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IN MEMORIAM

D' K. S. Krishnan

Nous avons le grand regret d’annoncer le déces, le 14 juin 1961,
du Dr K. S. Krishan, President du Comité National Indien et
Directeur du Laboratoire National de Physique, qui a succombé
a une crise cardiaque.

IN MEMORIAM

D" K. S. Krishnan

We record our deep sorrow at the sudden demise of Dr. K. S.
Krishnan, Chairman of the Radio Research Committee of India
and Chairman of the National Physical Laboratory, who died of
heart failure on 14th June 1961.



INFORMATION

Change of address

The address : Jodrell Bank Experimental Station, Lower Within-
gton, Macclesfield, Cheshire, England, should now read as follows :

Nuffield Radio Astronomy Laboratories, Jodrell Bank, Maccles-
field, Cheshire, England.



NATIONAL COMMITTEES

Czechoslovakia

BIBLIOGRAPHY

We inform our readers that the Institute of Radio Engineering
and Electronics of the Czechoslovakian Academy of Sciences is
issuing technical reports. The following are to be mentioned :

No 12 (1961). —
No 13 (1961). —

No 14 (1961). —

Neo 15 (1961). —

No 16 (1961). —
No 17 (1961). —

The depolarisation of electromagnetic waves
scattered from rough surfaces, P. BECKMANN.

The scattering of waves by a periodic surface,
P. BECKMANN.

A method of predicting the diurnal and annual
variation in effective meteor trails for forward-
scattered radio waves, P. BECKMANN.

Location of moving transmitters by the Doppler
effect, J. Poxkorny.

Tonisation durch Erdsatelliten, L. Triskova.

The depolarisation of electromagnetic waves
back-scattered from certain bodies, B. CHYTIL.
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U. S. A.

1961 FALL U.R.S.I.-I.R.E. MEETING
23, 24, 25 October 1961 and

CONFERENCE ON TELLURIC
AND GEOMAGNETIC FIELD VARIATIONS
Co-sponsored by U.R.S.I., the University of Texas
and the Office of- Naval Research

20,21 October 1961

Both meetings are to be held at The University of Texas Student
Union Building Austin, Texas.

Abstracls of papers submilted for the Geomagnetic Conference
should be addressed lo Chairman, Geomagnetic Conference, c/o
A. W. Straiton, P.O. Box 8096, University Station, Austin 12,
Texas.

Abstracts for papers submitted for the U.R.S.I.-1.R.E. Meeling
should be addressed lo Chairman Commission, U.R.S.1., c¢/o A. W.
Straiton, P.O. Box 8026, University Station, Austin 12, Texas.

Geomagnetic Conference
Program Chairman — F. X. Bostick
The University of Texas, Austin, Texas

The Geomagnetic conference is primarily concerned with geo-
magnetic and telluric phenomena in the frequency range from
0.001 to 30 cycles per second.

The participating U.R.S.I. Commission are :

Commission 2 : Tropospheric Radio Propagation, Chairman,
Prof. A. T. WarermaN, Applied Electronics Laboratory
Stanford University, Stanford, California.

Commission 3 : Ionospheric Radio Propagation, Chairman, Dr.

C. G. LirrLE, National Bureau of Standars, Boulder, Colorado.

Commission 4 : Radio Waves and Circuits, Chairman, Prof.
H. G. Booker, School of Engineering, Cornell University,
Ithaca, New York.
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Commission 6 : Radio Waves and Circuits, Chairman, Prof.
L. Zadeh, Division of Electrical Engineering, University of
California, Berkeley 4, California.

Commission 2. — Papers are encouraged in the following :
Refraction, scattering, absorption, emission, etc. in troposphere.

Surface and subsurface waves.

Terrain return from earth, lunar and planetary surfaces.

Lol

Non-ionized planetary atmospheres.

Commissions 3 and 4 have been redivided by the U.S. A. National
Committee into Ionosphere and Magnetosphere defined as follows :

The ionosphere, in the main, controls propagation of terrestrial radio
waves, reaches into the region of maximum electron density,
and includes the regions below. It is the region where colli-
sions are important and where local thermodynamic equili-
brium may be said to exist.

The magnetosphere starts in the region of maximum electron
density and is the geocentric region beyond. It is the region
where charged particles travel in long trajectories controlled
by magnetic fields.



COMMISSIONS ET COMITES

Commission I1l. — Radioélectricité lonosphérique

DOCUMENTATION

Nous attirons l'attention de nos lecteurs sur les publications
suivantes du Centre National d’Etudes des Telécommunications
(C.N.E.T.) de France :

Rapport Technique n° 1229 (Groupe Ionosphére). — « Mono-
graphies sur les Observations ionosphériques au cours de
I’A.G.I. 1957-1958 — Station de Casablanca-Rabat ».

Rapport Technique n° 1230 (Groupe Ionosphére). — « Mono-
graphies sur les Observations ionosphériques au cours de
I’A.G.I. — Station de Dakar ».

DONNEES IONOSPHERIQUES PENDANT L’A.G.I.
Voir p. 74.

Commission Il on lonospheric Radio

IONOSPHERIC DATA DURING I.G.Y.

See p. 76.

Comité de I’U.R.S.I.
pour la Coopération Internationale en Géophysique
(U.R.S8.1.-C.1.G.)

DONNEES IONOSPHERIQUES DE L’A.G.I.
Voir p. 74.
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U.R.S.I. Committee
for International Cooperation in Geophysics
(U.R.S.1.-C.1.G))

IONOSPHERIC DATA DURING I.G.Y.
See p. 76.

World Wide Soundings Commitee — W.W.S.C.
MEMBERSHIP

Members : Y. Aoxo,
R. W. Kn~gcHT, Secrelary,
N. V. MEDNIKOVA,
W. R. Piceorr,
I{. RAWER,
A. H. SuarLEY, Chairman,
J. TURNER.

Principal Consullanls : W. G. Baker,
J. W. BEAGLEY,
W. BECKER,
A. HAUBERT,
P. HERRINCK,
A. J. Lyon,
J H. MEEk

A. P. MrTra.

Y. Nakata,

R. RivauLr,

0. SANDOZ,

J. O. THowMAS,

J. W. WRiGHT,

R. W. H. WRiGHT.
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SUB-COMMITTEE ON IONOSONDE CHARACTERISTICS

BIBLIOGRAPHY

We inform our readers that the following paper has been
published in the Archiv der Elekirischen Uebertragung (Vol. 14,
n° 10, 1960).

Active High Frequency Spectrometer for Ionospheric Echo Sound-
ing [II. Determination of the real from the virtual reflec-
tion height, by Adolf K. Paur.

An English working translation of this paper is available from
the WWSC.
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ATTRIBUTIONS DE FREQUENCES

Comite Inter—Union_s
Comité de I'U.R.S.I.

DOGCUMENTATION

Nous attirons I'attention des membres de ces Comités sur un
article publié dans la Revue de I'Union Européenne de Radiodif-
fusion, (n° 67-A, juin 1961, p. 10) et intitulé : « Comité International
d’Enregistrement des Fréquences (I.LF.R.B.) — Mise en vigueur
du nouveau Reéglement des Radiocommunications de Genéve
(1959) ».

FREQUENCY ALLOCATIONS

Inter-Union’ Committee
U.R.S.l. . Committee

BIBLIOGRAPHY

Attention of the members of both Committees should be called
to a paper published in the European Broadcasting Union Review
(n° 67-A, June 1961, p. 110) under the title « International Fre-
quency Registration Board (I.LF.R.B.) — Entry into force of the
new Radio Regulations (Geneva, 1959) ».
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Inter-Union Committee on Frequency Allocations
for Radio Astronomy and Space Science

THE TOLERABLE LEVEL OF INTERFERENCE
IN THE RADIO ASTRONOMY FREQUENCY BANDS ()

[.LU.C.A.F. (Doc. 11)
1. — INTRODUCTION

In making request for the reservation of «quiet» frequency
bands radio astronomers have oftenreferred to the need for complete
protection from interference, but have not usually expressed their
requirements quantitatively. The purpose of this paper is to
state the degree of protection required and to provide a basis
for assessing the harm that might be done to radio astronomy
by the sharing of frequencies with other services. A definition
of « harmful interference » in terms of the field strength at the
site of the radio telescope is proposed.

2. — Rabp10 AsTRONOMY OBSERVATORIES IN THE UNITED IKINGDOM

The sensitivity of radio star observations is now such that a radio
signal can be detected from a distant extraterrestrial transmitter
even when the power intercepted by the whole surface of the earth
is only one microwatt. It has been estimated that if the whole
of the energy collected by radio astronomers since 1945 were added
up it would amount to about 1 erg work-about the work done
in lifting 1 milligram through 1 cm.

These sensitivities are achieved by various different procedures
of integration. The radio signals are broad band noise signals,
the finest frequency structure being found in the Hydrogen line
at 1420 Mc/s, where a receiver bandwidth of only 5 kc/s is used
for some observations of Galactic structure. Most observations

(1) This paper was prepared after discussion between the major radio
astronomy observatories in the United Kingdom, arranged by the Radio
Research Station of the D.S.I.LR. A paper on similar lines, prepared by
Dr. J. W. FinprLay of the National Radio Astronomy Observatory of
U. 8. A. formed the basis of this discussion, and has greatly helped in the
preparation of this paper (see Inf. Bull., n° 124, p. 51).
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are made of a continuous frequency spectrum, and the bandwidth.
used is only limited by the available band of clear frequencies.
Integration is a process of measuring an average of the signal
received in this band over a period of time. This period may be
very long indeed, as for example when the aperture synthesis
radio telescopes at Cambridge combine data collected over a period
of several weeks, or again if the steerable radio telescope at Jodrell
Bank follows a single source for several hours, but for practical
purposes it is fair to say that integration to obtain any single piece
of information does not usually extend beyond 100 seconds of time.
The calculations of sensitivity in this paper are based solely on this
integration time, and on the maximum bandwidths available
as specified in the I.T.U. Radio Regulations. Very little further
reference need be made to the different characteristics of the
different radio telescopes. The frequencies in use are at the
present a compromise between the desirable series often quoted
in resolutions of U.R.S.I., LA.U. and C.C.I.R.. and the dictates
of previous frequency plans, but in fact the series of frequencies
already in use from 38 Mc/s up to 3000 Mc/s shows that all of the
proposed frequency bands are important, and each will be included
in calculations. However, there is very little experience of fre-
quencies in the region of 10.000 Mc¢/s and above. and conclusions
cannot here be so definite at present. ‘

3. — DEFINITIONS OF SENSITIVITY
(1) Noise power and Temperalure.

Since the signals to be detected by the receiver are in the form
of random noise we may measure then by comparison with the
power received from a resistance heated to a temperature ToK.
The noise power in a bandwidth B will then be ATB, where £ is
Boltzman’s constant (1.4 x 10-28 watts (c/s)—1 oI{-1).

(2) Recetver Inpul noise.

The unwanted noise signal in the input of a receiver connected
to a radio telescope consists partly of noise generated in the re-
ceiver itself and partly of noise from the aerial. This in turn is
partly of extraterrestrial origin and partly due to thermal emission
from the ground and atmosphere. The total of all these may



be expressed as a temperature Teff, which is the effective receiver
input noise level. Parametric amplifiers and masers now provide
very low noise levels, but at the lower frequencies the noise contri-
butions from the aerial are predominant. Values of Teff used
in this paper represent the sum of typical values of aerial tempe-
rature and the best available values of receiver noise.

