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Reports

Ne 304. — Report from the Chairman
of Sub-Commission Va

Herewith I have the honour to mmform you, that after the
installation of the Sub-Commuission Va on occasion of the General
Assembly 1 Zurich (See U.R.S.I Information Bulletin N° 67,
January-February 1951), 1t was requested to the members of this
Commussion to send mn a complete description with schemes of
the apparatus for Solar-noise radio-radiation as used by them.

This request was answered by the following countries
Japan, Italy, France, Australia and Norway:

I also received from Dr. M. Martin Ryle of the Cavendish
Laboratory at Cambridge, who was appointed as a member of
the commission at the end of 1950, a description with sketches
of the apparatus for solar noise as 1s used 1n Great Britan.

All these descriptions and diagrams were duplicated here
and afterwards distributed to the other members of the sub-
comimission.

After jomning of Dr Ryle the number of the members of the
sub-commussion has further extended with 3 members namely with
Dr. A. K. Das, Director of the Solar Physics Observatory i Kodai-
Kanal, South India, Prof .M. N Saha of the University College
of Science in Calcutta, India and Mr. A. E. Covington, Micro-
wave Section of the National Research Council in Ottawa, Canada.

From Dr. Das no data about the mstallation were received
because this 1s not yet completed.

Mr. Covington has not yet sent m a description with schemes
of the apparatus for solar-noise, as 1s used in Canada, I have only
received regularly from him the monthly results of the Solar-
radio-noise measurements

Correspondence about membership bemng continued with
Mr. W. H. Eller, Chairman of the Department of Physics in Hono-
lulu 14, Terntory of Hawau (U S A.), with Dr. B. F. J. Schonland,
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Finally the concerned reports are sent to the following addres-
ses

Director of the Bernard Price Institute of Geophysical Research,
University of the Witwatersrand, Milner Park, Johannesburg,
South Africa, and with Prof Jakko Tuominen of the Observatory,
University of Helsmmki at Helsinki, Finland, with the purpose
of establishing an observing station for the « World-Wide-Survey ».
respectively m Hawail, South-Africa and Finland.

Attempted 1s still to win Chimna for taking part in the Solar-noise
measurements, but m connection with the war in Korea this
attempt has lead to a failure.

The Sub-Commission Va consists now of the following members.

M. Willard H EiLLer, Chariman Department of Physics, Honolulu, 14,
Territory of Hawan, U S.A.

M. W. MENzEL, Geschaftfuhrer der Arbeitsgemeinschaft lonosphare der
deutschen geophysikalischen Institute, Rhemstrasse 110, Darmstadt,
Deutschland.

M le Directesr du Bureau Ionosphérique Francais, 196, rue de Paris,
Bagneux (Sewme), France.

National Bureau of Standards, Upper Atmosphere Research Section,
Central Radio Propagation Laboratory, Washmgton 256 D.C, U.5.A.

Department of Scientific and Industrial Research, Radio Research Station,

I D J L Pawsey, Assistant Chief of the Division of Radiophysics,
Ditton Park, Slough, England.

Unwersity Grounds, City Road, Chippendale N S W., Austraha.
2 Dr M. Martin RyLe, Cavendish Laboratory, Free School Lane, Cam-
bridge, England
3 Dr Ir M LarrFiNEUR, Institut d’Astrophysique, 98b1s Boulevard Arago,
Paris XIVe, France.

4 Mr G RicHINI, Osservatorio Astrofisico di Arcetri, Via S Leonardo, 75,
. Firenze, Italy

Hereby I may remark that 2 stations on equal geographical
longitude but on higher northern and southern latitude can still
be of value for the mvestigations mn consequence of the lenghtened
duration of the observation in the summer season.

Concerning the sending 1 of the monthly results of the radio-
solar-noise measurements 1 am informing you that reports were
received from the members mentioned below

[S1]

Prof Dr Y Hacinara, Tokyo Astronomical Observatory, Chairman
of the National Committee for U R.SI, Mitaka near Tokyo,
Japan

6 M G Erixsen, Civ Ing, Institut for Teoretisk Astrofysikk Umiver-

sitetet, Blmndern-Oslo, Norge Fréquency
7 Dr R. Lindquist, Wave Propagation Observatory, Chalmers Umverstty Name Station Me/s
of Technology, Goteborg, Sweden
8§ M A. HAPLEY B r h
R?se.’ichSSectlon,’ CNez::f:lIlliadlllcfe;:og;gztt?:gal,:;;rgf(ﬂ'?, \A;:;ﬁflll)g:;‘: DrJ L Pawsey Potts Hill 600 and 1200
2% DG, USA Sydney 68 and 98
9 Dr A K Das, Director of the Solar Physics Observatory, Kodai- Mr. S F SMERD Mount Stromlo 200
Kanal, South-India .
10. Prof M N 8Sama, Umversity College of Science, Calcutta, India. D* M Martin RYLE Cavendish Laboratory 815 and 175
11 M A E Covingron, Microwave Section of the National Research
Council, Ottawa, Canada Dr M. LAFFINEUR Meudon 255 and 555 (545)
12 M. A H pEe Vooar, Chairman, Engineer-in-Chief, Chief of the Division
« Tonosphere and Radio-Astronomy », 6, Scheveningseweg, The Hague, Prof. DT Y. HAGIHARA Mitaka 60, 100 and 200
Netherlands Osaka 3260
Toyokawa 3750
Further the solar-noise reports are sent to Mr. S. F. Smerd,
Editor « Solar Radio Noise » Radiophysics Laboratory, University Mr. A E. CovingTon | Ottawa 2800
Grounds, Chippendale, N. S. W Austraha, for coliection 1n the
Quarterly Bulletin of Solar Activity.
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The reports were copied here and sent to the other members
and to Dr C. W. Allen, Commonwealth Observatory, Mount
Stromlo, Canberra (A.C.T'.) (after September 1950 to Mr. S.F. Smerd
of the Radiophytics Laboratory, Sydney).

The discussion carried on with you about the propagation of
the radio-solar-noise reports among the members of the commission
has convinced you and other members of the sub-commission,
that my scheme of a quick mutual interchange of data between
the observing stations 1s found to be of considerable value.

As for the mquiry mnto the 9 ponts of discussion, included 1n
the letter of the 12th October 1951 n° 7116, circulated among the
members of the sub-commission, which letter was sent to you
by mime of the 13th of October next I send you herewith copies
of the reactions recerved till now from Dr. J. L. Pawsey, Prof.
Y. Hagthara, Dr. M. Martin Ryle and myself. These letters
have been copied and sent to the other members of the sub-
commission. Other comments were not received.

From several observatories the monthly results were received
with a retardation of several months. Such a procedure 1s not
advantageous for an effective comparison of obtained results.

The calibration of the sets m order to come to a trustworthy
ist of observations remains a very difficult job. Furthermore,
observations on the same wavelength all over the world have been
poor (See above list).

Changing the wavelength of a set 1s of course practically the
same as building a new set.

Finally I may suggest some pomts to be dicussed by Commuis-
sion V as regards the international solar-noise observations.

1 Is a quick mutual interchange of monthly results between
the observatories desirable ? This pomt to be considered indepently
of the collection and publication of the observations in the Zurich
Quarterly Bulletin  Sub-commission Va was not 1 charge of this
matter.

2 Are there better and more rehable means for calibrating the
sets as those now i use ?

3. Is there a possibihity of using standard values of noise (tempe-
rature) of well-defined regions of the sky ? Is 1t possible to give a
series of standard-corrections to be applied to solar-noise measure-
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ments, when the sun passes through the galactic-regions ? (To
avoid this correction the Cavendish-observations are performed with

the mterferometer method).

4. Ts 1t desirable and has 1t signification for the radio-traffic
to give radio-warnings especially by the observatories situated
6-12 hours to the East ? These warnings might mdicate noise-
storms or disturbed conditions of the sun.

No 323. — Special Report N° 3 on Dynamics
of Ionized Media
A preliminary report drafted by Dr. P. L. Bhatnagor, Dr. Max

Krook and Dr Donald H. Menzel (Chairman) has been submitted
for discussion to Commussion V.



Reports from National Committees

Australia

No 325. — Report of the National Committee
to Commission V

1 — LocaTioNs oF RESEARCH IN PROGRESS

The greater part of the research in radio-astronomy in Austraha
15 carried out by the Radiophysics Laboratory of the C.S IR O.
m Sydney, the observations being taken at a number of field
stations near the fringe of the built-up area The largest of these
1s at Potts Hill. This laboratory 1s concerned with cosmic and
solar radio waves Theoretical work concerned with the growth
of waves 1 10nised gases 1s 1 progress at the University of Sydney
(Physics Department) and a programme of meteor observations
has begun at the Umiversity of Adelaide (Physics Department).
The section of the I A.U. « Quarterly Bulletin of Solar Activity »
concerned with solar radio noise was edited up tall 1951 at the
Commonwealth Observatory, near Canberra, but this has now
been taken over by the Radiophysics Laboratory. The Radio
Research Board of CSTR O has also contributed.

2. — (Cosmic Rapio WAVES

A prelminary series of observations of the atomic hydrogen
spectral hine at 1420 Mc/s, emitted by the galaxy was taken after
receipt of mformation from Professor Purcell at Harvard that
Ewen and he had succeeded m identifying 1t  The Austrahan
observations (1) showed the radiation to be distributed n a broad
rregular band m the region of the Milky Way, as was expected
from optical observations of the distribution of interstellar hydro-
gen They also showed that in certain directions, covering as
much as a full quadrant around the galactic equator, the lLne
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appears as a double line. If the source were distributed umiforml
throughout the galaxy a broadcasting of the line in these direction
would be expected owing to Doppler effects associated with daffe
rential galactic rotation It 1s probable that the double hne ;
due to galactic rotation, the source being divided 1nto two discret
parts mstead of bemng umiformly distributed. If so the sourc
must consist of two vast elongated clouds of hydrogen which ar
of the order of size of spiral arms of the galaxy.

During 1951, a survey of the discrete sources of cosmic radi
waves was made on a frequency of 100 Mc/s (2) The 77 observe
sources were examined statistically and the conclusions reache
differed radically from those obtained previously by the Cambridg
group following a simular survey. It was concluded that th
discrete sources are not distributed at random but fall into tw
distinct classes One class comprising intense sources, 1s concer
trated in the galactic plane and these sources must therefore b
at distances of the order of galactic dimensions The other
appear to be distributed at random in direction and intensit
and could either be intensely powerful extragalactic bodies ¢
comparatively feeble local ones at distances comparable wit
local stars. The earlier tentative identification of two source
with abnormal external galaxies favours the former hypothes:
These 1dentifications have been strengthened by more precis
observations of position (3)

During this 100 Mc/s survey, and independently in the course
observations at 1200 Mc/s (4), several sources having dimension
of the order of a degree across were discovered Thus some, a
least, of the discrete sources of cosmic radio waves are «radi
nebulae » rather than «radio stars » This discovery 1s being follc
wed up by observations of a number of other sources of relativel
great angular size using a new nterferometer of small spacin
which combines the principles of the «cliff-interferometer » an
«the two aerial » one (5)

In addition to such specialised experiments, observations ¢
the distribution of cosmic radio waves at very ugh (1200 Mc/s) (4, €

and very low (18 and 9 Mc/s) (7) frequencies have been taken ove
parts of the sky
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3. — SorAarR Rapio WavEes

The principal instrumental advance over the past two years

has been the development on a wavelength of 21 c¢m of an aerial
system with a sufficiently narrow beam, about 3 minutes of arc,
to pick out individual disturbed areas on the sun (8). The system
consists of a line of 32 parabolic aerials extending over a length
of about 700 ft. The aerials are fed in phase from a central point.
The resulting directional diagram, hike that of a diffraction grating
has a series of narrow maxima, each separated by 1 14°, through
which the sun passes i turn, producing a record at each passage.
This equipment has shown the frequent occurrence of « bright »
spots on the solar disk which move across the sun with solar rota-
tion. Some, but not all, or these are associated with visible sun-
spots. When sufficient observations are available to permit the
elmination of the effect of these bright patches by statistical
means 1t should be possible to determine the residual distribution
of brightness over the disk and, i particular, to see 1f « imb-
brightening » occurs,
" On longer wavelengths two series of observations are of interest.
A prehmmary series of observations over the frequency range
70-130 Mc/s of the spectra of bursts of solar radio waves was
completed (9). New equipment to increase this range to from
40 to 320 Mc/s and to give the degree of circular polarization 1s
partly completed. The other series consisted of observations on
a fixed frequency of 97 Mc/s of the positions of the sources of bursts
on the solar disk and the polarzation of the waves (10). The
most nteresting results concern, in the case of « outbursts », the
movement of the source outwards with a velocity of the order
of 1000 km/sec and, in the case of «noise storms » the location of
the source at a great height, e g. 0.3 solar radu, in the corona
over certain sunspots The criterion as to whether or not a « nose
storm » may occur appears to be that a sunspot of area greater
than a certain mmmum value must exist. Further, since this
mvolves association of a noise storm with a particular sunspot,
1t 15 possible to relate the sense of rotation of the circular polari-
zation with the polarity of the spot. The results mdicate that a
rnight-handed wave 1s associated with a south-seeking magnetic
pole If the field in the high corona 1s that due simply to the spot,
the wave 1s the ordinary wave of the magneto-1onic theory.
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In addition, regular records of solar radio wave imntensity have
been taken on wavelengths of 3, 10, 25, 50, 150, 300 and 500 cm
and the results commumecated to the 1.A.U. Quarterly Bulletin of
Solar Activity. The most interesting result of these was the obser-
vation of a marked drop m the base level at wavelengths n the
10-50 ¢m region which occurred 1 mid-1950 with the dechne in
sunspot activity (11).

4. — OTHER ITEMS

Theoretical work on the subject of growing waves in lomsed
gases has supphed a possible explanation of the omgmn of the
high intensity components of solar and cosmic radio waves. This
work 18 discussed n the Commission VI section of this report.

