI‘e mel‘e] tO
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Term Meanming

8 Slowly varymng component

Component recognised at decimetre wave-
lengths, having close correlation with
sunspot area, a small magnitude and
peaks occurring of the order of one
per month (Origin perhaps thermal).

Increase of radiation of days or hours
duration, usually but not always with
many bursts, showmg circular pola-
msation (Typically found 1n mefre
wavelengths).

9 Noise storm (Allen)
Enhanced radiation (Paw-
sey, Payne-Scott)

Storm-burst (Wild) Typical burst during storm.

10. Outburst (Allen, Payne- | Large mcrease of radiation typically
Scott, Bolton, Yabsley, associated with solar flare — usually
Pawsey) of complex form and minutes duration.

Large burst appearing sporadically at
time of no other activity Not crcu-
larly polarised. (Metre wavelengths).

11 Isolated burst (Pawsey)

Burst, not circularly polarised, observed
sporadically on metre wavelengths
(Appears to include 10 and 11 and
probably occasional bursts of similar
origmn gceurring during noise storms)

12 Non-polarised burst (Pay-
ne-Scott)

3. RECOMMENDATIONS .

3.1. Words Defining Phenomena. — It 18 recommended :

(1) That the title of Commussion V be changed, ehminating the
words «noise », which has a mmsleading association, and «extra-
terrestrial » which 18 clumsy. «Radio Astronomy»1s a suitable
title subject to consideration of the inclusion or exclusion of
meteors and the use of the radar techmque m the subject matter
of the Commuassion.

Alternatively « cosmic » seems a preferable substitute for « extra-
terrestrial » and « radio waves » for « radio noise ». ;
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(1) That a list of terms used 1n radio astronomy be drawn up
m two parts, the first mncluding those recommended as accepted
usage and the second terms used 1 the hterature which may
not yet have reached a final form. Defimitions should accompany
the words.

It 1s suggested that «cosmie », «galactic », «solar», «burst »,
« quiet sun » and « basic thermal radiation » should be included 1n
the first part (accepted usage) and the remainder of the terms
of Table II in the second part (not yet final)

3 2. Quanlities and Unils. — Tt 1s further recommended .

(m) That the alternative specification 1n terms of power flux
etc. or of temperature be retamed, since each 1s directly applicable
to certain apphcations, but that, in the absence of specific reasons
for choice, the specification 1n terms of temperature be preferred.
The advantages are. (1) simple units, (2) less chance of ambi-
guity as to whether the whole or the plane polarised component
18 specified (uncertain factor of 2), (3) more direct relation to
measurement (standards i this Laboratory are thermal «noise »
from hot and cold resistors), (4) more ready conception of intensity
relative to thermal background or receirver noise. (Receiver
«nowse-factor » 1s a thermal concept).

(1tv) The recommended units should be m.k.s. for power flux
concepts and degrees Kelvin for temperature.

(v) Terminology. — The words «available power » and «flux
density » be taken as accepted usage but that a ruling on the term
for the third measured quantity « brightness » (or « specific inten-
sity ») be held over until a future date In particular, the word
«intensity » is now ambiguous and should not be used except
with extreme care in definition or 1 a qualitative sense.

(v1) The words «effective temperature » or « equivalent tempe-
rature » should be used for the appropriate measure of « brightness »

(or « speeific imntensity ») and not applied to flux density which is a
distinet physical quantity.

3.3. Summary of Recommendations :
(1) Change title of Commuission V

(1) Draw up kst of terms in two parts (accepted usage and
tentative).
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(m) Retain both power flux and temperature modes of speci-
fication, but express preference for latter

(1v) Use m.k.s. um.ts and degrees Kelvin N

(v) Accept words «available power» and «flux density » bu
withhold decision on third quantity (brightness)

(vi) Accept words «effective temperature » or « equ1vile)nt tem-
perature » for measure of brightness (or specific intensity).

Notes and Recommendaiiops on -
Nomenclature and Units used in Radio Asironomy :

The following terminology is suggested as an ?indiivgu}rlazoe
mtroduce for the radiation ﬁltensmy cor;z}l);s avl\;ozhz te:ms e
—-cut meaning. Furthermore, n
Zﬁia&l;afnmlllse n pho%ometrlc literature (being recorrllglﬁr;dz;ihg};
the Committee on Colormmetry, J.0.S.A., 34, 245,
the radiation concepts have lumination analogues.
The terms suggested are :

Dimensions
Term Notes cos MKS
er Joule
Radiant energy orgg . A
gzgﬁgt f‘li::clmty erg sec‘i Wa‘tit;
Radiant efflux Outward flux from a | erg sec wa
source N .
Radiant emit- Outward flux per umt | ergs~lcm watt m
surface _ -
Ir::(flll(;ence Inward flux on to a umt | ergs~lem=2 | watt m
surface iy .
Radiant fluance | Efflux per umt solid erg s—10Q watt Q
angle i a specified di-
rection _ e
Radance Surface brightness or |erg S’:lﬂ 1 watt Q~'m
) fluance per umit surface

