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NOUVELLES DE L’U.R.S I.

G’est avec un grand plaisir qu® nous informons nos Icrteurs 
de 1’élection comme Membre de l’Académie des Sciences de France, 
de M. B. Decaux, Vice-President de l’U.R.S.I.

Nous lui adressons nos plus chaleureuses félicitations.



COLLOQUE INTER-UNIONS 
SUR LA PHYSIQUE DES PHENOMÈNES 

SOLE1L-TERRE

Belgrade 29 aout-2 septembre 1966

La deuxième et clernière annonce du Colloque est sortie de 
presse et a été distribuée. Les lecteurs désireux d’en obtenir des 
exemplaires peuvent s’adresser au D1' Ing. D. Bajic, President 
du Comité Organisateur E.T.A.N.-U.R.S.L, P. O. B. 356, Belgrade; 
ou au Secrétaire Général de l’U.R.S.I.

INTER-UNION SYMPOSIUM 
ON SOLAR-TERRESTRIAL PHYSICS

Belgrade, August 29 - September 2, 1966

The second and ünal announccment of the Symposium lias been 
issued and circulated. Copies are available by Dr. Ing. D. Bajig, 
Chairman, National Arrangements Committee, E.T.A.N.-U.R.S.L, 
P. O. B. 356, Belgrade; or by the Secretary General of U.R.S.I.
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XIVth GENERAL ASSEMBLY

Progress in Radio Science 1960-1963

Volume V. — Radio Astronomy

Le Volume V de la série «Progress in Radio Science » 1960- 
1963 est édité par E. Herbays, Secrétaire Général de l’U.R.S.I., 
en collaboration avec J. W. Warwick, R. Coutrez et R. Gonze. 
La Monographie rend compte de 1’activité scientifique de la Com- 
mission V au cours de la XIVe Assemblée Générale de 1’U.R.S.I. 
a Tokyo, en septembre 1963. Les sujets suivants ont été discutés :
1. Radioastronomie de la Galaxie,
2. Radiosources,
3. Radioastronomie du Soleil Calme,
4. Radioastronomie du Soleil Actif,
5. Radioastronomie du Système Solaire,
6. Techniques d’observation et Mesures en Radioastronomie.

Pour cliacun de ces sujets, une communication a fait le point 
de la situation. Le texte intégral de ces Communications a été 
reproduit, suivi d’un compte rendu des discussions et d’un résumé 
des Communications plus courtes, qui ont été présentées. La der- 
nière session a été consacrée a des Sujets Divers en Radioastro­
nomie et traite plus particulièrement des Appareillages.

Ce livre est publié chez Elsevier Publishing Company (Ams­
terdam, Londres, New York). Des exemplaires gratuits ont été 
envoyés aux Membres du Rureau, aux Comités Nationaux ainsi 
qu’aux Membres du Bureau de la Commission Y. Des exemplaires 
supplémentaires peuvent être commandés par les Comités Natio­
naux au Secrétariat Général de l’U.R.S.I. L’ouvrage peut être 
obtenu chez Elsevier Publishing Company.

¥ *
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Volume V of the series «Progress in Radio Science » 1960' 
1963 is edited by E. Herbays, Secretary General of U.R.S.I., in 
collaboration with J. W. Warwick, R. Goutrez and R. Gonze. 
This Monograph gives an account of the scientific activities of 
Gommission V during the XlVth General Assembly of U.R.S.I., 
Tokyo, September 1963. The foliowing subjects were discussed l

1. Radio Astronomy of the Galaxy,
2. Radio Sources,
3. Radio Astronomy of the Quiet Sun,
4. Radio Astronomy of the Active Sun,
5. Radio Astronomy of the Solar System,
6. Observational Techniques and Measurements in Radio Astro­

nomy.
A review paper has been presented for each subject. These 

papers are given in full and are followed by proceedings of the 
discussions and résumés of shorter papers subsequently contri- 
buted. The Jast session has been devoted to Miscellaneous Sub­
jects in Radio Astronomy, dealing more particularly with Ins- 
trumentation.

The book is published by Elsevier Publishing Company (Ams­
terdam, London, New York). Free copies have been distributed 
to the Officers of the Board, National Committees and Officers. 
of Gommission V. Supplementary copies may be ordered by 
National Committees at the General Secretariat of U.R.S.L 
The volume is also available at Elsevier Publishing Company.
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NATIONAL COMMITTEES

Argentina

PUBLIC ATION

The Argentine National Gommittee has issued the circular 
n° 1/65 which contains in Spanish language information on the 
International Geophysical Calendar for 1966 issued by I.U.W.D.S.

Belgique

COMPOSITION
Membres Effeclifs :

MM. M. Nicolet, Président,
R. Coutrez, Vice-Président,
J. Charles, Secrétaire,
P. Baudoux,
L. Bossy,
V. Belevitch,
J. Cnops,
M. COGNEAUX,
F. Dagos,
A. Dorsimont,
E. Gillon,
R. Gonze,
P. Hontoy,
E. Lahaye,
M. Maenhout 
Ch. Manneback.

Membres Associés :
MM. E. Aerts,

O. Beaufays,
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P. Jespers,
R. Pastiels,
J. L. Van Eck.

Membres Officiels aux Commissions de l’U.R.S.I. :
Commission I : P. Hontoy, Laboratoire de Radioélectricité, 

Université Libre de Rruxelles, 50, avenue Franklin D. Roo- 
sevelt, Rruxelles 5.

Commission II : M. Maenhout Institut Royal Météorologique, 
3, avenue Circulaire, Rruxelles 18.

Commission III : M. Nicolet, Institut Relge d’Aéronomie Spa- 
tiale, 3, avenue Circulaire, Rruxelles 18.

Commission IV : E. Aerts, Institut Relge d’Aéronomie Spatiale, 
3, avenue Circulaire, Rruxelles 18.

Commission IVa : E. Lahaye, 44, avenue du Pesage, Rruxelles 5.
Commission V : R. Goutrez, Service de Radioastronomie, Obser- 

vatoire Royal de Relgique, 3, avenue Cii’culaire, Rruxelles 18.
Commission VI : P. Raudoux, 86, avenue Armand Huysmans, 

Rruxelles 5.
Commission VII : J. Cnops, 30, Vaderlandstraat, Gand.

United Kingdom

CHANGE OF ADDRESS

All correspondence to Mr. J. A. Ratcliffe should be addressed 
at 11 Reechwood Road, Reaconsfield, Rucks, England.

U. S. A.

Radio Science

The January 1966 issue of Radio Science (Vol. 1, N° 1) besides 
the membership of the U.S. National Committee and a descrip- 
tive notice on U.R.S.L, contains the following papers :
— Impedance of a radio-frequency plasma probe with an absorp- 

tive surface, K. G. Ralmain.



Current distribution and impedance of a cylindrical antenna 
in an isotropic compressible plasma, K. R. Cook and B. C. 
Edgar.
Theory of a slotted-sphere antenna immersed in a compressible 
plasma. Part III. James R. Wait and Kenneth P. Spies, 
Change in polarization on reflection from a tilted plane, K. M. 
Mitzner.
Slots in dielectrically loaded waveguide, R. W. Larson and 
V. M. Powers.
Linearly polarized characteristic waves in a magnetoplamas. 
Joseph T. Verdeyen,
Further observations of sunrise and sunset fading of very- 
low-frequency signals, D. D. Crombie.
VLF radiation in air from an electric line current source loca- 
ted in an ionospheric halfspace, H. D. Wade and R. H. Wil­
liams.
Mountain obstacle diffraction measurements at 751 Mc/s and 
9.2 Gc/s, Albrecht P. Barsis and L. G. Hause.
A statistical theory of ridge diffraction, K. Furutsu. 
Characteristics of ionospheric Es propagation and calcula- 
tion of Es signals strength, K. Miya and T. Sasaki.
The maximum resolution of a radio telescope imposed by 
coronal scattering, W. G. Erickson.
Model experiments on propagation of ground waves across an 
abrupt boundary at oblique incidence, R. J. King and S. W. 
Maley.
The trifurcated waveguide, J. R. Page and R. Mittra.
Reply to a comment of J. R. Wait on Volland’s «Remarks 
on Austin’s Formula ». Hans Volland.
Selected abstracts in the radio Sciences.
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COMMISSIONS AND COMMITTEES

Commission II on Radio and Troposphere

SYMPOSIUM ON PLANETAXY ATMOSPHERES AND
SURFACES

Puerto Rico, May 24-27, 1965

The proceedings of the meeting have been published in a special 
issue of Radio Science, Vol. 69D, N° 12, December 1965. The 
invited papers and contributions published in that issue are ;

I Session : JUPITER, AS OBSERYED AT LONG RADIO
WAVES.

A. Invited Paper.
The Decametric Radio Emissions of Jupiter, G. R. A. Ellis.

B. Short Contributions.
1. Results of Recent Investigations of Jupiter’s Decametric 

Radiation, T. D. Carr el al.
2. Results from C.S.I.R.O., Sydney, Australia, O. B. Slee 

and C. S. Higgins.
3. Frequency and Polarization Structure of Jupiter’s Deca­

metric Emission on a 10-millisecond scale, J. W. Warwick 
and M. A. Gordon.

II Session : JUPITER, AS OBSERVED AT SHORT RADIO
WAVES.

A. Invited Paper.
Jupiter, as Observed at Short Radio Wavelengths, J. A. Roberts.

B. Short Contributions.
1. An Interferometric Study of Jupiter at 10 and 21 cm, 

G. L. Berge,
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2. Dependence of Jupiter’s Decimeter Radiation on the Elec­
tron Distribution in its Van Allen Beits, K. S. Thorne.

3. Observations of Jupiter at 8.6 mm, J. E. Gibson.
4. Simultaneous Observations of Jupiter on Three Frequencies, 

I. N. Kazes.
5. A Report of Measurements, D. Barber and J. F. R. Gower.

III Session : PASSIVE RADIO OBSERVATIONS OF VENUS, 
SATURN, MERCURY, MARS AND URANUS.

A. Invited Paper.
Passive Radio Observations of Mercury, Venus, Mars, Saturn 
and Uranus, A. H. Barrett.

B. Short Contributions.
1. Mars, Venus at 70-cm Wavelength, H. E. Hardebeck.
2. Radio Observations of Mercury, Venus, Mars, Saturn and 

Uranus, K. I. Kellermann.
3. The Observations of Radio Emission from the Planets 

Mercury, Mars and Saturn at wavelength of 8 mm, A. E. 
Salomonoviïch.

4. A Search for the 1.36 cm Water Vapor Line in Venus, 
F. D. Drake.

5. Radiation of Venus at the 13.5 Water Vapor Line, J. E. 
Gibson and H. H. Corbett.

6. Observations of the 1.35 cm Water Vapor Line in Venus, 
W. J. Welch.

7. Observations of Mars at 12.5 cm Wavelength. D. O. Muh- 
leman and T. Sato.

8. On the Nature of the Cloud Layer of Venus, A. E. Bas- 
harinov and B. G. Kutuza.

9. An analysis of Microwave Observations of Venus, C. 
Sagan and J. B. Pollack.

IV Session : PASSIVE RADIO OBSERVATIONS OF THE 
MOON.

A. Invited Paper.
Investigation of the Surfaces of the Moon and Planets by 
the Thermal Radiation, V. S. Troitsky.
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B. Short Contiibutions.
1. Polarization of Thermal Radiation of the Moon at 14.5 

Gc/s, P. G. Mezger.
2. Linear Polarization of Lunar Emission, R. D. Davies and 

F. F. Gardner.
3. The Effects of Roughness on the Polarization of Thermal 

Emission from a Surface, T. Hagfors and J. Moriello.
4. Measurements of Lunar Radio Brightness Distribution and 

Certain Properties of its Surface Layer, A. E. Salomo-
NOVICH.

V Session ; RADAR OBSERVATIONS OF THE PLANETS.
A. Invited Paper.

A Review of Radar Studies of Planetary Surfaces, G. H. 
Pettengill.

B. Short Contributions.
1. Preliminary Yenus Radar Results, R. M. Goldstein.
2. Preliminary Mars Radar Results, R. M. Goldstein.
3. Recent Arecibo Observations of Mercury, G. H. Petten­

gill.
4. Recent Arecibo Observations of Mars and Jupiter, R. B. 