Work on meteors 18 1n 1ts early stages. Equipment 1s in ope-
ration which simultaneously measures the following parameters
of a meteor echo, range, amplitude, polarizationand dnft velocity.
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Belgium

Ne 297. — Note on the activities in Belgium and in the Belgian
Congo in the field of Commission V

(Translation)

At the I.R.S.A.C. (Institut de Recherches Scientifiques en Afrique
Centriale) station of Lwiro and at the station of the Service Météoro-
logique of Léopoldville, 6 m diameter radiotelescopes were set up
respectively by the LR.SA C and by the Observatoire Royal
d’Uccle (Brussels). They were used for observations carried out
for the solar eclipse of February 25, 1952, on 170 Mc/s. Reduction
of results has been carried out and the analysis 1s bemng
made

The Observatoire Royal of Belgium is builting near Brussels a
7.5 m diameter radiotelescope ; preliminary observations will be
carried out on 700 and 170 Mc/s
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Canada

No 8. — Report of Commission V
of the National Committee

Chairman : Dr. R. E. WILLIAMSON

Canadian contributions to radio astronomy are along three
main hines. The National Research Council sponsors a group at
Ottawa under the direction of A. E. Covington, making solar
observations, for the most part at a wave-length of 10.7 cm.
Another Canadian activity 1n radio astronomy centres around
the meteor researches of D. W. R McKinley and P. M. Millman,
who use radar reflection techniques, in conjunction with photo-
graphic and visual observations. The National Research Council
sponsors this programme also. A certain amount of theoretical
and computational work 1s done at the David Dunlap Observatory
of the University of Toronto, Richmond Hill, Ontario.

SoLar Noise Work AT THE NATIONAL REsEARCH CoOUNCIL,
OTTAaWA

In 1946, the Radio and Electrical Engineering Division of the
National Research Council at Ottawa, commenced investigations
under the direction of A. E. Covington, on the emission of radio
noise from the sun. Techniques and equipment which had been
especlally designed for radar sets were modified for use in this
new field. Daily observations of the solar emission on a wave-
length of 10.7 centimetres are taken with a four-foot paraboloidal
reflector and a Dicke-type radiometer. These observations have
been mamtained regularly since 1947, and the results are commu-
nicated to « Solar Radio Noise » for publication 1n the « Quarterly
Bulletin of Solar Activity ». The records show a decline in the
level of the quiet sun that can be associated with the approaching
sunspot mimimum. The quet sun level (extrapolated for zero
sunspot area) has decreased from 1.18 in 1947 to 0.73 for the first
half of 1951. The sunspot emission shows a good correlation with
the appearance and disappearance of sunspots; the coefficient of
correlation with the sunspot area 1s about 0.8. The bursts of
solar noise on this wavelength are not frequent and most of them
occur simultaneously with a solar flare.
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Prior to September, 1948, the observatory work was carred
out at the Metcalfe Road Field Station of the Radio and Electrical
Engineering Division. Considerable microwave radio iterference
was experienced at this location, and consequently a new site, free
from this type of interference, was acquired at Goth Hill in South
Gloucester, fourteen miles from Ottawa. A small building has
been erected for the observing equipment, while the radio-teles-
copes have been placed outside.

Polarzation studies of the 10.7 centimetres solar radiation were
undertaken after the construction of a quarter-wave plate which
could be placed 1n front of the paraboloidal reflector. The emission
from the quiet sun is randomly polarized, while the sunspot emis-
sion shows a small excess of either kind of circularly polarized
radiation. Burst emmssion likewise shows a circularly polarized
component.

At the present time a ten-foot paraboloidal reflector 1s being
constructed and will eventually be used in, continuing the program-
me of observations started with the four-foot reflector

A 150-foot hnear array has been designed and constructed for
operation 1n the ten-centimetre band and will produce a fan-
shaped beam, 0.125 degree wide 1n the east-west direction, and
20 degrees wide in the north-south direction. This array 1s made
from slotted 3-inch by 1.5 inch waveguide feeding into a horn
eighteen inches wide by one hundred and fifty feet long. It 1s
mounted with the long axis in an east-west direction and can be
rocked about the centre of the guide. This motion, together with
the motion of the earth, will allow the whole sky to be scanned.
Prehminary observations of the sun have shown that it will be
possible to determine some of the characteristics of ndividual
sunspots.
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Rapio OBservaTions oF METEORS, NaTIONAL RESEARCH COUNCIL,
OrTawAa

In 1947, the National Research Council and the Dominion Obser-
vatory mitiated a combined programme of meteor research, with
the N.R.C. carrying out the radio and photoelectric observations
and the Observatory conducting the wvisual, photographic and
spectrographic work. The visual and photographic observations,
and that part of the radio work dealing with the study of the
physics of the upper air using meteors as a tool are reported else-
where. In the field of astronomy one of the most mmportant
contributions has been the conclusion that few, 1f any, meteors
down to the eight magnitude can be of interstellar origin. Of
neaily eleven thousand meteor velocities measured by the radio
Doppler method none exceeded 80 km per second. A few determin-
ations of the complete orbits of meteors have been made by
triangulating points on the 10onized meteor path from three inde-
pendent radar stations, yielding elliptical orbits.

Reasonably satisfactory correlation between echo signal strength
and visual magnitude has been obtained down to the fifth magmtude
1.e. to the limit of unaided human vision. By various extrapolation
techmques the limiting sensitivity of the 200 kW radar on 33 Mc/s
has been shown to be about the ninth magnitude, at least. Studies
of meteor showers and of non-shower or sporadic meteors show
that the non-shower meteors increase in numbers regularly with
fainter magnitudes while the strong showers are lacking in either
very bright or very faint meteors.

A battery of 19 photocells has been used to give rough sky plots
of meteors. Relative timing accuracy between the automatic
photocell record and the radar and visual records was about
0.50 second. The average sensitivity of the unaided 931-A
photocell appeared to be about one magnitude inferior to that of
the unaided eye. '
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Rap1io AstroNoMY AT THE Davip Duniap OBSERVATORY,
University oF ToroNTO

Since the end of 1947, there has existed a loose but active
cooperation 1n radio astronomy research between the Dawvid
Dunlap Observatory of the Umiversity of Toronto and the School
of Electrical Engineering, Cornell University. This resulted from
the fact that one of the original planners of the Cornell University
— U. 8. Navy Radio Astronomy Project, Ralph E. Wilhamson,
soon after the inception of the project, left Cornell to accept a
position on the staff of the David Dunlap Observatory. Since
1948, he has held the title of consultant to the Cornell project.

The work carried out at the David Dunlap Observatory has
been theorefical or computational or a comhination of the two.
Sponsorship for the papers listed in the accompanying biblio-
graphy was sometimes a jomnt one by the two institutions, and
sometimes by the David Dunlap Observatory alone. As the titles
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in the bibliography indicate, the published work has been mostly
in the interpretation and reduction of galactic observations.

At the present time, further work 1s in progress along two
dwrections : one concerns the reduction of radio interferometer
observations, and the other, the reduction and interpretation of
a series of galactic observations made at Cornell in October, 1951,
with the 200 Mc/s equipment there.
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SKYy OorR AURORAL NOISE

Correlation of the records from microwave radiometers and
magnetometers have shown that radio noise may be emitted
from the regions of the earth’s upper atmosphere during geo-
magnetic disturbances. Some doubt has now been cast on obser-
vations of noise directly correlated with the aurora, but evidence
magnetic disturbances. Still remains of sky noise produced by
some mechanism during strong solar and magnetic disturbances.
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France

N0 237, — General Report of the National Committee
Commission V

(Translation)

It 15 with regret that we deplore the untimely death, since the
last General  Assembly of our distingmished colleague Bernard
Lyor.

STUDY OF THE QUIET SUN RADIATION

During the reduced solar activity of the two recent years,
French Laboratories devoted most of their attention. to the
observation of quiet Sun radiation.

Two eclipses, one annular, the other total, were observed.
During the former on September 1st, 1951, measurements were
made mm Markala (French Soudan), Dakar and Pams (5, 6, 10)
on 169 and 9350 Mc/s. Discussion of the results mdicated the
occurrence of a bright ring on the higher frequency and to a
definitely ellipsoidal shape of the Sun on 1.78 m wavelength.
The transmission residues during centrality are respectively 18 9/
on 3.12 cm and 50 % on 1.78 m.

The second echpse of February 25, 1952, was observed simul-
taneously mm Khartoum (Anglo Egyptian Soudan) and i Pars
region (11) by means of optical and radio methods

On 55 cm wavelength (550 Mc/s) the transmission residue was
19 % and on 1.17 m (225 Mc/s) 30 %,. Publcation of results
and detall of measurements 1s broadcast daily by means of
Ursigrams.

STUDY OF THE DISTURBED SuN RADIATION

Theoretical and experimental studies have been carried out
during the two last years : a comparison (a) of radiation on two
adjomning frequencies shows the independence of bursts emitted
m a narrow frequency band and the selective fade out of one of
the studied frequencies : this 1s assumed to be due to absorbing
clouds in the corona. At the same time, a study of burst auro-
correlation on a fixed frequency showed a sudden decay when
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the interval considered reaches a few seconds (2) According to
a very satisfactory explanation of «bursts » brought forward (3,
7, 8) they would be produced ahead of the fronts of shock waves
m the solar atmosphere.

The reduction of observations on 55 and 117 c¢cm made at the
Institut d’Astrophysique of Paris for 1949 (14) showed the possi-
biity of directivity for the disturbed solar radiations for both
these frequencies with gradient inversion in the northern and
southern hemispheres of the Sun. Laboratory work (12) connected
with such studies showed that under certain conditions, a gaseous
discharge subject to a magnetic field produces non coherent oscil-
lations at gyromagnetic frequency. This expermment seems to
be of such an mmportance that 1t ought to be thoroughly studied
and 1t 15 m the course of being checked 1 an other laboratory.

CORRELATION BETWEEN RADIO SOLAR PHENOMENA AND
GEOPHYSICS

It seems established that disturbed solar radiations can be
related to geomagnetism by means of the following law : solar
areas active from the radio point of view produce sudden and non
recurrent magnetic storms while after meridian transit of inactive
areas a mimmum of geomagnetic activity appears. Other corre-
lations were noted during expermments carried out in Meudon.

MiLKY WAY RADIATION

The 225 Mc/s recerver of the Institut d’Astrophysique m Meudon
18 at present used to plot at might time an 1sophote map of the
Milky Way on this frequency. Regular measurements of the
Milky Way on decametre wavelengths are carried out at the
Ecole Normale and i Meudon for ionospheric studies. The
Meudon set has been mmproved, with the C.N.E.T. cooperation,
in order to elmiate interference from telegraphic stations trans-
mitting 1 the observed band. This new device should abolish
the main difficulty encountered n this new method of investi-
gating the 1onosphere
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I. — INTRODUCTION

This ‘report summarises the work on Radio Astronomy which
has been carried out in Great Britain since that reported to the
IXth General Assembly in 1950 (1) '

The work includes observations of the radio emission from
the sun, the general radiation from the galaxy and from radio
stars, and the radiation from extra-galactic nebulae ; observations
by radio echo methods of meteors and the aurora borealis, and
investigations of the 1onosphere by observations of radio stars.

Most of the solar and radio star observations were made at
the Cavendish Laboratory, Cambridge, most of the observations
of the general galactic radiation and of the extra-galactic nebulae
and all the radio echo observations of meteors and the aurorae
were carried out at the Jodrell Bank Experimental Station of
the Umversity of Manchester. Investigations of the 7irregular
structure of the ionosphere were made at both Laboratories.

It has not been possible for the work in Radio Astronomy at
the Army Operational Research Group to continue except for
routine automatic recording of solar radio outbursts at 4.1 metre
wavelength.

I1I. — RADIATION FROM THE SUN
(a) Routine Observations

Regular observations of the intensity and polarisation of solar
radiation on wavelengths of 1.7 m and 3.7 m have been maintained,
providing a continuous series since December, 1946. The results
have been communicated to The Quarterly Bulletin of Solar Activily.

(b) Interferometer measurements of the undisturbed sun

Observations have been made to determine the distribution of
radio « brightness » across the undisturbed solar disk, using the
variable aperture interferometer method devised and used by
Stanier (1) on a wavelength of 60 cm. Results obtamned on wave-
lengths of 60 cm (1) 1.4 m (), 37 m (2, 3) and 7.9 m () show a

() U.R.S.I, Vol VIII, P 1, p. 144-152
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progressive 1mncrease 1n the effective diameter of the sun with increa-
sing wavelength. It 1s found that of the total radiation on each
of the above wavelengths, about 30 9, 45 9%,, 65 9% and 75 9%,
originates outside the visible disc.

A detailed comparison of the results on all four wavelengths
with the distribution predicted theoretically (4) for a corona of
uniform temperature shows that there are important discrepancies
Attempts have been made by switable choice of the distribution
of electron density and temperature with height, to derive a model
solar atmosphere which will satisfy the distribution on all four
wavelengths, but no such simple model has yet been found possible.
It 1s probable that a fuller treatment will have to include the
presence of spatial irregularities in electron density (5)

(¢) A new method for delermining the electron density in the Corona

A new method of determining the electron density in the solar
corona has been proposed which should allow direct measurements
"to be made out to radn where the electron density is as small
as 10* em~2 (6) It can be shown that when the radiation from
a remote source passes throught a sphere whose refractive index
increases with radius, there 1s a critical angular separation between
the source and the centre of the sphere, at which radiation no
longer reaches the observer The solar corena is therefore capable
of occulting a distant source of radio waves, such as a radio star,
as if 1t were an opaque sphere whose radius 1s considerably greater
than that of the photosphere , the radius depends on the wavelength
and for X = 7 9 m 1s approximately 5 R, By observing the posi-
tion of a radio star at the time of occultation on each of several
wavelengths, 1t should be possible to determine the electron density
over a range of heights i the corona
The problem of detecting the radiation from the radio star
in the presence of Lhe more intense radiation from the undisturbed
sun could be overcome by the use of an interferometer of large
resolving power, but in the presence of appreciable sunspol
activity, intense solar sources of small angular diameter may confuse
the ohservations
Attempts to carry oul this experiments were made in June
1950 and June 1951, when the intense radio star in Taurus passed
close to the sun’s southern hmb  Unfortunately on both occasions
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unusually intense sunspot activity prevented any useful results
being obtained, but 1t 1s hoped to repeat the experiment during
the coming years of low sunspot activity

(d) The enussion « polar diagram » of the sources of sunspot radiation

It has been known for some time (7) that at centimetric wave-
lengths, the enhanced radiation due to sunspots can be received
with Little variation of intensity whether the sunspot 1s 1 the
centre of the disc, or at the hmb It has also been known that
at metre wavelengths, the intensity 1s much greater when the spot
18 near the centre of the disc (8) In order to compare the various
theories of the intense metre-wave radiation from sunspots it 1s
mmportant to determine the solid angle over which the radiation
escapes. The determmation of this angle cannot easily be done
by observations of individual sunspots, firstly because of the large
random variations of intensity which occur and secondly because
during the last few years there have been few periods when a
sunspot could be observed mdividually throughout its passage
across the disc .