(3) Power Fluaz,

A radio telescope collects radio waves over an area A, so that
the signal fed to the receiver is the product FA where F is the
power [lux of the signal (having due regard to polarisation). Since
a broadband signal is being received, F is specified in power per
unit area per unit bandwidth. Radio stars with a power flux
of 10726 watts m~2 (c/s)~! are observed with the Cambridge radio
telescope, and the output fluctuation level is an order of magnitude
less than this.

The actual power fed to the receiver depends on bandwidth
as well as area; in comparing a noise power with the power from
an interfering CW signal the radio star power flux must therefore
be increased by the bandwidth, which is commonly of order of
4 x 108 cfs.

(4) Field Strength.
The field strength E of an interfering signal is related to the

total Epower flux P by the relation E = \/377P7 where P is in
the units watts m—2 and E in the units volts m-1,

4. — DISCRIMINATION AGAINST DIRECTION

Most of the probable sources of interference will not lie in the
direction of the main aerial beam, and those that cross it may
do so in such a short time that the interfering signal is integrated
for only a few seconds. The sidelobe patterns of radio telescopes
are very varied, but it is fairly certain that sidelobes of any high
gain aerial will give over an appreciable fraction of the sky the
sensitivity of a single dipole aerial. Without attempting a detailed
comparison of radio telescopes, we will adopt this sensitivity for
all directions except the main beam and near-in sidelobes. We
are now in a position to estimate the harmful effects of transmitters



on the ground, which will always be likely to appear in sidelobes ;
separate consideration must be given to transmission or reflection
from aeroplanes and satellites which may appear in or near the
main beam.

D. — INTERFERENCE LEVEL

First we summarize the assumptions made above :

(1) The interfering signal is integrated for 100 seconds, so that
it i1s treated as indistinguishable from the wanted signal. This
is often the case, since the interfering signal will usually vary
with time at a rate comparable with the scanning action of the
radio telescope. Such variations are either inherent in the signal,
or are generated in varying propagation conditions, or may again
arise from the motion of the sidelobe pattern during a scan.

(2) The interfering signal is picked up in the side lobe pattern,
usually where it intersects the horizon. The following table shows
the power flux, and field strength, of the interfering signals which,
in these circumstances, will give an increase of 10 9 in the effec-
tive receiver noise level in frequency bands of great interest to
radio astronomers.

TABLE
Effective
Frequency [ Bandwith | receiver noise | Flux of inter- | Field sirength
f(Me/s) B(Me/s) temperature fering signal E(1078V.m,71)
Tef(°IK) P(10718W.m.™2)
2695
(and above) 10 50 2 2.5
1413 25 S0 2 2.5
408 4 30 0.5 1
178 4 600 0.3 1
30 2 1200 0.3 1
38 1 5000 0.1 0.5
6. — ExamprLes or Harmrur CW INTERFERENCE LEVELS

The very low field strengths of the Table correspond to very
small powers for transmitters within visual range. An isotropic
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transmitter with power P, gives at a distance of D kilometres
a field strength E given by

p%

200D

~

For example, at a distance D = 10 km the maximum power
that can safely be radiated, taking E = 10-8 Vm™ is only 10-10
watt. It may be argued that larger powers may safely be radiated
under various circumstances, such as in a directed beam, or with
specially arranged modulation characteristics, but the safe power
level is so low that no useful purpose would be served by making
such transmissions.

Beyond the visual horizon ground propagation becomes incre-
asingly attenuated, and at distances of say 100 km the expected
field strength from low-power transmitters may not exceed the
allowable level. However, at this distance aircraft reflection must
be taken into account.

It is now clear that within visual range there can be no deli-
berate transmission allowed within the frequency bands. Acci-
dental transmission, for example of harmonics of lower frequency
transmitters, must be accounted the most important hazard in
this region, since experience has shown that ignition noise and
man-made static are only serious at distances of a few miles from
the observatory.

7. — AIRCRAFT REFLECTION

The field strength of a signal reflected from a distant transmitter
by an aircraft in visual range of both transmitter and radio teles-

cope is given by
v/PA

E~1.5
Iy Ty

X 10-8 volts per metre

where P is the power transmitted towards the aircraft in watts,
A is reflecting area aircraft in square metres, and ry, r, are the
ranges in kilometres of the aircraft from the transmitter and radio
telescope respectively.

Continuing on the basis of the previous sections, where a tole-
rable value of E for sidelobe reception was used, we calculate
allowable transmitter powers for (i) a single aircraft with A = 10 sq
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metres with both transmitter and radio telescope near the horizon,
(ii) the same aircraft overhead at either the transmitter or radio
telescope. -

(i) With r; = r, =400 km, A = 10 m2, a field of 10-8 volts m-!
1s obtained from P = 100 kilowatts. Hence any transmitter at
a distance of less than 800 km must have a power less than 100 kW
radiated near horizontal, for each visible reflecting aircraft. There
will probably be at any time about 20 such aircraft, giving a save
limit of 5 kW.

(11) With r; = 10 km, r, = 400 km, A = 10 m?2, a field of 10-8
volts m~1 is obtained from P = 60 watts. Again a reduction
must be made for the number of transmitters and reflectors invol-
ved at any time.

On occasions an aircraft will fly through the main beam of
the radio telescope and much higher signal levels will be received.
Although this is an unlikely occurrence with large instruments.
it is quite probable that an aircraft will cross near in sidelobes
which may have effective sensitivity about 20 dB greater than
the isotropic level.

These considerations show that high power transmissions any-
where within 1000 km, would cause intolerable interference. At
the extremes of this range a limit of about 1 kW must be imposed,
decreasing to about 10 watts at 500 km, and decreasing more
rapidly at shorter ranges where anomalous propagation and ground
scattering may become more important.

Beyond 1000 km, reflections from satellites must also be consi-
dered. A satellite at a height of 300 km extends the range under
consideration to 4000 km, but at this range a troublesome reflec-
tion from a satellite would need a transmitter power of the order
of 1 megawatt, even if observed in the stronger near-in sidelobes.
The limitations imposed by satellite reflections are seen to be less
serious than for aircraft, but they must be taken into account
if any deliberate attempt is made to establish communication
via passive reflecting satellites, since high powers and large reflec-
ting areas will then be used.

8. — SHARING FREQUENCY BANDS WITH OTHER SERVICES

The I.T.U. regulations allow for the sharing of all radio’ astro-
nomy frequency bands except 1400-1427 Mc/s with other services,
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usually « Fixed and Mobile except aeronautical mobile ». It is
clear from the foregoing remarks that allocations to such services
are almost impossible without harmful effects to radio astronomy
(Existing arrangements for sharing are believed to be on the limits
of sensitivity of present instruments, but it is difficult to make
positive identifications of the sources of low-level interference
so as to make any precise tests). The possibility arises, however,
that the allocations can be made on a time-sharing basis.

Most radio-astronomical observations are made continuously,
but it is often possible to arrange observing schedules so that,
for example, only half of the sky is observed in any series. Howe-
ver, such schedules must be made to depend on sidereal time,
not solar time, and it is difficult to imagine any other user content
with a division of time that occurred at a different time each
solar day. The only practical form of time sharing would be
with another service that was required to operate for infrequent
periods which always left many days clear between whiles. As
an example, an experimental service operating on one day each
month would mean only that this proportion of observing time
was lost. But the days of operation must be infrequent, and
known well in advance so that observing schedules can be arranged
accordingly.

REPORT TO THE INTERNATIONAL COUNCIL
OF SCIENTIFIC UNIONS ON THE WORK
(25 June 1961)

L.U.CAA.F. (Doc. 12)

1. The above Inter-Union Committee was established at the
meeting of the Executive Committee of I.C.S.U. held in Lisbon
in october 1960. The principal objects of the Committee are to
co-ordinate the radio frequency requirements for present and
future research in radio astronomy and space science, and to make
formal representations to the appropriate international telecom-
munications organizations to secure the allocation of frequency
channels to meet these requirements.

2. The Constitution and Terms of Reference of the Committee
are given in Doc. I.U.C.A.F./1 (U.R.S.1., Inf. Bull., 123).

3. A summary of the relevant sections of the Radio Regulations
drawn  up..‘by the International Telecommunication Union at
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Geneva in 1959 has been studied by the Committee with a view
to making more specific recommendations on the protection of
radio frequencies for the use of radio astronomy and space science.

4. While some twenty frequencies for radio astronomy and
thirteen for space research are mentioned in the Geneva (1959)
allocation lists, only a few of these are primary allocations, that
is Lo a service having a prior choice to the frequency indicated.
While the users of allocations on a secondary service basis can claim
protection from harmful interference from other secondary services,
they cannot claim corresponding protection from stations of a
primary service to which frequencies are already assigned or may
be assigned at a later date.

5. — A review of the present position of the « Allocation of
Radio Frequencies for Scientific Research » has been prepared
for publication in the I.C.S.U. Review for April 1961, Vol. 3,
ne 2. pp 61-66.

6. During 27-28 March 1961, a meeting of the working party
of the Inter-Union Committee was held in Brussels, under its
Chairman, Dr. J. F. Denisse and attended By Prof. J. H. Oort,
President I.A.U., Prof. H. C. van de Hulst, President C.O.S.P.A.R.,
Col. E. Herbays, Secretary-General U.R.S.1., and Dr R. L. Smith-
Rose, Secretary-General 1.U.C.A.F.

At this meeting, Budgetary Estimates for the calendar years
1961-62-63 were drawn up, based on the work and expenditure
which would be involved in preparation for the Extraordinary
Administrative Gonference .of (the International Telecommuni-
cation Union (L.T.U.) in 1963, at which the future allocations
of radio frequencies for all purposes will be reviewed.

The Budgetary Estimate for 1961 is given in Appendix [ of
Doc. I.LU.C.A.F./8 and it is considered that at least the same
income will be required for the years 1962 and 1963, to deal with
important international radio conferences being held in those
years. ,‘
7. At the Brussels meeting also, it was agreed that the Secretary
General should draw up a list of persons who are concerned with
the allocation of frequencies in-various countries, and who might
usefully assist as liaison between the Committee and national
administrations, ‘ Lo
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In accordance with paragraph 1 of Doc. I.U.C.A.F./1, the Com-
mittee has co-opted Dr. J. D. H. van der Toorn as a consultant,
and has already benefitted by his attendance and expert advice
at the Stockholm meeting of the European Broadcasting Confe-
rence (see para. 9).

8. The Chairman and Secretary General of the Committee
have had discussions in London and Paris with the N.A.T.O.
authorities who are operating some services in the frequency band
covered by the Deuterium line (322-329 Mc/s). A working party
of NJA.T.O. and I.U.C.A.F. is being set up to explore the possi-
bilities of a mutually acceptable arrangement for sharing this
frequency band, so as to facilitate its use by radio astronomers
not only for measurements on the Deuterium line, but also as a
significant part of the whole spectrum.

9. At the meeting of the European Broadcasting Conference
which was held in Stockholm from 25 May to 22 June 1961, the
Inter-Union Committee was formally established as a participating
international organization : and it was represented by Dr. H. Sterky,
Dr. J. D. H. van der Toorn, Prof. B. Linblad (in place of Prof.
J. H. Oort) and Dr. R. L. Smith-Rose (Secretary-General).