Dyce.
5. Radio Evidence on the Structure and Composition of the 

Martian Surface, C. Sagan and J. B. Pollack.
6. Radar Scattering from Venus and Mercury at 12.5 cm, 

D. O. Muhleman.
7. Application of Planetary Measurements to Planetary Radius 

and Rotation Rate Determinations, I. I. Shapiro.
8. Radar Observations of Yenus in the Soviet Union in 1964, 

V. A. Kotelnikov.

VI Session ; RADAR OBSERVATIONS OF THE MOON.
A. Invited Paper.

Radar Studies of the Moon, J. V. Evans.
B. Short Contributions.

1. Decameter-wave Radar Studies of the Lunar Surface, J. R. 
Davis et al.
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2. Lunar Mapping by Coherent Pulse Analysis, T. W. 
Thompson.

3. Interpretation of the Angular Dependence of Backscattering 
from the Moon and Venus, P. Beckmann and W. K. Klem-
PERER.

4. A Note on the Radio Reflectivity of the Lunar Surface, 
A. Giraud.

5. Moon Distance Measurement by Laser, A. Orszag.

The discussions following the presentation of invited papers 
and some other contributions are also published.

Commission ISI

SPACE RESEARCH ACTIVITIES IN THE U. S. A

Excerpts from the condensed version of the report submitted 
to COSPAR at its eighth meeting, Argentina, May 1965 
{COSPAR Information Bulletin, n° 28, November 1965).

6. — lonospheric Physics 

4.1. — Satelliie and Space Probe Program.
Central Radio Propagalion Laboratory of the National Bureau of 

Slandards. CRPL is participating in the international topside- 
sounder program by analyzing Alouette swept-frequency data 
and by having operational and scientific responsibility for the 
fixed-frequency topside sounder, Explorer XX. This latter 
satellite (also known as TOPSI or S-48, launched by NASA into 
a 1000-km polar orbit on 25 August 1964) carries sounding expe­
riment for six frequencies between 1.50 and 7.22 Mc/s. Gurrent 
study includes : ducted propagation to the conjugate reflection 
points, sheets of thin irregularities discovered in the arctic regions, 
the excitation mechanism of plasma resonances, longitude varia- 
tions of the occurrence of irregularities, the association of irre­
gularities with other geophysical phenomena, etc. The topside 
soundings are coordinated with other observations, e.g., all-sky 
auroral cameras, incoherent scatter sounders, conventional iono- 
sondes, and backscatter radars. The first CRPL report on this
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work (Science, 146(3642), 391-395) depicted a wide variety of 
topside ionospheric conditions, including normal echoes, ordinary 
and extraordinary mode penetrations, sporadic-E efïects, and 
plasma resonance. These early observations have yielded 
new Information on the geographical distributions of ionospheric 
phenomena.

Beacon transmitters on board the OGO-1 satellite radiate GW 
signals at frequencies of 40 010 and 360 090 Mc/s (with 20.0 and 
200.0 kc/s modulation) in order to measure electron content in the 
exosphere beneath the satellite.

Ionospheric irregularities are being mapped by a three-station 
150-km base line systern of Faraday receivers monitoring trans­
mitters on the Polar lonosphere Beacon satellite (Explorer XXII, 
launched in October 1964). The receivers continuously monitor 
polarization orientation.

U. S. Army Electronics Laboratories, Fort Monmouth. The 
lonosphere Beacon satellite radiates coherent signals at 20, 40, 
41, and 360 Mc/s. At USAEL, satellite propagation studies of 
simultaneous Doppler, Faraday rotation, hybrid methods com- 
bining the two, and topside and bottomside ionogram integration 
have been combined. Diurnal electron content contours obtained 
from simultaneous Doppler-slopes techniques reveal the existence 
of ionization-content enhancement in the period following mid- 
night, resulting perhaps from a downward electron flux at 1000 kin 
altitude. When combined, results from diurnal contours of 
bottomside and topside electron densities point to the same effect.

Special studies of anomalous Doppler signal reception on high 
frequencies have yielded data concerning the effective radio hori­
zon for an Earth receiving station, and on some controlling factors 
in beyond-the-horizon HF propagation conditions (i.e., the extent 
and requisite conditions of ionosphere cavity signal-propagation 
modes).

The same group of investigators is operating a station to receive 
the Alouette satellite sounder data (and later ISI satellites), 
with attention to the effects of magnetic disturbances on the 
electron densities of the topside ionosphere. Studies of electron- 
density values during magnetically quiet days at fixed altitudes. 
along various latitudes reveal a well-stratified ionosphere between 
35° and 45° North Latitude but a sharp increase of electron den­
sities south of 35° North Latitude.
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Univarsity of Illinois has continued to use the Faraday rotation 
and scintillation of satellite radio signals to obtain total electron 
content for the periods from September 1958 to June 1959 and 
from July 1961 to April 1964. Size and height of irregularities, 
and the thickness of the regions have been measured. The cba- 
racter of the scintillation, and thus probably of the ionospheric 
irregularities that cause them, varies with geomagnetic latitude, 
season of the year, time of day, and phase of the sunspot cycle. 
Strong scintillation occurs simultaneously with red auroral arcs.

Sianford Universiiy is continuing studies of whistler-mode pro- 
pagation and resonance phenomena at VLF, particularly the 
propagation of VLF waves in a multicomponent plasma. The 
intial impetus for this investigation was provided by the discovery 
of the subprotonospheric (SP) whistler, which enters the ionosphere, 
propagates to a height of approximately 100 km, and is then 
reflccted back to lower heights.

Investigation of the broadband records from the Alouette I 
and Injun III satellites showed evidence for the existence of ion and 
electron-ion resonances. The «Alouette Hiss Band » and the 
related triggering of the band appear to be closely relatcd to the lower 
hybrid resonance, an electron-ion resonance for propagation 
perpendicular to the magnetic field. Simultaneous measurements 
of the lower hybrid frequency and of electron density yield an 
effective mass of the ion constituents, with the lightest ions having 
the greatest effect. As far as is known, the lower hybrid resonance 
has not been previously observed either in the ionosphere or in 
laboratory plasmas.

Injun III observations and occasional Alouette observations 
show what appears to be triggering of emissions at the hydrogen- 
ion gyrofrequency by atmospherics propagating up to the satellite. 
This may be a propagation effect associated with the presence of 
more than one ion.

Other research at Stanford University includes : (1) correlation 
studies of a variety of geophysical phenomena observed in the 
Antarctic; (2) study of VLF noise observed on the OGO-1 satel­
lite; (3) study of the relation between the «knee »in the equatorial 
electron-density profde and PC4 and PC5 micropulsation periods; 
(4) investigation of large-scale movements of magnetospheric 
ionization with whistler data obtained during continuous recor- 
dings.
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A joint report with the State University of lowa describes a 
new YLF phenomenon, the proton-whistler. It appears on a 
frequency-time spectrogram as a tone that stars right after the 
reception of a short fractional-hop-whistler at the satellite, first 
rises rapidly in frequency, then asymptotically approaches the 
proton gyro-frequency in the plasma surrounding the satellite. 
The proton-whistler may simply be a dispersed form of the ori- 
ginal lightning impulse, the dispersion resulting from the effect 
of ions on the propagation of an electromagnetic wave. It is 
found that, in addition to the right-hand polarized whistler 
mode, the left-hand polarized mode (ion-cyclotron wave) is also 
a possible mode of propagation for certain ranges of frequencies 
and altitudes, The lowa-Stanford work shows that the proton- 
whistler is an ion-cyclotron wave that occurs through a polarization 
reversal process. The «crossover » frequency can he measured 
from spectrograms of proton-whistlers and can be used to deter- 
mine the fractional concentration of protons in the plasma surroun­
ding the satellite. Near the altitude and frequencies for which 
polarization reversal occurs, the right-hand polarized wave 
and the ion-cyclotron wave may be strongly coupled. For fre­
quencies near the ion gyrofrequencies, this coupling process would 
play an important part in determining what regions of the ionos- 
]diere are accessible to waves from a given source location.

The Pennsylvania Slede Universily lonospheric Research Labo- 
ratory is conducting a number of studies related to ionospheric 
and propagation characteristics, using satellite signals, including 
dispersive Doppler recordings, equatorial observations, differential 
Faraday rotations, scintillation effects, and sunrise phenomena.

AF Cambridge Research Laboratories. The first ORBIS (for 
Orbiting Radio Beacon lonospheric Satellite) for an HF ducting 
experiment was successfully launched on 18 November 1964 
into a low polar orbit, Preliminary results show the following 
effects : (1) fairly strong signals were received almost daily at 
or after local dawn from the north and northwest from regions 
as far as Alaska, when the satellite was far below the horizon;
(2) signals were received from the south and southeast almost 
daily about the time of local midnight, over distances sometimes 
as much as 6500 km; (3) the signal sometimes faded when the 
satellite was in sight. These effects were observed in Sputnik III



17 —

records and may be due to grazing ionospheric angles and irrcgular 
patches of higher electron density.

4.2 — Rochet Programs.
Universitg of Illinois, University of Michigan, University of 

Birmingham (UK), and Geophysics Corporation of America. A 
cooperative rocket research program involving these institutions 
was undertaken to study the D and lower E regions of the ionos- 
phere as part of a joint I.Q.S.Y. program. Se ven successful 
flights were made during 1964 : one in April, three in July, and 
two in November from Wallops Island, Virginia; and one from 
the NASA shipborne mobile-launch facility in the Atlantic, in 
November. (Similar flights were also made on the shipborne 
expedition in the Eastern Pacific in early 1965). The April 
flight, at solar zenith angle of 60°, measured electron densities 
varying from 10 to 105 cm-3 over the height range of 60-160 km 
by a radiopropagation technique. Other parameters measured 
on the same payload included electron and positive-ion current, 
collision frequency, and ultraviolet solar flux. The July series 
centered around sunrise, and established the relative roles of 
photo-ionization and photodetachment in the formation of the G 
and D layers. The November series extended these studies to 
sunset conditions. The July series accidentally coincided with 
the occurrence of a sequential sporadic E over Wallops Island, 
and a detailed study of the electron-density height profile is pro- 
ving fruitful.

A modification of the radio propagation technique has been 
developed for use at the magnetic equator, and two of the 10 
flights scheduled in early 1965 were conducted at that location 
as part of the NASA mobile-launch expedition mentioned above.

Lockheed Missile and Space Company. In October 1964, a 
sounding rocket launched from Wallops Island, Virigina, at appro- 
ximately midnight measured the ion concentration, composition, 
and temperature profile from 260 km to nearly 1000 km. lon- 
concentration data obtained for a four-day period in late 1963 
by a polar-orbiting satellite shows the presence of a prominent 
ion-concentration trough at all longitudes in the mid-latitude 
region of both the Northern and Southern Hemispheres at night. 
These troughs are geomagnetically controlled, with their centers
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near L = 3.5, and occur just on the low-latitude side of the auroral 
zones. The shape and width of these trougbs vary, and appear 
to depend upon the position and intensity of the energetic particles 
deposited in the auroral zone, becoming narrower for greater 
fluxes. A point-by-point comparison of the ion data and preci- 
pitated energetic particles shows that auroral-zone particles help 
to maintain the night ionsphere there.

Analysis of ion-trap data obtained in 1962 from an oriented 
polar-orbiting satellite has yielded data on ion temperature, 
heavy-ion concentration, and electron temperature. Ion tem- 
peratures for the equator, in the F-maximum region, are 1100- 
1200° K, as expected for the neutral atmosphere, but ion tempe- 
ratures in the northern and Southern auroral zones at a height 
of about 300 km are rather high (3000-4000° K). Heavy-particle 
concentrations show unusual structure and are more prominent 
in the auroral zone than previously supposed.

Air Force Cambridge Research Laboratory. AFCRL studies of 
natural and artificial perturbations of the ionosphere have included :

(1) Theoretical studies of plasma-neutral interactions that 
result in formation in the ionosphere of moving layers of radio- 
frequency-reflecting irregularities.

(2) Gontrolled Chemical releases, from rockets, to determine 
characteristics of the undisturbed ionosphere, including winds and 
turbulence generaled by natural energy sources, the effects of 
sudden injection of energy by explosive releases, and the degree 
of modification that can be achieved by releases of active Chemicals.

(3) Line-of-sight studies, of both optical emissions and radio- 
frequency reflections of large-rocket launches, to define a model 
of the ionospheric disturbance associated with such launches.