An alternative method has therefore been used, based on a
statistical analysis of the daily intensity of radiation, over a
period of one year for a wavelength of 60 cm, and a period of five
years for wavelengths of 17 and 37 cm

The correlogram of each series of observations has been
computed, from which 1t has been possible to derive a mean curve
of the variation of intensity with the angle between the line of
sight and the radius to the visible spot; this angle may conve-
niently be expressed in days from central meridian passage The
total widths to half-power of the «emssion polar diagram » are

4 days at 60 cm, 15 days at 1 7 m and 03 days at 37 m (9)

(e) Interferomeler measurements of localised sources on lhe sun

By making observations with the new phase-switching inter-
ferometer (10) (see Section VII) 1t 1s possible to determine the
effective position of a source of sunspot radiation with an accuracy
of about 10 seconds of arc A large number of such observations
have been made at times of sunspot activity during the past
two years at wavelengths of 14, 37 and 7.9 m, n order to relate
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the sources of radiation with the wisible spot groups and to
observe the variations 1n apparent position which are found
to occur (9, 10).

Four different effects may contribute to produce the apparent
movements : (1) The rotation of the sun; (2) movements of the
emitting region relative to the visible sunspot; (3) refraction of
the radiation 1in the outer corona and (4) simultaneous reception
of radiation from two or more sunspots, whose relative intensities
will not remain constant.

The observations have shown two independent results; firstly
a steady day-to-day movement and secondly rapid and erratic
movements within periods of a few minutes. Providing that the
effects of refraction were small compared with that due to the
solar rotation, the steady day-to-day movement would lead to
a determination of the height of the source of radiation above
the photosphere at each wavelength, but atlenpts to determine
the height in this way have given values between 0.7 and —0 1 R,
for a wavelength of 1.4 m and 1.0 m and 0.1 Ry for 3.7 m. These
results may be compared with those obtaned at a wavelength of
3 m by Little and Payne-Scott (11). The latter authors showed
that the refraction i a region having the same electron density
as the undisturbed corona would be small ; they therefore concluded
that their results indicated the true height of generation, although
the values obtamned were considerably greater than those expected
theoretically.

The large range of heights obtained for all three wavelengths
i the present series of observations suggests that important
refractive effects are taking place in the corona above the sunspot.
Photometric measurements by von Kluber (12) of plates obtained
at the 1927 solar eclipse indicate that the electron density above
sunspots may be considerably greater than in the undisturbed
corona ; his results seem to provide the most likely explanation
for the radio observations

Observations of the rapid movements of the sources show that
on some days the variation may be as great as 5 minutes of arc (10),
whilst on others 1t may be as small as 8 seconds of arc (9). It has
usually been possible to relate the large motions to the presence
on the disc of more than one sunspot ; the small movements may
be due to variations 1n the excitation in different points of the emit-
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ting region, or to refraction in regions of irregular electron density
above the source.

(f) Possible identification of solar M regions with coronal regions
of inlense radio emission

The sunspot group which crossed the central meridian of the
sun on 1950 June 14, although apparently well on the dechine
and subnormal 1 flare occurrence, was associated with unusually
intense, steady and prolonged emission on the metre-wavelength
band (13). At the time of passage of the spot there was a marked
absence of geophysical disturbances, but during the following
s1x months there was a sequence of M-region geomagnetic storms
which coincided 1n time with the synodic return of that particular
area. It s1 suggested therefore that the excited, quasi-stable
coronal region which gave rise to the intense radio emission subse-
quently became an M-region (14). (Existing optical evidence also
suggests that M-regions are closely correlated with coronal pheno-
mena)

It 15 also behieved that the present M-region responsible for the
geomagnetic storms on 1952 February 6-16, March 4-12, et. seq.,
may have originated from the 1952 January 156 sunspot which
emitted strong radiation on the metre band from January 12-15.

J1I. — RADIATION FROM THE GALAXY

(a) Survey of « background » radiation and relation io galactic
structure

The field of view of the 220 feet diameter paraboloid at Jodrell
Bank has been surveyed at 1.9 metre by Hanbury Brown and
Hazard (15). Their survey covers a 24 hour strip of right ascension
between dechnations 37° N and 66° N  Detailed 1sophotes have
been plotted for a strip of the Milky Way (I = 40° to 1300, b =
+120 to —120) 1n terms of absolute temperature. These 1sophotes
agree well with those of Reber (16) at 1.9 metre but show several
new features. There 1s a local maximum of intensity at [ = 469,
b = 4+ 14° close to the intense source mn Cygnus. This result
confirms an analysis of this region made by Bolton and
Westfold (17). Hanbury Brown and Hazard (15) suggest that this
maximum may represent the radiation from a cloud of ionised
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gas. The 1sophotes also show several discrete sources near the
galactic plane. The majority of these sources have not been
reported previously.

The apparent width of the Milky Way has been studied by
Hughes (18) at 4 metres using the 220 feet paraboloid ; and by
Hanbury Brown and Hazard (19) at 1.9 metre with the same
mstrument. It 1s proposed to repeat the measurements at
8 metres and 1t 1s hoped that a comparison of the three results

will throw some hght on the mechamsm of generation of galactic
noise.

(b) Observations of Radio Stars

An analysis of all the discrete sources in the field of view of the
220 feet paraboloid 1s now bemng made. Several of the sources
reported by Ryle (20) have been confirmed and some new sources
have been found. The celestial coordinates and the mtensity of
the mtense source in Cygnus have been measured by Hanbury

*Brown and Hazard (21) at 19 metre and they have shown that
the mean intensity of this source 1s changed by less than 2 9, n
the presence of fluctuations.

Observations with the phase-switching type of interferometer
at Cambridge have been made on wavelengths of 14, 37 and

79 m and a number of special investigations have been made as
follows :

(1) Posilional Observations — Observations on 37 m have
enabled 50 radio stars to be located in the Northern hemisphere (20).
The accuracy of the positions varies from about one square degree
for the weaker sources, to about one square minute for the most
intense sources

In an attempt to identify radio stars with wvisible objects a
number of special observations have been made to determine with
the greatest possible accuracy the positions of four intense radio
stars (22) These observations were made on 37 m and 14 m,
using a number of new methods, which are described and analysed
in detail 1n another paper (23).

The accuracy obtamned for the itense source m Cassiopeia
was 10 seconds of arc in R A and 45 seconds of arc i declination.

(n) Idenhificalion with visible objects. — In the earlier survey
of radio stars on 3.7 m an attempt was made to 1dentafy radio
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stars with a number of types of visible objects. 'With the exception
of four of the weaker radio stars, whose positions fell close to those
of four-of the major extra-galactic nebulae, no sigmficant relation
was found with any notable object (20). Dewhirst, of the
Cambridge Observatories, has followed the accurate positional
observations described above, with a detailed investigation of
faint objects near the four intense radio stars, and has photographed
near the Cassiopeia source an unusual globular nebula (24).

(m) Parallax and Proper Motion — 1t may be shown that
observations of the relative Right Ascension of a number of radio
stars over an extended period, can be used to deduce a maximum
value for the annual parallax and proper motion of the individual
stars ; long period variations of the collimation error of the system
do not therefore affect the measurements (25) Two series of such
observations have been carried out on the four mtense radio stars
mentioned above ; the first on a wavelength of 37 m has bheen
maintained for over a year, and the second, on 14 m for six
months (25).

The accuracy of the first was limited entirely by ionospheric
refraction. The second indicated that there was no variation
greater than the accuracy of the observations This result sugges-
ted that all four sources are more distant than 14 parsec

(1v) Search for long-period variations in the inlensily of radio
slars. — QObservations of a number of radio stars in the northern
hemisphere have been maintained on a wavelength of 3 7 m practi-
cally every day for a period of over eighteen months in order to
detect any intrinsic variations of mtensity It was found that
of approximately 100 radio stars observed, none showed any
variation greater than 01 mag with any period shorter than
1000 days (R6)

IV. — RapiaTioN FROM EXTRA-GALACTIC NEBULAE

The radio frequency radiation from the Great Nebula in
Andromeda (M 31) has been measured by Hanbury Brown and
Hazard (27, 28) using the 200 ft aperture paraboloid They
base the identification of the source on 1its celestial coordmmates,
its apparent angular diameter and 1ts imntensity The coordinates
of the radio source agree with those of M 31 within 10 munutes
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of arc. The angular diameter was measured and is found to be
consistent with that of M 31. The intensity 1s in reasonable agree-
ment with that to be expected on the assumption that M 31 radiates
in a simular manner to the Galaxy. In the survey of radio stars
in the Northern hemisphere made by Ryle, Smith and Elsmore (20)
using an nterferometer at 3 7 metres a correlation was found
between the position of 4 of these radio stars and 4 major extra-
galactic nebulae m their field of view. They have associated radio
sources with M 31, M 33, M 101, and M 51 but have failed to
observe a source near M 81

Following their work on M 31 Hanbury Brown and Hazard (29)
have detected radio emission on a wavelength of 19 metre from
M 101, M 51 and NGC 4258. They have also detected the radiation
from three of the major clusters of nebulae, two 1 Perseus and one
in Ursa Major. These results have been used to test the relation
between the photographic magnitude an the radio magmitude of
a nebula, and indicate that there 1s a correlation between the
two magmitude scales and that the radio magnitude of a nebula
mcreases less rapidly than its photographic magmitude. It 1s
hoped to check this relationship by further work on clusters of
nebulae. They have also found a correlation between irregularities
i the radio 1sophotes of the sky and the large scale irregularities
in the distribution of extra-galactic nebulae.

V. — TureoreTicAL WORK ON MECHANISMS OF EMISSIONS OF
Rapio WAvVEs FROM SuUNsPOTS AND RADIO STARS

Earher discussions (30) on the emission of intense radio waves
from sunspots and radio stars suggested a convenient division
between «equilibrium » mechanisms (imn which the itensity of
the radiation never exceeded that from a black body having a
temperature appropriate to the average particle energy) and
mechansms based on the coherent oscillation of a large number
of electrons.

Both types of mechanism have been considered further;
MacFarlane (31) and Twiss (32) have discussed new methods of
generating coherent oscillations, while a general investigation of
the possibilities of the escape of radiation generated by «shpping
stream » mechanisms has been made by Bunemann (33, 34). He
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concluded that although certain frequencies would be generated,
these waves would not be able to be radiated directly from the
streams ; waves which could escape, on the other hand, would
not be amplhfied, but attenuated by the shpping stream.

The problem of accounting for the acceleration of particles to
a sufficient energy to account for the observed radiation from
sunspots by an «equilibrium » mechanism does not present a
serious difficulty, but two other problems remain (35). (a) If the
radiation 1s supposed to be due to «free-free transitions», the
optical depth of a body having dimensions of the order of the
solar corona is quite 1nadequate. It seems probable, however,
that for particles of high energy additional mechanisms of radiation
may provide an adequate optical depth without difficulties concern-
g the escape of the radiation. (b) The second difficulty 1s related
to the escape of high energy particles (having energies > gravita-
tional energy). The presence of a magnetic field will greatly reduce
the rate of loss, as has been shown 1n connection with the difficulty
of explaming the escape of Cosmic Ray particles from the magnetic
fields of sunspots (36).

Whilst the application of similar theories to account for the
radiation from radio stars i1s himited by the present incomplete
knowledge of the physical conditions 1n these bodies, the tentative
1dentification of some of the intense radio stars with diffuse nebulo-
sities has made possible some suggestions. If these identifications
are confirmed, 1t seems unhkely that the density or magnetic
field 1n such bodies will be great enough to account for omission
by any of the coherent oscillation mechamisms described; the
existence of regions having particles of sufficient energy to radiate
the observed intensity by an equihibrium mechamsm would be
of considerable interest from other points of view (e.g. the general
ongin of Cosmic Rays).

Hutchinson (37) has examined the radio emission which would
be associated with the acceleration of particles to Cosmic Ray
energies 1n localised regions having densities up to 10/cm?® and
magnetic fields up to 10 gauss. From the observed flux of Cosmic
Rays, he deduces an intensity and spectrum of the radio emission
which are compatible with those found experimentally.
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VI. — INVESTIGATION OF THE JONOSPHERE BY OBSERVATIONS
oF RaApIo STARS

(a) Measurement of lotal ionisation

Accurate observations on a wavelength of 3.7 m of the times
of transit of four intense radio stars, as described in Section III
(b) (m) have shown a refraction effect which can be accounted
for by the presence at dawn and dusk, of a horizontal gradient
of the total 1onisation of the 1onosphere By comparing estimates
of the change of total iomsation derived in this way, with the
normal p’-f curves, 1t 18 possible to deduce a figure for the total
ionisation 1 the 10nosphere. The results so far obtamed mndicate
that approximately three-quarters of the total i1omsation les
above the maximum of the F-region (38).

{b) Study of the. irregularities in lhe 1onosphere by observalions of
the scinlillation of radio stars

Early experiments (39, 40, 41) showed that the irregular fluctu-
ations of intensity and apparent position of radio stars could be
ascribed to the irregular diffraction of the incoming radiation 1n
the 1onosphere At metre wavelengths, absorption can be neglected
and variations of electron density will produce deviations of phase
i the wavefront emerging from the 10nosphere. The distribution
of amphtude and phase across the ground, can then be regarded
as the diffraction pattern associated with this irregular wave-
field

The diffraction pattern which would be produced by such a
phase-changing screen has been considered 1 two recent
papers (42, 43) and 1t has been shown how the size of the 10no-
spheric irregularities may be deduced from observations of the
pattern on the ground Observations have shown that the irre-
gularities have a lateral extent of about 5 km and a variation of
total electron content of the order of 2.10? electrons/em? (41, 44).

The observations have indicated that the irregularities are
situated above the maximum of the F2 region at a height of
about 400 km (43, 44). The greatly increased degree of fluctuation
observed for a radio star at large zenith angles to the north, has
been accounted for by mcreased irregulanty of the 1onosphere
the auroral zones (45). The observations over a range of zemith
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angles from 0° to 70° have given results which can be explamned
by the greater slant distance between the 1onosphere and the dif-
fraction pattern on the ground (44).

Extended observations have confirmed the marked diurnal
variation previously reported (41, 45) and have shown that there
1s httle change 1 the diurnal variation during the course of the
year (44) The occurrence of the irregularities does not appear
to be correlated with other geophysical phenomena, apart from
a shght increase during periods of great magnetic activity. The
origin of the wrregularities 1s not known, and 1t has been suggested
that they may be due to the interception by the earth of inter-
stellar matter, or by turbulence in the F2 region.

Simultaneous measurements at separated receiving poimnts on
the ground have shown that the irregularities move horizontally
with velocities of the order of 100 m/sec. Observations taken
at Jodrell Bank (46) during the summer months of 1951 show that
between the hours 1800-0100 U.T. the F-region motion was pre-
dominently towards the West. Analysis of the results has further
shown that varations in the rate of scintillation of the radio stars
are due to changes in the rate of movement of the F-region irre-
gularities and not to alterations in their size  Observations
taken at Cambridge (44) indicate that during the hours 0000-
0500 U.T. the motion 1s predominently toward the East.