10. The Stockholm Conference mentioned in 9 was attended by
delegates of some 41 national administrations ; and was concerned
with the allocation of frequencies to several thousand radio and
television stations which are being planned to operate in the very
high frequency (V.H.F.) and ultra high frequency (U.H.F.) broad-
casting band in the future.

At this Conference the I.U.C.A.F. made two specific recommen-
dations.

11. First, it put forward a formal recommendation that in the
planning of European Television Stations in Broadcasting Band V
(582-960 Mc/s) the use of the frequency channel n° 38 (606-614 Mc/s)
should be avoided so as not to interfere with the present develop-
ment and use of radio astronomy in this band. This recommen-
dation, which was given in Appendix II of Doc. I.U.C.A.F./8,
was very opportune; and it was noted during the Conference
that delegates concerned with the planning of the European
network of television stations were doing their best to give effect
to this Recommendation.
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12. Secondly, it was pointed out to the Conference that the
third harmonic of stations working in channel 21 (frequencies 470-
478 Mc/s), and the second harmonic of stations in channels 50
(702-710 Mc/s) and 51 (710-718 Mc/s) fall within the hydrogen line
band (1400-1427 Mc/s), which has been allocated exclusively on an
international basis for radio astronomy. A request was there-
fore made that all users of television transmitting stations in these
channels (i.e. 21, 50 and 51) should take the greatest possible
precautions to ensure that harmonics from these stations do not
cause interference with radio astronomy.

13. It connection with the allocation of frequencies for space
research, in has been agreed to press strongly for an exclusive
allocation of the band 136-137 Mc/s, which is now in use at a large
number of earth satellite tracking stations throughout the world.

14. In addition to its participation in the European Broadcasting
Conference, mentioned in paragraphs 9-12, the Inter Union Com-
mittee has now been accepted as a recognized participating inter-
national body in the work of the International Radio Consulta-
tive Committee (C.C.I.R.), which is the technical adviser on all
radio matters to the International Telecommunication Union
(LT.U.). In this way, the I.U.C.A.F. has now attained a reco-
gnized status on a world-wide basis as representing the scientific
requirements of its member bodies (U.R.S.I., I.LA.U. and C.O.S.
P.A.R.) to the organization (I.T.U.) responsible for the international
regulation of radio for all purposes, and the allocation of frequencies
for all national andnternational services. This association is likely
to be of a permanent nature and will undoubtedly prove of great
benefit to all aspects of scientific research involving radio waves.

R. L. SmitH-RosE,

Secretary General

DOCUMENTS DISTRIBUTED

The following documents have been distributed to the members
of the I.LU.C.A.F. :

Doc. I.LU.C.A.F./13. — A report received from the U. S. National
Academy of Sciences entitled : « Frequency Allocations for
the Radio Astronomy Service — A statement for Position ».

Doc. LLU.C.A.F./14. — A reprint of four papers on : «Project
West Ford » published in the Astronomical Journal, April 1961.



RECHERCHE RADIOELECTRIQUE
DANS L’ESPACE

Colloque sur les Recherches
en Communications Spatiales

(England text : p. 30)

Le Colloque sur les Recherches en Communications Spatiales,
organisé par le Comité de I'U.R.S.I. pour les Recherches Radio-
électriques dans I’Espace, avec la collaboration du Comité National
Francais, se tiendra du lundi 18 septembre au vendredi 22 septembre
a Paris, Ministére des Postes et Télécommunications, 20, avenue
de Ségur, 7¢ arrondissement.

Séance d’ouverture. — La séance d’ouverture sera présidée par
M. Michel Maurice Bokanowski, Ministre des Postes et Télécom-
munications, qui prononcera I’allocution d’ouverture. Prendront
ensuite la parole M. le Docteur J. R. Pierce, Président du Comité
d’Organisation du Colloque, M. le Docteur R. L. Smith-Rose,
Président de I’Union Radio Scientifique Internationale, M. I'Ingé-
nieur Général A. Angot, Président du Comité National Francais
de Radioélectricité Scientifique, M. le Docteur L. Jaffe, représentant
de I’Administration Ameéricaine pour I’Aéronautique et 1’'Espace

(N.A.S.AL).

Secrélarial du Colloque. — Le Secrétariat du Colloque est assuré
par M. F. du Castel, C, N, E. T., Issy-les-Moulineaux, Seine, tél.
LEC 40-00,

PROGRAMME TECHNIQUE DES SEANCES

Lundi 18 septembre, 9 h. 30 : Séance d’ouverture.
Présidence : Dr J. R. P1ercE, Président du Comité d’Organisation.
Présentation générale : :

— H. Stanessy and F. J. TayrLor, G. P. O., U. K : « Problémes

scientifiques et de recherches des systémes de communications
par satellites ».
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Lundi 18 septembre, 14 h. 30 : Problémes de lancement, de slabili-
salion et de poursuile.

Présidence : Pr. V. Strorov, Académie des Sciences, Moscou.
Présentations :

— Dr M. Rosen, N.A.SAL, U. S. A, : « Lancement des satellites ».

— Dr R. RoBerson, U. S. A. : « Commande d’attitude et maintien
en position ».
Communications :

— Dr J. €. Smvmon, €. S, F., France :« Rayonnement d’un satellite
non stabilisé ».

— E. G. C. Burt, R. A. E., U. K. : « Influence des torsions cy-

"~ cliques sur la commande d’attitude d’un satellite pointé vers
la terre ».

F. Gérarpin, (.. F. T. H., France : « Problemes de poursuite des
satellites ».

Mardi 19 septembre, 9 h. 30 : Problémes de fréquences el de propa-

galion.

Présidence : DT R. L. SwmiTH-RosE, Présidcnt.de I'U.R:8.1.

Présentations :
— Dr R. L. Smira-Rose, U.R.S.I., U. K. : «Les attributions
de fréquences pour les expériences de communications spatiales ».
— Dr K. Rawegr, F. T. Z., F. D. R. : « Influences de propagation
en communications spatiales ».

Communications
— Dr W. R. Vincent, S.R.I.,, U. S. A. : « Interférence dans les
systéemes de communications par satellites ».

— Dr T. F. Rogers, M.L.T., U. S. A. : « Effets de propagation
importants dans les communications par satellites ».

Mardi 19 septembre, 14 h. 30 : Systémes de modulation en commu-
nications par satelliles.

Présidence : Dt L. Jarre, représentant de la N.A.S.A., U. S. A,

Présentation :
— G. Barrair, G.N.E.T., France : « Etude générale comparée des
systéemes de modulation ».

.
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Communications :

— W. L. Wricar, M.W.T., U. K. : « Le choix de la méthode de
modulation optimale dans les systémes de communications
par satellites

— C. Carpor, G. G. E., France. : « La compression de fréquence
et son utilisation pour les télécommunications par satellites ».

— Dr S. C. Grosg, E. M. 1., U K. : « Méthodes digitales en com-
munications spatiales ».

— DrJ. R. Piercg, B.T.L., U. 8. A. : « Remarques sur les méthodes
de modulation pour les communications par satellites.

Mercredi 20 septembre, 9. h 30 : Equipements lerriens.

Présidence : Pr. I. Ranzi, Président de la Commission d’Etudes

n° IV du C.C.LR.
Présentation :

— W. K. Vicror, J.P.L., U. S. A. : « Equipements au sol pour les
communications par satellites.
Communications :

— A. Rosieux, G.G.E., France : « Etude théorique des propriétés
des antennes a faible bruit ».

— R. Licer, S.A.T., France : « Utilisation des systémes direc-
tionnels pour la réduction du facteur de bruit ».

— G. Broussaup, C.S.F., France : «Maser a large bande et
grande stabilité ».

— Dr 8. G. Guosg, E.M.I.,, U. K. : «Le tube cathodique EMI
pour le décodage des systémes de communication digitaux ».

Mercredi 20 septembre, 14 h. 30 : Equipemenls des salelliles.

Présidence : Prof. P. Aigrain, Faculté des Sciences, Paris.
Présentation : Dr I. M. Ross, B.T.L., U. S. A.: «Eléments utilisés
pour les satellites ».
Communications : :
— J. Picouenpar, G.F.T.H., France : « Différents systémes de
production d’énergie a bord des satellites ».
— D. G. Mazur, N.A.S.A., U. S. A. : « Problémes des éléments
constitutifs d’un satellite ».

— F. Desvienes, L.E.P., France : « Cellules solaires photovol-
taiques ».



Jeudi 21 septembre, 9 h. 30 : Sysiémes de communications par
satellites.

Présidence : Ing. Général R. Sueur, Directeur adjoint du
C.N.E.T., France.

Communications :

— Dr S. P. Brown, Avent, U. S. A. : « Le programme Avent ».

— R. P. HaviLLanp, G.E. Co., U. S. A. : «Satellite stabilisé a
altitude moyenne ».

— Dr J. L. Graser, B.T.L.,, U. S. A. : «Satellites en orbites
aléatoires a basse altitude ».

Vendredi 22 septembre, 9 h. 30 : Systéme de communicalions par
salellites (suite).

Présidence : Cap. C. F. Boorn, General Post Office, U. K.

Communications :
— Dr L. Jarre, N.AS.A., U. S. A. : « Le programme de satellites
passifs de la N.A.S.A. ».
— Dr W. E. Morrow, M.L.LT., U.S . A. : « Communications par
dipoles orbitaux ».

— Dr C. M. Craix, Rand Co, U. S. A. : « Radiodiffusion par
satellites ».

Vendredi 22 septembre, 14 h. 30 : Aulres problémes de communi-
cations spaliales.

Président : Ingénieur Général A, Ancor, Président du
C.N.F.R.B.

Communications :

— Cap. C. F. BoorH, G.P.O., U. K. : « Les projets internationaux
de systémes de communications par satellites ».

— Dr 5. H. Re1Ger, Rand Co., U. S. A. : « Probléemes économiques
des systémes de communications par satellites »

— J. R. BrinkLEY, Pye, U. K. : « Aspect économiques des com-
munications spatiales ».

— K. W. Pearson, S. T. L., U. K. : « Problemes de transmission
des communications par satellites et en particulier du temps
de propagation ».
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STE PROVISOIRE DES INVITES AU CoLLoQUE (juillet 1961)

Allemagne — Germany :

Dt Brunr, Telefunken GmbH, Sétlinger Str. 100, Ulm.

Dr Cary, Standard Elektrik Lorenz A.G., Stuttgart-Zuffen-

hausen.

Prof. DieminGeEr, Max-Planck-Institut, Lindau tb. Nor-

heim/Han.

Dr HorzwartH, Siemens & Halske A.G., Hofmannstr. 51,

Miinchen.

Pror. KNAUSENBERGER, Deutsche Bersuchsanstalt fir Luft-
tahrt, Oberpfaffenhofen/Obb.

Prof. Lurz, Deutsche Forschungsanstalt fiir Luftfahrt, Braun-

schweig, Flughafen.

Prof. NesteL, Telefunken GmbH, Séflinger Str., 100, Ulm.

Mr Pz, Forschungsinstitut fiir Physik der Strahlantriebe,

Stuttgart-Flughafen. _

Mr QuiriNGg, Deutscher Wetterdienst, Frankfurter Str. 135,

Offenbach/Main.

Prof. Rawer, Ionosphéreninstitut, Breisach/Rhein.