Many of these terms are new to radio astronomy agddastr.c;lpihz;}
i Id be extended witho
but their use in photometry cou
ercnsl;lgmty. Of the completely new terms, the word « efflux »
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for outward flux should cause no confusion. The other new term
«fluance » has been specially comed to avord the term « mtensity »
which 1s used for this concept by the Colorimetry Committee. The
word intensity 1s in for too general use to attempt to attach a
specific dimensional meaning to 1t. The suggested word fluance
1s of course made up of the idea of flux per umt solid angle —
the -ance at the end of the word calls attention to 1its similarity

to radiance. The concept 1s analogous to candle power or stellar
absolute magnitude.

To this Report was appended a « Bibliography of Exira-lerrestrial

Radio Nowse» prepared by the School of Electrical Engineering,
Cornell Universily, Ithaca, New York.

Minutes of Sessions

First (Opening) Session, Wednesday 13th. September 1950
11 00-12.15 h.

The President (Dr MaRrTYN) 1n the Chair.

Appowntmenl  of Rapporteurs. — The

meeting appointed
Mr. M. Laffineur and Dr. J L Pawsey.

Obituary — The Chairman expressed the sorrow of the Com-
mission at the death of K. G. Jansky, whose discovery of extra-
terrestrial radio waves founded the new science of radio astronomy,

Members stood 1n silence to his memory. A letter will be sent by
the President of Commission V to his widow.

Name of Commission. — Following the proposal of the U S.
National Commttee 1t was agreed without dissent to recormmended
to the Executive Committee that « Commussion V » be re-named as
« Commassion on Radio Astronomy » and extend 1ts scope to include

such subjects as meteors, and the moon, when obs

erved by radio
techniques,

Aclivities of Commission V since the VIIIth. General Assembly —
In collaboration with the International Astronomcal Umon solar
observations on various radio wavelengths are being regularly

collected for publication with other solar data i the Quarlerly
Bulletin of Solar Activily.
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A bibliography of radio astronomy has been specially prepared

for this meeting by the Radio Astronomy group in Cornell Umi-

ent
versity. This procedure will be continued at subsequen

bles.
Asfrgpelflil Report of U.R.8.1 (N° 1) has been published on our
subject, by a Committee under the Chairmanship of Sir

E V. Appleton.

Progress in Radio Astronomy — The President gave a brief
review under the following headings .

(1) Distribution of galactic radiation
(2) The discrete sources of galactic radiation
(3) Radiation from the quiet sun.
(4) Radiation from the disturbed sun.
)} Mechanmism of emission.
(6) Meteors.

Appointment of Sub-Commuilees — These were appointed to
report on :
(a) Continuous observation of solar radio emission by a cham
tories.
Of'I(‘ill)lse:cr)zvoius has only been partially achieved Partllcull?r
difficulty 1s caused by radio interference. It may be possible VZ
international agreement (via LT.U., advised by C.C.I.R.) t(,io rii(:;ﬁc
for this purpose one or more frequency bands on which radio
rohibited. .
: Spub—Commlttee consists of A. H de Voogt (Chalirman),
G Erksen, Y Hagihara, M Laffineur, R. Lindqust, J. L. Pawsey,
G Righini, M Ryle, A H Shapley, J. van der Mark
d. Special Report of U.RS L -
g)S?l)lli)—Gorflmlttee was set up to recommend a suitable subject
for ths Report, as follows - H. S. W. Massey (Chairman),
D H. Menzel, A. G B Lovell
(¢) Termunology and Unils — Various documents on this impor-
tant subject had been previously circulated to Commission

members.

Sub-Committee : M. Lafiineur (Charrman), J L Pawsey,
M G T. Mimnaert, C. L Seeger, M Nicolet
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Busmess Session, Saturday 16th. September 1950
Chairman - Dr D. F. MARTYN.

BI. fepgrl of Sub-Commuiltee on subject for U.RS I. Special
fepo]g N° 3 — This Sub-Commuttee recommended the subject
of « Dynamics of Tomsed Media » (See p. 404). J
no'tThe Commussion strongly recommended this subject to the
. 1ce of the Executive Committee, and suggested the followin
ommittee be entrusted with its preparation : g

Prof D MEenzerL (Chairman),

Prof H 8. W Massey (Secretary)

Prof H. ALrvEn,

Prof T G. CowLing,

Dr. G K. BATCHELOR.