It has been found that the magnitudes of the lateral velocities,
unlike the degree of fluctuation, are strongly related to magnetic
activity, small velocities are only observed during magnetically
undisturbed periods, while velocities as great as 500 m/sec have
been recorded during magnetic storms (44).

An analysis of the scintillation phenomena of radio stars during
a 30 month observing period has shown (47) that during aurorae
the fluctuations are always rapid (>4 per minute); a more
detailed analysis of a four month period indicates a correlation
of about 0.65 between the fluctuation rate and the magnetic K
index. On one occasion, a marked decrease 1. the intensity of
3.7 metre extra-terrestrial radio waves was observed during an
aurora ; this decrease 1s attributed to the reflection of some of the
mcident radiation by an over-critically dense region of 1onisation
situated above the E layer
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VII. — NEw TECHNIQUES
(@) Phase-swilching interferomeler

A new type of radio mterferometer (10) has been developed
which has a number of important advantages over earher systems.
Its use enables the radiation from a weak « point » source of radia-
tion to be recorded independently of the radiation of much greater
intensity from an extended source. It 1s therefore possible to use
a very much greater recorder sensitivity than with earlier methods.
It 1s, in addition, possible to use preamplifiers at the aerials and
accurate stabiization of their gains 1s unnecessary ; the resolving
power is therefore not restricted by attenuation in the aeral
cables.

Besides mmproved sensitivity, the new system has particular
advantages in the accurate determination of the position of a
source ; unlike earlier systems the accuracy is not seriously affected
by rapid variations of the intensity. It also has important apphi-
cations to the measurement of the angular diameter and polari-
sation of weak sources of radiation.

The phase-switching system has been extensively used on wave-
lengths of 1.4, 3.7, 6.7 and 7.9 m, for the detection and location
of weak radio stars, for the investigation of the scintillation of
radio stars and m a number of special mvestigations of solar
radiation.

(b) 220 ft. aperture paraboloid

The 220 ft. aperture paraboloid at Jodrell Bank was constructed
in 1947 and from 1950 onwards it has been apphed intensively
to the study of galactic and extra-galactic radiation at 1.89 m.
The paraboloid has a focal length of 126 feet. The primary feed
to the aerial 15 carried on a central mast which 1s supported on
an axle running east and west. It 1s possible, by tilting the mast,
to move the beam of the aemal to 14 degrees on either side of the
zenith, and this permits observations to be carried out in a region
between dechnations 67° N and 39° N. The surface of the para-
boloid 1s formed by a system of wires which are spaced 8 inches
apart and run parallel to one plane of polarisation. The profile
of the mirror is maintained to within 4 b inches of the correct
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parabolic shape. The shape of the beam from the paraboloid
has been measured (28) at 1.89 m by observations of the intense
source in Cygnus and at 4.2 m by a series of the intense source
in Cygnus and at 4.2 m by a series of awrcraft flights (18). In
each case the polar diagram and power gain show good agreement
with the calculated parameters.

VIII. — MeTEOR AsTRONOMY
(a) Radio echo survey of sporadic meleor activily

The detection of a radio echo from a meteor trail in a narrow
beam aerial implies that the meteor radiant 1s located m a small
sector of the sky. By making a continuous survey of the activity
in two inchned sectors Hawkins and Aspinall (48) have deduced
the distribution of the radiant points of sporadic meteors. From
the diurnal and seasonal variation of the hourly echo rate 1t was
found that the main concentrations of sporadic radiants were
located close to the echiptic, corresponding to orbits lymg in the
plane of the solar system. The distribution of radiants in echptic
longitude was symmetrical about the apex with maxima at the
apex, helion and anti-helion points. After correcting for the
motion of the Earth the ratio of directly moving to retrograde
meteors was found to be 10 : 1 which 1s in contrast with the more
umform distribution assumed mn the work of Hoffmeister (49).
The hourly rate observations of Hoffmeister are adequately explai-
ned in terms of the measured radiant distribution and the inference
of an interstellar origin for meteors is therefore mmvahd When
the radiant survey was combined with the measurements of spo-
radic meteor velocities determined in the summer daytime, the
most frequent meteor orbit was found to be direct, of short
period and of low inclhination. The concentration of sporadic
meteors round the orbit of the Earth varied in an rregular manner
and showed an apparent correlation with the concentration of
cometary orbits. The sporadic activity was most intense when
the Sun’s longitude was about 100°, during the months of June
and July.
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(b) Radio echo measurements of the orbits of meleor streams

(1) The summer daylime sireams. — Combined radiant (50)
and velocity (51) observations of the summer daytime meteor
streams 1 1948-50 have yielded orbits (52) for the four permanent
members of the group. The radiant positions, velocities and the
resulting semi-major axes of the orbits are given in Table L

TaBLE I
Geocentric [Semi-major
Shower R A Dec velocity ax1s
® Cetids 290 0 — 3°7 |3 7km/s| 13AU.
Arietids 4308 +2109 | 37 7kms/s| 15 A U.
E Perseides . 6100 +2208 |288km/s | 17 A.U.
B-Taurids 8507 +17°9 | 314km/s | 22 AU.

The short periods of these orbits are remarkable; all of them
lie mnside the orbit of Jupiter The work was continued m 1951
with similar results (53)

(u) The nighi-time showers. — Silar observations of the
mght-tune streams have yielded orbital elements for the Perseid,
Geminid and Quadrantid showers (54). The Perseid orbit 1s para-
bolic within the errors of measurement, and a wide range of orbits
were found. The Germumd orbit 1s of short period and agrees
closely with that found by Whipple (55). The Quadrantid orbit
has been determined for the first time and 1s unique 1n being
of short period at a high inchnation. Evidence has been found
for the existence of a core of large meteors 1n the region of maximum
density 1n the streams.

(m) Radio echo measuremenls of sporadic meteor velocilies. —
During the years 1948-1951 more than 1000 sporadic meteor
velocities were measured (56, 57, 58, 59) the majority in experi-
ments designed to recerve meteors from the region of sky near
the apex of the Earth’s way. The measured velocity distribution
for meteors of visual zemith magnitudes between —+4 and -8
peaked near 60 km/sec. An analysis of the distributions to be
expected from a random distribution of radiants and parabohc
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orbits taking the collecting area of the aerials and the experimental
errors mmto account shows that a sharp peak should be observed
at about 71 km/sec It 15 therefore concluded that the majority
of the meteors move 1n orbits of short periods. A study of the
velocity distributions indicates that about 10 9%, of the meteors
have velocities near the parabolic imit A few meteors had velo-
cities 1 excess of the parabolic imit, but 1 most cases this was
due to errors of measurement The results do not exclude the
possibility that about 1 9, have hyperbolhc orbits but the egvidence
18 by no means conclusive. Experiments m which meteors from
the region of the antapex are observed showed that no instrumental
cut-off was himiting the results, and no evidence was found of the
greatly hyperbohc velocities observed by Opik (60). The aerials
used were not sensitive to meteors from the plane of the ecliptic
except within 50 of the apex or antapex and hence no evidence
1s available of the velocities of the eclhptical component of the
sporadic meteor distribution

IX. — METEOR PHYsICs
(@) Theory of radio reflections from meleor trails

A theory (61) has been developed dealing with the dependence
of the echo characteristics on the linear electron line density,
«, and the plane of polarisation of the incident wave. Two qual-
tatively different categories of echoes are to be expected,depending
on whether « 1s greater or less than about 10'2 cm—1. It 1s assumed
that the mnitially narrow trail expands radially according to the
laws of simple diffusion, hence the electron volume density
varies with radius r and time ! (from formation of the trail) as
exp [— r?/(4Dt)] where D 1s the diffusion coefficient.

(1) « < 1012, — (a) Incident electric vector parallel to the trail
axis (parallel scattering). The individual electrons may be regar-
ded as free scatterers and, as predicted by Herlofson (62) the echo
will decay exponentially. (b) Incident electric vector normal to
the trail (transverse scattering). Resonant scattering may occur,
increasing the maximum echo amplitude to about twice that
for parallel scattering. The resonance occurs early in the life
of the echo (earher for smaller hine densities) and 1s followed by
the exponential decay (as for (a))
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The echo amplhitude, mm both cases, 1s proportional to «, while
the echo duration 1s independent of «, being a function only of the
rate of diffusion and wavelength.

(1) « > 10'2.— The incrdent wave 1s unable to penetrate through-
out the trail until diffusion has reduced the electron density
everywhere to less than critical (at the wavelength used). As a
result the trail reflects similarly to an expanding metallic cylinder
and except 1mtially (when the parallel reflection coefficient exceeds
the transverse), the reflection coefficient 1s independent of the
polarisation of the mcident wave and 1s substantially constant
for the echo lhifetime. The echo duration and amphtude vary
with electron line density as « and a!/4 respectively.

For all values of «, the duration varies with wavelength as A%

These predictions are mn good agreement with experiment.
The echoes of class (1) are the most abundant (with durations
between 0 01 and 0.1 sec. for A = 4 m), while class (1) corresponds
to the long duration echoes (up to 100 sec. for A = 4 m)

. Simultaneous duration measurements (68) on 4 and 8 metres
verify the A% law, except that for very long echoes the exponent
may be somewhat less than 2 (probably owimng to disruption of
the meteor trail through non-umiform atmospheric winds)

(b) Correlation of radio and visual observalions

All radio echoes from visual meteors appear to belong to class (1)
of paragraph (a) 1.e they have lnear electron densities greater
than 10*2cm  Using the above theory, the results of Millman (63)
for the duration of Perseid meteors as a function of visual magnitude
M, and a value for the diffusion coefficient obtained from short
duration echoes, 1t has been shown that M 1s proportional to log «
The constant of proportionality 1s such that a meteor of zemithal
magmtude -5 produces 102 electrons per cm.

The relation between heat, lhght, and 1omsation energy 1s
deduced to be of the order of 1:10-2:10-% and 1:10-%:1073
for bright and faint meteors respectively (63a). The probability
of 1omsation per evaporated meteor atom 1s estimated to be
about 0.2

(¢) Crossed polarisation experiment

During major showers, experiments have been made with
two aerials producing crossed polarisation (64, 64a) The
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directions of polarisation are adjusted to be parallel and perpen-
dicular, respectively, to the meteor paths. The transmtter 1s
pulsed, alternate pulses being recerved on each aerial, and the
ratio between echo pulse amplitudes 1s measured.

Long duration echoes exhibit an almost constant ratio during
their hifetimes, and, talking account of experimental errors, the
true ratio 15 believed to be umty Most short duration echoes
give peak ratios than the values observed for the long duration
ones and the variation of ratio with time for a large proportion
of these echoes 1s 1n reasonable agreement with theory. The ave-
rage resonant ratio 1s estimated to be about 1.7 for a mean electron
Iine density of 5 x 10 cm™.

The electron line density may be estimated from the time of
occurrence of the resonance, and the wvalues so obtained are
consistent with independent estimates from echo amplitudes.

(d) Heighls of occurrence of meteors

The most probable height of occurrence of sporadic meteors,
as obtained by radio techniques (65a), has been found to vary
from 85 km for a velocity of 20 km/sec— to 110 km for a velocity
of 70 km/sec-l. The values for the major streams are i fair
agreement with those for sporadics, with the possible exception
of the Gemimids (which may be somewhat lower than sporadics
of the same velocity). The heights are about 5 km above those
obtained wisually. With recent values for atmospheric pressure
versus height and with the above results, the mean radius and
mass of the observed meteors (zemthal magmtude + 6 and assumed
to be of stone) are r, = 0.05 cm, m ~ several mgm

The mean duration of short duration echoes 1s found to decrease
with increasing height but not as rapidly as mught be expected
from the variation of atmospheric pressure with height. This
may be due 1n some part to experimental imitations. The average
diffusion coefficients, evaluated for various major streams, vary
between 2 10* cm?/sec and 5.10* cm?2/sec™l.

(e) Meteor echoes and upper atmospheric winds

Considerable departures from the theoretical echo envelopes
for radio echoes from meteor trails are observed at wavelengths
of 1.4 to 8.4 metres (65, 66, 67). The majority of echoes with
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durations exceeding 0.4 sec. (68) undergo amphtude fluctuations
with periods of 001 to 1.0 sec, the period of fluctuation being
proportional to the wavelength (67) This phenomenon may be
explained by the distortion of an mitially hnear column of meteor
1onisation by upper atmospheric winds Fluctuations of regular
period are occasionally observed (68) and these are interpreted
as interference between the signals from two reflecting centres
i relative motion  The period of {luctuation determnes the
relative line of sight velocities of the reflecting centres

The detailed shapes of echo pulses returned from meteor trails
have been examined using very high range resolution (69) As
expected the individual pulses of echoes with durations less than
04 sec are similar 1 shape to those from discrete reflecting
objects, but longer duration echoes invariably show increases in
width, consistent with the theory of trail distortion For an
echo showing regular fluctuations, the separation of the two
reflecting cenfres along the trail 1s gaiven by the merease in wadth
of the resultant echo pulses over the width of those from a discrete
reflector Simultaneous observations of pulse widening and ampl-
tude fluctuations show that the wind velocities at points separated
by only 5-10 km differ by as much as 50 m/sec As meteors enter
the atmosphere at near vertical incidence, this result may be
mterpreted as a variation of wind velocity i different strata
between altitudes of 80 to 100 km

Uniform wind velocities can also be measured by observation
of the steady dnfts mn range of long duration echoes These uni-
form winds also have velocities of the order of 50 m/sec In early
December a reversal in the predominant wind direction 1s observed
between 0100 and 0200 local time, the direction prior to 0100
being roughly from North to South, and after 0200 from South
to North

X — Rapio OBSERVATIONS OF AURORAE

Radiwo echoes obtained from the 1onisation associated with
aurorae have been classified by Aspmnall and Hawkins (70) as
«diffuse echoes », exhibiting a spread n range (~ 100 km) and
« discrete echoes » with range spreads << 10 km  Parallax photo-
graphy by Paton (71) showed that auroral rays were located n
the aerial beam when discrete echoes occurred, and this correlation

— 47 —

was confirmed by Lovell (72) et al. who scanned rays with a
moveable, narrow-beam aerial. From the echo ranges the height
distribution (73) of rays was determined and was mn agreement
with photographic data, while from the change in range with
time, radial velocities were found to be approximately 1 km/sec.
Electron densities were estimated (73) to be approximately 107/cc.
The range spread and duration of diffuse echoes idicated that
they were produced by a slant reflection from an irregular surface
following the direction 1n space of an auroral arc

Auroral echoes have 1n some cases shown a 27 day recurrence (73),
corresponding to the rotation with the Sun of a continuous beam
of corpuscles. Omne such series persisted for 7 solar rotations bet-
ween 1950 July 11 and December 22 and correlated with the series
of «M-region» magnetic storms previously discussed by
Maxwell (14) The diurnal distribution (73) of auroral echoes
showed peaks at 0200 U T. and 1700 U. T The mght-time peak
corresponds to visual observations; the afternoon activity was
produced by diffuse echoes and probably indicated the existence
of a daytime arc -
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India .