Dr Scuurze, Bundesverteidigungsministerium T II 3, Emer-

keilstr. 27, Bonn.

Dr UrsricHt, Deutsche Versuchsanstaltfir Luftahrt, Ober-

pfaffenhofen/Obb.

Canada :

M. J.C.W. Scorr, Defence Research Member, Canadian
Joint Staff, London 66 Ennismore Gardens, London S. W. 7,
Angleterre.

Etals-Unis — Uniled Slales :

Dr Samuel P. BRown, Advent Management Atgency (U.S.A.A.
M.A.) Fort Monmouth, New Jersey.

Dr H. BusienNies (ou M. Armic G. IKanporan) International
Telephone and Telegraph Corporation 67 Broad Street, New-
York.

Dr CuLLen M. Crain, The Rand Corporation 1700 Main Street
Santa Monica, California.



M. Victor Evans, Office of the Director of Defense Research
and Engineering, Washington 25, D. C.

Dr J. L. Graser, Bell Telephone Laboratories, Murray Hill,
New Jersey.

M. Robert P. HaviLanp, General Electric Company, Girard
Building, 21 So. 12th Street, Philadelphia, Pa.

Dr J. W. HerssTrEIT, Central Radio Propagation Laboratory
National Bureau of Standards, Boulder, Colorado.

M. Leonard Jarre, National Aeronautics and Space Adminis-
tration, 801, 19th Street, N. W., Washington 25, D. C.

M. Daniel G. Mazur, Goddard Space Flight Center, National
Aeronautics and Space Administration, 4555 Overlook Avenue,
S. W. Washington, D. C.

M. Sidney METZGER, Astro-Electronic Products Division Radio
Corporation of America, Princeton, New Jersey.

Dr Walter E. Morrow, Jr., Massachusetts Institute of Tech-
nology Lincoln Laboratory, Lexington 73, Massachussetts.
General James D. O’ConnNgLL, General Telephone and Elec-
tronics Laboratories, 1177 University Drive. Menlo Park,
California.

Dr A. C. Pererson, Stanford Research Institute, Menlo Park,
California.

Dr J. R. PiercE, Bell Telephone Laboratories, Murray Hill,
New Jersey.

Dr S. H. Reicer, The Rand Corporation, 1700 Main Street,
Santa Monica, California.

Dr R. E. Roserson, 1100 North Cerritos Drive, Fullerton,
California.

Dr T. F. Rocers, Massachusetts Institute of Technology
Lincoln Laboratory, Bldg. C-229, Lexington 73, Massachusetts. -
Dr H. A. Rosen, Radar Division, Hughes Aircraft Company,
Culver City, California.

M. Milton Rosen, National Aeronautics and Space Adminis-
stration, 1512 H Street, N. W., Washington 25, D. (.

Dr Jan M. Ross, Bell Telephone Laboratories, Murray Hill,
New Jersey.
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Mr R. B. Rypinski, c¢fo DT G. E. MUELLER, Space Technology
Laboratories, 5730 Arbor Vitae, Los Angeles 45, California.
Professor S. SILVER, Space Sciences Laboratory, 3 Leuschner
Observatory, University of California, Berkeley 4, California.
Dr Ronald SmeLT, Lodheed Missile and Space Division, P. O.
504, Sunnyvale, California.

Brig. General W. M. Thames, U.S. Advent Management

Agency Fort Monmouth, New Jersey.

M. Walter K. Vicror, Jet Propulsion Laboratory, California
Institute of Technology, 4800 Oak Grove Drive, Pasadena 3,
California.

Dr Wilbur R. VinceEnT, Stanford Research Institute, Menlo
Park, California.

France :
J. Voge, C.N.E.T., avenue de la République, Issy-les-Mouli-
neaux, Seine.

M. Tuug, C.N.E.T.. avenue de la République, Issy-les-Mou-
lineaux, Seine.

F. du Casrter, C.N.E.T., avenue de la République, Issy-les-
Moulineaux, Seine.

G. Barrai,, C.N.E.T., avenue de la République, Issy-les-
Moulineaux, Seine.

J. C. Smvon, C.S.F.; D.P.A.; Corbeville, Orsay, S.-et-O.
G. Broussaup, C.S.F.; D.P.A., Corbeville, Orsay, S.-et-O.
ManpEeL, C.G.E., 33, rue Emeriau, Paris 15e.

Carpor. C.G.E., 33, rue Emeriau, Paris 15¢,

Rorieux, C.G.E., 33, rue Emeriau, Paris 15e.

CHAvance, C.F.T.H., rue des Fossés Blancs, Gennevilliers,
Seine.

veoo

J. Picouenpar, C.F.T.H., 1, rue des Mathurins, Bagneux,
Seine.

GerarpIN, C.F.T.H., 1, rue des Mathurins, Bagneux, Seine.
J. Baupin, L.M.T., 46, quai de Boulogne, Boulogne, Seine.
J. Dockes, S.A.T., 41, rue Cantagrel, Paris 13e.

Licer, S.A.T., 41, rue Cantagrel, Paris 13e.
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— C. Ducot, L.E.P., 23, rue du Retrait, Paris 20e.

— Desviang, L.E.P., 23, rue du Retrait, Paris 20e.

— A. Laurens, T.R.T., 26, rue Boyer, Paris 20e.

— ANGUERA, R.T.F., 107, rue de Grenelle, Paris 7¢,

— P. Deman, D.S.R., 5, rue Froidevaux, Paris 14e,

— P. Brarrix, Ministére des P. et T., 20, avenue de Ségur, Paris 7¢,
— Dorriac, S.E.R.E.B., 55, rue Victor Hugo, Courbevoie, Seine,
— J. P. MagneN, D.R.M.E., 10, rue St-Dominique, Paris 7e.

— J. P. Brasser, C.0.P.E.R.S., 36, rue La Pérouse, Paris 16¢€.

Hollande — Netherlands.

— M. I'Ingénieur G. de Vriks, Laboratoire de Recherches Philips,
Eindhoven.

— M. I'Ingénieur J. J. VorMER, Direction Générale des P.T.T.
12 Kortenaerkade, La Haye.

— M. I'Ingénieur L. R. M. Vos pE WaEgL, Laboratoire D* Neher,
LEIDSCHENDAM.

Italie — Italy.

— Prof. I. Ranzi (Chairman, Study Group 4, C.C.LR.), c/o
I[.S.P.T. Viale Trastevere 189, Rome.

Japon — Japan.

— Dr Snoco NawmBa, Tokyo.

Nouvelle-Zelande — New Zealande.

— M. A. H. Arran, Department of Scientific and Industrial
Research Dominion Physical Laboratory Private Bag, Lower
Hutt.

Royaume-Uni — United Kingdom.

— R. L. Smrru-Rose (U.R.S.L.).
— J. H. Tuomson (Jodrell Bank).
— R. Darzier (R.R.S. Slough).
— F. J. D. Tavror, G.P.O.

— J. R. BrINKLEY, Pye.
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— Puivres, B.B.C.

— 8. C. GHosg, E.M.I.

— W. L. WricHT, Marconi.

— C. R. Tur~NeR, Hawker Siddeley.

— K. W. Pearson, Standard Telecomm. Lab.
— G. F. BrowN, Aberystwyth.

U.RS.S. — U.S.S. R.
— Prov. V. Strorov, Academy of Sciences, Moscow.

C.C. I R.

— Dr E. MEeTzLER, Director, C.C.I.R., Palais Wilson, Genéve,
Suisse.

SPACE RADIO RESEARCH

Symposium on Space Communication Research

The Symposium on Space Communication Research, organized
by the U.R.S.I. Committee on Space Radio Research with the
collaboration of the French- National Committee, will be held
from September 18th to 22nd in Paris, at the Ministére des Postes
et Télécommunications, 20, avenue de Ségur, 7¢ arrondissement.

Opening session. — The chairman of the opening session will
be Mr. Michel Maurice Bokanowski, Minister of Posts and Tele-
communications, who will deliver the inaugural speech. The
chair will then be taken by Dr J. R. Pierce, Chairman of the Or-
ganizing Committee of the Symposium, Dr. R. L. Smith-Rose,
President of the International Scientific Radio Union, Ing. Gen.
A. Angot, President of the French National Committee for Scien-
tific Radio, Dr L. JArrE, representative of the National Aero-
nautics and Space Administration (N.A.S.A.) of the U. S. A.
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Secrelarial of the Symposium. — The secretariat will be assumed
by Mr. F. du Castel, C.N.E.T., Issy-les-Moulineaux, Seine, tel. LEC.
40-00.

TECHNICAL PROGRAMME

Monday, September 18, 09.30 a. m. : Opening session.

Chairman : Dr J. R. PiercE, chairman of the Organising Com-
mittee.
General presentation :

— H. StanesBy and F. J. Tavror, G.P.O., U. K. : « The scientific
research problems of satellite communications systems ».

Monday, September 18, 02.30 p. m. : Launching, attitude conlrol
and lracking problems.

Chairman : Prof. V. Sirorov, Academy of Sciences, Moscow.

Presentations
— Dr. M. RoseEn, N.A.S.A., U. S. A. : « Launching of satellites ».
— Dr. R. Roserson, U. 8. A. : Attitude control and station
keeping ».
Contributions :
— Dr. J. C. Smvon, CG.S.F., France : « Un-stabilised satellite
radiation ».
— E. G. (. Burt, R.AA.E., U. K. : « The influence of cyclic torques
on the attitude control of earth-pointing satellites ».
— F. GErarpin, C.F.T.H., France : « Satellite tracking problems ».

Tuesday, September 19, 09.30 a. m. : Frequency and propagation
problems.

Chairman : Dr R. L. Smita-Rosg, President of U.R.S.IL.

Presentations :
— Dr. R. L. Smrru-Rose, U.R.S.I., U. K. : «The allocation of
radio frequencies for experiments in space communications ».
— Dr. K. Rawer, F.T.Z., F. D. R. : « Propagation influences in
space communications »



Contributions :

— Dr. W. R. VincenTt, S.R.1., U. S. A. : « Interference in satellite
communication systems ».

— Dr. T. F. Rocers, M.I.T., U. S. A. : «Propagation effects
important in satellite communications ».

Tuesday, September 19, 02.30 p. m. : « Modulalion systems in satel-
lite communications.

Chairman : Dr. L. Jarre, N.A.S.A. representative, U. S. A.

Presentation :

— G. BarraiL, G.N.E.T., France : « General comparative study
of modulation systems ».
Contributions :

— W. L. Wricgar, M.W.T., U. K. : « The choice of the optimum
modulation method in active satellite communication systems ».

— C. Carpor, C.G.E., France : « Feedback frequency modulation
as used for satellite communications ».

— Dr. S. C. Guosg, E.M.I., U. K. : «Digital methods in space
communications ».

— Dr. J. R. Piercg, B.T.L.., U. S. A. : « Remarks on modulation
methods for satellite communications ».

Wednesday, September 20, 09.30 a. m. : Ground equipments.
Chairman : Prof. I. Ranzi, Chairman, C.C.I.R. Studu Group IV.
Presentation :

— W. K. Vicror, J.P.L., U. S. A. : «Ground equipments for

satellite communications ».
Contributions :

— A. RoBieux, C.G.E., France : « Theoretical study of low noise
antennas properties ».

— R. Liger, S.A.T., France : « The use of directional systems
for reducing figure of noise.