Power to co-opt f
mittee pt further members should be given to the Com-

Th?. é?eporl of Sub-Commuttee on Terminology (see p 406). —
¢ UHAIRMAN commented on the excellent work of the Sub
g(\)inrimttee on this difficult subject and indicated that 1t was tO(;
de ailled for su1‘nmary consideration  Copies will be typed and
1stributed to Commission Members, and will also be sent to t
President of Commission 40 of 1A U. for jommt actlonn o the

3 World Nelwork of solar rad;
10 observations. —
reported that his Sub-Committee recommendZd . Mr. pe Vooar

(a) the continuation and
extension of t
200 and 3000 Mo existing observations on
(b) an tslttempt to overcome increasing radio interference by
getting certain radio channels reserved for cosmic radio studies

(b)The tion}llmlssmn approved (a) and after some discussion. left
in the hands of the Sub-Committee for further cons1dera7t10n

Minutes of Joimnt Session with i
Commussion III
(Monday, September 18th., 1950) on Solar Particles and the Earth

Chairman * Sir EDWARD V. APPLETON

Dr. D F. MarTyN
gave a comprehensive account of his new
l;heory of the mechamsm of production of magnetic storms and
tI;lrorae.h The speaker considered that all existing theories of
ese phenomena had been demonstrated to be fundamentally
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unsound, with the exception of that due to Chapman and Ferraro.
Unfortunately, although carefully worked out m detail, the

, latter theory had not yet been able to explain many of the observed

phenomena, such as the morphology of the Sy varations, or the
penetration of solar particles to auroral heights Dr Martyn
outhined an attempt to include all major phenomena n an extension
of the Chapman-Ferraro theory, using the macroscopic concepts
of hydrodynamics and electrodynarmics.

Professor ALFvEN said that 1t was possible to apply many
known principles to cosmical phenomena, but difficult to find the
right ones. His own theory had been criticized, n 1ts original
form, by Cowling, but he thought surtable modifications could be
made to overcome Cowhng’s objections, He stressed the 1mpor-
tance of scale-model laboratory experiments, and of the apph-
cation of existing knowledge of discharge phenomena 1n gases.

Dr MarTYN explained that on his theory the explanation of
the various auroral forms mvolved both the bombardment of the
atmosphere by high energy particles from the ring current system,
about 55 earth radn distant, and also discharge phenomena
the atmosphere due to the completion of the current circuits.

Dr. NicoreT said that if the particles involved came from the
sun, helum hines should be found mn the auroral spectra his studies
of this pont were at present inconclusive.

Sir EpwarRD APPLETON described a new phenomenon — a
perturbation of F2 cntical frequencies at the time of a sudden
commencement.

Mr. MiLLingToN asked 1f atmospheric « whistlers » which arrived
about 3 s after the mam atmospheric pulse, and whose mcidence
was correlated with magnetic storminess, could be due to multiple
reflections from the ring current system

An mteresting discussion ensued, and 1t was generally agreed
that this phenomenon was worthy of close study, both experi-
mental and theoretical

Ordinary session of Saturday, September 16th., 1950

Dr. MarTyn 1n the chair.

The meeting was devoted to the subject of recent researches on
meteors by radio methods

1
\!l!
3
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Dr. A C. B LovEeLL gave a general review of the subject with
special reference to the recent determinations of day-time radiants,
and to observations of echoes of abnormally long persistence

Dr L. A ManNING then gave an account of recent work at
Stanford
In discussion Professor HAacInArA

pointed out the importance
of maling optical {

and especially spectroscopic) measurements
simultaneously with the radio ones, and mdicated that these were

being started in Japan.
At the conclusion of the session Professor D MenzEL showed

a cme-film « Action on the Sun », taken with the coronograph
at Chmax Observatory. He and Professor Alfvén commented

on the possible sigmfance of the man
revealed 1n the film

Ordinary Session, Thursday, September 21st., 1950
(9 00-12 00)

Subject : Galactic Radio Waves.

Dr. J. L. PawsEYy 1n char.

The meeting was opened by Mr. J. G. BoLTon who outhned the
history of this subject and described the research carried out in
Australia by himself and his colleagues. The latter included the
discovery that the fluctuations of cosmic radio

-wave 1ntensity
in the constellation of Cygnus found by

Hey were due to the
presence of one of a new class of astronomical objects, (the discrete

sources) , the tentative 1dentification of several with visible objects |
measurements of the distribution of radio bn

ghtness on 100 Mc/s
over the southern sky ;

deductions concerning the shape of the
galaxy and the existence of a possible spiral arm 1 Cygnus,
measurements of the spectra of several discrete sources , compa-
risons of these with that of the general background, and a

discus-
ston of the results of the hypothesis that all galactic radio-waves
origimate 1n discrete sources