No 331. — Report of the National Committee
to Commission V

(1) Guha used the Zwean-Kemble method for the calculation

the reflection coefficient of a barrier to obtain the reflection

coefficients of the ordinary and extra-ordinary waves for a para-
bolic 10n barrier. These results have been apphed to explain the
observed reversal of polarisation of microwave escaping from sun-
spots. '



(i1) Progress made with regard to resolutions passed in Zurich. —
Measurements on Extra-terrestrial radio noise are proposed to be
started 1n India shortly.

REFERENCE

1. Guna, U. C. — Reverseal of polarisation of microwaves from sunsposts,
Indian J. Phys.,, 25 (1), 8, 1951

Ne 7. — Standardisation of solar noise observing equipment
INDiA NATIONAL COMMITTEE

During the IXth General Assembly of U.R.S.1., held in Zurich
on September 1950, Commission V resolved that the sun be conti-
nuously observed on radio frequencies near to 200 Mec/s and
3000 Mec/s and attempts be made to fill gaps in the world chamn
by commencing observations in the longitudes of Calforma and
Western India at both frequencies and in Europe on 3000 Mec/s.

In this connection 1t 1s desirable that Commission V and Sub-
commussion Va of U.R.S.I. should advise on standardization of
solar noise observing equipment The evaluation of solar noise
flux density nvolves measurements of exceedingly small powers
at very high frequencies. Any errors involved in the measure-
ments will mean a serious hmitation 1n observations specially
those relating to the thermal component which 1s the only compo-
nent received most of the time (specially so during the approaching
sunspot minimum) and which forms a small part of the inherent
noise power of the receiver.

From lhterature already published and the descriptions of
equipment received from cooperating observatories 1t appears
that the equipmental techmque has reached a stage of development
where 1t would be worthwhile to consider standardizing this equip-
ment. For 24 hour radio observation of the sun 1t 1s considered
desirable that umform practice be adopted by all observing
stations in the construction of their instruments and m the deter-
mination of constants such as received noise figure and aermal
constants

For observations on 200 Mc/s and 3000 Mc/s 1t 1s proposed that
Commussion V may consider drawing up specifications and preparing
a list of parts for standardized recerving equipment  The specifi-
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cations for a switable 200 Mc/s Yag (or any other aeral system
which may have advantages over Yagi) and receiver for 3000 Mc/s
reception together with necessary parabolic reflector may also
be drawn up and communicated to the cooperating observatories.
Specifications for smitable nowse generators may also be drawn up
for recerver cahbration. The effective aera, directivity and gain
of the recerving aerial systems should also be specified hikewise.

Japan
No 16. — Report of the National Committee
See Fasc. 1, p. 94.

No 58. — Report of Commission V
of the Japanese National Committee

by Y. Hacmara, Chairman

OBSERVATIONAL WORKS

Besides the nternational co-operative observations of the
solar radio emussion on 200 Mc/s at the Tokyo Astronomical
Observatory, Mitaka, and on frequencies about 3000 Mc/s at the
Atmospherics Research Institute, Toyokawa, and at the Osaka
City Umiversity, Osaka, which are found in the report from the
Sub-Committee for the World-Wide Network on the Solar Radio
Emission of the National Committee, the following observations
and experunents were carried out mn Japan

[ — Tokyo Astronomical Observalory

The solar observation on 200 Mc/s has been started in Septem-
ber, 1949, and those on 100 Mc/s and 60 Mc/s m September, 1950.
Observations of the circularly polarized radio emission from the
sun were carried out from May to November, 1951 (1) At the
partial echpse of the sun on September 12, 1950, a party was
sent to Hokkaido and simultaneous observations on 100 Mc/s
were conducted both in Hokkaido and Mitaka (2) A radio tele-
scope with a parabola of 10 meter in diameter 1s under construction.



It will be used on 3000 Mc/s and also on other frequencies for
observing both solar and cosmic radio emissions.

An 1nterference system on 60 Mc/s with spaced aerials 1s also
under construction.

Preliminary observations on the galactic radiation were carried
out.

11. — Almospherics Research Institule

A test observation on 3750 Mc/s was carried out from April
to July, 1951, and the systematic observation has been started
m November, 1951. Some further improvements on the receiving
systems and on the method of calibration are now 1n progress (3, 4).

ITIT. — Osaka Cily Universily

Besides the daily observation of the solar radio emission at
3260 Mc/s (b, 6), an experiment on the gas discharge tube placed
in an axial magnetic field 1s under progress.

1V. — Ceniral Radio Wave Observatory

After a preliminary observation on 60 Mc/s at the O1 station,
the solar observation on 200 Mc/s for 2 hours around noon 1s now
conducted at the Observatory. A regular observation 1s expected
to be started sometime 1n 1952 at the Hiraiso Station of the
Observatory. The observation at the partial solar echipse on
200 Mc/s recorded a decrease of 35 9, at the maximum phase 1n
Hokkaido (7).

RESEARCH ACTIVITIES

T. Hatanaka and his colleagues, Tokyo Astronomical Obser-
vatory (8) have derived a correlation between the burst charac-
teristics of the solar radio emission on 200 Mc/s and the central
meridian passage of sunspots of E type and F type. Echo pheno-
mena I the solar radio bursts have also been studied both
observationally and theoretically by these authors (9). They
have also studied the occurrence of a noise storm statistically
and found that 1t occurs on the days when a large sunspot 1s within
a himited range around the centre of the solar disk. But the spot
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seems to be accompamed with a strong magnetic field mn such a
case. Moreover a non-polarized outburst seems to occur at the
begmning of a noise storm (10). A close correlation was found
by T. Hatanaka, Tokyo Astronomical Observatory, Y. Sekido,
Physical Department of the Nagoya Umiversity, and Y. Miyazaki
and M. Wada, Science Research Institute in Tokyo, between the
emission mechanism of the cosmic rays and the radio frequency
radiation from the sun (11).

T. Takakura, Physical Department of the Osaka City University,
investigated the directivity of the solar radio emission from the
sunspots. He concluded that the radiation has no directivity
on 3260 Mc/s, but on 1200 Mc/s, 600 Mc/s, and 200 Mc/s, the radia-
tion from the sunspots in the central circle zone may be observed
on the average 1.5 to 2 0 times stronger than from the sunspots
n the outer zone (12).

8. Miyamoto, Astrophysical Department of the Kyoto Univer-
sity, suggested a mechanism of the emission of the solar radio
nowise by the cooling coronal prominences. He proposed a modi-
fication of the formula for the emission probabihity by free-free
transition (13).
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No 17. — Report from the Japanese Sub-Committee
on the World-Wide Network on Solar Radio Emission

by Y. Hacinara, Chairman

This sub-committee was organized for co-operating to the world-
wide observation of the solar radio emission on 200 and 3000 Mec/s
in accordance with the resolution made at the General Assembly
i 1950. Continual communication and exchange of results
of observations are being made with the participating observers
through Dr. Ing. de Voogt, Chairman, Sub-Commission Va.
The observing stations, their frequencies, observing aerials, the
person in charge, and the observing times at work are :

200 Mc/s : Tokyo Astronomical Observatory, Umversity of
Tokyo, Mitaka, Tokyo.
(1390 32" 28" E, 36° 40" 18" N)
4 x 4 horizontal beam, 1 equatorial mounting.
Dr. T HATANAKA.
0 h-8 h U.T. up to Jan 1952.
0 h-6 h U T. from Febr. 1952, every day.

3260 Mc/s Physics Department, Osaka City Umiversity, Ohgi-
machi, Osaka.
(1360 30" 36" E, 34° 42" 2"" N).
Parabolic reflector of 1.5 m 1n diameter 1n altazimuth
mounting.
Dr. Y. WaATasE
Two or three hours, almost daily

3750 Mc/s : Research Institute of Atmospherics, Nagoya Univer-
sity, Toyokawa, Aichi-Prefecture

(1370 22" 5" E, 34° 50" 6" N).

Parabolic reflector of 2.5 m 1n diameter, in equatorial
mounting.

Dr. A. KimpaRrA.

0 h-8h U. T. only during the co-operative observation
undertaken by Tonospheric Research Committee,
that 1s a month i each season of the year and for
ten days at the times of occurrence of anomalous
phenomena.
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Observations on 100 and 60 Mc/s at the Tokyo Astronomical
Observatory are also being reported. A routine observation on
3000 Mocfs 1s expected to be started in 1952.

Observed materials are collected by the chairman of this sub-
committee and sent to the chairman of the Sub-Committee Va of
the U.R.S.I. and also to the chairman of the Commission 40,
Radio Astronomy, of the IL.A.U.

Netherlands

Ne 283. — Report of the National Committee
See Fasc. 1. p. 99.

Ne 287. — Report on Dutch Research on Radio Astronomy
in the period 1950-1952

by M. MINNAERT

Radio-astronomical research 1s being done in Holland :

I : by the « Stichting Radiostraling van Zon en Melkweg» (Radio-
radiation from the Sun and the Galaxy Foundation);

Il : by the State Central Radio Department of the P.T.T.

I. — RADIO-RADIATION FROM THE SUN AND THE GALAXY
Founparion (1)

The activities of the Foundation were especially directed
towards three problems :

(a) measurements of the 21 cm radiation of the Galaxy;

(b) theory of the distribution of the continuous radiation;

(¢) construction of a 25 metre mirror.

(a) Galactic radiation at 21 ¢cm (1, 2, 3). — This radiation, due
to the hydrogen atoms in interstellar space, was predicted theo-
retically by van de Hulst (1945) and was discovered i March

(Y) Secretary : Dr. J HovuTtcast, Sonnenborgh Observatory, Zonnenburg,
2, Utrecht (Holland)
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1951 by Ewen and Purcell. In May of the same year, Muller
was able to confirm this discovery at Radio-Kootwijk. The
Dutch observations were made with a paraboloid mirror of 7.50 m
diameter and 1.70 m focal distance. The angular aperture of
the beam was 208. The receptor was a double superheterodyne
instrument, which was switched between two frequencies 110 kHz
apart, thirty times per second by a reactance modulator. By
this method, very small differences in intensity between the
two frequency bands could be measured.

Tracings of the intensity of the hydrogen emission were made
by fixing the position of the paraboloid relatively to the Earth,
while the diurnal rotation provided a sweep across the Milky
Way. By varying the height of the paraboloid, a rather syste-
matic survey of the region near the galactic centre was possible.
Since a wide spread m galactic latitude 1s observed, the clouds
which are the source of the observed emission must be relatively
close to the Earth ; in the direction of the galactic centre a maxi-
mum distance of 300 or 400 parsec 1s estimated.  Probably
the gas becomes already optically thick at a distance of 500-1000
parsec. Measurements with a shghtly displaced wavelength
revealed the galactic rotation of gas masses at much greater
distances and confirmed by direct observation the data, calculated
earlier by the astronomers for this rotation

After these measurements were made m May and June,
the receiver was completely revised and improved. The swit-
ching is now made 500 times per second, and the frequency diffe-
rence between which the receiver 1s switched has now been made
variable from 100 to 600 Hz. New detailed measurements of
the line profile at selected points of the Milky Way are being
made.

The 21 cm line is not present mn the solar radiation, which
confirms that there are no neutral hydrogen atoms in the corona (4).

(b) Distribution of the coniinuous radiation over the sky (). —
We may provisionally assume that the continuous radio emission
of the Galaxy is proportional to the mass of the ordinary stars.
Oort and Westerhout have then calculated the distmbution of
this radiation over the sky, and found a satisfactory agreement
with the observations of Bolton and Westiold at 100 kHz However
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in the regions of the Galactic Poles and in the hemisphere opposite
the Galactic Centre, the observed radiation is definitely 1n excess
of the calculated radiation. It 13 not excluded that this 1s due
to the total emission of all the extragalactic nebulae.

(¢) Construction of a 256 meire mirror. — The construction
of a big paraboloid reflector of 25 m diameter, which was planned
earlier, became definitely possible thanks to a generous grant
by the Netherlands Orgamzation for Pure Research (Z. W.O.).
The factory Werkspoor (Amsterdam) is working out the provi-
sional plans. It 1s hoped that building will be started 1n 1952 and
that the mstrument will be completed at the end of 1953.

II. — STATE CENTRAL RADIO DEPARTMENT
OF THE NETHERLANDS P. T. T.

From January 1%t 1951 the P T. T receiving-station at Neder-
horst den Berg (520 14" 31" N, bo 4’ 38" E) took part in the inter-
national 24-hour survey of the radio-variation of the sun (U.R.S.I.-
Sub-commission Va). Till 8 October this was done on the frequency
of 140 Mc/s; after that date on 200 Mc/s and 140 Mc/s. The
results were interchanged with the other observatories in the
world. The occurrence of heavy bursts as well as the daily mean
value of the recerved intensity 1s mentioned i the daily message
radiated by the German Radio Station at Norddeich. (Institut
fur Ionosphdrenforschung)

The Physical Laboratory for cosmic ray research of the Um-
versity of Amsterdam 1s informed by telephone directly after
the appearance of heavy bursts, and monthly by letter about
mean values registered during the month.

During the might the parabolic reflector 1s directed to a fixed
point in order to make continuous galactic observations. At
Radio-Kootwik was constructed and put in daily service (15
November 1951) a fixed parabola with an «opening» of 30 m
diameter and focus-distance of 7.5 m. The parabola was digged
in the sand-dunes of Radio-Kootwijk; the metallhic part of the
reflector consists of chicken wire-netting with openings of ~ 3 cm.
The receiwving set 1s for 6 m wave-length; dailly diagrams are
compared with 1onospheric conditions. It 1s the intention to
install in addition to the 6m-set, a 21 cm-set in this parabola
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The results from such a «ground» or «hole» parabola from a
mechanical and electrical point of view are satisfactory.

In order ot complete the radio-noise receiving sets for the
observation of circular polarisation, experiments with crossed
Yag: aerials have started. -

For radio-astronomical work the P.T.T. constructed an
adjustable star-chart giving azimuth and altitude of celestial
bodies for any time of the day. The use of such charts, in. connec-
tion with tables abstracted from the Nautical Almanac, is time-
saving ; the accuracy 1s amply sufficient.
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Sweden

Neo 269. -~ Report of the National Committee
to Commission V

Prof Olof E. H RyDBECK

The Swedish activity in the field of radio astronomy can be
divided mainly i two sections, namely an experimental and a
theoretical section. The experimental work has mainly been
concentrated to the Onsala Radio Wave Propagation Observatory
of the Research Laboratory of Electronics of the Chalmers Uni-
versity of Technology. This observatory 1s located 24 miles
south of Gothenburg (57024’ N, 11955’ E).