— G. Broussaup, C. S. F., France : « Bright band and high sta-
bility M.A.S.E.R. ».

— Dr. 8. C. Grosge, E.M.I.,, U. K. : « The E.M.I. cathode-ray
tube decoding devices for digital communication systems ».
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Wednesday, September 20, 02.30 p. m. : Salellile equipments.
Chairman : Prof. P. Arcraix, Paris University.
Presentation :

— Dr. I. M. Ross, B.T.L., U. 8. A, : «Reliable components for
satellites ».
Contributions :

— J. PicgueEnpar, C.F.T.H., France : « Diverse power supply
in satellite ».

— D. G. Mazur, N.AS.A., U. S. A, «Satellite component pro-
blems ».

— F. Desvienes, L.E.P., France : « Photovoltaic solar cells ».

Thursday, September 21, 09.30 a. m. : Satellile communicalion
systems.

Chairman : Ing. Gen. R. SUEUR, Deputy Director of C.N.E.T.

Contributions :

— Dr. 8. P. BrRown, Advent, U. S. A. : « The Advent Program ».
— R. P. HaviLanp, G.E.Co, U. 8. A. : « Intermediate altitude
satellite with station keeping ».

— Dr. L. L. Graser, B.T.L., U. S. A. : « Low altitude random
orbit satellites » :

Friday, September 22, 09.30 a. m. : Salellile communicalion systems
(follow).

Chairman : Cap. C. F. BoorH, General Post Office, U. K.

Contributions :
—. Dr. L. Jarrg, U. S. A. : « N.AS.Al's
— Dr. W. E. Morrow, M.LT., U. S
orbiting dipoles ». e
— Dr. C. M. Crain, Rand Co, U. S. A. : «Broadcasting from
~satellites ».

passive stallite program ».
S. A. : « Communications by

Friday, September 22, 02.30 p. m. : Miscellaneous problems in
space_communicaions. ,

Chairman : Ing. Gen. A. ANGoT, Pleeldnnl of lhe French U R S. l
National Committee.
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Contributions :

— Cap. C. F. Boorn, G.P.O., U. K. : « The international planning
of satellite communication systems »

— Dr. S. H. Reicer, Rand Co., U. S. A. : « Economics of satel-
lite communication systems ».

— J. R. BrinkLEY, Pye, U. K. : « The economics of space com-
munications ».

— K. W. Prarson, S.T.L., U. K. : « Transmission problems of
satellite communications with special reference to transmission
time ».

ProvisioNAL LIST OoF GUEsTs (July 1961)
See p. 26.

C.O0.S.P.A.R.
INFORMATION

The following items are abstracts from C.0.S.P.A.R., Infor-
mation Bulletin n° 5, July 1961.

Composition of C.0.S.P.A.R. :

The membership of C.0.S.P.A.R. consists of representatives
of National Scientific Institutions (Academies) and of represen-
tatives of International Scientific Unions.

The governing body, the Executive Council, consists of seven
elected members (the Bureau), the representatives of the Inter-
national Scientific Unions and, in an advisory capacity, the Chair-
men of the Working Groups.

Elected members of the Executive Council (i. e. the Bureau)
President : Professor H. C. van de Huwst (I. A. U.).
Vice-Presidents : Academician A. A. BLaconravov (U. S. S. R.),

Dr. R. W. PortEeR (U. S. A).
Members : Professor E. BucHar (Czechoslovakia),
Professor H. S. W. Massey (U. K.),
Professor M. Roy (I. U. T. A. M.),
~ Professor W. Zonw (Poland).
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Union Represenlalives :

International Astronomical Union : Professor H. (.. van de HuLst
(Netherlands).

International Union of Biochemistry : Professor M. FLORKIN
(Belgium).

International Union of Biological Sciences : Professor N. D. leru-
salimsky (U. S. S. R.).

International Mathematical Union : Professor B. Rosser (U. S. A.).

International Union of Theoretical and Applied Mechanics
Professor M. Roy (France).

International Union of Pure and Applied Physics : Professor
P. Auger (France).

International Union and Applied Chemistry : Professor E. MIESCHER
(Switzerland).

International Union of Physiological Sciences : Professor U. von
EuLER (Sweden).

International Scientific Radio Union (U.R.S.1.) : Professor A. (.. B.
LoveLL (U. K.).

International Union of Geodesy and Geophysics : Professor
J. Kaprax (U. S. A.).

Chairmen of the Working Groups :
Working Group 1 : Professor Mr. A. G. Massevircu (U. S. S. R.).
Working Group_?2 : Professor H. BarTiLs (German Fed. Rep.).
Working Groull;;f% : Professor A. P. Mitra (India).
Working Group 4 : Dr. H. KarLman-Bun (U. S, A.).

National Scienlific Instilutions which are represenled in C.0.S.
P.A.R, ;

Argentina : Consejo Nacional de Investigaciones Cientificas y
Technicas, Buenos Aires.
Australia : Academy of Science, Canberra.

Belgium : Académie Royale de Belgique, Brussels — Koninklijke
Vlaamse Academie van Belgie, Brussels.

(lanada : National Research Council, Ottawa.
(zechoslovakia : Czeskoslovenska Akademie Ved., Prague.
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France : Académie des Sciences, Paris.

German Federal Rep. : Deutsche Forschungsgemeinschaft, Bad
Godesberg.

India : Ministry of Scientific Research and Cultural Affairs, New
Delhi.

Italy : Consiglio Nazionale delle Ricerche, Rome.
Japan : The Science Council of Japan, Tokyo.

Netherlands : Koninklijke Academie van Wetenschappen, Amster-
dam.

Norway : Det Norske Videnskaps-Akademi, Oslo.

Poland : Polska Akademia Nauk, Warsaw.

South Africa : South African Council for Scientific and Industrial
. Research, Pretoria.

U. K. : The Royal Society, London.

U. S. A. : National Academy of Sciences, Washington.

U. S. 8. R. : Academy of Sciences of the U. S. S. R., Moscow.

C.0.S.P.A.R. Working Groups :

Working Group' I on « Tracking and Telemetering ».
Chairman : Professor Mr. A. G. MASSEVITCH.

Sub-Group « Optical Tracking ».
Chairman : Professor F. WurerLe (U. S. A.).

Sub-Group « Radio Tracking ».
Chairman :'Mr. J. A. Rarcrirre (U. K.).

Members : Dr. G. M. TRuszynsk1 (U. S. A.),

Mr. R. C. PEavey (U. S. A.),
Dr. A. Scuacuovskor (U. S. S. R.),
Dr. B. G. Pressey (U. K. ).
Prof."'A. C. B. LoveLL (U. K),
Mr. M. O. Romins (U. K.).
Prof. A. P. MiTraA ‘(India),

- Prof. W. DiemiNGER (W. Germany),
Dr. L. Cicrovirca (Poland),
Mr. P. F. CuEccaccr (Italy).
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Working Group II on «Scientific Experiments ».

Chairman : Prof. J. BarTeELs (W. Germany).

Correspondent for Aeronomy and Aurora : Prof. S. M.
Porosxov (U. S. S. R.).

Correspondent for Ionosphere : Prof. W. J. G. BEy~ox (U. K.).
Correspondent for Meleorology : Dr. H. WEXLER (U. S. A.).
Correspondent for Geomagnetism and Cosmic Rays : Prof.

N. V. Pusuxov (U. S. S. R.).

Correspondent for Solar Aclivity and the Interplanelary
Medium : Dr. JH. Friepman (U. S. A.).

Panel on Synoptic Rockel Soundings : Chairman : Prof.
J. BramonTt (France).
Working Group III on « Data and Publications ».
Chairman : Prof A. P. MiTra (India).

Working Group IV on «C.O0.S.P.A.R. International Reference
Atmosphere ». '

-

Chairman : Dr. H. KarLman-Bon (U, S. AL).
Ad hoc Group for Polar Cap Absorption Experiments (this group
has been continued for one year).
Chairman : Dr. D. C. Rose (Canada).

C.0.S.P.A.R. MEETING AND SYMPOSIUM
(Florence, 7-18 April 1961)

The fourth meeting of the Committee on Space Research took
place in Palazzo Pitti, Firenze (Italy) from 7-18 April 1961.

Topics treated during the five-day Symposium, which was
organized jointly with the Consiglio Nazionale delle Ricerche,
were :
— Radio and Optical Tracking,
— Magnetic Observations by Rockets and Satellites,
— Telemetery and Data Recovery
— Special Events such as July 1959 and November 1960,
— Recent Results from Instrumented Satellite and Space Craft,
— International Reference Atmosphere,
— Scientific Research by Means of Small Sounding Rockets.
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One day was devoted to reports from the National Scientific
Institutions represented in ..0.S.P.A.R. and from the International
Scientific Unions.

The great interest shown in this Symposium was reflected in the
number of participants which exceeded 290, from 27 countries.
A number of 109 scientific papers was presented, partly in simul-
taneous sessions. Several sessions were designed to provide the
basic material for the discussions in the working groups. The
proceedings of the Symposium will be published by the North
Holland Publishing Company.

Sessions of the full C.0.S.P.A.R.. its Executive Council and its
various Working Groups have occupied several days preceeding
and following the Symposium sessions.

During the full C.0.S.P.A.R. meeting the close cooperation
of C.O.S.P.A.R. with the International Scientific Unions as well
as with other international organizations was reconfirmed and
many detailed arrangements were discussed and concluded. For
instance, good progress was made toward reducing the number
of telegraphic code systems for messages on satellite orbits (now
7 in number) to a single world-wide system. Argentina and
India were added as new national members, bringing the national
representation to 18.

SPACE RADIO PROBLEMS
1.U.C.A.F. slarls ils work.

The Inter-Union Committee on Frequency Allocations for
Radio Astronomy and Space Science (I.U.C.A.F.) has already
been reported.

A working party of this Committee has been established and has
met in the office of U.R.S.I. in Brussels on 27-28 March 1961.

The relevant sections of the « Radio Regulations» of the [.T.U.
were surveyed and the allocations for radio astronomy and for
space research made at Geneva were discussed. In the Radio
Regulations, Geneva 1959, the frequency band 136-137 Mc/s
is allocated jointly to « Space, Fixed, Mobile and Earth-Space ».
It was agreed to press strongly for an exclusive allocation to space
research of the band 136-137 Mc/s, which is now in use at a large
number of earth satellite tracking stations throughout the world.
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A recommendation to this effect will be submitted to the (LC.L.R.,
to the LT.U. and to the national frequency allocation autho-
rities. '

Project West Ford, formerly termed « Needles», a possible
scheme of providing many channels of telecommunication by the
scattering properties of billions of small needles in satellite orbits,
was discussed. The first test belt is scheduled to be launched
very soon at a date not yet disclosed. A committee, formed by
the Space Science Board of National Academy of Sciences of U.S. A..
has invited accurate observations of the interference caused
both to optical and to radio astronomy. The working party
urged full support of these observations.

The full [.U.C.A.F. meeting will take place in London on the
19th and 20th of October 1961.

C.0.S.P.A.R. Aclion.

During the (..O.S.P.A.R. meeting in Florence, April 1961, Wor-
king Group 1 reviewed the situation with respect to frequency
allocations and the draft recommendations presented by [.U.C.A.F.

The following resolutions were drawn up and were unanimously
accepted by the full C.O0.5.P.A.R.