(4) Studies of long-range, over-the-horizon radio transmissions, 
analyzing the variations in received signal characteristics, rela- 
ting these variations to natural and artificial disturbances, and 
attempting to localize the height and character of the perturba­
tions along the transmission path.

AFCRL has investigated temperatures and densities of positive 
ions, negative ions, and electrons in the lower ionosphere at 
heights between 50 and 200 km in both daytime and nighttime 
by rocket flights at middle and high latitudes. On both day and 
night flights, sharp, thin layers of ionization are observed in the
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vicinity of 100 km; these are presumably sporadic E. The relative 
importance of wind magnitude and direction and of the influence 
of meteoritic or other ions on the occurrence of this phenomena 
is being investigated. In the D region, in the vicinity of 65 km, 
positivo- and negative-ion layers are normally observed, but no 
electron maximum is found. Rate coefficients for associative and 
collisional detachment and for radiative attachment to molecular 
oxygen have been deduced.

The results of nighttime charge-density measurements between 
240 and 1875 km show that atomic oxygen is the principal ionic 
constituent below 530 km and that ionized hydrogen is the major 
constituent above 550 km. An upper limit is placed on the 
helium-ion distribution, which attains its maximum value at 
550 km. At this level, it appears to constitute a maximum of 
about 7 % of the total ion density.

A new value for the ion-atom interchange coëfficiënt for the 
production of NO+ lias been obtained from the variations with 
time of change densities in the altitude region 280 to 800 km; 
the coëfficiënt is found to vary between 2 and 4 X 10~12cm3sec-:1. 
The analysis also shows that diffusion of charged particles under 
the influence of the Earths’ magnetic field acts as a source of 
these particles below 300 km at night. The diffusion term changes 
sign slightly above this level.

The diurnal variations of electron temperatures and of ion and elec­
tron densities have been determined from satellite measurements in 
the F region. Large diurnal variations of electron temperatures 
are observed between 200 and 330 km. The electron temperature 
is found to increase by about 2000° K within a few hours of sunrise 
and reaches a minimum shortly before sunrise. Over the latitude 
range of T; 75°, variations of temperature with local time are 
greater than the variations with latitude. Below 200 km, the 
amplitude of the diurnal variation of the electron temperature 
decreases rapidly with decreasing height.

In the equatorial and auroral regions, other significant changes 
in temperature and charge density occur and are superimposed 
upon the diurnal variation.

Application of the experimental results to determine the most 
important electron heating and cooling processes in the lower F 
region shows that, in the daytime above 230 km, excitation of 
atomic oxygen to the D level, collisions with molecular nitrogen,
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and elastic collisions with atomic oxygen all have comparable 
effects on electron cooling. Below 200 km, collisions with mole- 
cular nitrogen constitute the principal cooling process.

Comparison of the heat input to the ionosphere required to 
maintain the observed differences between the electron and neutral- 
gas temperature with the heat fluxes shows that the solar flux 
is sufficiënt to explain these temperature differences.

UniversUy of New Hampshire. For an investigation of the 
equatorial electrojet, in late January 1964, four rocket-borne 
magnetometers were launched near the magnetic equator at 
Trivandrum. Electrical current in the ionosphere was observed 
on two flights before local noon; a current of smaller intensity was 
recorded near 15 h local time; no measurable current was detec- 
ted at 19 h local time. The current extended vertically between 
100 and 130 km, with the most intense layer between 110 and 
120 km.

Four more magnetometers were flown at and slightly north of 
the electrojet in the Pacific on the NASA shipborne expedition 
off the coast of Peru, in an attempt to measure the Sq current 
System near the equator hut outside of the electrojet.

Ballistic Research Laboratories. The BRL program for deve- 
lopment of gun-launched atmospheric probes was continued 
during 1964. A series of firing of the 5-inch gun took place at 
Wallops Island in March, July, and October . Wind measure- 
ments were performed. The development of the 7-inch-gun probe 
System was begun in 1964, with a series of horizontal tests in 
May, June, and November. The first vertical tests of the 7- 
inch system took place at Wallops Island in December 1964 and 
January 1965. The tests were highly successful, with eight out 
of ten probes going to the programmed height. At Barbados 
Islands, British West Indies, the testing of the 16-inch-gun sytem 
continued, with wind measurements and tests of various tele- 
metry units.

As part of the BRL ionosphere measurement program, four 
rockets were launched at Ft. Churchill, Canada, to measure the 
Earth’s magnetic field electron density and temperature, and ion 
density to an altitude of 800 km. Two rockets were launched 
90 seconds apart, and 36 hours later another pair of rockets was 
launched. In each pair, proton-precession magnetometers were
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llown on onc rocket for low-alhilnde measurements (to 160 km), 
and magnetometers, Langmuir probes, and two-frequency l^eacons 
were llown on the other for high-altitude measurements (to 800 
km).

4.3 ■— Ground-based Sludies Relaled lo Rochel and Saielliie Research.
GRPL has continued its cooperativc program to provide ionos- 

plieric soundings as control data for nearly all rocket launchings 
at Atlantic and Pacific missilc ranges, with emphasis on nonde- 
viative absorption measurements in the polar regions. These 
have been interpreted in terms of electron-density profües for 
PCA and certain auroral absorption events.

At Stanford University, work lias continued on magnetospheric 
electron density measurements and wave-particle interactions, with 
emphasis on : (i) the whistler method; (ii) fleld-line distribution 
of electrons; (iii) electron-density analysis based on VLF emissions; 
(iv) multipliase periodic VLF emissions; and (v) association 
between YLF emissions and flickering auroras. A series of sea- 
sonal studies of the «knee» in the magnetospheric electron- 
density profile has also been conducted, with whistler data recorded 
during July 1963 at Eights Station, Antarctica, and supporting 
data from Byrd Station, Antarctica, and from Quebec City and 
Great Whale, Canada, in the conjugato region; these programs 
have greatly benefited from the cooperation of the Defence 
Research Telecommunications Establishment, Ottawa, Canada, 
which made available data from the VLF and sounder experiments 
on Alouette I.

Also in 1964, a survey of the solar-cycle dependence of electron 
content was completed and the interpretation of topside-sounder 
profiles has been undertaken.

The U. S. Army Electronics Laboratories and the University of 
Illinois have continued their joint study of the Faraday rotation 
of lunar radio echocs in an effort to dcrive diurnal, seasonal, and 
secular variations in the ionospheric content.

Pennsylvania State University is continuing a variety of ground- 
based studies of significance to rocket and satellite research. 
In addition, interest continues in upper-atmosphere mass spcc- 
trometry, F-region aeronomy, and upper-atmosphere electro- 
dynamics.
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4.4. — Radar Incoherenl-Backscaiier Studies of Upper lonosphere.

Arecibo lonospheric Observatory of Cornell University, in Puerto 
Rico, is using the 300-m spherical-surface antenna for a number 
of experiments, including : (i) density fluctuations and traveling 
irregularities; (ii) spectrum measurements; (iii) the upper F- 
region; and (iv) fme-structure studies.

A separate investigation has been started to determine whether 
the sporadic E layers observed with an ionospheric sounder are 
field-aligned. Preliminary data reduction indicates that they are 
not.

Jicamarca Radar Observatory of CRPLjNBS has during the 
past year continued its incoherent backscatter observations to 
obtain electron density, electron and ion temperatures, and ionic 
composition of the equatorial ionosphere near Lima, Peru. Appro- 
ximately two dozen calibration comparisons have been carried 
out between Jicamarca profdes and topside measurements from 
four satellites.

Millsione HUI Station of the Lincoln Laboratory [MIT) has 
used its radar to continue ground-based observations of the elec­
tron density and ion temperature of the F region.

4.5 — Theorelical Research.

AFGRL workers have derived coupled-wave equations that 
describe the propagation of magnetohydronamic waves in a plasma 
that varies with altitude. Their theoretical studies include plasma- 
neutral gas interactions, and mechanisms for generating the 
observed neutral winds in the ionosphere, the production of an 
electron-depleted region (or «hole ») in the ionosphere, the dyna- 
mics of a single charged partiele moving in an axially magne- 
tostatic field.

At the University of Illinois, the operation of radio-frequency 
and direct-current probes in the ionosphere is being studied and 
the role of energetic photoelectrons in heating the ionosphere and 
the protonosphere are under laboratory and theoretical study.

The ionosphere group at Stanford University has conducted 
studies of fundamental wave-particle interactions, including : 
(i) fundamentals of YLF emission generation mechanisms, with 
emphasis on high-altitude ionospheric emissions; (ii) whistler 
propagation in a thennal magnetosphere; (iii) wave-particle gyro-
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resonance intei'action in the Earth’s outer ionosphere; and (iv) 
direct traveling-wave ampliücation of whistler-mode signals by 
means of a gyrating electron stream (a traveling-wave gyrore- 
sonance instability).

CRPL investigators report that measurements of reaction rates 
have shown conclusively that helium ions in the ionosphere are 
lost by reaction with molecular nitrogen rather than with mole- 
cular oxygen, in contrast to previous theories, a result that upsets 
the current basis for a steady state helium atmosphere.

CRPL scientists have also studied the electrostatic coupling 
between the ionosphere and the outer magnetosphere (including 
their effectiveness in forming ionospheric irregularities, the effect 
of electrostatic heids on acceleration of electrons, etc.). The 
shape of a model magnetosphere in which the pressure of the 
magnetic field inside is balanced by the pressure of the solar 
wind outside has been investigated in detail.

Douglas Aircraft Company scientists have computed the rela- 
tionship between production rates and electron densities in the 
lower ionosphere (usually expressed in terms of an effective recom- 
bination coëfficiënt) for solar cosmic ray events.

Pennsylvania State University ionosphere scientists are actively 
pursuing a series of studies on plasma physics, wave piopagation, 
and electromagnetics.

4.6. — The lonospheres of Olher Planets.

CRPL has constructed theoretical models of the atmospheres 
and ionospheres of Mars and Venus, including the variation of 
maximum electron density as a function of upper-atmosphere 
composition. AFCRL has developed a small quadrupole mass- 
spectrometer System for use on a Mariner-type probe to sample 
the atmosphere of Mars, which makes accurate analytical measu­
rements of the composition.

Space Research in the U. S. S. R.

Excerpts from the report submitted to COSPAR at its 
eighth meeting, Argentina, May 1965 {COSPAR Information 
Bulletin, n° 28, November 1965).
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II. — Investigations of the Earth’s Upper Atmosphere 
including the lonosphere

1. Frorn |hc satellites Electron 1, Electron 2, Electron 3 and 
Electron 4 mass-speclromelric invesligalions of the ionic composilion 
of the almosphere wem conducled in the heig'ht range 400-3000 km 
(17H). It was established that in the periocl of the solar activity 
minimum the conccntration of molecular ions NO+, 02+ and N2+ 
at hcights from 400 to 500 km is at least one order of magnitude 
lower than in the period of the maximum. It is also established 
that at all the hcights under invcstigation helium ions eonstitute 
a small portion of the overall ion conccntration and that nowhere 
are they predominant ions. The equality of concentrations of 
atomic oxygen ions and atomic hydrogen ions is reached at heights 
of the order of 900 km.

2. lonospheric investigations by means of coherent radio 
waves worg continued by the method of analyzing continuous 
records of the differences of the Doppler shifts of their frequency 
8$ (15R, 16R).

Earlier somg results of such investigations were obtained from 
satellites of the Cosmos series to the height zo~450 km. In 
1964 experiments of such a kind were conducted from scientific 
stations Electron 1 and Electron 3. The «Mayak » beacons 
were used at them which emitted on coherent frequencies 20.005, 
30.0075 and 90.0225 Mc/s. The completed stage of processing 
the data obtained led to some new results (15R, 16R).

The altitude, or more precisely, the time-altitude variations of 
elcctron concentration Ne(z0, t) were plotted which describe the 
change of the local value N0 with height at different instants of 
time from February to March, 1964, in the vicinity of midday 
(approximately 4; 1 hour). Individual values of Nc for which 
this dependence is obtained refer not only to different clays, times 
and heights, but also to different geograpbic points which are 
separated on the horizontal from each other by ± (100-200) 
km from the observation point.