A. — EXPERIMENTAL ACTIVITY

The 1nstallation of three reconstructed Wurzburg-Riese radio
telescopes (with diameter of 7.5 m) 1s practically completed.
Two of the telescopes have parallactic mounts. The radio mirrors
are at present used on fixed frequencies, the lowest of which 1s
150 Mc/s Solar noise has been recorded on a frequency of 150
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Mec/s continuously since 1948. The shortest wave length on
which solar nowise recordings can be made at present 1s 3 cm.
The low noise panoramic solar noise recorder still 1s 1n the construe-
tional stage.

The observatory 1s equipped with a low noise type meteor
recorder operating on a frequency of 33 Mc/s.

The Research Laboratory of Electronics under the auspices
of the Swedish National Committee sent a solar nowise echipse
expedition to Naples The apparatus was working on a frequency
of 150 Mec/s and was equipped with interferometer type aerials,
designed to facilitate polarisation measurements during the
eclipse. The magnitude of the eclipse was 0.3 and the general
change of the solar noise was successfully measured during the
eclipse The variation was not symmetric and a fairly strong
polarized component was recorded shortly after maximum phase.
For further details reference i1s made to a forthcoming report
of the radio scientific results of the expedition which will be publi-
shed by the Chalmers Research Laboratory of Electronics in the
Transactions of the Chalmers University.

At the Kiruna Radio Wave Propagation Observatory (67°51" N,
20014’ E), also operated by the Research Laboratory of Electromcs,
an auroral back scatter radio recorder with rotating antenna
system has been in operation since the first of June 1951 on a
frequency of 33 Mc/s. The recorder in syncronously run with
the panoramic 1onospheric recorder of the same observatory.
Very interesting results have been obtamned and they will be
published shortly by the Research Laboratory of Electronics
i the Transactions of the Chalmers University.

At the Electronics Institute of the Royal Institute of Tech-
nology 1n Stockholm, model experiments have been made to
verify the meteor echo theory of N. Herlofsson. The experiments
have been carried out on a wave length of 30 cm using a mercury
gas discharge tube with a diameter of 3 cm and a length of 80 cm.
The gas pressure varied between 10-3 and 10-2 mm. The results
are very mteresting (Romell, D., Nalure 167, p. 243, 1951)

B — THEORETICAL ACTIVITY

A theory of radio echoes from meteor trails has been developed
by N. Herlofsson of the Electronics Institute of the Royal Institute
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of Technology i Stockholm. B. Lindblad Jr. of the Lund Astro-
nomical Observatory, has statistically examined the results
of meteor radar recording at the Chalmers Wave Propagation
Observatory. R. Lindquist and G. Hellgren of the Chalmers
Research Laboratory bave analyzed the auroral radio scatter
obtaimned with the Kiruna Observatory auroral radar. O. E. H.
Rydbeck and G. Hellgren have analyzed the couphng between
space charge waves on electron beams and electromagnetic radiation
i 1onized media with apphlication to cosmic noise phenomena.
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Switzerland

No 5. — Report of the National Committee
to Commission V

Prof WALDMEIER

The Federal Observatory has published 1n the Quarterly Bulletin
on Solar Activity a summary of the continous observations on
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solar electromagnetic radiation. The following stations have
forwarded their results .

Time of
Observatory Frequency Observation
i Mc/s (U T.)
Commonwealth Observatory, Canberra,

Australia . 200 19-06
Cavendish Laboratory, Cdmbrldge, anland 80 10-15
Cavendish Laboratory, Cambridge, England 175 10-15
Radiophysics Laboratory, Sydney, Austr 62 20-07
Radiophysics Laboratory, Sydney, Ausir 98 20-07
Radiophysics Laboratory, Sydney, Austr. 600 20-06
Radiophysics Laboratory, Sydney, Austr 1200 20-06
Meudon Observatory, Paris, France . ... 255 04-17
Meudon Observatory, Paris, France. .. 545 04-17
National Research Council, Oltawa, Canada 2800 14-21
Laboratoire de Physique, Marcoussm,

France .. 158 10-12
Army Operational Research Group, Byﬂeet

Surrey, England 73 04-20
Cornell University, Ithaca, N Y U S A 200 13-21

In their present form these quarterly reports are made up of
four parts :

(a) Daily average radiation intensity.

(b) Polarisation.
(c) Vanations of the radiation intensity.
(

d) Special activity (solar flares).

The reporter has published a general account 1n « Radio Hélios-
copie » which summarises the conference on solar electromagnetic
radiation held at the IXth General Assembly of U. R.S. I at
Zurich (1).

(Y WALDMEYER, Radio-Hélioscopie, Sct Nai, 38, 1, 1951.
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United States of America

No 249. — Report of the National Committee
See Fasc. 1. p 103

No 256. — Report of the U.S.A. Commission V

The major programs n radio astronomy in the United States
during 1950-52 were carried on at the Naval Research Laboratory
(Washington), National Bureau of Standards (Washington),
Cornell Unwversity (Ithaca, New York and Sacramento Peak,
New Mexico), Stanford University (California) and Harvard
University (Cambridge). Programs at the Department of Terres-
trmal Magnestism, Carnegie Institution, (Washington) and at
Ohio State University (Columbus) are in the mitial stages Inde-
pendent experiments are being conducted by Reber in the Hawanan
Islands

The Naval Research Laboratory (Hagen, Haddock) has continued
solar observations on 10 ¢em and 3 ¢m and has explored the 8 mm
region A H50-foot steerable reflector has been mounted and 1s
undergoing final tests N.R L sent expeditions ot the annular
eclipse of September 1950 at Attu Island, Alaska, and to the
total echpse of February, 1952, at Khartoum, with programs
planned to give further information on the lemperature of the
chromosphere

The National Bureau of Standards operated a solar patrol
at about 50, 160 and 480 Mec for most of the biennium Reber
has further investigated the spectral distribution of elemental
bursts by observations at closely spaced frequencies, and also
the frequency dependance of the decay time of bursts Several
unusual outbursts were observed and discussed The solar
patrol results were used qualitatively mn the systematic evaluation
of general solar activity activity carried on by N B S In May,
1952, the 3 Wurzbergs were dismantled 1in preparation for moving
to a new site near Boulder, Colorado The N B S work on
radio reflections from meteor 1omzation (Gautier, Pimeo), now
mactive, included work on decay rates as a function of frequency
and range, the association of meteor echoes and the incidence
of «Sporadic E», and the correlation of radio and visual obser-
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vations during annual showers. Theoretical work at N B. S
(Feinstein, Sen) has concerned both the orgm of solar radio
waves and the properties of meteor trails.

At Cornell University, (Burrows, Gordon, Olmsted, Owren)
systematic solar observations at 200 Mc have continued, both
with a patrol instrument and with a meridian interferometer.
Detailed comparison of distinctive 200 Mc events and H-alpha
flares has been carried on m cooperation with the McMath-Hulbert,
Observatory. Galactic surveys at 200 Mc are also being continued.
A solar patrol 1s being readied at Sacramento Peak

Meteor studies at Stanford Umversity (Manning, Villard)
are largely concerned with upper atmosphere winds and so fall
within the purview of Commission III Some work has been
done on the length of trails by a statistical method

Enhanced radiation 1 the 1420 Mc hydrogen line of the galactic
radio spectrum was found by Ewen and Purcell at Harvard
University. Measurements of the line displacement were obtamed
for various parts of the sky.

At the Department of Terrestrial Magnetism (Wells, Tatel),
the researches planned are in galactic radio spectroscopy A new
radio telescope 1s being completed at Ohio State University
(Kraus) for use about 250 Mc on galactic sources [t 1s an array
of 48 11-turn helical beam antennas, each 10 feet long and 15 inches
in diameter, mounted on a 160 x 12 foot ground plane A Lloyd’s
mirror experiment from a moutain peak in the Hawanan Islands
has recently been undertaken by Reber.

Published papers on radio astronomical subjects mn the past
bienmium are hsted and summarized m the bibliography being
prepared for the Xth U R 8 I General Assembly by Cornell
University. Many of the U.S papers were presented at one

of the four technical meetmngs of the U S Comnussion V during
the two years



Radio-Astronomy Definitions

ProrosaL 22 APPENDED TO THE ADMINISTRATIVE REPORT
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OF THE U.S. A. NATIONAL COMMITTEE (SEE FASCICULE 1, p. 113).

Term

Defmition
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1 Antenna Temperature (Tq)

2. Apparent Temperature (Tgq)

3 Basic Thermal Radiation

4 Brightness Temperature (Tp)

5. Burst

6 Cosmic Radio Waves

7. Discreet Radio Source

8 Enhanced Solar Radiation

The apparent temperature when the
specified solid angle 1s 4 steradians.
This 15 the total available power ger
cycle per second from an antenna
specifted mn terms of the temperature
of an enclosmg black body which gives
the same power

Of a source of radiant energy at a given
frequency, the temperature of a black
body subtending a specified sohd
angle (such as that subtended by the
photosphere of the sun) and producing
a flux density equal to that of the
radiant source at a given pomt.

Of the sun, the thermal radiation from
the quiet sun

Of a source of radiant energy, the tempe-
rature of a black body whose specific
mtensity equals that of the radiant
source.

A short period ecrease 1n intensity,
such as of the radiation of the sun.
Note —- Solar bursts may wvary in
duration from a fraction of a second

to about a minute

Radio waves from extraterrestrial sources.

Of cosmic radio waves, a source of small
angular extent

The mcreased radiation from the sun
observed particularly on meter wave-
lengths of hours or days duration and
usually, but not always, with many
bursts

Term

Defimtion

9. Extragalactic Radio Waves

10. Galactic Radio Waves

11. Isolated Burst

12 Median Flux Density

13. Quiet Sun

14. Slowly Varymng Component

15. Solar Radio Waves

16. Specific Flux Density (Sp)

17. Specific Intensity (I,)

18 Specific Power (Py)

Radio waves from beyond our galaxy.

Cosmic radio waves origmating in our
galaxy beyond the solar system

A Dburst of large magnitude appearing
sporadically at a time of no great
activity at the frequency on which the
burst is observed.

That value of flux density which 1s
exceeded for half of the time during
an terval of observation

The sun m the absence of unusual radio
frequency activily such as 1s asso-
ciated with solar activity.

Of solar radio waves, that component
observed particularly at decimeter
wavelengths which has maxima and
minima separated by one or two weeks.

Note — This small amphtude component
15 strongly correlated with sunspot
areas

Radio waves from the sun

At a pownt, the total power per cycle
per second at a given frequency passing
through an umit area perpendicular to
the direction of propagation

Note — Specific Flux Density 1s usually
expressed 1n waftts per square meter
c¢ycle per second

In a given direction from a source of
radiant energy, the power per cycle per
second per unit area normal to this
direction per umt sohd angle

Note — Specific mntensity is usually
expressed in watis per square meter
per cycle per second per steradian.

Power per cycle at a specific frequency.



Minutes of the Sessions

First session : Wednesday 13th August, 1952

Bussiness Session opened at 9.30 a. m. Dr.

MARTYN in the
chair.

I. Sub-Commission Va-On Conlinuous Solar Observations. —
Mr. pE Vooer presented a report on the past activities of the
Sub-Commission. It was decided that the Sub-Commission should
continue in existence and should consist of the previous members
with the addition of Dr. F. G. Smith and Mr. S. F. Smerd.

The Sub-Commission was asked to draw up a report during
the Assembly.

II. Sub-Commission Vb. On Terminology and Unils. — The
previous Sub-Commission was reappointed with the addition of :
Dr. J. P. HaGEN,
Dr. F. G. SmitH,
Mr. B. Y. MiLLs,
Mr. F.J. KERR.
It was asked to prepare a report for submission to I. A. U.
in Rome.
The possibility of setting up a joint commission with the I. A. U.
on this subject was raised but it was decided not to take any
action at this stage.

IT1. Sub-Commission Ve. On Basic Solar Index. — This subject
was considered at the request of C.C.I.R. A Sub-Commission
was appointed and requested to consider the possibility of fixing
a solar index in observations of the sun at radio frequencies.

Membership

Dr. M. LarriNeur (Convener),
Prof. S. CHAPMAN,
Dr. J. H. PibpINGTON,
Dr. R. N. BRACEWELL,

IV. Special U.R.S.I. Report -n® 3 on «Dynamics of Ionized
Media ». — The President informed the meeting that a report
had been completed by Dr. MENzEL and his colleagues and a limited
number of copies were available.

V. Hislory of Commission V of U.R.S.I. — Dr. MARTYN was
requested to act as historian of Commission V of U.R.S.I. as
recommended by the Zurich, Assembly.

VI. Cornell Bibliography of Radio Aslronomy. — Mr. GoRboN

reported that a supplement to the 1950 Bibliography had bheen
prepared and that copies were being posted to those who had
received copies of the original bibliography.

Second = session Wednesday, August 13th, 1952

Technical Session opened at 10.15. Dr. MarTynN in the chair,
Subjecl : The Sun.

The subject was introduced by Mr. W. N. CHRISTIANSEN, who
offered a brief general description of solar radio emission, of his
32-element interferometer (Doc. n° 279) and of his preliminary
results. This instrument operates on a wavelength of 21 centi-
metres and has a beam width of 3 minutes of arc.  Bright patches on
the sun, some of which are over sunspots, give rise to peaks in the
records and these move across the sun with the solar rotation.
On combining many records an apparent background is shown
which is consistent with a background showing limb-brightening.

Dr. F. G. Smrra then gave an account of observations of brigth-
ness distribution over the solar disk obtained using a two-element
interferometer of variable spacing. Observations taken at four
frequencies between 40 and 480 Mc/s showed a progressive increase
of effective singe of the sun with increasing wave length. The
brightness in each case decreased outwards without showing
limb-brightening. Some observations were taken in different
directions and showed no marked difference. On some occasions
bright patches were observed but these cases were rejected in
deriving the distributions shown.

Dr. J. L. SteixBerG described eclipse observations on 160
and 9.000 Mec/s which indicated marked lack of circular symmetry.
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The observations referred to a partial and an annular eclipse
observed at various stations.

Dr. J. P. HaceN described eclipse observations on various
wavelengths from 8.5 millimetres to 10 centimetres at the total
eclipses of 1947, 1950 and 1952. From these and other observa-
tions he derived a model of the electron density and temperature
in the lower solar atmosphere.