Resolution 11

(C.0.8.P.A.R. emphasizes the need for allocation of frequencies
for Space Research quite apart from those required for commercial
communications by the means of satellites.

Resolution 12

C.0.8.P.A.R. re-affirms the needs for frequency allocations for
Space Research previously presented by C(.0.S.P.A.R. to the
conference of L.T.U. in 1959 at Geneva. It is noted that these
needs were only partially fulfilled at that conference, and it is urged
that all possible steps be taken at the forthcoming I.T.U. conference
in 1963 to obtain satisfaction.

Resolulion 13

C.0.8.P.A.R. supports the draft recommendation of I.U.C.A.F.
to the effect that the band of frequencies 136-137 Mec/s should
be allocated exclusively for the use of Space Research, and that
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transmitters used for space research on these frequencies should
not radiate harmful interference on their third harmonic which
is within the band used for radio astronomy near 408 n/cs. In
addition C.0.S.P.A.R. reecommends that the I.U.C.A.F. be reques-
ted to modify paragraph 3 of their recommendation to read as
follows : «until the band of frequencies (136-137 Mc/s) is comple-
tely cleared national administrations should arrange their services
in such a way as to afford the maximum practicable protection
for satellite tracking stations using this band ».

Resolution 14
Considering :

(1) that Faraday and Doppler effects provide data which can be
analyzed to give integrated electron content of the ionosphere
provided that the position of the satellite is accurately known ;

(2) that the analysis of the data obtained may demand a posi-
tional accuracy of + 2 km, in order to ensure a satisfactory
accuracy in the deduction of the electron content ;

(3) that past experience has shown that the near-circular orbit
and the phase-coherent transmissions on both 54 and 324 Mc/s
from « Transit » satellites are very well suited for differential
Doppler measurements and that the Doppler tracking network
provides positional information accurate to about 4 1 km.

(4) that tracking by the Minitrack network on a frequency in the
range 136-137 Mc/s is able to provide the accuracy required.

C.0.8.P.A.R. recommends.

(1) that the U. S. A. authorities concerned be made aware of the
great interest of ionospheric research groups in many countries
in further «Transit» satellites of high orbital inclination
(i.e. greater than 50°) transmitting on both 45 and 324 Mc/s
which can be tracked very accurately, and that they should
make available to all bona fide experimenters accurate orbital
information preferably not later than one month after the
date to which it applies;
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(2) that further «Ionosphere Beacon » satellites, in addition to

those already planned, which are also equipped with a tracking
beacon on the Minitrack frequency should be launched and
that accurate orbital elements should be made available to
all bona fide experimenters preferably within one month
after the date to which they apply.

ADVANCE INFORMATION ABOUT SPACE EXPERIMENTS

The Canadian topside sounder salellile (*), by J. H. CHAPMAN,

This report describes the satellite being constructed in Canada

for radio sounding of the ionosphere. The purpose of the satellite
are :

(@) to measure the electron density distribution in the ionosphere

above the F2 layer maximum (300 to 1000 km).

(b) to study for a period of a year the variations of electron density

)

distribution with time of day, with latitude, under varying
magnetic and auroral conditions, and with particular emphasis
on high latitude effects. -

to determine electron densities in the vicinity of the satellite
by means of galactic noise measurements, and to make related
observations of physical phenomena.

The ionosphere sounder is similar in operation to the sweep

sounders used in ground stations. Details are as follows :

Transmiller :
Frequency sweep ............. 1.8 to 11.5 Mc/s
Sweep duration .............. 12 seconds
Peak pulse power radiated ... 20 watts
Pulse length ................. 100 microseconds
Pulse recurrence frequency ... 67 per second.
Recetver :
Frequency sweep ............. 0.5 to 12.0 Mc/s.

wi

There will be two telemetry channels. A low power beacon
Il be on during the operating life of the satellite, primarily

for tracking purposes. It will also be used part of the time for

da

ta transmission. Details are as follows :

(1) Prepared in pursuance of Nice Resolution no I,



Beacon Transmitler :

BYBQUEREY “wadt o vvs b s om v 136.590 Mc/s
Transmitter power ........... 0.25 watts

Modulation .................. Phase modulation
Sub-carrier Frequencies ....... 3.9, 7.35, 10.5, 14.5 kc/s'

A higher power telemetry transmitter will be used for transmit-
ting sounding data to earth.

Telemelry Transmiller :

Frequency ........... ek 136.080 Mc/s
Transmitter power ........... 2 watts
Modolsdioni ..u0cs0us0s vunonas Frequéncy modulation

Normally the beacon, used for radio tracking, will be the only
transmitter operating. The sounding programme will be ini-
tiated from the ground on command. On receipt of the command,
both the sounding transmitter and the high power telemetry
transmitter will be switched on The sounder will sweep through
the band for 12 minutes, and will then be shut off automatically.

Secondary experiments in the satellite will be measurements
of cosmic noise, and energetic particles. These data will be trans-
mitted to ground telemetry stations over the beacon data link.

The satellite is to be launched into orbit by a launching rocket,
of the U. S. A. during 1962. It is expected that the satellite will
be placed in a circular orbit at an altitude of 1000 km, with an
inclination of 80° and with a period of 105 minutes.

O. VI. M.

EXPLORATION DE L’ATMOSPHERE
ET DES DIFFERENTS
PHENOMENES ATMOSPHERIQUES
A L’AIDE DE SATELLITES ARTIFICIELS

'~ England text, p. 43
En 1959, le Comité Exécutif de ’O.M.M. décida de former un
Groupe d’Experts pour les satellites artificiels, avec le mandat
suivant :

a) se tenir au courant des utilisations possibles de satellites arti-
ficiels pour des buts météorologiques ; -
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b) formuler des suggestions sur la meilleure maniére dont I’0.M.M.

pourrait aider ces activités.

Ce groupe fut réétabli en 1960 en vertu de la Résolution 15 qui
figure 4 I’Annexe I.

Par ailleurs, en 1959 également, le Congres de I'O.M.M. définit
comme suit la politique de I'O.M.M. relativement a I'utilisation
des satellites artificiels :

(i) Encourager le développement el I'emploi des satellites arti-
ficiels en tant que moyen pour se procurer des données météo-
rologiques valables ;

(i1) Collaborer, selon les besoins, avec les Nations Unies, les autres
Agences spécialisées et les Organisations Scientifiques, et parti-
culierement le Comité pour la Recherche Spatiale, dans les
programmes relatifs aux satellites artificiels et susceptibles
de conduire a des résultats intéressants pour les météorologistes
ou bien pour lesquels P'avis des météorologistes pourrait
étre utile.

Le Groupe tint une réunion importante en février 1961 a Washing-
ton . L’Annexe Il fournit quelques extraits du rapport de cette
réunion. Ce rapport fut examiné par le Comité Exécutif de I'O.M.M.
qui adopta la Résolution 10 figurant a I’Annexe III.

Tous commentaires el suggestions concernant les activités de
I’O.M.M. dans ce domaine, et plus particulierement ceux des Mem-
bres du Comité Inter-Unions de Radiométéorologie et du Comité
de la Recherche Radioélectrique dans I'Espace, peuvent étre tran-
mis au Secrétaire Général de 'U.R.S.1. qui les fera parvenir aux
orgaiies intéressés de I’Union et a ’O. M. M.

Voir Annexes p. 45.

W.M.O.

INVESTIGATION OF THE ATMOSPHERE
AND OF THE VARIOUS ATMOSPHERIC PHENOMENA
BY MEANS OF ARTIFICIAL SATELLITES

In 1959 the Executive Committee of W.M.O. decided to set
up a Panel of Experts on Artificial Satellites with the following
terms of reference :
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(@) To keep a continuing review of the possible uses of artificial
satellites for meteorological purposes ;

(b) To make suggestions as to how W.M.O. can best assist in these
activities.

This Panel was re-established in 1960 by Resolution 15 given
under Appendix I.

On the other hand, also in 1959, the W.M.O. Congress decided
that the policy of W.M.O. concerning the use of artificial satellites
should be :

(1) To encourage the development and use of artificial satellites
as a means of providing valuable meteorological data ;

(1) To collaborate as required with the United Nation, other
specialized Agencies and Scientific Organizations, in particular
the Committee for Space Research, in artificial satellite pro-
grammes which may lead to results of interest to meteorolo-
gist or on which the advice of meteorologists may be useful.

The Panel had an important session in Washington in February.
1961. Appendix II gives some abstracts from the report of this
session. The report was considered by the Executive Committee
of W.M.O. which adopted Resolution 10 given under Appendix III.

Any comments and suggestions with regard to the activities
of W.M.O. in this field would be welcome by U.R.S.I., particu-
larly from the members of the Inter-Union Committee on Radio
Meteorology and of the Committee on Space Radio Research.
Such comments and suggestions should be sent to the Secretary
General of U.R.S.I. who will forward them to the U.R.S.I. interested
bodies and to W.M.O.



APPENDIX I

Investigation
of the atmosphere and various atmospheric phenomena
by means of artificial satellites

(Resolution 15)

The Execulive Commiltee.
Noling Resolution 28 ((g-I11) and Resolution 6 (EC-XI);

Decides :

(I) To maintain in being the Panel of Experts on Artificial
Satellites with the same membership as before, namely :

V. A. Bugaev (U. S. S. R.),

H. Wexrer (U. S. A.),

W. J. GiBBs (representing C.S.M.),
G. D. RoBinsox (representing CAe) ;

(2) To revise the terms of reference of the panel as follows :
(a) To keep a continuing review of the possible uses of artificial
satellites for meteorological purposes ;

(b) To make suggestions as to how the World Meteorological
Organization can best assist in these activities ;

(¢) To assist in co-ordinating the activities of working groups
which may be established by technical commissions within'
this field ;

(d) To present a progress report to the next session of the Executive
Committee ;

Requests the Secretary General,
(1) To continue to assist the panel, as required, in its work :

(2) To collaborate, as required, with the United Nations, other
specialized agencies and scientific organizations in artificial satellite
programmes which may lead to results of interest to meteorolo-
gists or on which the advice of meteorologists may be useful ;

(3) To keep Members informed of developments in this field.
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APPENDIX II

Extracts from Report of the Second Meeting
of the Panel of Experts on Artificial Satellites

1. — The meeting was held in the U. S. Weather Bureau,
Washington, D.C., U. S. A., 7th to 10th February 1961.

Members present :
Mr. W. J. GiBBs (C.S.M.).
Dr. G. D. RoBixsoN (CAe).
Dr. H. Wexrer (U. 8. A.).

Assisted by :

Dr. K. LangrLo (W.M.O. Secretariat).
Dr. G. D. RoBinsox was elected Chairman of the meeting.

INTRODUCTION

2. — The first meeting of the Panel was held in November 1959.
Since then two meteorological satellites, TIROS I and II, have
been launched, while EXPLORER VII, in orbit at the time of
that meeting, has continued to transmit data on solar and terres-
trial radiation. At our second meeting we have been presented
with the results of research on the TIROS and EXPLORER
transmissions, we have heard of applications of TIROS data in
operational analysis and forecasting, and we have been told of
firm plans for the launching of a family of more advanced mete-
orological satellites for research and development purposes and
of more tentative planning of a system of operational meteoro-
logical satellites.