In good agreeraent with each other in the range of heights 
from 430 to 1100 km for three observation points, for which the 
corresponding data are obtained, the values of Nc (z0,t) form a 
quasiperiodic curve with maxima and minima alternating each 
120-160 km (see Fig. 1). The first maximum Ne (zc,t) obtained



earliei by the same method above the ionosphere main maximum 
NmF2 described in the paper submitted to the 5Lh COSPAR 
Meeting agrees well with these data.

For the height range from 1100 to 2000 km the number of the 
data used is insignificant and refers only to one observation point 
(Tbilisi). Here N,- slowly decreases with height and varies within 
limits (1-2) • 101 wbich exceeds several times some values -at 
these heights previously published in the literature. It should 
also be noted that the smoothed-averaged variation Nc (zc, t) 
agrees with different altitude curves of N(z) published in the 
literature. At the same time one maximum is displayed on it 
at a height z~800 km and the minimum at z-'-GOO km. The 
appropriate Nc(z,t) curve is shown in Fig. 2 vvhere it is compared 
with the results obtained in Lima (Peru) by the method of inco­
herent radio wave scattering and OA^er Singapore through the 
satellite Alouette.

The dependence Nc(zc,t) shown in Fig. 1 at fust glance contra- 
dicts almost smooth height curves N(z) observed, for instanee, 
for the short time of measurements during a single launching of 
the high-altitude rockct. HoweAmr, as Ave see, data gmen in 
Fig. 1 haA'c absolutely other content (see 15R and 16R). Natu- 
rally further A-erification of the repeatedness of these results is 
required.

From (t) curves investigations were made of the size spectra 
W (p0) of inhomogenous formations of the ionosphere, their altitude 
and latitude dependence, and also spectra W (N-N0) of the devia- 
tion of electron conccntration N of these inhomogeneities from 
the undisturbed A-aluc N0. Also in good agreement between 
themselA'cs it is obtained for all points that in the Avhole altitude 
range the spectrum W (p0) (sec Fig. 3) has two stable maxima : 
a Aveakly pronounced maximum at pm~7—10 km and a sharply 
pronounced maximum at p0~15—30 km. The maximum known 
earlier is reAealed at pni~2-—4 km. Large-scale inhomogenous 
formations are observed up to the values po~400 km. Inhomo- 
geneity of the ionosphere is gcnerally observed not at all latitudes 
Avith equal probability (sec Fig. 1).

3. IriA'estigations of the upper aimosphere densUij from satellite 
drag were continued (11R). The study of the orbit evolution 
of 16 SoAuet satcllites made it possible to obtain data on the atmos- 
pheric density at heights from 170 to 300 km in the years of the
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Fig. 1.
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Fig. 2.
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Fig. 3.
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solar activity minimum, and from the more extensive material 
the clistributions of the clensity p are obtained for mean diurnal, 
maximal day and minimal night conditions (Fig. 5). A correla- 
tion of the density with decimetric solar radio emission is con- 
firmed in the indicated period. Diurnal variations for this period 
of time constituted approximately 30 per cent near 200 km and 
reached factor 2 at 300 km. The change of the average atmosphere 
density at 200 km comprises about 2 times as compared to 1958 
and reaches factor 3.5 at 300 km.
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The obtained dependences of the density distributions on the 
flux of the solar decimetric radio emission permit one to some 
approximation to determine the atmosphere density between 
180 and 300 km with the further change of solar activity.

4. Processing of manometric studies of the almosphere density 
performed from geophysical rockets in 1963 (12R) showed that 
at the height of the order of 300 km the density feil approximately 
by factor 10, as compared to 1958 (including diurnal variations). 
On the basis of the same data the existence of inversions of scale 
heights is observed in the height range from 140 to 170 km and 
from 220 to 270 km whose cause may be specific features in the 
height variation of the atmosphere temperature and composition.

5. Calculations were made for comparison of experimental 
data about the upper atmosphere structure with theoretical 
models which showed the possibility of im pro ving the determi- 
nations of variations of the density, temperature and the com­
position of the thermosphere with the time of the day and the 
solar cycle (14R). Some peculiarities are observed in the tem­
perature altitude variation and a great change of the diurnal
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amplitude of the exospheric temperature with the solar cycle.
6. Some sections of the problem about diurnal and semidiurnal 

tide variaiions of the upper atmosphere structural parameters 
have been solved for the spherical rotating Earth. To some 
approximation, amplitudes and phases of the temperature, pres- 
sure and density have been obtained for semidiurnal and diurnal 
tide fluctuations. At a height of 120 km the amplitude of the 
pressure semidiurnal fluctuations is about 20 per cent.

7. A detailed comparison of all available rocket experiments 
aimed at measuring the eleclron concenlralion made it possible 
to find diurnal, and seasonal variations of ne and its variations 
depending on solar activity at heights from 100 to 200 km and 
to construct empirical models of ne distributions under different 
conditions (18R). After theoretical analysis of mechanisms of 
ionization of the region D of the ionosphere it was established 
that, alongside X-rays, a considerable contribution is made to 
this ionization by corpuscles (elcctrons with E > 10 keV). Cor- 
puscular radiation is apparently the agent which supports the 
night ionization of the atmosphere during the period of maxi­
mum solar activity.

9, Profdes have been determined of eleclron concenlralion in 
fhe upper ionosphere at heights from 2000 lo 12000-15000 km 
with the use of the record of the output signal level of the cosmic 
radio emission receiver on a frequency of 1525 kcs mountcd on 
the satellite Electron 2 (3R). With the entry of the satellite 
into the ionosphere the output voltage of radioreceivers decreased 
due to the change of the parameters of the receiving antenna. 
26 cui'ves were obtained. At a height of 2000 km the value of 
electron concentration at different geographic latitudes varies 
from 0.5 • 101 to 101 el/cm3 and with the increase of height drops 
gradually to the value 103 el/m3 at heights from 10 000 to 15 000 
km. With the Crossing of the geomagnetic equator by the satel­
lite at a height of 14 000 km for the longitude 280° the electron 
concentration maximum was observed with the value of 4 • 10a 
el/cm3.

In the process of conducting measurements of cosmic radiation 
on the Electron 2 satellite on both operating frequencies 725 and 
1525 kcs sporadic radioemission was discovered which by one- 
two orders of magnitude exceeds the level of cosmic radio emission. 
The appearance and intensity of sporadic radioemission depend on
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geomagnetic coordinates. Radio-emission reaches the maximum at 
geomagnetic latitudes 40-50° and is absent at the geomagnetic equa­
tor. This radio-emission correlates well with the presence of 
fluxes of soft electrons with energies above lOOev in the outer 
radiation belt. Similar sporadic radio-emission was also detected 
while conducting the experiment aboard Electron 4. The data 
of this experiment are being processed.

10. Invesligaiions of the ionosphere regular siructure were made 
by the method of measuring the phase differences of coherent 
frequencies 20, 30 and 90 Mes and by measurements of polari- 
zation fadings of the signal on the frequency of 20 Mes. Results 
of observations from satellites Cosmos 1, Gosmos 2 and Explorer 7 
have shown that the magnitude of the integral of the electron 
concentration up to the satellite height J’’c NdS changed from 
0.1 to 1.7 • 1013 el/cm2 as a function of the satellite height and 
the time of day. Comparison with the data of vertical sounding 
of the ionosphere made it possible to obtain the exponent index 
x in supposition that the electron concentration above the maxi­
mum of the layer F recedes by the exponential law. The average 
value x = 5 • 10-3km_1. From February to March 1964 obser­
vations of coherent signals of the satellite Electron 1 were carried 
out. In total about 90 records of the phase difference of signals 
were processed from 8 to 17 h. local time. The exponential x 
reached values 5 4- 6 • 10~3 km-1 at 11 h., smoothly feil to 2 4- 3 
■ 10~3 km-1 in morning and evening hours. For weak solar 
activity (the Wolf number W < 30) the index x was somewhat 
larger than for strong activity (W > 30). A sharp fall of electron 
concentration above the maximum of the F2 layer continues 
approximately up to heights 700-1000 km. At larger heights 
the velocity of the change of electron concentration with height 
significantly falls.

11. Invesligalion of small-scale inhomogeneilies of the ionosphere 
was made from December 1961 from records of twinkling of signals 
of satellites Explorer 7, Discoverer 36, Cosmos 1, 2, Electron 1. 
Measurements were made on the frequency of 20 Mes by means 
of three spaced antennas. On the basis of the measurements 
conducted it is shown that small-scale inhomogeneities at night 
hours may be observed in the F-layer to heights 500 4- 600 km. 
Most frequently they are recorded at heights 250 -4- 350 km. 
On the average the height of inhomogeneities corresponds to the
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height of the maximum of F2-layer. The sizes of the inhomoge- 
neities responsible for twinkling of the satellite signals are in the 
main of the order 1 -f- 2 km. During ionospheric disturbances, 
inhomogeneities with sizes 200 -y 600 m were also recorded. 
Rather frequently inhomogeneities were localized in the limited 
regions of the ionosphere with horizontal sizes from several tens 
km to several hundreds km. In some cases at heights of 250 
-r- 350 km lens inhomogeneities were fixed. At day hours, hesides 
inhomogeneities with the height z <: 200 — 300 km, inhomoge­
neities were observed at heights of 100-200 km. The sizes of the 
inhomogeneities at heights 100-200 km are on the order of 1 
-f- 2 km. At altitudes of 200 -y 300 km inhomogeneities were 
observed both with sizes up to 4 — 6 km and to 400 4- 600 m. 
The parameters of large-scale inhomogeneities with sizes from 
10 km to 100 -y 300 km have been determined.

INDICES D’ACTIVITE SOLAIRE POUR
LA PROPAGATION IONOSPHERIQUE
(Extrait du Journal des Télécommunications,

Vol. 33, n° 1, janvier 1966)
Les tableaux ci-après, contenant les valeurs des indices fonda- 

mentaux de la propagation ionosphérique, ont été établis par le 
secrétariat spécialisé du Comité consultatif international des 
radiocommunications (C.C.I.R.), conformément a la Résolution 4, 
1’Avis 371 et le Rapport 246 du C.C.I.R.

Remarque : De nombreux détails sur les indices ionosphériques 
sont contenus dans une publication récente : Advances in radio 
research, volume 2, éditée par J. A. Saxton (Academie Press, 
London et New York, 1964). II s’agit de la contribution de G. M. 
Minnis, intituléc Ionospheric indices, p. 1-36, de 1’ouvrage en 
question.

Valeurs Observées ;
© R12 (moyenne glissante sur douze mois du nombre de taches solaires );

1965 12 12 12 13 15 15
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• I]ï'2 (inclice ionosphérique) : 

Mois (année 1964).

1 2 3 4 5 6 7 8 9 10 11 12

0(2)* 6(2)* 10(2)* 14(2)* 1(2)* -3(1)* 1(1)* -3(1)* 4(1)* 3(1)* ■-3(1)* -4(1)*

Mois (année 1965).

1 2 3 4 5 6 7 8 9 10 11 12

7(1)* 5(1)* 20(1)* 18(1)* 10(1)* 15(1)* 17(1) * 12(1) * 9(1) * 6(1)*: 6(1)* -1(1)*

(*) Les chiffres entre parenthèses indiquent le nombre de valeurs de 
foF2 qui ne sont pas encore parvenues au secrétariat du G.G.I.R. et dont 
on n’a donc pas tenu compte dans le calcul de Tindice If2. Pour plus de 
détails, voir Journal des Télécoinmunicaiions (avril 1964, page 119).

Par rapport aux données contenues dans le Rapport 246 du C.C.I.R., 
une station de sondages ionosphériques a cessé de fonctionner —* celle 
de Porto Rico (en juin 1963). Les valeurs de contenant entre parenthèses 
le chiffre (1) sont donc depuis le mois de juin 1963 les valeurs définitives 
de 1’indice I;p2. En outre, la station de Fairbanks (College) n’a pas fonctionné 
pendant la période aoüt-octobre 1963. Pour cette période les valeurs défi­
nitives de 1’indice If2 sont celles contenant le chiffre (2) entre parenthèses. (**)

S 0 (flux du bruit solaire moyen mensuel) *** :

Année
Mois j 2 3 4 5 6 7 8 9 10 11 12

1964 74 76 75 73 69 69 67 69 70 73 73 78
1965 78 75 74 72 78 77 74 75 76 80 76 76

(**) Renseignements obligeamment fournis par le «National Research 
Council », Ottawa.
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Prévisions pour les mois a venir (ler janvier 1966) *'* :

@ R]2

Année '
Mois 1 2 3 4 5 6

1966 22 23 24 26 28 30

(...) Renseignements obligeamment fournis par le professeur Waldmeier, 
Observatoire fédéral de Zurich.