Dr. LoveLL described Mr Ryle’s observations of about 50 dis-
crete sources and Smith’s deduction on a hypothesis similar tn

that used independently by Bolton of the number of discrete

sources (see paper n® 228 — British Report) It appears that

y interesting phenomena

=

ectrum measurements of the discrete sourcesd disagree with
B. needed.
t further measurements are
Boggangv;E: also described observations in progress 1n Whllf;;
'eas.urements of galactic radio waves are being made ove;r ;()Vgreu
;11 uency range on the 230 ft. diameter paraboloid a e
];Z(rllk guch measurements are fundamental to a study o
of orign
m%:hal';’l\?v?ss menéoned the possibility of a contribution of ixlti'a
1az;r,1c origin and Mr BorToN pomnted out that this p(t)lel lalt 1};
izllakes 1t 1mpossible to decide from measurement whathls O(;erand
of the galactic radiation from two poimnts (such as the p
cerll\/’;re)WESTFOLD gave an estimate of attenuation n lm(;,ezstellj;
T. otel
d on modern optical da
t different frequencies base
ggzciluded that absorption on 100 Mc/s should be neghglbli.ragg
zh ave an analysis of the space distribution of sources 0 ho
w:\rrleg 1n the galaxy which showed simulanty to that of hghttzc(;urom
Professor MINNAERT poln
the Andromeda Nebula. !
ltllllat :he Andromeda was not typical ﬁ)f exte;na;eiigfx];esRRows
’ hrough 1illness, Pro
In Dr. Seegar’s absence, t , e
deszlrlbed R. E Wilhamson and G. L. Seegar’s work onttltlﬁ e« ﬁ)a; e
Pole of the Galaxy » at 205 Me/s, which showed thsi\ e o ntly
vations are best fitted by taking the earth to be dlip7a306 g
from the central plane of the Galaxy (see paper 111 )chamsm y
Dr. HerLorsoN outlmed a theory of a possible melf e
origin of galactic radio waves put fc;‘war(ii bgm}:lm:;e L ey
: the radia
ALFVEN which depends on o
fes:’g;les in the magnetic fields of stars in a manner a?atlogzuszsee
I’L)hat of radiation of hght by electrons m a betatro
o 133 ‘
Pall\)/[err nDENIS)SE asked 1f this special mechamsém mvolved an
' lue.
reater than the thermal va .
em;’fjlogoiERTs described recent work by Professor Baﬂe}; :))n (t;ez
mech.amsms of generation involving «growing Wwave
8 o 251 .
pdgef)f:ssor h)/IINNAERT and Dr. PawseEy emphasised t;le E}r:tzic
1§tance to knowledge of the mechamsm of productlonfo gacesses
?tho waves which would anse from a knowledge of pro
responsible for the production of solar bursts

26
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In conclusion Professor MINNAERT, on behalf of astronomers,

complimented the radio physicists on the remarkable contributions
to astronomy which their researches were making.

Ordmary Session, Thursday, September 21st., 1950
(02 00-05.00)

Subject : Solar Radio Wauves.

Professor M G. J. MINNAERT 1n chair,

Dr. J L. Pawsey opened the discussion with an outhne of
current knowledge concerning solar radio waves This leads to
a division of solar noise into several classes, each with distinct
characteristics, which appear to on

gmate 1n different processes
m the sun

The classification may not be complete and the

divisions between classes are 1n some cases not well-defined. The
classification includes -

(1) A «basic» component (observed 1 m-4 m);

(%) A «slowly varying » component (observed on centimetre and
decimetre wavelengths),

(3) « Noise storms » or «enhanced radiation » (observed typically
on metre wavelengths) ;

(4) « Outbursts » (observed from centimetres to tens of metres) ;

(5) «Isolated bursts » (observed on metre wavelengths) (Classes (4)
and (5) are each not, circularly polarised and have been combi-

ned by certamn authors under the title « unpolarised bursts »)

The general features of the different classes, mtensity range,

duration, selectivity, polarisation, area of origm and association
with optical features, were outhmned.

There are two theories current as
of solar noise

to the mechanmism of origim
; Incoherent radiation from individual electrons
stmilar to thermal radiation, and coherent radiat

oscillations ». Excepting for the basic com
to be due to simple thermal radiation, ther
as to which of the two mechanisms
of the various classes.