Dr. M. LAFFINEUR described apparatus used in simultaneous
radio and optical observations of the total eclipse of February
20, 1952. The preliminary results show a nearly symmetrical
distribution on the highest frequency (5565 Mc/s) and an unsym-
metrical distribution on a frequency of 2556 Mc/s. The optical
observations showed marked asymmetry of the corona which
is presumably associated with the 205 Mc/s result.

Dr. J. H. PippiNcroN described a statistical investigation
carried out by Mr. R. D. Davies and himself which showed that
the bright areas observed on the sun at decimetre wavelengths
tend to persist after the appearance of sunspots. with which they
are frequently associated.

Mr. 5. F. SmMERD discussed the question of the electron density
and temperature distribution in the solar atmosphere which
would give the observed radiation. He concluded that higher
electron densities than those usually assigned would be necessary.
He pointed out that though such densities disagree with optical
results it is possible that they exist in localized regions in the
solar atmosphere. The radio observations, being dependent on
the square of the density would be sensitive to the effects of such
regions while optical radiation which depends on the first power
of the density might not recognize them.

Third session : Thursday, 14th August, 1952
Technical session opened at 9.30 a. m. Dr. MARTYN in the
chair.
Subject : Dynamics of lonized Media. A
Professor MasseEy gave a general survey of this suject. It was
based on the U.R.S.I. Special Report n° 3 prepared by Dr. D.

Menzel and his colleagues et on the conference organized at the
University College London by Prof. Massey in May 1951.
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Dr. K. C. WestroLD commented on certain mathematical
aspects.

Dr. J. H. PippingToN stated that a number of authors interested
in the problem of e.m.f.’s induced by moving magnetic fields
had neglected to take account of the effects of mechanical forces
in the medium.

Dr. R. G. GiovaNELLI, whose paper on flares was included in
those mentioned by Dr. Piddington, stated that a complete
treatment including the effect of the mechanics forces mentioned
was most desirable but that no adequate treatment had yet
been given.

Dr. J. W. DunGEY pointed out that in many cosmic phenomena
effects due to rate of change of current could be neglected. One
interesting aspect was that electric fields might be considered
as effects of electric currents rather than in the more usual manner
when the current was thought of as due to the applied field.

Dr. N. HErLoFsoN pointed out that the problem of the reflection
of a wave from a mass of ionized gas with a continuously varying
electron density had not been solved in a rigorous manner. The
main difficulties arose, in the case of a plane stratified medium,
when the electric vector was in the plane of incidence. In the
case of reflection from meteor trails solutions had been given
by himself, by Feinstein and by Kaiser and Cuss. These solutions
were supported by experimental evidence. Nevertheless the
method of treatment was open to cristicism.

Prof S. Cuapman suggested that the theory might be giving
essentially correct results though not rigourous.

Dr. R. Maxinson suggested that the prime difficulty might
be due the use of equations applicable to a continuous medium.

Fourth Session : Monday 18th August, 1952

Chairman : Professor ScuiLt. (Mt. Stromlo Observatory).

Subject. — Radio emission from interstellar gas. Dr. EweN
gave a brief survey of the laboratory investigations on the 1420
Mc/s Hydrogen line and its prediction in the galactic radio spectrum
by H. C. van de Hulst. He described in detail the complex
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equipment necessary to detect the line and the initial work at
Harvard.

Professor ScuirT said that the results were of extreme impor-
tance and that the meeting was witnessing something that would
open a new -era in astronomy.

Mr. CurisTIANSEN in the absence of Dr. Pawsey gave the results
of a rough preliminary survey of the southern hemisphere. Four
main maxima of the line intensity had been observed in the
galactic plane. Splitting of the line between longitudes 170°
and 2500 suggested the existence of two spiral arms.

Mr. MurrLer described the preliminary result of a survey of
regions near the galactic plane visible from the northern hemisphere.
[n the Cygnus region triple splitting of the line was observed.
A model of the spiral arms had been built up combining the
Doppler Shift of the Hydrogen line and Professor Oorts model
of the mass density distribution in the Galaxy.. The spiral arms
agreed in position with those deduced by Morgan from observa-
tions on O and B stars.

Professor ScuirT said he hoped that these investigations would
settle the question of whether the arms in a spiral galaxy « trailed »
or not. He said Mr. Muller’s results indicated that there was
at least one more major arm outside the Sun in our Galaxy.

In the second half of the meeting the continuous radiation
from ionized Hydrogen was discussed. )

Dr. Smitu briefly described previous work on the background
radiation and his investigations on the «bright streak » due to
lonized hydrogen close to the galactic plane suggested by Oort
and Westerhout. His results indicated a wider streak than
that of Oort and electron temperatures higher than 10 000°.

Dr. Pmopincron described the derivation of mean gas cloud
densities and temperatures from the comparison of the surveys
of the background radiation at different frequencies.

Mr. Borton said he thought that some of the differences between
the surveys used in Dr. Piddington’s analysis were due to limi-
tations of aerial resolving power. Similar investigations . to
those of Dr. Smith indicated detailed structure in the streak
along the galactic plane. \

Mr. HaNnBURY Brown said that results with the 220" paraboloid
at Manchester also indicated much detailed structure.

N ;

Fifth Session : Tuesday 19th August 1952

Technical session opened at 2 p. m. Mr. J. G. BoLTon in the
chair.

Subject : Discrete Radio Sources.

The subject was introduced by Mr. B. Y. MirLs who outlined
the progress of the last two years. Then followed a series of
individual contributions.

Mr. B. Y. Mirrs. An extensive survey, which covered, 90 %,
of the celestial sphere, indicated that the distribution of discrete
sources is consistent with a hypothesis in which there are two
types, the first with a random disk distribution, the second with a
random spherical distribution. The first must. be rare objects
in the galaxy, the second may be extragalactic. Several identifi-
cations have been made with extragalactic objects.

A widely-spaced interferometer, with a radio link, id being
used to measure the angular size of the Cygnus source. First
results suggest a size exceeding one minute of arc, but this result
is not yet confirmed.

Dr. F. C. SmitH.  Apparent differences in the results of surveys
by Mills and the Cambridge group probably arise from differences
in the aerial systems used.

A photograph from Mount Palomar shows a very diffuse object
of 5 diameter, nearly centred on the position of the Casseiopeia
source. Recent measurements give a size of about 5’ for the
radio source. Preliminary results indicate that the Cygnus
source is resolvable, with a size of the order of 3 14'.

Mr. HanBury Brown. A detailed study has been made at
158 Mc/s of the part of the sky visible from the 220 ft. aerial.
Many irregularities were found in the isophotes of the background
radiation. The stronger discrete source show a high galactic
concentration. Several of the weaker sources have been identified
with individual galaxies, and there is some evidence that some
of the irregularities may be associated with clusters of galaxies.

Mr. J. G. Borron. An azimuth interferometer has been used
in conjunction with the sea interferometer, in an attempt to
measure the sizes of sources. The observed patterns proved
to be highly complicated, indicating the presence of many extended
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objects. In some cases, the brightness distribution over an
extended source has been derived.

An object of 1° diameter in Puppis has been identified with
an extended patchy object in a photograph from Mount Polomar.

Consideration of the various objects now identified indicates
that they are all characterized by very large velocities, and this
may be significant. It should be noted that the largest intensities
from the sun are also associated with high velocities.

Dr. J. W. DunGeYy. Bailey’s theory is a theory which requires
very large velocities.

Mr. C. A. SHaIN. Measurements have been made at 18.3 Mc/s
between declinations —12° and —52°. Twenty five discrete
sources have been detected as bumps on the records. Of these,
15 correspond with sources found by Mills at 101 Mc/s. Compa-
rison of intensities indicates that in this frequency range the
intensity varies as 2?7 on the average.

Messrs. Borrton, MirLLs, SmitH, HANBURY BROWN, SMERD,
DunGeEy, KERr and WESTFOLD joined in the ensuing discussion.
The main topic was the identification of radio sources with visual
objects, and in particular the question wether the former are
predominately objects of Population I or II.

Sixth Session : Thursday 2l1st August 1952

Clossing session : Dr. M. LAFFINEUR in the Chair.

After discussion between Dr. F. G. Smith, Mr. Smerd, Mr.
F. J. Kerr, Dr. J. P. Hagen, Dr. J. L. Steinberg, Dr. Laffineur
and others, the recommendations to be presented to the Chairman
of Commission V were adopted (1).

Sub-Commission Reports

Report from Sub-Commission Va

1. Recommendalion. — We recommend that the work of Sub-
Commission Va be continued.

2. Frequencies. — Concerning Question No. 9 of the Vth General
Assembly of C.C.I. R. at Geneva 1951, we find that it is not
practicable to use the frequencies specified for solar observations,
and we suggest that C. C. I. R. should not proceed further with
this question. Instead :

3. Recommendation. — C. C. I. R. should recommend the Fre-
quency Allocation Authorities to provide any form of protection
that may be possible to those who are measuring cosmic (including
solar) radiation in the radio spectrum 10 — 30 000 Mc/s. This
protection might in some cases be international; in others it
might only be possible to provide a degree of protection over
a limited area.

4. Further. — Considering the special importance of the obser-
vations of the Hydrogen line at 1420 Mc/s, U.R.S.1. should again
emphasize the necessity to preserve a band of frequencies for
this work. The present work requires a bandwidth of 3 Mec/s,
but it appears likely that observations of extra-galactic nebulae
may be extended downwards in frequency to about 1400 Mc/s.

5. When observers are proposing to extend measurements
to new frequencies, or when they propose to change from a frequency
which has been used regularly, they should choose the new frequen-
cies in consultation with the chairman of Sub-Commission Va.

6. Accuracy and calibralion. — We consider that further efforts
should be made to improve the accuracy of solar observations.
We suggest :

(i) One laboratory should establish suitable standards of noise
power at all frequencies used for solar observations.
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(i1) Wherever possible, aerials whose gain can readily be calculated
should be used.

(ii1) Below 300 Mc/s, when interferometer aerials are used, the
flux from the radio star in Cygnus could be used as a standard.

(1iv) Below 200 Mc/s interferometer aerials should be used, so that
the quiet sun may be observable against the galactic back-
ground.

(v) When equipment cannot be calibrated directly, it is essential
to ensure that the overall sensitivity remains constant.

/. From experience gained during the last two years, it is clear
that further efforts should be made to observe
(1) Quiet sun radiation on the lower frequencies.

sy . . .
(i) The maximum intensity of bursts on all frequencies.

8. The observational data should be submitted to Mr. Smerd

as rapidly as possible. Values should be submitted at monthly
intervals. '

Y. The assembly and distribution of Monthly Values will be
continued.

We wish to express our appreciation of the work done in this

report by Dr. C. W. Allen, and later by Mr. Smerd and Miss
White.

Members of Sub-Commission Va

Australia. — Mr. S. F.

SMERD ; Mr. LiTTLE.

Canada. — Dr. CovINGTON.

France. — Dr. LAFFINEUR; Dr. STEINBERG.
Finland. — Prof. TuoMINEN.

Honolulu. — Prof. EvrLER.

India. — Dr. Das.; Prof Saha.

Italy. — Prof. RigHINI.

Japan. — Prof. HacrHara ; Prof. HATANAKA.
Netherlands. — Dr. A. H. pe Vooat (Chairman).
Norway. — Dr. GuNar ERikson.

Sweden. — Dr. LiNDQUIST.

United Kingdom. — Dr. M. RyLeE; Dr. SwmiTh.

United States. — Dr. SHAPLEY,; Dr. GORDON.

Report of Sub-Commission Vb
on Terminology and Units

1. Designalion of Discrele Sources. — The following proposals
are made to 1. A. U.

Agreement should be reached on an international system of
designation of discrete sources of cosmic radio waves, and the
agreed system adopted as soon as possible.

A source should be designated by five characters, the first two
giving the hours of right ascension, the third being N or 5, the
fourth giving the tens of degrees of declination, and the fifth
the order of official classification within each coordinate mesh,
e. g. 19N4A for the major source known as Cygnus A. It is
recognized that existing names, based on constellations, will
continue to be used as alternatives for the main sources.

Every radiating object which can be identified observationally
as a distinct entity should be included in the scheme, regardless
of the angular size of the object.

Reasonable agreement about the existence of an object should

be required before admission to the official list. In this connection,

it is proposed that U.R.S.I. should advise 1. A. U. concerning
the reality of each reported object.

2. Specificalion of Magniludes and FEquivalenl Temperalure
Concepls. — The 1950 U.R.S.I. sub-committee’s proposals in
their sections A and B should be accepted (). The concept
of flux density should be preferred to that of temperature, except
for extended objects, where «brightness temperature » should
be used. The temperature concept is also of use in calibration.

A logarithmic measure of flux density should be introduced
in an agreed form. Two alternative schemes are detailed in the
appended notes. A choice between these two should be made
al a later date.

The alternative terminology (derived from photometry) sug-
gested in Appendix I of the 1950 U.R.S.1. sub-committee’s report (%)
should nol be accepted.

() U.R.S.1,, Vol. VIII, P. 1, p. 406-408.
(3) U.R.S.I., Vol. VIII, P. I, p. 410-411.
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A preference should be expressed for the M.K.S. system of
units.

3. Universal Decimal Classification. — U.R.S.I. and I. A. U.
should sponsor a classification of the subject of radio astronomy,
to be forwarded to the Federation Internationale de Documentation,
with a recommendation that it be incorporated in the tables
of the Universal Decimal Classification.

The proposed detailed classification is as follows :

Radio astronomy.

.1 Theory.

.2 Apparatus.

.3 Radio waves from the solar system.

.32 Radio waves from the sun.

.311 Theory of origin.

.32 Radio waves from the moon.

.4 Radio waves from beyond the solar system (galactic and

extragalactic).
.41 Continuous background radiation.
.411 Theory of origin.
.42 Radio waves from discrete sources.
.43 Line emission of radio waves.
.8  Astronomical radar.
.81 Moon echoes.
.82 Meteor echoes.

4. Words Defining Phenomena. — We postpone to the next
Assembly the drawing up of an agreed list of words and definitions
for the various observed phenomena. We affirm, however, that
the word « noise » should no longer be used to describe the received
radiation.

NOTES

1. Designalion of Discrele Sources of Cosmic Radio Waves. —
[n an appendix to their report, the 1950 U.R.S.I. Sub-Committee
on Terminology and Units in Radio Astronomy (1) proposes that
a cosmic radio source should be designated by the abbreviated
name of the constellation followed by a numberin ordinary brackets,

(Y) U.R.S.I., Vol. VIII, p. 412.

e. g. Cyg. (1). For each constellation the numbers would follow
the order of discovery. The Copenhagen Observatory would be
asked as a controlling office to allocate the numbers and to keep
and publish up-to-date lists.