Estimation de Terreur sur les prévisions de R12 : ^ 10.

• If2 ****

Année ...

1/ 2 3 4 5 6

1966 25 28 31 35 38 (42)

(.**.) Renseignenients obligeamment fournis par le «Department of 
Scientific and Industrial Research, Radio and Space Research Station », 
Slough.

La valeur prévue six mois a Tavance est donnée entre parenthèses.

Estimation de Terreur sur les prévisions de Ijf2 :

Mois
(1966)

1 2 3 4 5 6

Maximum
Minimum

+ 14.5 
—11

+ 15 +15.6 +15 
—13 —15.5 —17

+ 14 
—18.5

+ 12 
—19

SOLAR INDICES FOR
IONOSPHERIC PROPAGATION

(Reprint from Telecommunication Journal, 
vol. 33, n° 1, January 1966)

The following Tables, giving values of the basic indices for 
ionospheric propagation have been prepared by the Specialized
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Secretariat of the International Radio Consultative Committee 
(G.G.I.R.) in accordance with C.G.I.R. Resolution 4, Recommen- 
dation 371, and Report 246.

Noie : A consideratie amount of informatica on ionospheric 
indices will be found in an article by C. M. Minnis, entitled lonos- 
pheric indices on pages 1-36 of the recent publication Advances 
in radio research, volume 2, edited by J. A. Saxton (Academie 
Press, London and New York, 1964).

Parameters ;

• R12 (smoothed mean, over twelve months, of the number of sunspots 
observed) :

Month
1 2 3

Year
4 5 6 7 8 9 10 11 12

1964 19 18 15 13 11 10 10 10 10 10 10 11
1965 12 12 12 13 15 15

• Ipg (ionospheric index)

Month (year 1964).

1 2 3 4 5 6 7 8 9 10 11 12

0(2)* 6(2)* 20(2)* 14(2)* 1(2)' ~3(1)‘ 1(1)‘-3(1)‘ 4(1)* 3(1)* -3(1)* --4(1)*

Month (year 1965).

1 2 3 4 5 6 7 8 9 10 11 12

7(1)* 5(1)* 20(1)* 18(1)* 10(1) * 15(1)* 17(1)* 12(1) * 9(1)* 6(1)* 6(1)*--1(1)

(*) The flgures in brackets represent the number of values of foF2 which 
have not yet reached the C.G.I.R. Secretariat, and which have not there- 
fore been taken into account in the calculation of Ii?2. For further details, 
see the Telecommunication Journal, April 1964, page 119.
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With regard to the data conlained in C.C.I.R. Report 246, one ionospheric 
sounding station has ceased to operate — Puerlo Rico (in June 1963). 
The values of that include the figure (1) in brackets are therefore, as 
from the month of June 1963, delinitive values for Ip2. Furthermore the 
sounding station Fairbanks (College) did not operate during the period 
August-Octobcr 1963. For this period the definitive values of Ijr2 are those 
including the figure (2) in brackets. (****)

® 0 (monthly mean value of solar noise flux) * * :

Month
1234

Y ear
5 6 7 8 9 10 11 12

1964 74 76 75 73 69 69 67 69 70 1 73 73 78
1965 78 75 74 72 78 77 74 75 76 80 76 76

(**) Data kindly supplied by the National Research Council, Ottawa.

Forecasts for the next few months (1 JANUARY 1966) ’

• R12

. Month
1 2

Year
3 4 5 6

1966 22 23 24 26 28 30

(* * *) Data kindly supplied by Professor Waldmeier, Fedcral Observa
tory, Zurich.

Estimated error in forecasts of R12 : ± 10.

T * * * *
® l12

Month
^ 1 2

Year
3 4 0 6

1966 25 28 31 35 38 (42)

(****) Data kindly supplied by the Department of Scientiflc and Indus- 
trial Research, Radio and Space Research Station, Slough.

The figure in brackets is the value forecast six months in advance.
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Estimate of the error hl I]f2 predictions :

Month
1 2 3 4 5 6

Ycar

Maximum +14.5 + 15 + 15.6 + 15 + 14 + 12
Minimum -—11 —13 —15.5 —17 —18.5 —19

Commission V

SPACE RESEARCH AGTIVITIES IN THE U. S. A.

Excerpts from the condensed version of the report submitted 
to COSPAR at its eighth meeting, Argentina, May 1965 
COSPAR Information Bulletin, n° 28, November 1965).

Space radio asironomy. Work in this field during 1964 has 
been chiefly limited to design and development. At the Goddard 
Space Flight Center (NASA), the behaviour of radio-frequency 
antennas and probes embedded in a plasma has been studied 
experimentally to develop accurate and reliable instrumentation 
and techniques for spaceborne radio astronomy. At North- 
eastern University, problems have been investigated concerning 
the operation, in the plasma-space environment, of long travelling- 
wave antennas, of large antennas with separate elements, and 
of radio interferometers. Sweep-frequency receivers built at 
the University of Michigan to measure cosmic radio noise in the 
2-4 Mc/s region are scheduled to fly on the NASA Orbiting Geo- 
physical Observatories, OGO-B, G, and D. A University of Michi­
gan fixed-frequency receiver operating at 2 and 4 Mc/s on OGO-1 
is dcsigned primarily to detect solar bursts, but will receive radia- 
tion from other sources as well. Similar experiments are being 
designed at Harvard University. The Advanced Technology 
Corporation is designing and deveioping satellite instrumentation 
for millimeter and sub-millimeter radio astronomy, offering the 
possibility of closing the spectrum gap between the infrared region 
and the high-frequency end of the radio spectrum.

The Kitt Peak National Observatory continues with its deve- 
opment of a remotely controlled telescope. The techniques



involved are of interest for application to orbiting astronomical 
telescopes and also in connection with automated ground-based 
astronomical work. The telescope is expected to go into ope- 
ration during 1965, performing the UBY photometry on stars 
brighter than seventh magnitude.

Recent spectroscopie observations with the 200-inch Hale 
telescope at Palomar indicate that the carbon-isotope ratio C12/C13 
in the tail of the cornet Keya is cjuite close to the terrestrial value. 
This fmding tends to link cornets more closely to the Earth and 
other planetary bodies, and sheds further light on the origin of 
the solar system.

2.4. — Radar and Radio Obseruaiions of the Quiel Sun.
MIT {Lincoln Laboralory later Center for Space Research). 

Radar observations of the Sun at 7.9-meter wavelength were 
continued throughout most of 1964 with the MIT Lincoln Labo- 
ratory solar radar locatednear El Campo, Texas. (Journal of Research, 
NBS, 68D, 565, 1964.) Operation of the solar radar system after 
1 January 1965 was arranged by the Center for Space Research 
at MIT.

The breadth and shifts of the observed Doppler spectra indi- 
cated apparent large randomly oriented motions in the coronal 
atmosphere, with a mean velocity of 70 km/s, accompanied by a 
consistently ontward solar wind (Ap. J. 140, 377, 1964; Science 
146, 1671, 1964; Trans. IEEE 8, 210, 1964). These motions are 
relatively independent of the solar rotational cycle and are a 
fundamental characteristic of the quiet Sun. These ground- 
based studies also indicate that the long-term trend of the ave­
rage total strength of the solar radar echoes was toward smaller 
radar cross sections as the minimum of the solar activity was 
approached. Attempts to relate the echo strength to other 
indices of solar activity have been unsuccessful. Studies of the 
1964 data are continuing.

Obervations of Ihe Sun al 1.18 cm wavelength. During December 
1962, observations were made of Venus, the Sun, the Moon, and 
Tau A at 1.18-cm wavelength (f = 25.5 Gc/sec). The brightness 
temperature of the Sun at this frequency was 8870 dr 980° K.

Arecibo lonospheric Observatory. With the facilities at the 
Arecibo lonospheric Observatory, echoes from the Sun should be 
detected at 430 Mc/s if there are strong magnetic heids or sharp
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discontinuities in the solar atmosphere. No echoes were delected, 
which implies that on the Sun, at least in the quiet phase of its 
11-year cycle, strongly magnetized regions and atmospheric 
discontinuities are rare.

New solar radio ielescope. A radio solar facility to observe 
the Sun daily at 611 Mc/s and 1420 Mc/s and to monitor burst 
activity is being established during 1965 at the Sagamore Hill 
Radio Observatory, Hamilton, Massachusetts. Regular 3-cm 
measurements will continue. The study of the correlation of 
optical flares, centimetric bursts, and Type IV bursts with geo- 
physical events such as proton showers and the increase of cos- 
mic-ray-energy polar-cap absorption, etc., will be emphasized.

The Aerospace Corporation ground-based solar program, desi- 
gned to help understand flare production, is nearing completion 
of its First year of operation. The relationship of solar magnetic 
Fields to various forms of solar activity is being investigated; data 
include temporal changes in strong solar magnetic fields, recorded 
by means of a compact solar telescope and spectroheliograph 
modified for time-lapse photography of solar magnetic fields; 
calcium K and Ha spectroheliograms for correlative purposes 
and for studies of chromospberic structure and kinematics, etc. 
It is expected that, by October 1965, time-lapse photography of 
solar magnetic fields will furnish an entirely new form of solar 
data.

During 1965, the Electronics Research Laboratory of Aero­
space Corporation made high-resolution radiometric observations 
of the Sun at a wavclength of 3.2 mm. At this wavelength, the 
quiet chromosphere has a brightness temperature of 6400° K 
di 215, somewhat higher in some active regions. A regular Sche­
dule of solar mapping at 3.2 mm has been initiated for correlation 
with H« observations and with magnetograms.

Space Radio Research Committee 

Space Research Activities in the U. S. A.

GOSPAR has published in GOSPAR Information Bulle­
tin, n° 28, November 1965 a condensed version of the full report 
submitted to GOSPAR at its eighth meeting, held at Mar del 
Plata, Argentina, in May 1965, by the Space Science Board of 
the U. S. National Academy of Sciences, covering space research
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activities in the United States of America during the previous 
year. The full report is itself a greatly condensed compilation 
of reports from numerous organizations and individuals engaged 
in space Science. A copy of the full report may be had by addres- 
sing the Space Science Board, National Academy of Sciences, 
2101 Constitution Avenue, N. W., Washington, D. C. 20418, 
U. S. A. (see p. 13).

Space Research Activities in the U. S. S. R.

The above mentioned issue of the COSPAR Information 
Bulletin contains the full version of the report submitted to the 
eighth meeting of COSPAR by the U. S. S. R. Research Com- 
mittee (see p. 23).
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I.U.WD.S.

Synoptic Codes for Solar and Geophysical Data —
1965

The I.U.W.D.S. has issued a new code booklet revising and 
updating the synoptic codes in use for the interchange of solar 
and geophysical data. It supersedes the 1963 edition.

Attention should be called particularly to the new code UFLAG. 
This code provides for solar flares to be reported by the new impor- 
tance classification scheme adopted January 1, 1966 by the Inter­
national Astronomical Union. The new code UAGTA is useful 
for reporting active solar regions by including Information on 
both calcium plage and sunspot activity. The new code UEYTA 
permits one to report an outstanding event combining Information 
on the solar flare with the accompanying radio noise and ionos- 
pheric events. The code USOXA permits the reporting of solar 
x-ray events as observed by the solar radiation satellites.