Up to the present, there are two h
which solar radio

1on or « plasma
ponent, which 1s thought,
e has not been agreement
1s 1nvolved 1n the generation

ypotheses, or theories, through
-wave observations may be used to investigate
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hysical phenomena on the sun. The first mterprets the basic
I(:osrfmonent as due to thermal radiation from the « quiet » sun so

that 1t 1s possible to derive information about the electron tempe-

rature and density distrbution in the solar atmosphere fro}r)n 81;0}:)

studies. The second, less well established, 18 that «outburs fs

are the. result of the passage through the solarb agnos;f)hteife J(c,)ypae

les, which are probably oi the

loud of ejected solar particles, ’

ie(;ponsﬁ)le for terrestrial magnetic storms If so radlo1 of:ezs

vations should provide a method of observing the 1nllt(1iats tin

far escaped optical detectt

this phenomena which have so

f thllrd Fltlypothems concerning the slowly varying componenttwas

mtroduced by three authors mdependently during the mee 1ng1.;
The meeting discussed new developments concerming fhfferen

aspects of the subject under the headings given below

Bursts. — Dr. Pawsey outhned new observations taken bz
Rubl; Pe;yne—Scott and A G. Little concerning « the posmloln agr;h
f radiation at a wavelen
ement on the solar disc of sources o
z;o?‘), metres » (Doc. n° 6) , and by J. P. Wild and L fL. Mtﬁr(:ii};
of « the dynamic spectrum of radio-frequency bursts from
n the frequency range 70-130 Mc/s (Doc ne 10) e
Mr M LarriNeuRr described simultaneous optical an re}llolw
observations on a frequency of 260 Mc/s Whltch a};)peahl‘sderﬁpilons
bursts and certain brig
a correlation between radio  cruphon
bserved m Ho hght m activ
of very small dimensions o ! ve arees
hich occurred at the sam
Also 1n a study of 120 flares w e S and NE
lar radio waves a majority occurred 1
bu;%saiiso arIIﬂihls suggests a possible directive effect 1n emission
qu .
(Doc ne 178).

— WaLpMEIER described how
ly varying component. Dr ‘
thes llei;vE\]fl; vgryi]ng component could be qualitatively tacr})luntegll
by assuming 1t to be due to therm
for on a wavelength of 10 cm Jue Lo therme
densations », regions of nig p
radiation from « coronal con o
t mm the corona (see pap
d density believed to exis
1n(l’re?()zl)l Similar hypotheses were independently introduced bﬁ
Ili{ J F. Denisse (see paper n° 177) and by J. F Piddington a\tna
' Ml'nnett (see paper n° 7) The latter described the spectr
Hf S}.le component and some mdications of 1ts polarsation.
G



— 404 — )

M. Laffineur described e
chipse results which ind
«bright spots» on radio frequencies tended to Iizat;lel((j)rthat the

associated with « plages » than with sun spots ¢ closely

Basic Component Mr
. — . DENissE described coll
ect -
:sﬁzi?(:s ii this cgmponent and showed that they lead t: ih(r)cljrsr(:(t
mperatures 1n ,
oper a1 excess of those derived optically (see
Dr.
. 31:::.?;1]:;\14:“3}} potl)nte}cli out that the observations by Stanier of
n ol «brightness » across the dig
¢ of th
Lr;folrllslstent with previous calculations which indlcai?esu?lrxf)e
br § ! If;l;;lg »é . }f—Iowe.ver, 1t was possible to reconcile experlmeng
and U t}}; 1 e assigned values of electron density and tem
rabu n the solar atmosphere were adjusted. It is clearly desir IP;;}—
i premse.radlo measurements should be made at a numb \ (;
quencies in order to put such deductions on a firm founda:oz

Short business session, 21-950, 5 P. M.-56.05 P. M

Dr.
s Hf Cl(\)’[;r;:zozei;i tth:htezg of resolutions (%) to be submitted
0 the General Assembly (some of
been required to be drafted smnce the prev?m(ls m?aeiinthese rad
These resolutions were approved. g

Reports of the Sub-Committees.

Report of Sub-Committee on « Special U.R.S.I Report »

After considerin j
g possible subjects of s
pecial 1nt
Eﬁsgsml Z;hlch might form the subject of an UePI{.e;tI t‘;eCOHE'
1ttee agreed that a re ics of Tomiees
Modia would b e Valureport on the Dynamics of Ionized

N
ot only 1s a proper understanding of this subject highly imp
or-

——— — 4V —_

on. Furthermore it 1s clearly fundamental m the mechanics of
the sun’s atmosphere.

Almost all of these phenomena are affected markedly by the
presence of a magnetic field and the report would be concerned
particularly with a discussion of the progress made up to the
present 1n the development of methods for dealing with the flow
of iomzed materials when magnetic fields are present. It would
also be concerned with oscillatory phenomena that may arise
under these conditions.

The form of the report should follow closely that of the previous
two reports mn particularly emphasizing the physical principles
mnvolved. It should mclude an account of the reliable mformation
at present available, with a brief description of the way 1t has been
obtamed and 1t should mdicate clearly the directions 1 which
more mvestigation 1s required, either to obtain new facts or to
remove existing uncertainties. As far as possible 1t should also
attempt to mdicate m what way the available knowledge of the
subject can be appled to the geophysical and cosmical phenomena.