3. — These developments are due to the initiative of the U. S. A.
We understand that insofar as data from these satellites can be
used in current analysis and forecasting — and we believe that

many of them can be so used if proper caution is exercised — they
will be made freely available, as indeed they have been to date.
Furthermore, copies of satellite data will be available for research
purposes from World Data Centre A.
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DEVELOPMENTS SINCE THE LAST SESSION OF THE PANEL

TIROS I and I1.

4. — The first television cloud observing satellite, TIROS I,
launched on April 1, 1960, produced nearly 23,000 pictures of the
earth’s surface during its 78 days of useful life, of which more
than 60 9, are good-quality cloud-photographs, useful in meteo-
rological analysis, prediction and research. These pictures revealed
almost immediately two important resuts : circular cloud patterns
of diameters up to 1500 km and large areas composed of many
crescent-or doughnut-shaped cloud cells of diameters 50 to 80 km.
Many of the large circular clouds have a marked banded structure
and are associated with cyclonic storms. No two cyclonic cloud
patterns are exactly alike. The smaller cellular clouds are appa-
rently of convective origin and are too large to be seen as a whole
by the human eye and too small to be recognized on conventional
meteorological charts. The convective cells revealed by these
50-80 km wide clouds probably play an important role in trans-
ferring heat, water vapour and momentum from the surface to the
lower layers of the atmosphere.

5. — TIROS I has also revealed additional interesting infor-
mation : spiral cloud bands of a tropical cyclone north of New
Zealand, cirrus streamers associated with the jet stream over
the southern Andes, double vortex clouds in cyclones which
apparently have only one low-pressure centre, cumulus cloud
«streets » in the tropics, a single long thin cloud about eight km
wide and several hundred kilometres long east of Florida (proba-
bly an airplane contrail) and its reverse — a long, thin cloudless
streak embedded in an otherwise continuous cloud cover near
Madagascar, a broken pattern of sea ice in the Gulf of St. Lawrence
and snow fields in the Himalayan Mountains and in the Alps. A
series of photographs obtained from five orbits over the southern
Indian Ocean in late April 1960 enabled construction of a synoptic
cloud chart for that area, composed of four main cyclonic centres.
This situation was included as an addendum in our previous
report. One of these storms later moved into southern Australia,
giving a prolonged period of precipitation.
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6. — . The TIROS -1I meteorological satellite containing two
television cameras and the family of radiation experiments described
below was placed into orbit on November 23, 1960. By January
15, 1961, 12,671 wide angle pictures and 894 narrow angle pictures
were obtained. While the wide angle pictures are not as clear
as those of TIROS I they are still quite useful ; the narrow angle
pictures are of excellent quality.

7. — Radiation data were also obtained for more than 400 orbits.
A radiometer contains a cluster of five sensors, their optical axes
inclined 45 degrees to the spin axis of the satellite. Each sensor
has a b-degree field of view covering an area of about 50 x 50 km.
The spin and movement of TIROS along its orbit provides the
scanning motion. Channels are sensitive to the following spectral
bands.

(1) 6 to 6.5 microns. This gives average temperature of the
top layer of the atmosphere containing about 0.3 mm pre-
cipitable water.

(2) 8 to 12 microns. This gives approximate temperature of the
earth’s surface or of the top of the highest cloud of appreciable
thickness.

(3) 0.2 to 6 microns. This measures the energy of reflected solar
radiation. ;

(4) 8 to 30 microns. This measures the energy of the terrestrial
radiation.

(D) 0.55 to 0.75 microns. This is the region of maximum sensi-
tivity of the television camera.

A limited amount of data has been reduced. Samples taken
in the atmospheric water vapour « window » between 8 and 12 mi-
crons over the United States shows apparent black body tempera-
tures ranging between 210 and 250 degrees I over cloudy areas and
about 280 degrees K over cloudless regions.

8. — The 6 to 6.5 micron band shows apparent black body
temperature between 220 and 250 degrees IC also recorded over
the United States on the day of launching of TIROS II. On the
same day, data from an area between Australia and New Zealand
were reduced. A map shows the radiation pattern resulting
from the measurement in the 8 to 12 micron window. Low
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temperatures of 240 degrees IK suggest the presence of high
clouds. Maximum temperatures of more than 280 degrees I,
recorded north of New Zealand are somewhat loss than the ocean
temperatures in this region.

9. — A second radiometer on TIROS II, with much lower
resolution, gives heat balance information over an area within
the field of view of the wide angle television camera. One black
and one white thermistor, each mounted in the apex of a highly
reflective cone, serve as detectors. Measurements from the black
detector fall into the expected range. The white detector, howe-
ver, seems to act as a medium gray sensor since-the temperature
differences between both sensors are lower than expected. Cloudy
and clear areas inferred from the surface, weather maps seem to be
in agreement with radiometer data.

EXPLORER VII.

10. — EXPLORER VII was launched on 13 October 1959
and is still transmitting information. It carries two sensors
designed to absorb mainly solar and mainly terrestrial radiation
respectively ; from their telemetered temperatures the reflected
solar radiation and the terrestrial radiation from an area of the
earth 800 to 1600 km in diameter are calculable in principle.
We were shown the results of some calculations. They included
synoptic maps of the effective radiative temperature of a large
area of North America, which showed a clear association with
high and low pressure systems on weather maps, and preliminary
estimates of latitude variation of outgoing terrestrial radiation
for periods of one week in December and April, which were rather
higher than previously accepted estimates.

11. — It is expected that EXPLORER VII data will be made
gencrally available, possibly in the form of magnetic tape. This
will probably contain sensor temperatures with all other information
necessary for the computation of radiation values.

PROPOSALS FOR FUTURE METEOROLOGICAL SATELLITES

12. — We were informed of plans for future launchings of meteo-
rological satellites for research and development purposes. The



TaBLE 1

U.S.A. meleorological salellile programme

1961 1962 1963 1964 ~
Launchings 1 or 2 TIROS 2 NIMBUS 2 NIMBUS 2 AEROS
Orbit Inclined-500 Retrograde-80° (Quasi- | Retrograde-80° (Quasi- | Equatorial
polar) polar)
- Altitude 700 km 1100 km 1100 km 36 000 km
Space, Spin stabilized | Earth stabilized Earth stabilized Earth stabilized

- Orientation

asurements

* Preliminary plans for 1964 and subsequent years include one

1. Cloud cover (vidicon)

w

. Scanning and non-
scanning solar and
terrestrial radiation

1. Cloud cover (vidicon,
electrostatic tape)

[

. Scanning and non-
scanning solar and
terrestrial radiation

3. Other radiation mea-
surements

1. Cloud cover

2. Solar and terrestrial
radiation

3. Other radiation mea-
surements

4. Other developments
(radar,spectrometer,
image orthicon, sfe-
rics, etc.)

(31}

. On-board analysis

polar-orbiting satellite.

1. Cloud cover (camera
with varifocal lens)

(
=
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programme to be implemented in the U.S. A. is summarized in
Table 1; the proposals for 1964 are in the planning stage, but
are not finally approved.

13. — We were also notified that spectroscopic and total
absorption experiments to measure atmospheric ozone would
be mounted on the second satellite in the U. K.-U. S. A. Scout
Satellite Project (Scout U. IK. 2) with a probable launching data
early in 1963. Orbit details : Inclined 550, perigee 450 km, apogee
1600 km, spin stabilized. "

14. — We learned of no firm plans for the use of operational
meteorological satellites on a continuing basis. However, we
understand that a study of such a system, in some detail, is in
progress in the U.S. A. and that approval will be sought for its
implementation.

15. — No information regarding research or operational satel-
lites was received from other countries.

AVAILABILITY OF DATA

16. — We were informed of the steps being taken to make
freely available for study the data obtained by satellites TIROS 1
and II and EXPLORER VII.

17. — The cloud picture transmissions from the TIROS satel-
lites received at the read-out stations were displayed on a TV
screen, and simultaneously recorded on magnetic tape. A 35 mm
camera photographed the TV screen, producing a black and white
negative of each television picture. This master negative, from
which copies can be made for distribution and analysis, will be
stored permanently at the U. S. Weather Bureau’s National
Weather Records Center (N.W.R.(..), Asheville, North Carolina,
. 8: As

18. — A catalogue now in preparation will contain a track
map for each picture sequence and tabulated information on orbit
pass number, date, starting time of the sequence, and brief remarks
on visible landmarks and cloud features. This catalogue will
be published as a number in the U. S. Weather Bureau’s Key lo
Meleorological Records Documenlalion series and will then be
available to all interested through the United States Superinten-
dent of Documents, Washington 25, D.C., U, S. A, Those who
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wish to obtain copies of the films, will be able to do so, from the
N.W.R.C., in the form of 35 mm film positive transparencies for
projection or 35 mm duplication negatives from which opaque
prints can be mate. The film will be stored on 100 foot rolls,
each containing about 800 frames, and it will be necessary to order
one or more complete rolls. It will not be possible to provide
individual frames, enlargements, or other picture formats.

19. — Each picture bears an orbit pass number, a frame number,
and indications of camera used (wide- or narrow-angle) and mode
of transmission (direct or from tape), but no auxiliarly information
on orientation with respect to the earth’s surface. A number of the
wide-angle camera pictures have been selected for photogram-
metric analysis. With the aid of this analysis an estimate of the
camera orientation for the selected pictures is obtained. Where
camera orientation information is known with sufficient precision,
grids will be constructed showing geographic co-ordinates. Another
set of 3> mm transparency film strips, negatives and positives,
will be produced showing the cloud pictures with grids showing
geographic co-ordinates and appropriate labels superimposed
thereon. When these become available, copies may be obtained
from the N.W.R.C. in 100 foot rolls.

20. — After completion of the procesisng of the radiation data
from the TIROS satellite, these also will be made available through
the NNW.R.C. A format for presentation of these data has not,
been determined.

21. — We were informed that certain difficulties met with in
reduction of the measurements transmitted from the radiation
balance experiment in EXPLORER VII had now been largely
overcome, and it was the intention to make the processed or par-
tially processed data available through the N.W.R.C. in a format
not yet determined. '

OPERATIONAL ASPECTS

Use of data from TIROS I and TIROS II in routine analysis and
forecasting.

22. — The TIROS satellites were placed into orbit primarily

for research purpose. They provide an entirely new method of



obtaining types of observations of cloud distribution not available
by any other means. Many cloud photographs from TIROS I
contained cloud patterns which were evidently associated with
cyclonic circulations, and others showed bands of cloud obviously
linked with fronts. TIROS II cloud photographs, althouth the
wide-angle camera was slightly out of focus, also contained patterns
which in many cases could be associated with synoptic features.

23. — A few plain language statements, based on TIROS I
photographs, were issued from the U. S. Meteorological Satellite
Laboratory. Following the experience gained with TIROS I,
nephanalyses were prepared for 371 of the 576 programmed orbits
of TIROS II between November 23, 1960 and February 2, 1961.
These nephanalyses indicated the satellite picture boundary and
the boundaries of cloud areas. Plain language indication was
also given of features such as vortices, spiral bands, etc., and the
nature of the cloud areas was indicated.

24. — Nephanalyses were transmitted over facsimile circuits
or by coded statement over teletype circuits, about 6 hours after
orbit time.

25. — These nephanalyses were widely disseminated in the
U. S., to meteorological offices, airline companies, power companies.
and T.V. and radio stations. They were also broadcast by radio-
facsimile from a number of U.S. Navy radio stations, and were
intercepted by some countries. The coded messages were sent
by teletype to the International Antarctic Analysis Centre in
‘Melbourne, and were therefore available also to the Australian
Bureau of Meteorology.