Observatories can put the new codes into operation upon receipt 
of the booklet. The new booklet should be in use certainly not 
later than the end of February. Additional copies of the code 
booklet are available from Miss J. Virginia Lincoln, Deputy 
Secretary I.U.W.D.S. Steering Committee, E.S.S.A., Boulder, Colo- 
rado 80302, U. S. A., or Mr. Paul Simon, Acting Secretary,
I.U.W.D.S. Steering Committee, Service des Ursigrammes et. 
Jours Mondiaux, Observatoire de Meudon (Seine et Oise), France; 
or the Secretary General of U.R.S.I., 7 place Emile Danco, Brussels, 
18, Belgium.
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TELECOMMUNICATIONS AND SPACE DISTURBANCE 
SERVICES CENTER

Inslitute fov Telecommunication Sciences eind Aevonomy 
Environmenlal Science Services Adminislration

Box 178, Fort Belvoir, Virginia — 22060

Services Available from the Center

(Operated 24 hours every day)

The Telecommunications and Space Disturbance Services Center 
is a field station of the Space Disturbances Laboratory, Institute 
for Telecommunication Sciences and Aeronomy (Boulder, Colo- 
rado), under the Environmental Science Services Adminislration, 
U. S. Department of Commerce. It was formerly called the 
C.R.P.L. Forecast Center of the Central Radio Propagation Labo­
ratory, National Bureau of Standards, U. S. Department of Com­
merce, until the transfer of C.R.P.L. to E.S.S.A. on October 11, 
1965. A principal function of the Center is the forecasting of 
high frequency radio propagation conditions over high latitude 
transmission paths. Also, under the auspices of the International 
Ursigram and World Days Service (I.U.W.D.S.) it serves as the 
Western Hemisphere Regional Warning Center for providing 
solar-geophysical data and Geophysical Alerts to scientific insti- 
tutions in the western hemisphere. It also serves as the World 
Warning Agency (cable adress AGIWARN1 and is charged 
with the responsibility for assessing solar and geophysical pheno- 
mena and originating daily alerts in connection with the world- 
wide geophysical alert program for the I.U.W.D.S. This daily 
alert is introduced into the World Meteorological Organization 
and AGIWARN communication networks and is given world- 
wide dissemination. Under the auspices of the Gommittee on 
Space Research (COSPAR), and supported in this endeavor 
by the National Aeronautics and Space Administration, 
AGIWARN also serves as a Satellite Regional Warning 
Center for introducing into the SPACEWARN Communi­
cations network messages concerning launch announcements, 
orbital clements and tracking information for artificial earth 
satellites and deep space probes.
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The lollowing paragraphs list established messages clistributed 
telegraphically i'rom this Center and contain brief descriptions of 
the information in each message. Many of the messages, pos- 
sibly in slightly different form, are also distributed by mail (inclu- 
ding air mail) and/or by telephone. Additional information 
concerning these services may be obtained from this office.

I. — Radio Propagation Forecasts.

1. ADFHL (Advance Forecast High Latitude Circuits) — Fore­
casts of radio propagation conditions on typical high latitude 
transmission paths and of geomagnetic indices; issued weekly 
(Wednesday), and supplemented whenever circumstances war­
rant. Although this service is distributed by teletype wben 
rapid notification is desirable, primary distribution is by air 
mail (identified as the CRPL-Jc Report). The mail version 
carries also a forescast of geomagnetic activity, a review of 
radio propagation conditions, general solar activity and geo­
magnetic activity during the previous week. Telephone dis­
tribution also is made locally.

2. MTAFO (Medium-term Forecast Atlantic Area) — Forecasts 
of radio propagation conditions over North Atlantic paths 
only for the next Greenwich day; issued daily at about 2000 
Universal Time (UT or GGT). Distribution is accomplished 
by teletype and, locally, by telephone.

3. STAFO (Short-term Forecast Atlantic Area) — Forecasts of 
North Atlantic radio propagation conditions; issued every six 
hours for the subsequent six-hour period. These forecasts 
are distributed by teletype, and locally by telephone, and are 
broadcast by Radio Station WWV.

4. GEOCAST (Geomagnetic Activity Forecast) — General fore­
cast of geomagnetic activity for the following Greenwich day, 
issued about 1900 UT each day. Distribution is by teletype; 
telephone may be used locally.

II. — Solar-Geophysical Data Messages.

1. WASHAGI (Data Summary Message) — Daily data message, 
sent telegraphically at about 1800 UT, which contains a sum­
mary of the most important solar activity and geophysical



data collected du ring the previous 24 hours. These data, in 
synopiic codes, include reports of outslanding solar flares and 
radio noisc evenls, important absorption events, cosmic ray 
events, geomagnetic activity, sunspots, etc. Although the 
primary rnethod oi' distribution is via teletype, mail distri- 
bution is available if rapid delivery is not required.

2. WASHFLAR (Important Flare Report) —- Message issued 
immediately upon receipt at this office of a report (less than 
24 hours old) of an importance 3 or 4 solar flare; also issued 
immediately if an importance 2 flare is reported while still in 
progress. This message is distributed by teletype to individnals 
or institutions who require rapid notification of the occurrence 
of these events. For other users, these flare reports are con- 
taincd in the daily WASHAGI message. These reports are 
usually in coded form.

3. WASHION (lonospheric data) — Daily message, issued telc- 
graphically about 1800 UT, which gives the critieal frequency 
of the local (Washington) ionosphere (F2 layer) at six-hour 
intervals within the previous 24 hours. The message is in 
synoptic code.

4. WASHMAG (Geomagnetic Data) — Daily telegraphic message 
issued shortly after the end of each Greenwich clay, providing 
indices of geomagnetic activity for the preceding 24 hours. 
The message, in coded form, contains a daily A-index and 3- 
hour K-figures. (Similar information, covering a slightly diffe­
rent time period, is providcd in the daily WASHAGI message 
described above). These geomagnetic observations are made 
locally (Washington area).

III. — Solar-Geophysical Alerts for IUWDS Program.

1. AGIWARN (ADALERT) — (Advanee Geophysical Alert) — 
Regional Alert issued immediately upon receipt at this office 
of a report (usually from a Western Hemisphere observatory) 
of a significant solar flare; or of a significant cosmic ray increase 
or decrease; or after the recognition of the existence of a signi­
ficant geomagnetic storm. These Alerts also may he issued 
on the basis of unusually high solar activity or extrcmely quiet
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magnetic conditions. They are identified by code words, 
respectively, as SOLFLARE, COSMIC EVENT, MAGSTORM, 
SOLACTIVITY or MAGCALME. Distribution is primarily 
by teletype but may be accomplished locally by telephone.

2. GEOALERT (World-wide Geophysical Alert) ■— Alert message 
issued daily at 0400 UT. Positive alerts are issued fobowing 
the occurrence of a cosmic ray increase; during a significant geo- 
magnetic disturbance; upon determination of the existence of 
a significant warming in the stratosphere; during periods of 
an unusually high level of solar activity; in periods of extremely 
low geomagnetic activity; or when a significant geomagnetic 
disturbance is expected to begin within the following 24 hours. 
They are identified by code words, respectively, as COSMIC 
EVENT, MAGSTORM, STRATWARM, SOLACTIVITY or 
MAGCALME. When no positive alert exists, the word «NIL » 
is employed. The primary distribution method for these 
Alerts is via the World Meteorological Organization (WMO) 
network. In the United States the WMO is accomplished 
through the U. S. Fedeial Aviation Agency’s Service C tele­
type network which is operated for the U. S. Weather Bureau. 
For those who require these Alerts but have no reasonable 
access to Weather Bureau (or WMO) circuits, direct telegraphic 
service is offered by AGIWARN when the Alert is positive. 
This direct service is initiated at about 1300 UT. Telephone 
service is available in the Washington area.

3. ADALERTPBESTO (Rapid Flare Alert) — Special Alert 
issued immediately on the basis of the probable occurrence of 
an important flare as indicated by recordings of 10 cm solar 
radio noise. This is intended as an extremely rapid warning 
system for cosmic ray studies. Whenever feasible, telephone 
or direct TWX service is employed for distribution.

4. STRATALERT (Winter Stratospheric Warming Alert) —- 
Regional Alerts issued daily from each hemisphere during its 
winter season. The U. S. Weather Bureau is the originating 
agency for these Alerts in the northern hemisphere. The 
International Antarctic Analysis Center (I.A.A.C.) Melbourne, 
Australia is the originating agency for these Alerts in the Sou­
thern hemisphere. Coded messages are introduced into the
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Service C netwerk at about 1800 UT. Upon request, arrange- 
ments can be made for distribution telegraphically from 
AGIWARN.

IV. — Artificial Earth Satellite Information.

SPACEWARN — messages relating to launch information, 
orbital clements, ephemerides for optical observations and 
reports of tracking observations, distributed when appropriate 
to interested observatories and scientific organizations. Laun- 
ching announcements are plain language messages which 
announce the launch of satellites from the United States or 
other countries. Messages containing the code word « SATOR » 
are coded messages cairying modified orbital clements for 
prediction purposes. These two types of messages are released 
by an agency or agencies within the launching country and 
are introduced into the SPACEWARN network by AGIWARN 
for the benefit of Western Hemisphere stations. Currently 
SATOR messages are distributed in this hemisphere for US- 
launched satellites only, Telegraphic or mail distribution is 
offered. Messages containing the code words SATAT (for 
communication of the ephemeris for optical observations at 
individual stations) and SATEV (for reports of tracking obser­
vations) are special messages and usuallv are not handled bv 
AGIWARN.

The abovf services are available currently at no cost to the 
subscriber if military (usually military establishments only) or 
government teletype Systems can be utilized, If the subscriber’s 
desires or communication facilities are such that commercial 
TWX or Western Union systems must be used, the services are 
then available at the cost of transmitting the messages (collect). 
Note that the government teletype channel operates on a daytime 
Schedule, five days a week; night, weekend or holiday messages 
delivered by this system are held at AGIWARN until the follo- 
wing normal work day,f except that upon request the weekend- 
holiday-night messages will be distributed at the normal time, 
collect, via TWX or Western Union.

Any of the following addresses may be used to transmit Com­
munications to this office by electrical means.
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Telephone Alexandria, Va., Area Code 703, 780-1444 or 780-1436. 
Cable and Radiogram. : AGIWARN AVASHINGTON.
Telegraphic : AGIWARN.

WUX WASH DG TWX 703-339-5771.
TWX : 703-339-5771.
Teldtjpe : AGIWARN BUSTAN FT BELVOIR VA.

December 27, 1965.
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INTER-UN10N COMMISSiONS

Enter-Union Commission on Frequency Allocations 
for Radio Astronomy and Space Science

THE REGISTRATION OF FREQUENGIES 
FOR RADIO ASTRONOMY

[Doe. I.U.C.A.F./Sl)

The present memorandum is being addressed to radio astrono- 
mers with the object of assisting them to secure improved pro- 
tection from interference in the several bands of radio frequencies 
allocated to radio astronomy in the current Radio Regulations 
(1963) of the International Telecommunication Union.

1. — The International Registration of Frequencies.

As a result of the circulation of two requests (Documents 
I.U.G.A.F./73 and 79) during 1965, this Inter-Union Commission 
(I.U.G.A.F.) has received reports of the frequencies in use at 
many radio observatories ; these are listed in Table I. We hope 
that these have been submitted also to all the relevant national admi- 
nistrations, who will ask for their registration with the Interna­
tional Frequency Registration Board (I.F.R.B.). At this time 
only those detailed in Table II have reached the I.F.R.B. at 
Geneva.

We would emphasize that no complaints about interference can 
be dealt with by the I.F.R.B. unless the frequencies in use appear 
on their register. Radio astronomers may like to ask their res- 
pective National Administrations to ensure that their registra- 
tions have been received by the I.F.R.B.

In the lists we have received there appear several entries of 
frequencies outside the allocated bands, No protection is avai- 
lable for these frequencies, and I.U.G.A.F. suggests that their 
registration with I.F.R.B. should only be contemplated if there 
is a strong scientific reason for their use. For example, observa-
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Table I

Summary of details of Radioaslronomy Observalories reported to I.U.C.A.F. 
up to 20th December 1965

Country
Adminis-
tration

Location of 
Observatory

Frequencies in Mc/s in use 
for Observations in Class

Culgoora, 158.5 80
N.S.W.

Culgoora, 5 to 2 000
N.S.W. (swept)

Parkes, — 153
N.S.W. 408

610
960

1 405
1 410
1 420
1 665
2 650
5 000

473
1 400

Molonglo, These could ( 111.27
Hoskinstown be A or B j 408
N.S.W.
Fleurs, These could 1 14.15.
St. Marys be A or B 20
N.S.W. \ 30

/ 48
I 85
/ 726.5
1 1 423

Bothwell, 2.1 _____

TAS.