The need for a coherent review of the subject 15 sharpened by the
absence of any critical review, the bewildering varieties of approach
to the problem, and the prevailing differences of opimon about the
theoretical and experimental results 1n the field. Progress m
apphcation to problems of interest to this Union will be slow
until the fundamental basis of the subject 1s more firmly esta-
blished. It 1s hoped that a report on the lmes mdicated wall

assist materially 1 this direction

Suggested Commuttee :
Prof. D. MenzeL (Chairman).
Prof. H. ALFVEN,
Dr. G. K. BATCHELOR,

S ——— |

tant for the inter
. pretation of solar and
1t 18 also vital to the study of varous pizf;Eanadlo tﬁOlse, but Prof T. G. COWLING,
u 1 ’
ofpll)c?; zilb(r)llllc(;sphere including particularly the aurora trllle b:h(;t't s Dr. HERLOFSON,
, i
s produced by meteors, 1onospheric turbulence andos; Dr. A. C. B. LovEeLL,
Prof. H. S. W. MassEY,

Dr VALLARTA,
Dr. WoLr.

(1) P 63
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Report of Sub-Committee on Terminology

CoNTENTS
A. Specification of magnitudes.
B. Equivalent temperature concepts.
C. Specification of polarisation (sense of rotation
D. Notes on words defining phenomena '

g d

A —
SPECIFICATION OF MAGNITUDES

Radioc wav
es
from extra-terrestrial sources are measured
1n

terms of the
power which the
to a m Yy cause a given aerial
elimlg;l :;:drg:;l;er.t Thehﬁnlte bandwidth of the recelvertl(; jsi:;f;
uoting the result as « pow
at 'if}llle mid-frequency of the recerved lI:andeI;) per wmt bandvwdth
e magmitude of the wave -
of the ve can then be specified eit,
o mea:f;;lje kr)ad;tlon recetved from all parts of theelg;:cltn tifm}?
Y the flux density (S) at » WIIC
over a at the point of
forms gfat;l:: fe.r]zendlcular to the direction of propargaeiiiirement
o ks ot v:;zclf)ness (B) of the individual parts of the s,oziclen
, are preferred, S 1s meas .
an;hB 15 measured m watts~2 (c/s)- (Ster;gfﬁadnilewattsd (efs)1
e word ’
distinct quasngt}i:;h Sha;/rfdbeBen used for these two fundamentally
are confused .
appears € Flux d
Th{: Iattz:izvlﬁf(liguous but the word «intensity » has alsi)nzl;eyn - dS
other quantit EI.’S used by certain writers 1n astrophysics f usfh.
dor Asimphysffk V 1FoIr example E. A Milpe m the Hargbu ;
quently abire ) ; ol 1II, .1930 uses « specific imntensitv » b .
concepvt : viated to «intensity », for B. In th yb’ k the
the «inten Sp;emsely defined and valuable properties d1S ook the
or emISSIODI ¥ » 18 constant along a ray if there 1s noenzed, o5
s also v and the refractive index 1s constant <? SOPP.tIOIl
m this sense 1n some radio-astronomy. p | vensity>
apers.

that used by Milne, it 1s obviously n
. tically m order to avoid ambiguity.

normally accepts a sing
experimenter should spect
refers to a particular single comp

— -

d «intensity » 1s to be used m a precise sense such as

If the wor
ecessary to define 1t empha-

A further possible source of ambiguity arises because an aeral
le component of polansation. Each

fy whether the stated value of S or B
onent or to the total quantity,

mcluding both components. The total quantity has usually
not been measured but estimated by doubling the single measured

quantity The procedure used should be stated.

B. — EQUIVALENT TEMPERATURE CONCEPT

This concept 1s used in three applications as follows -

1. The « brightness » (B) of radiation from a black body of uni-
2T

form temperature T 1s known (B = —;\;—for both components).

Hence this temperature may be used as a measure of B It has
been wrongly called the « effective » or «equivalent» tempera-
ture T,. [t should be called the « brightness temperature » (1) T
At radio wavelengths T 18 practically proportional to B (Rayleigh-
Jeans approximation ; for each component m a medium of umty
refractive mndex T, = KT/»* where i 1s Boltzmann’s constant

and 2 1s the wavelength)

9. In the case of solar radio waves,
specified, without observation of brightness of indrvidual parts of
the sun, in terms of the temperature of a black body, having the

angular size of the photospheric disk, which would yield the obser-

ved flux density.
It is gwven by -

the flux density (S)1s usually

T ST dQ
4~ gohid angle of photospheric disk

e dO 18 an increment of solid angle and the mtegration 18
ributimg parts of the sun. The distri-

umform, extends beyond the optical

wher
over the whole of the cont

bution of T, is usually non-

1y Cf. Vocabulaire International de I'Eclarage (C.LE.), 1938.