Seeger et al (1952) have pointed out that « the designation of
celestial objects by constellations in as historical heritage with
little but tradition to recommend it», and have proposed an
alternative scheme, in which each source is designated by five
characters. The first two of these give the hours of right ascension,
the third is either N or S, the fourth gives the tens of degree of
declination and the fifth indicates the order of official classification
within each coordinate mesh, e. g. Cygnus A, whose approximate
position is 19hH8m, +4014°, becomes 19N41.

We agree that an official procedure for the designation of discrete
sources should be set up as soon as possible, as the number of
known sources is now large, and is growing rapidly.

The system proposed by Seeger et al appears to be the best
of those yet used or proposed. We would suggest two minor
modifications however

(a) A change of the fifth character to a letter (e. g. 19N4A)
would extend the alternation of number and letter and thus
indicate clearly that the fourth and fifth characters have different
meanings. Also 26 sources instead of 10 could then be accommo-
dated in a given area without further modification of the system.

(b) A specific instruction should be laid down for the controlling
authority in the allocation of the serial numbers. This might
take the following form : Inside a given area, sources known
at the inception of the scheme would be numbered according
to their intensities, at a frequency of 100 Mc/s, and later discoveries
according to the order in which they are reported.

Recent observational results have added a serious difficulty
to the operation of any designation scheme. Formerly, the known
discrete sources were all thought to have quite small angular
sizes, and hence they were often referred to as « point sources»
or «radio stars». A number of extended sources have now
been discovered (see Observatory, 72, p. 27, (1952), with measu-
rable sizes, from a fraction of a degree up to several degrees. Some
of these appear as distinct objects, while others may be physically
associated with previously-known «point sources ».
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From the point of view of a designation scheme, the discovery
of extended sources raises two major questions

(I) Should an attempt be made to indicate the type of object
or any of its physical characteristics in its designation (e. g. size,
mtensity, spectrum, brightness distribution) ?

(%) What limits, if any, should be placed on the classes of objects
to be covered by the scheme ?

We consider it would be impractical to set up any system of
classification at this stage, and hence the designation of a source
should be concerned only with position and serial number.

A decision must, however, be made as to the range of objects
to be included. The scheme might, for example, be restricted
to «radio stars» (i. e. unresolved sources) as a fairly homogeneous
class. This would be unsatisfactory, however, since there is no
indication that these sources are essentially different from those
which have already been resolved.

We propose that no restriction should be imposed. and scheme
should include every radiating object, which can be identified
observationally as a distinct entity, no matter what its angular
size. In cases where a complex brightness distribution is observed,
each local maximum might be regarded as an individual entity.
[t will be seen that this proposal involves the inclusion of the
galactic centre as one of the discrete sources. This may be deba-
table, but it seems logical to do so, since the position of the centre
may be localized with sufficient accuracy to allocate it to one
of the other identifiable extended sources may represent large-
cale features of the Galaxy, and these must be included.

If this wide definition of a discrete source is regarded as too
broad, the only acceptable alternative would be a limitation
based on angular size at a given frequency, for instance 100 Mc/s.
Some arbitrary figure might be chosen, every source of smaller
size being included in the scheme. However, the only size limi-
tation which appears to have any basis in logic is the above men-
tioned (1 hour x 10°) of the oblong constellation. Then, if
size defined conventionally as the angular width between halfpower
points, the galactic centre would be excluded, but all other objects
known at present would be included. An objection to this defi-
nition, however, is that the size of an oblong constellation varies
over the sky.

- T —

Members of the solar system, e. g. the sun and the moon, should
be specifically excluded. (They cannot be allocated to a zome
of right ascension and declination). Also, possible «holes »
in the brightness distribution are excluded, since they are not
radiating objects. If any such holes are later discovered, analogous
to the dark nebulae of optical astronomy, some other arrangement
would have to be made for them.

While it is true, as stated by Seeger et al, that early difficulties
with the observational techniques have been overcome to some
extent, there is still a fair amount of disagreement about the
weaker sources. This can be seen by making a comparison plot
of the source positions in the three extensive surveys which have
so far been reported. (These are by Stanley and Slee, by Ryle,
Smith and Elsmore, and by Mills). On such a plot the stronger
sources are found to agree closely in so far as the surveys overlap,
but the majority of the weaker reported objects do not agree.
Some of this disagreement probably arises from the use of different
techniques. For example, where two weak sources are close
together, different methods may lead to different types of record
and hence different interpretations. Similar disagreements will
probably arise with complex extended sources, and \\'illi ;1.1\.\'2.1}*5
be present for objects at the bounds of observing possibilities.

A decision must therefore be made as to whether the controlling
authority should allot a designation automatically when a new
object is reported, or should wait until a fair measure of agreement
is obtained between different observers. In the former case,
the subsequent cancellation of numbers must be expected to
occur fairly frequently.

We recommend that the controlling authority should be conser-
vative,and allocate names only when there is reasonable agreement
that an object exists in the reported position. For effective
and well-informed operation of the scheme, a technical refereing
committee should be set up by U.R.3.I. Commission V to guide
the controlling authority in the acceptance or otherwise of obser-
vational reports.

With a system of this kind, many reported objects may not
receive recognition for a considerable time, and in all cases a period
number allotted by the observer using his own private s(:hem(?,
or alternatively the central authority might also allocate provi-
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sional numbers, as is done in naming new comets and minor
planets. These numbers might follow a system similar to, but
noticeably different from, the final one. In deciding between the
two types of provisional scheme, we should like the advice of
astronomers who have much relevant experience.

In either case, it is presumed that any published catalogue
of sources would contain, in addition to the official designation,
any provisional names or numbers which may have been used
by any observer. Common names now in use for the stronger
sources (e. g. Cygnus A) are likely to be perpetuated in the lite-
rature.

We urge the earliest possible adoption of an agreed system,
and would also stress that it is undesirable for anyone to use a
proposed final system before its universal adoption, as this would
prejudice later discussion.

Furthermore, once a system is adopted, unauthorized allocation
of names of the agreed type must not be allowed.

2. Specificalion of Magniludes and Equivalent Temperalure
Concepls. — The 1950 U.R.S.I. proposals in these two sections
are generally acceptable. It is recommended, however, that
the flux density concept should be preferred to the temperature
concept, except for extended sources. Continued use of « apparent,
temperature » and «equivalent temperature », as applied to the
sun, should be discouraged. The temperature concept, however,
is useful in calibration of equipment.

We would like to draw attention to one shortcoming in the
available terminology. The quantities used are all normally
referred to a unit of bandwidth, but the terms describing them
(flux density, brightness, etc.) carry no such connotation. A
suitable word or phrase Lo convey the sense « per unit bandwidth »
1s lacking. « Monochromatic » (e. g. monochromatic flux density)
and «spectral » (e. g. spectral intensity) are words which have
been used before in rather similar connections. The suffix «v»
(e. g. S,, B,,) should be used where it is desired to stress the mono-
chromatic characteristic.

It would often be convenient to use some logarithmic measure
of flux density, e. g. in discussing the properties of a large number
of discrete sources. The concept of the « magnitude » has proved
extremely useful in visual astronomy, incorporating a logarithmic

scale and an agreed zero level. However, the logarithmic base

2. 5l2... (:I}IO()) is an awkward one and is more troublesome
to use than the base 10. Also the system has the disadvantage that,
at least in its most common use, larger numbers correspond to
smaller intensities.

It is recommended that a logarithmic measure of flux density
should be introduced in an agreed form. Agreement cannot
be made at the present time between a scale. The former would
have advantages in comparisons between visual and radio magni-
tudes, while the latter would be considerably more convenient.
It is recommended that a choice should be made at the next
Assembly.

Appendix [ of the 1950 U.R.S.I. report suggests an alternative
terminology based on photometric practices. We agree with the
I. A. U. group that this terminology does not seem in any way
desirable. There seems little point in distinguishing between
the inward and outward flux through composite words. Thus,
since «flux density » is already in use for the concept for which
«radiance » is suggested all but one of the concepts are adequately
served by existing terminology. The addition of the adjective
«radiant » is redundant in works dealing entirely or mainly with
radiation.

The exception is the concept for which «fluance » is proposed.
No great need is seen for the word at present. However, it might
be kept in mind as a potentially useful term, if and when the need
arises.

We further agree with the 1. A. U. group that a preference
for the M.K.S. system should be expressed, and that the bandwidth
dimension (cycle-/second or Hertz) should always be included.

3. Radio Aslronomy in the Universal Decimal Classificalion. —
Radio astronomy, being a new subject, has no proper place
in the Universal Decimal Classification, and the various aspects
have been squeezed into the tables only by extending the meaning
of existing subdivisions. Thus, «solar noise », «cosmic noise »,
etc., are to be found in widely scattered places, and there is no

satisfactory place at all for the general subject of «radio
astronomy ».
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We propose that U.R.S.1. Commission V and I. A. U. Commission
40 should sponsor a classification of the subject of radio astronomy,
to be submitted to the Federation Internationale de Documentation,
with a recommendation that it be incorporated in the U. D. C.
tables. With this end in view, we suggest that the classification
set out below might be used as a basis for discussion.

We have aimed at a classification which contains a small number
of clearly-distinguishable subjects of roughly comparable
importance.

We have provided separate sections for « theory » and «appa-
ratus », preferring this to the use of point-of-view auxiliary numbers,
since these appear to us to be important and distinct subjects.
The subject « radio waves from the sun » has not been subdivided,
since the bulk of material is not yet unmanageable, but further
subdivision may well be required later. It is not yet possible
to distinguish completely between radiation of galactic and
extragalactic origin (either for the background radiation, or that

from discrete sources), and so we have kept them together in a
common section.

Radio astronomy.

Theory.

Apparatus.

Radio waves from the solar system.
.31 Radio waves from the sun.

.311 Theory of origin.

o O = -

.32 Radio waves from the moon.

.4 Radio waves from beyond the solar system (galactic and
extragalactic).

.41 Continuous background radiation.

.411 Theory of origin.

.42  Radio waves from discrete sources.

.43 Line emission of radio waves.

.8 Astronomical.

.81 Moon echoes.

Meteor echoes.

— 83 —

. . .

The above reporl was submitted to I. A. U. Commissions 3 and
40 during the Rome Congress in Seplember 1952.  Bolh Commissions
made lwo recommendalions :

10 To submil the draft for advice lo I. A. U. Commission 27,

20 To promole correspondance belween members of Commission
V interesled wilh the draft, and belween U.R.S.I. Commission V
and I. A. U. Commission 40 in order lo reach a final drafl to be
ralified by lhe General Assemblies of 1954.

Both those recommandalions are already being carried oul.




Resolutions

1. Referring to Recommendation n° 56 (Question no 9) of
C.C.LR., it is considered impracticable to make general use of the
frequencies specified therein for solar observations; however, it
is suggested that C.C.I.R. ask the Frequency Allocation authori-
ties to give all possible protection to those engaged in radio

astronomical measurements in the radiospectrum from 10 Mc/s
to 30 000 Mc/s.

2. Referring to Resolution n° 20 of the U.S. National Com-
mittee it is agreed desirable to emphazise again to C.C.LR.
the importance of preserving a band of frequencies for the hydro-
gen line at 1420 Mc/s. At present a bandwidth of 3 Mc/s is requi-
red, but it seems probable that such observations may extend to
lower frequencies, perhaps to 1400 Mc/s, in the future.

3. Referring to the statement by the Indian National Committee
on «Standardization of Solar Radio Equipment » it is agreed
that the precision of such equipment is still unsatisfactory.

However, no specific recommendations for improvement can be
made at present.

4. Tt is recommended that further observations be made on :
(a) quiet sun radiation at the lower frequencies.
(b) the maximum intensity of bursts on all frequencies.

5. It is recommended that observational data for cooperating
observatories be submitted at monthly intervals to Mr. SMERD
as soon as possible after the end of each month. The assembly
of such monthly data and its general distribution to cooperating
observatories will be continued.

6. The continuance of Sub-Commission (Va) is recommended.

7. It is recommended that Dr. D. F. MartyN be appointed
Historian of Commission V.

8. It is recommended that the Report of Sub-Commission Vb
(Terminology and Units) be forwarded to Commission 40 and 3
of I.A.U. for consideration at the Rome Assembly and that
part (3) of the Report, bearing on the Universal Decimal Classi-
fication, be forwarded to the Fédération Internationale de Docu-
mentation with a recommendation that it be incorporated in the
tables of the Universal Decimal Classification.

9. The Commission notes the valuable preparatory work by
Dr. MenziL and Professor MAssey on the preparation of a report
on the Dynamics of lonized Media (Special Report n° 3) and urges
the early collation of the United States and European contri-
butions.

10. Special Reports :

(a) Inlerslellar Hydrogen : Oort (Chairman), PURCELL, PAWSEY.

(b) Discrele Sources. Borron (Chairman), Hanbury Brown
(Manchester), Smira (Cambridge).

(¢) The Distribution of Radio Brighlness on lhe Solar Disk. —
CHRISTIANSEN (Chairman), HAGEN, LAFFINEUR, SMITH.

(d) Meteors. — (Covered partially by Commission III, but
Commission V urges the inclusion of material on the origin of
meteors).

11. Basic Solar Index. — The conclusions on this matter were
arrived at in joint session with Commission III. The Commission
stresses the value of measurements on 3000 Mc/s and supports the
recommendations of Sub-Commission Ve.

Sub-Commission V¢ on Basic Solar Index

(a) The Sub-Commission considers that an index of solar activity
based on radio-frequency observations, although it has been the
object of several important researches, cannot be considered as
perfectly defined at present.

(b) The Sub-Commission nevertheless proposes a provisional
index on the observation of two groups of phenomena :

(i) The intensity of the radiation on a frequency near 3000 Mc/s
(wavelength 10 ecm), whose correlation with the total area of suns-
pots seems well established.




(i1) The presence and intensity of noise storms connected with
the appearance and activity of disturbing regions on the surface
of the sun.

(¢) The index thus be composed of the intensity of solar radiation
on 2800-3000 Mc/s expressed in units of 10-2% watts m—2(c/s)~L

(d) This number would be followed by the sign / and a number
from 0 to 3 expressing the intensity of noise storms in progress
between 60 and 300 Mc/s (1 and 5 m), as in Quarterly Bulletin.

(e) The Sub-Commission will continue its work by correspondance
between its members, and endeavour to propose an observing
programme in the world’s observatories on the wavelength of
10 cm, following the recommendation made at Zurich. It will also
encourage work on the correlation between ionospheric phenomena
and various metre wave radiations within Sub-Commission Vec.
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