Llanherne, 0.004
TAS. (4 kc/s)

Australia

Auslralia

Australia

Australia

C.S.I.R.O.
Sydney

C.S.I.R.O.
Sydney

University 
of Sydney

C.S.I.R.O.
et

et R.G.A., 
N.Y.
University 
of Tasmania
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Table I [continued]

Country
Adminis-
tration

Location of 
Observatory

Frequencies i 
for Observat

A

i Mc/s in use 
ions in Class

B

Australia University Llanherne, — 18.5
of Tasmania TAS. 24.5

28.0
40.0

*20.0 to 40.0
*18.0 to 20.0
*20.0 to 200
'Spectrum
Analysers

Sorell 9.6

Canada Dominion Penticton 10.030 408
Radio

Astrophysical 22,250 1 413.5
Observatory 2 695

Canada National Algonquin 22.5 ) 20 I 400
Research to | 2 800
Council 117.5 j bands 3 200

74 6 600
2 830 10 690
2 770 13 500

31 250

Canada Queen’s Kingston, — 146
University Ontario 222

858

France Observatoire Naagay 169 408
de Paris — 408 610

Meudon 9 150 1 413
2 695
4 995

10 690

Germany Heinrich Berlin- 3 453 775-
Hertz Insti- Adlershof 3 487 beginning in
tute of Ger- 9 456 1966
man Acade- 9 522
my of Scien-
ce (D.D.R.)
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Table I [conümied)

CoiinLry
Adminis-
traüon

Location of 
Observatory

Frequenci(*s i 
for Observat

A

r Mc/s in use 
ions in Class

B

Germany Heinrich Aussenstellc, 557-beginning in 1966
Hertz Insti- Neustrelitz 1 457 t
tule of Ger- 1 523 I
man Acadc- 1 967 '
my of Scien- 2 033 ,
ce (D.D.R.) 9 106 \

9 172 |

Italy Bologna Bologna ____ 408
Uni verst Ly

Japan University Kyoto 300 ____

of Kyofco
Japan University Niigata 500 —

of Niigata
Japan National Tokyo 6 440 )

Science 6 560 S —

Museum
Japan Radio Re- Kashima — 1 666

search La- 4 170
boratories
Radio Re- Hiraiso 201 —

search La- 500
boratories

Japan Nagoya Toyokawa 1 000 2 695
University 2 000 4 995

3 690 ) 9 415
3 810 ) 15 375
4 000
2 000 /
4 000 )
4 995
9 340 )
9 460 )
9 415

Japan University Nobeyama 25
of Tokyo 38

58
74
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Table I [conHnued)

Adminis- Location of

Frequencies in Mc/s in use 
for Observations in Class

Country tration Observatory
A

114 
160 
227.5 
408 
612 

2 695 
4 995 

15 375

B

Japan

Poland

University 
of Tokyo

Mitaka

N. Coperni- 
cus Univer­
sity

Piwnice

227.5
326
403
612
800
300-800 (spectral receiver)

2 695 1 420.4
10 690 1 666
19 320 2 695
19 380 4 995
31 340 10 690
31 460 19 350

32.5
127 2 Antenna Systems
327

United
Kingdom

University Jodrell 
of Manches- Bank 
ter

151.5
408
610

1 420
1 400-1 425 

1 664.4-1 668.4
2 695 
4 995

10 690

United
Kingdom

University 
of Cambrid-

Cambridge

ge

13.05
26.5 

(or 26.3}
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Table I (continued)

Frequencies in Mc/s in use

Adminis- Location of
for Observations in Class

Country tration Observatory
A B

38.0
81.5

151.5
408
610

1 413.5
2 695 
4 995

U. S. A. University 
of Texas

Stanford
University

Austin,
Texas

Stanford
Galifornia

35 000 
70 000 
94 000 

140,000 
3 292.4

U. S. A. 

U. S. A.

Ohio State 
University 
Galifornia 
Institute 
of Techno­
logy

Delaware,
Ohio
Bigpine,
Galifornia

425
2 926
3 074 
3 213 
3 343 
3 470

10 690 
1 415

74 
611 
960 

1 420
1 665
2 840 

10 690

U. S. A. Massachu- 
selts Insti­
tute of 
Technology

Haystack,
Tyngsboro,
Mass.

1 420 
1 610 
1 666 
1 720 
5 000 
8 000 

15 500 
35 000

OH
line
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Table I [coniinued)

Country
Adminis­
tration

Location of 
Observatory

Frequencies ii 
for Observat

A

i Mc/s in use 
lons in Class

B

U. S. A. Universily Boulder, 8.927
of Colorado Colorado 17.985

36.1
7.6 to 41

U. S. A. Hat vard Radio As- 63 210
University tronomy (25-100 sweep) (100-320 sweep

Station, 920 )
Fort Davis, 980 i
Texas 5 000

Netherlancls Sterrewacht Dwingeloo * 408
Leiden 465

610
820

1 418
1 420.4

Netherlancls PTT and N era 136 —

Utrecht Nederhorsl 196
University den Berg 255

610
f 980
9 600

tions might be attempted at the frequency of a unique spectral 
line or to explore the variation of polarisation of background 
radiation at frequencies spaced eloser than one octave.

The I.U.C.A.F. is anxious to keep in touch with all observa- 
tional work, and welcomes reports of all frequencies in use, inclu- 
ding those unsuitable for registration with I.F.R.B.

2. — Reports of Interference.

Interference to radio-astronomical observation should normally 
be dealt with by the appropriate national administration in each 
country, who will if necessary ask for help from the LF.R.B. 
It is most important to record as many details as possible in all
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Table II

Frequencies in Use at Radio Aslronomy Observalories as nolified io the 
International Frequency Registralion Board [I.F.R.B.) up to 

30ih November 1965

Country
Radio

Aslronomy
Station

Frequenc
notifled

A

les in Mc/s 
in Class

B

Canada Algonquin 25 10 690
38 31 400
73.5
74

2 695

Franco Nangay 169 408
408 610

|S bandwidths) 1 413
2 695
4 996

10 690

Poland Piwnice 32.5
127 —

(2 bandwidths)
327

Puerto Rico Arecibo 73.8

U. S. A. Stanford, ____ 10 690
Cal.

U. S. A. Delaware, — 610
Ohio 1 415

2 695
U. S. A. Big-pine, — 74

Cal. 1 420
1 665

10 690
U. S. A. Tyngsboro, «u 1 413.5.

Mass. 1 665,3
1 667.4

U. S. A. Danville, 73.8 —

lil.
U. S. A. Derwood, Md 1 420.5
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Table II [conlinued]

Radio

Frequendes in Mc/s 
notified in Class

Country Astronomy
Station A B

U. S. A. Gainesville
Fla.

73.8 —

U. S. A. Green Bank,
Va.

405
1 420
2 695

(2 bandwidths)
U. S. A. Hamilton,

Mass.
1 420

(2 bandwidths)
1 667

U. S. A. Harvard,
Mass.

— 1 665
1 667

U. S. A. Houghton,
Midi.

73.8 —

U. S. A. Maryland Pt. 
Md.

1 420.405
10 690
15 375
19 350

U. S. A. Washington
D.C.

31 400

cases of interference. The I.F.R.B. has not so far been informed 
of any cases of interference, even though many radio astronomers 
have said that they have suffered badly from interference.

3. — Observations in the Standard Frequency Bands at 
5, 10, 15, 20 and 25 Mc/s.

This Inter-Union Commission (I.U.G.A.F.) draws attention to 
the provision for the use of the guard bands around the Standard 
frequencies detailed above. Bandwidths of ± 5 Kc/s ave avai- 
lable at the two lowest frequencies (5 and 10 Mc/s) and of d; 
10 Kc/s at the other three. The frequency band around 15 Mc/s, 
which is 20 Kc/s wide, is particularly suitable since it fits well 
into the harmonie series in use for radio astronomy. While 
observations at these lower frequencies are becoming increasingly
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important, we are unable to ask for clear bands unless we can 
show that these bands are not wide enough, or are unusable because 
of interference. If you want to obtain allocations at any fre- 
quency below 30 Mc/s, you should :
(a) Report interference in the guard bands to your National 

Administration and send an account of your experience in 
the matter to I.U.C.A.F.

(b) Make a case, through I.U.C.A.F. and through the National 
Administrations, for an allocation in a suitable frequency 
range with an adequate bandwidth for the observations you 
wish to make.

4. —- Frequency Allocations.

The International Radio Consultative Committee (C.G.I.R.), 
which prepares technical information for the I.T.U., will meet 
in Oslo in June 1966. National Administrations have submitted 
reports concerning such questions as the allocation of frequencies 
for observation of the OU lines at 1665 and 1667 Mc/s. I.U.C.A.F. 
will be represented at the meeting, and will submit a report on 
the scientific requirements of Radio Astronomy. We shall be 
working from the following points of view :
(a) The frequency bands for observations below 1000 Mc/s should 

follow as closely as possible, the approximately harmonie 
series already proposed by I.U.C.A.F. They should also be 
workl-wide, since lunar occultations which are of increasing 
importance, are very difficult to observe in the presence of 
interference reflected from the moon.

{b) While we shall continue to press for the protection of the band 
406-410 Mc/s, which is widely in use, we shall suggest that an 
exclusive allocation at 322-327 Mc/s covering the Deuterium 
line, would eventually be more appropriate to our needs.

(c) We shall point out that observations are being made only 
with great difficulty at frequencies below 30 Mc/s. (These 
frequencies were not considered by the EARG at Geneva in 
1959). We expect to make requests for allocations at a 
later meeting.

{d) OH lines. We shall strongly support the C.G.I.R. draft 
reports L8(c)IV, which presents the case for the existing
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allocation of 4 Mc/s to be extended to 10 Mc/s; and we shall 
indicate the reasons why the allocation should be made on an 
exclusive basis. We shall not at this time suggest that such 
protection should be sought for any additional line frequencies, 
since we believe that we should only ask for an allocation at 
any line when it becomes clear that a long programme of astro- 
nomical observation will be undertaken. We would welcome 
any Information about such programmes, and we are prepared 
to support any good cases that can be made out for protection.

5. —- Meetings of I.U.G.A.F.
The Commission meets about once per year, or more frequently, 

if necessary. Recent meetings were held in Bonn (January 1965), 
and in Rome (December, 1965). We expect to hold ad hoe mee­
tings in Oslo during the C.C.I.R. meeting, June 22-July 22 1966.

I.U.G.A.F. will also discuss with C.G.I.R. some requests from 
Space Research authorities for the strenghtening of protection 
in certain frequency bands. We shall be prepared to consider 
any further requests for assistance from radio astronomers.

F. G. Smith.
R. L. Smith-Rose.

30th December 1965.

PROTECTION OF FREQUENCIES USED 
FOR RADIOASTRONOMICAL MEASUREMENTS 

RECOMMENDATION L.S.a (IV)

Contribution from the I.U.G.A.F. to the XIth Plenary 
Assembly, G.C.I.R., Oslo, 1966

[Doe. I.U.G.A.F.190)

1. — General.

While it is realised that it is not the function of C.G.I.R. to 
consider the assignment of frequencies for any radio Services, the 
Inter-Union Commission on the Allocation of Frequencies for 
Radio Astronomy and Space Science (I.U.G.A.F.) is very appre- 
ciative of the manner in which it is allowed to co-operate as an 
observer in the Assemblies of C.G.I.R., and particularly to parti-
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cipate in the work of Study Group IV. Delegates to the C.C.I.R. 
will recall that the I.U.G.A.F. is representative of the three boclies, 
the International Scientific Radio Union (U.R.S.I.), the Interna­
tional Astronomical Union (I.A.U.) and the International Com- 
mittee on Space Research (G.O.S.P.A.R.), all of which are co- 
ordinated through the International Council of Scientific Unions 
(I.C.S.U.). These bodies are concerned with the use of radio 
frequencies for scientific research as distinct from their applica- 
tion to all types of practical radio Communications.

It is a fortunate and very happy arrangement that several 
individual members of I.U.G.A.F. participate through their national 
administrations in the work of Study Groups IV and V of C.C.I.R.; 
and as a result much of the contribution which I.U.G.A.F. can 
make is achieved through these national groups.

Following the publication of the Final Acts of the Extraor- 
dinary Administrative Radio Conference (Geneva, 1963), the
1. U.G.A.F. has collaborated with the International Frequency 
Registration Board (I.F.R.R.) in compiling teclmical information 
concerning Stations in the Radio Astronomy and Space Research 
Services throughout the world. While an appreciable response 
has already been achieved, this work is proceeding on a continuing 
basis; and it should result in the compilation of a comprehensive 
catalogue of the details of the various observations and stations 
engaged in these branches of scientific radio.