disk, and 1s often dominated by one or two hi

areas  Hence this mean value 18 a lhittle a
Pawsey, the quantity T,
the idea that « apparent

ghly emutting small
rhificial.  Following
1s called’ « apparent temperature » with
» imphes a somewhat artificial character,
3. The total available power, i. e, power delivered to a matched
load, per unit frequency band from an aeral (P) can be specified
m terms of the temperature T, of a surrounding uniform tempe-
rature enclosure which would yield th

e same power (P = T _;
k 1s the Boltzmann constant) T, 1s called the « equwvalent aerial
lemperature »

These three temperatures are specified 1 degrees Kelvin.

The specification of these three quantities, brightness, flux
density and available power, i terms of temperature does not
umply that the power considered 1s of thermal origin though 1t
may obviously be convenient in discussing such power.

The considerations of this section are collected in Table 1.

TasLE I
SYHII- Quantity Corresponding
UJZZ q | (per unrt frequency Unit T}g;r;)ﬁirs::;e
here band in each case) Uit (9K)

S Flux density watts m~2 (c/s)~1{ Apparent temperature

of sun Ty
B Bnightness watts m=2 (¢/s)—2 Brightness tempera-
(steradian)=t ture Tp

P Available power watts (¢/s)~1 Equvalent aemal
temperature T, (of

an aerial)

C. — SerciFicATION OF PoLaRisaTioN
(SENSE oF ROTATION)

The sense of rotation of a circularly,
wave will be defined as « right-handed » if

plane fixed in space and parallel to the wave-front rotates clockwise
when viewed m the direc

tion of propagation, 1. e. with the source
behind the observer. The opposite sense of rotation 1s « left-
handed »,

or elliptically, polarised
the electric vector in a

. . oy
ING PHENOMENA
D. — Nores oN WORDS DEFIN

dio waves from the sun
torv word to describe ra

8 hiny Safslsftill %rackmg _ « Noise » (1) 18 used with obvious
or galaxy

es» Or « radio
are « Radio wav

ter alternatives

reluctance Bet

emleSlzﬁ ' rious terr;ls used by different authors to describe
V) e va

ts which may not

are concerned with concep °

phenomeﬁlaédsf}fgi final form. It would therefore be pzzﬁiirtz lof

hatv ) reta Cto standardise these yet, but 1t would lé;al \51: ortunate |

f::t:;n :I:uthors should create confusion i)yt us;nfom ee e torms

)

ammegs There follows a s enns

dlffgrev?ltthm:i 1n§1(:atlon of meanngs and of some early au
use

using the terms.

TasLE IL
Generally Accepted Terms

Meamng
Term

- trial sources
dio) waves Or Radio waves from extra-terres
1 Cosmic (radio

Cosmic (radio) emission

2 Galactic (radio) waves
Galactic {radio) emission

3 Extra-galactic (radio) waves
Extra-galactic (rad10) emis-
sion

4 Solar (radio) waves
Solar (radio) ermission

5 Burst (McCready, Pawsey,
Payne-Scott, Ryle and
Vonberg)

6 Quiet sun (Martyn)

Radio waves from our galaxy

Radio waves from beyond our galaxy.

Radio waves from the sun

Short period imcrease of radiation (%ur?‘;
Gon from a fraction of a secon
minutes).

Sun 1m absence of activity associated lth?
sunspots, bursts, storms {see below

s

Sun when not «gmet » (see 6)

7 Disturbed sun (Martyn)

e but on tlhe
normal English usag
tion 15 based not on sturbance having

% Itsl T:;d‘icnzlse » used m radio to descl(‘il(l)lr‘jrl 10(11;: », « shot noise»
technica e g «ran !

us spectrum, 1mphication

an essentially CI?:::(;I;:; natlll)rally aceept the normal acoustic P
But too many



Special terms used by some authors

Term j Meaning
8 Discrete source {Bolton) Localised source of cosmic radic emission
Radio-type star {Bolton)

(less than a few minutes of arc)
Radio star (Pawsey)

9 Basic thermal radiation Thermal radiation from the quiet sun,

10 Slowly varymg compo- | Component recognised at centimetre and
nent decimetre wavelengths having close
correlation with sunspot area, a small
magmtude, and peaks occurring  at
intervals of the order of a month
(origin perhaps thermal).

Increase of radiation of days or hours
duration, usually but not always with
many bursts, showing circular polar:-
sation (Typically found on metre wave-
lengths)

Typical burst during storm.

Large

11 Noise storm (Allen)

12 Storm burst (Wild)

13 Outburst {(Allen, Payne-

Seott, Bolton and Yabsley,
Pawsey)

14 TIsolated burst {Pawsey)

mcrease of radiation typically
associated with solar flare - usually

of complex form and minutes duration.
Large burst appearing  sporadically at

time of no «nose-storm » Not cir-

cularly polarised (metre wavelengths)
15 Unpolamsed burst (Payne- | Burst, not aircularly polamsed observed

Scott) sporadically on metre wavelengths (Ap-
pears to include 13 and 14 and probably
occasional bursts of similar origm o
rmg during noise storms)

ceur-

AprrENDIX I

A suggested terminology for radiation coneepls

The following termimo
introduce for the radiatio
clear-cut meaning. Nearly all the terms are
photometric Iiterature (bemng

Colorimetry, J.0.8 A., 34, 245
have lumination analogues.

logy 1s suggested as an endeavour to
n itensity concepts words that have one
already in use
recommended by the Commuttee on
» 1944) where the radiation concepts
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The terms suggested are :

Dimpensions
Tel‘m IIOteS \
I ;adlallt ener :’ er ]
g
g o] l.lle
R'adlallt denslt y eIg £Im ’()ule m 3
I‘a'"a“t ﬂuX erg S 1 wal t
g §
[{ 1 Il.‘, fﬂ.ux ()U.t i ald ﬂU.X f[ omn a
ad al e . er 1 wa t l
g m
F‘ad ance Outwald ﬂux pel uIllt er sTCm Watt
cm at m
]rrad]an(:e l[]‘)\far(] ﬂ(l){ on t() a unlt e]‘g 5 1 2 W t 2

surface

-1 att Q™
Efflux per umt -solhd | erg s 100 w
angle 1 a specified di-
rection

Radant fluance

-10-1 | wattQlm™?
Surface brightness of | ergs ?m—‘z
surface fluance per pro-
jected unit

Brightness

perpefldlcular to the direction of propa-

an area btend an angle
(*) Flux density Oz’zrppues only to smail sourcets th:;tlzuconstant‘
gation T?;ls cg:;gigonal characteristic of the antenn
for which the

d astro-
dio astronomy an
s are new to ra ithout
Many ;f tt Iéiseeirtz;nm photometry could beﬂfanciild «v:}ﬁlux »
u terms, e w

. the completely new r new term
amblgltntzrzd f?\fx should cause no Confusmn-d t'}Il‘: et;):r}rl)e« intensity »
for outw 1 med to avol

n specially co Commuttee.

«fluance » hsis(ibgr tgls concept by the COlozmz\i?;npt, to attach
Which 15 ntensity » 1s 1 far too general use to sted word fluance
The word «1 sional meaning to 1t The sugget ohd angle, and
a spectfic dlmende up of the idea of flux per uni Sts simularity to
is of course ma d of the word calls attention tox r or stellar
«-ance » at r’t{,};}i ecli)ncept 1s analogous to candle powe
radiance.

absolute magmtude.

physics,
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APPENDIX I
Designalion of discrele sources of cosmic radio waves
The following suggestions are made -

1. A cosmic radio source is t
0 be designated by th
name of the constellation followed by a nuriflbere 3? bor:(;fllx?zed
Iy

brackets. For each constellation the numbers will follow thy
e

Svl;(lileli) eof ]Smcotvery As an example the designation Cyg. (1)
st fs enTho 1the first discovered source in the constellation
o Lygnus the oundaries of the constellations are to be taken
aocordy g to the publications of Dr. F. Delporte * « Délimtat
Uiile‘l,le; sﬁ;epdes Clogggellatlons » and « Atlas Céleste » (Cambn;(;;
ress . The 1
lated by the Internallonal AszJEZ;Zf;Z?Sme " e apu-
AU, 4, p 221, 1932). o
Oﬁ’?ce "[;l‘;e (ig;eye?}lllagen Observatory would be asked as a controlling
heen o ug o ;3 numbers to the newly discovered sources and
keep an f (;7 ate list of the known objects. Any scientist disco-
(jopefha a ]130 source will be required to communicate to the
Lopen If:;l u(l;eau the co-ordinates of the object, an estimate
e ¥ sured flux density, and the frequency at which the
vation has been made. Information should be added

concerning the possible erro
r of the position m
m the form of an error ellipse - P easurement, perhaps

(Transactions,

Ob’JI(;}:E l(fope;)nhagen Bureau will inform the discoverer whether the
as been previously discov
demmmation oF B Soumz‘ covered and if not will give him the
3
Once a year the Copenhagen Bureau will send for publication

to the principal astronom
1cal periodical
with the names of the dxscovell')ers. te2ls @ hst of radio sources
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