2. — Revision of Recommendation L8a (replacing No. 314).

This Recommendation is considered to be very important in 
providing the teclmical basis for securing an adequate protection 
of the various frequencies used for radioastronomy which, it may 
be recalled, is concerned with the study by reception alone of 
the naturally occurring radiations at a number of frequency bands 
throughout the spectrum. Many of these radiations result in an 
extremely low field strength at the surface of the earth, and their 
detection and study calls for the use of the most advanced tech- 
niques in radio reception.

The following changes are proposed to the indicated paragraphs 
of Recommendation L8a, on pp. 24 and 25 of Part I of the «Con- 
clusions of the Interim Meeting of Study Group IV — Monte 
Carlo, 1965 ».
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A. — Amend ihe last line of considering (k) to read :
« . . . . spectrum, particularly at frequencies below 1000 Mc/s,. 

and for an increased bandwidth at some higher frequencies ».

B. — Recommends 3, line 4.
Insert between «bands » and «wbich » the words : «of the 

order of 10 Mc/s in widtll ».

C. — Recommends 4.
Include 15 and 25 Mc/s in accordance with footnote 204 (Geneva 

1959).

D. — Recommends 4.
Add the following after «........reception in radioastronomy » :

«bowever, a single allocation of 50 to 100 kc/s bandwidth in the 
Adcinity of 15 Mc/s would be preferred by the radioastronomers ».

R. L. Smith-Rose

Secretary-General I.U.G. A.F.

Inter-Union Commission on 
Rad io meteo ro logy

International Colloquium on the Fine-Scale Structure of the 
Atmosphere and its Relation to Radio Wave Propagation

The full Report of this meeting held in Moscow from 15 to 
22 June, 1965 is published as Supplement to this Information 
Bulletin {n° 155, Marcb-April).

Supplementary copies may be obtained at the General Secre- 
tariat of U.R.S.L, 7 place Emile Danco, Bruxelles 18, Belgium..

Inter-Union Commission on Solar and 
Terrestrial Relationships 

(I.U.C.S.T.R.)
A meeting of the Inter-Union Commission on Solar and Terres­

trial Relationships (I.U.C.S.T.R.) will be held in Belgrade on. 
Thursday-Friday, August 25-26, 1966.
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The provisional programme will be ;

August 25, a.m. Business meeting of the Commission. Corres- 
(Thursday) ponding members are invited.

p.m. Individual contributions on solar-terrestrial rela­
tions. Open.

August 26, a.m. Open discussion on «The suitability of solar 
data for terrestrial correlations ».
(i) Slowly varying phenomena. Active Areas.
(ii) Rapidly varying phenomena. Flares.
(iü) Phenomena not obviously associated with 
active areas.

p.m. Address by Dr. E. G. Bowen (Sydney) ; «The 
influence of incoming planetary particles and 
their association with solar activity ». Open.

The meetings will be held at the premises of the Faculty of 
Technology, Karnegijeva Street 4, Belgrade, Yugoslavia. It is 
not expected that the proceedings will be published in full.

Further information available by Prof. C. W, Allen, President 
I.U.C.S.T.R., University of Bondon Observatory, Mill Hill Park, 
Bondon N. W. 7, England.
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COSPAR

Information Bulletin

N° 28, November 1965, of the COSPAR Information Bul­
letin has been issued, and contains the Reports of National Insti- 
tutions on Space Research activities of U. S. A. and U. S. S. R. 
presented at the Eighth Plenary Meetine of COSPAR, Argen- 
tina, May 1965.

International Cooperation in Space Research

Solar Activity governs the Earth’s Upper Atmosphere

The results of space investigations in the region of study of the 
Upper Atmosphere are now presented by a group of international 
specialists. This work, giving the results in the form of a model 
of the Upper Atmosphere, has just appeared as a 330 page book 
entitled « COSPAR International Reference Atmosphere 1965 » 
(abbreviation C.I.R.A. 1965), this 1965 edition revising and brin- 
ging up to date that published in 1961 with the same title.

The preparation of this book has taken nearly three years and 
is the result of painstaking work done by the COSPAR spe- 
cialized Working Group chaired by Professor Wolfgang Priester, 
Director of the Institute of Astrophysics and Space Research of 
Bonn University. Twenty-three scientists from nine countries, 
of whom seven are from the U. S. A. and five from the Soviet 
Union, belong to this Group. Professor Maurice Roy, President 
of COSPAR, wrote the foreword to the book.

This Upper Atmosphere model is the end product of the detailed 
analysis of several hundreds of thousands of measurements obtained 
by means of artificial satellites and rockets launched from 1957 
to 1964.
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One of the most important features brought to light by the 
progress in our knowledge of the Earth’s Upper Atmosphere 
(altitudes from 200-800 km) is the considerahle importance of 
fluctuations, in particular of density and temperature, correlated 
to solar phenomena and governed by solar activity. Thus the 
temperature of the Earth’s atmosphere at a height of 500 km 
fluctuates from 500° C during the sunspot minimum to 1800° G 
during the sunspot maximum.

Of course these high temperatures are associated with an extre- 
mely rarefied atmosphere and thus astronauts protected only by 
their spacesuits can endure them.

The fluctuations of temperature and density can be clearly 
observed during the lifetime of satellites. The air-drag on satel- 
lites, which is slight hut continuous, is a hundred times greater 
during periods of sunspot maximum (1958, 1959) than during 
periods of lesser solar activity (1963, 1964).

During recent years a variety of solar inüuences on the Earth’s 
Upper Atmosphere have been discovered with the help of satellite 
measurements.

On this long-period temperature fluctuation of 1300° C during 
a solar cycle of about 11 years are superimposed short-period 
variations and a daily change in temperature of many hundred 
degrees Celsius at an altitude of 500 km.

Also when eruptions on the sun occur the Earth’s Upper Atmos­
phere reacts to them after about 2 days with jumps in temperature 
increase of as much as 300° C or more.

These are the results, very varied in nature and locality, of 
observations made by means of satellites up until very recently, 
which C.I.R.A. 1965 condenses and interprets, thereby supplying 
first class documentation for those who today are interested, from 
different standpoints, in the proporties of the Upper Atmosphere.
330 pages — 7 1/2 x 9 3/4 — Guilders 27. — (54 s.; $ 7.50).
The book is published by the North-Holland Cy, P. O. Box 103, 

Amsterdam C.
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I.C.S.U. ABSTRACT1NQ BOARD

The I.G.S.U. Abstracting Board has issuecl a «Preliminary 
Sui’vey of the activities of I.G.S.U,, Scientific Unions, Special and 
Scientific Committees and Commissions of I.G.S.U. in the field 
of Scientific Information ».

The survey has been drafted to fulfil one of the recommendations 
drafted in January 1965, by an I.G.S.U. Working Group to envi- 
sage how the I.G.S.U. Abstracting Board could help I.G.S.U. in 
the problems related with the dissemination of Scientific Infor­
mation.

The recommendation reads as follows :
«I.G.S.U. Abstracting Board should act as a clearing house for 

steps taken in the field of Scientific Information by I.G.S.U., its 
constituent Unions, Special and Scientific Committees or Com­
missions of I.G.S.U. To perform this task, the I.G.S.U. Abstrac­
ting Board will keep itself informed of the activities of I.G.S.U. 
its constituent Unions, Special and Scientific Committees or Com­
missions in the field of Scientific Information (work of the more 
than thirty Commissions on Publications, Symbols, Units, Nomen- 
clature, Terminology, Godification, Notations, Bibliographical 
Data, etc.) by undertaking a regular programme of consultation 
with these bodies.

This programme of consultation could be achieved by means of 
questionnaires ».

To implement this recommendation, I.G.S.U. Abstracting Board 
undertook a first preliminary survey of the activities of the various 
Commissions which, inside the I.G.S.U. bodies are dealing with 
some aspect of the dissemination of Scientific Information.
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UNION INTERNATIONALE 
DES TÉLÉCOMMUNICATIONS

Portrait de Sir Edward Appleton

L’Union Internationale des Télécommunications (U.I.T.) a fait 
graver les traits d’un des grand hommes des télécommunications ; 
Edward Appleton.

Ge portrait est une eau-forte, tirée sur papier de luxe a 1200 
exemplaires. Chaque épreuve mesure 23 X 17 cm, marges 
comprises.

Par ailleurs, l’U.I.T. dispose encore, dans la série des portraits 
des grands hommes des télécommunications, d’un petit nombre 
de portraits de Morse, de Marconi, de Gauss et Weber, de Hughes, 
de Baudot, de Maxwell, du Général Ferrié, de Siemens, de Popov, 
d’Ampère, de Bell, de Hertz, d’Erlang, de Teslan, de Faraday, de 
Fresnel, de Heaviside, de Pupin, de Kelvin, de Lorentz, d’Arms- 
trong, de Lord Rayleigh, de Kirchoff, de Lodge, d’Edison, de 
Sommerfeld, de de Forest, de van der Pol, de von Karman et 
de Poulsen.

Ces gravures peuvent être obtenues au Secrétariat Général de 
1’Union Internationale des Télécommunications, Place des Nations, 
1211-Genève 20, Suisse, contre 1’envoi de la somme de 3 francs 
suisses 1’exemplaire, frais de port et d’emballage compris.

Portrait of Sir Edward Appleton

The International Telecommunication Union (I.T.U.) bas had 
an etching made of the portrait of an eminent figure in telecom- 
munications : Edward Appleton.

1200 copies of this etching have been produced on de luxe 
paper; it measures 23 X 17 cm, including margins.
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The I.T.U. has still in the series of eminent personalities in the 
field of telecommunications, a few portraits of Morse, Marconi, 
Ganss and Weber, Hughes, Baudot, Maxwell, General Ferrié, 
Siemens, Popov, Ampère, Bell, Hertz, Erlang, Tesla, Faraday, 
Fresnel, Heaviside, Pupin, Kelvin, Lorentz, Armstrong, Lord 
Rayleigh, Kircholï, Lodge, Edison, Sommerfeld, de Forest, van 
der Pol, von Karman and Poulsen.

These etchings may be obtained from the General Secretariat 
of the International Telecommunication Union, place des Nations, 
1211-Geneva 20, Switzerland, on remittance of 3 Swiss francs 
per copy, carriage paid.
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Commission III.

— «Alouette II, Explorer XXIX et XXX, trois nouveaux satellites 
étuclient Tionosphère » — La Recherche Spatiale, Vol. V., n°l, Jan. 1966.

— « Accuracy limit of I]r2, ionospheric index predictions » by M. Joachim 
Telecommunicalion Journal, Vol. 33, n° 1, Jan. 1966.

Comité pour les Recherches Radioéleclriques dans VEspace.

— « Le Satellite D-l », La Recherche Spatiale, Vol V, n° 2, février 1966. 
Cet article donne une description détaillée du Satellite frangais D-l,

ainsi que de son programme scientiflque.

Commission Eleclrotechnique Internationale

Publicalion 161 : Première édilion. — Condensateurs d’antiparasitage. 
Publicaiion 195 : Première édition. — Méthode pour la mesure du bruit 

produit en charge par les résistances flxes.
Publicalion 202 ; Première édilion. — Condensateurs a diélectrique en film 

de polyester pour courant continu.
Publicalion 96-2A : Première édition. — Premier complément a la Publi- 

cation 96-2 (1961). Cables pour fréquences radioélectriques.
2e partie : Spécifications particulières de cables.

Publicaiion 169-3 ; Première édilion. — Connecteurs pour fréquences radio­
électriques.
3e partie : Connecteur a deux broches pour descente d’antenne en 
paire équilibrée.

Caialogue des Publicaiions C.JÏ./.-1966.

International Etectroiechnical Commission

Publicaiion 161 ; First édition. — Capacitors for radio interference sup- 
pression.

Publicalion 195 : First édilion. — Method of measurement of current noise 
generated in flxed resistors,

Publicaiion 202 : First édition. — Polyester film dielectric capacitors for 
direct current.
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Publicalion 96-2A ; First edilion. — First supplement to Publicalion 96-2 
(1961), Radio frequency cables. Part 2 : Relevant cable specirications. 

Publicalion 169-3 : Firsl edilion. — Radio frequency connectors. Part 3; 
Two pin connector for twin balanced aerial feeders.

Calalogue of I.E.C. Publicalions-19&6.
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