26. — Preliminary reports have been received from a consi-
derable number of stations in the U. S. and from the I.A.A.C. and
Australian Bureau of Meteorology regarding operational use of
TIROS II nephanalyses. These reports agree that some nepha-
nalyses are of definite assistance in synoptic analysis and fore-
casting, particularly when the cloud is arranged in patterns which
strongly suggest vortices, frontal systems or convergence zones.
Other nephanalyses have been difficult to interpret, probably
as a result of lack of experience of the recipient. On some occa-
sions there were inconsistencies between nephanalyses and simul-
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taneous cloud observations from the ground ; this may have been
due to the fact that wide angle camera on TIROS II was slightly
out, of focus.

27. — Examples of operational use of nephanalyses by U.S.
meteorologists were :
(i) 14 January 1961, in the vicinity of 50 N 165° W where nepha-
nalyses were used to determine an area of significant weather
for aviation forecasting and briefing.

(ii) 30 November 1960, in the Central Mediterranean, where
revised frontal analysis was used in aircraft observations
and for briefing aircrews.

(iii) 30 November 1960, in eastern U. A. and the western Atlan-
tic when a frontal position off the eastern coast was confir-
med by nephanalyses.

(iv) 1-9 December 1960, over eastern U. S. A. and the western
Atlantic when nephanalyses were used for cloud forecasting
for air operations and permitted extension of the analysis
to areas where conventional data ware sparse.

(v) 30 November 1960, oft the western coast of U.S. A., when
nephanalyses resulted in the modification of an analysis
from two fronts to three fronts or instability lines.

(vi) 2 December 1960, off the California coast, when nephanalysis
extended a frontal analysis to a sparse data area.

(vii) 30 January 1961, along the peninsula of Baja, California,
when nephanalysis showed cloud cover beyond that indicated
by regular observational procedures.

28. — 191 nephanalyses were received in Australia between
8 December and 12 January. Of these 134 were plotted, the
remainder being remote from the Australian area if interest. Many
of these analyses were over the oceanic areas surrounding the
continent. The nephanalyses were valuable in increasing confi-
dence in the conventional analysis.

29. — Some particular case where TIROS II nephanalyses
were operationally useful in Australia included those for :

(i) 28 December 1960 when nephanalyses over the Southern
Ocean, south of Australia, were of material benefit in deter-
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mining the situation over this region and in forecasting a cool
change which followed heatwave conditions over SE Australia.

(i1) 3 January 1961, when nephanalyses over the Coral Sea showed
areas of heavy overcast associated with the development of a
weak tropical cyclone.

30. — There is no doubt that TIROS cloud photographs,
gridded with geographical co-ordinates and available within a
few hours of observation time, are of assistance in analysis and
forecasting, especially if they are available over areas normally
deficient in meteorological observations, such as large oceanic areas.

31. — A W.M.O. Technical Note on the interpretation of satel-
lite data would be of geat value and we are informed that the
U.S.W.B. is willing to prepare such a Technical Note.

32. — There is also a need for further investigation :

(a) To determine the resolution, positional accuracy and fidelity of
satellite cloud photographs ;

(b) To determine the type of cloud patterns associated with
various stages of development of synoptic features such as
highs, lows, troughs, ridges, jet streams, and with various
states of atmospheric stability (see paras. 49-H1).

ACQUISITION AND DISSEMINATION OF DATA
FROM NIMBUS METEOROLOGICAL SATELLITE

33. — Because of its quasi-polar orbit and earth orientated
stabilization system, the NIMBUS satellite should be capable
of collecting observations over the entire surface of the earth.

34. — The U. S. A. is now constructing a command and data
acquisition station in Fairbanks, Alaska, for use with the first
NIMBUS satellite. There is a possibility that a second station
will be established on the east coast of the United States. Durirg
the period on each orbit when the satellite is within radio range
of the ground station, the observational data obtained during
the entire previous one or two orbits will be transmitted at high
speed to the ground station where it is recorded. At the same
time instructions will be radioed to the satellite to control its
data collection during subsequent orbits.



' '35. — The number and location of command and data acqui-
sition stations determine how much of the global data can actually
be received on the ground. If only a single station, located at
Fairbanks, Alaska, is used, then a sector including South America,
Africa, Western Europe, North and South Atlantic would be
missed on the south-bound (night-time) passes of the satellite and
Eastern Asia, Australasia, Japan, most of the North Pacific and
the western half of the South Pacific would be missed on the
north-bound (day-time) passes. With the addition of a station
located on the east coast of the United States, much of the South
Atlantic, Africa, and a portion of Europe would still be missed
on the south-bound passes; a section of the North and South
Pacific, about 60° of longitude wide, would be missed onsthe north-
bound passes. A third station, for example in Northwestern
Europe, would permit the reception of data from the entire earth.
It a read-out station were established poleward of 80° latitude,
it would permit reception of data from all orbits of polar-orbiting
satellites.

PROCESSING OF DATA FOR OPERATIONAL USE

36. — Plans are well under way to permit the use in meteo-
rological operations of cloud pictures obtained by the NIMBUS
satellite. The pictures will be obtained over the sunlit portion
of the earth by television type cameras. There is also a possibi-
lity that data from one of the scanning radiometers might be used to
determine the gross cloud patterns over the dark side of the earth.
This will require development of suitable rapid processing equip-
ment to permit the use of these data operationally.

37. — It is expected that a wide band communications link
will be used to transmit the television signals from the ground
receiving stations to the National Meteorological Centre located
at Suitland, Md., U. S. A. At this point the signals will be rapidly
transformed into pictures and high speed computing equipment
used to prepare superimposed latitude and longitude grid lines.
Meteorologists at this Centre will analyze the picture information,
incorporating the results into the standard meteorological analysis
as well as preparing results in abbreviated form for transmission
to other users. A small team of meteorologists located at the
ground receiving stations will assist in providing quality control
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and in emergencies will produce nephanalyses in thesame manner as
for the TIROS satellites. On these occasions the nephanalyses
will be transmitted from the ground receiving stations, using
standard facsimile and teletype circuits.

DissEMINATION OF NIMBUS DATA ON AN OPERATIONAL BASIS

38. — Within the U. S. A. it is expected that facsimile circuits
will be the main means for the transmission to field forecast groups
of analyzed cloud picture data. It is hoped that higher quality
facsimile equipment than that normally used for transmission
of weather maps can be installed at forecast centres. This would
permit the transmission of selected cloud pictures in addition
to nephanalyses to these stations.

39. — Nephanalyses will be available to other countries having
the necessary radio-facsimile equipment. Realizing the limited
availability of facsimile circuits on an international basis, it is
also planned to prepare coded reports which could be transmitted
by teletype. Such dissemination requires establishement of
appropriate codes, headings, and communications facilities (see
paras. 41-42).

FOoRMS OF DISSEMINATION OF CLOUD DATA

40. — We recognize the urgent need for establishing standar-
dized formats for the dissemination of cloud data expected from
the NIMBUS satellite to be launched in 1962 so that advantage
can be taken of this unique meteorological information and recom-
mend the following forms for the dissemination of this data, listed
in order of desirability.

(a) Photo-mosaics, with analytical noles and geographical grids
superimposed. — The transmission of this form would require
considerable band width. The detail included in the received
pictures would be in direct proportion to the band width used.
To retain all of the detail contained in the original observations,
a bandwidth of 150 ke per second and a transmission time of 2
hours would be required to transmit pictures from one orbit.
Since the orbital period of the NIMBUS satellite will be approxi-
mately 2 hours, continuous use of such a line would be required



if pictures for the entire earth were to be transmitted on a current
basis.

(b) Nephanalyses. — In this format the cloud information
would be presented in a form similar to that used in conjunction
with the TIROS satellite. Cloud areas would be presented on a
standard base map with appropriate symbols used to indicate
special cloud features and cloud type. A standard weather
facsimile circuit of 3 ke per second bandwidth would be used.
Transmission time for the analysis of daytime pictures obtained
on each orbit would of course depend upon the size of the map
used, and the amount of detail it is desired to transmit. It is
estimated that a minimum time of 40 minutes would be desirable
if data were to be transmitted for the entire sunlit portion of each
orbit. A reduction in this time could be obtained if only selected
data were transmitted on a regional basis.

(¢) Teletype Iransmission of coded analyses. — Appropriate
codes similar to those used for teletype transmission of weather
maps can be used to encode the nephanalyses for transmission
by teletype. Again the amount of detail desired as well as extent
of area coverage required will determine the transmission time
for the data resulting from each orbit. Based on experience in
using cloud pictures obtained from TIROS satellites, it is estima-
ted that up to approximately 20 minutes at 60 words per minute
would be required for the transmission of coded analyses based
on the entire sunlit portion of one orbit.

41. — In paragraph 40 we state our preference as to types of
pictorial data which should be disseminated internationally (a)
gridded photographs, (b) nephanalyses via facsimile and (¢) nepha-
nalyses in coded form supplemented by narrative description.
We have also noted the plans to launch TIROS III during 1961
and to launch NIMBUS I during 1962. The latter will cause an
even greater communications load because of the increased amount
of data available.

42. — We realize that the existing communications facilities
do not permit routine dissemination internationally of data in
our first two preferred forms. Nevertheless we feel that the pro-
blems should be considered now, so that the W.M.O. can develop
a long-term solution which would permit their distribution.



RAbio FREQUENCY ALLOCATION FOR TRANSMISSIONS
OF OPERATIONAL METEOROLOGICAL SATELLITES

43. — In our previous report we suggested early consideration
of steps to ensure adequate allocation of radio frequencies for the
transmission from satellites of data for operational use, and drew
attention to the I.T.U. Extraordinary Meeting in 1963. We are
advised that.this problem is still an urgent one.

RESEARCH ASPECTS

44. — We discussed some aspects of the research made possible
and desirable in view of the data already obtained from satellites
and also directions in which further research seems possible and
desirable. We summarize our discussion in the following para-
graphs.

INTERPRETATION OF CLOUD PHOTOGRAPHS

45. — The cloud patterns observed by TIROS contain a large
amount of information and only a small fraction of this is being
extracted by meteorologists. The amazing complex of linear,
circular, spiral and cellular patterns over a wide range of dimensions
is a striking manifestation of atmospheric motions and processes
which would otherwise go on unnoticed. Interpretation of these
cloud patterns would be assisted by :

(a) Increased documentation of cloud patterns observed by satellite
by taking auxiliary observations and photographs of the same
cloud system from ground stations, aircraft, rockets, etc.,
and by taking additional conventional meteorological obser-
vations and soundings in the same area.

(b) Comparison of cloud pictures with meteorological features,
extended to many geographical areas and covering a large
variety of synoptic pattern for all seasons.

(¢) Encouragement of theoretical analysis of convection based on
earlier work by Rayleigh, Jeflreys, Pellew and Southwell, Mallkus
and Veronis,and I{uo. Here problems of extraordinary mathe-
matical difficulty are encountered but the existence of wide-
spread organized cloud patterns now being revealed by satel-
lites should serve to stimulate theoretical progress.



(d) Intensification of laboratory exploration of convection started
by Bénard, Avsec, Mal and others.

46. — The study of satellite cloud pictures in combination with
synoptic charts, laboratory experiments and theoretical analysis
should stimulate investigation of the smaller-scale phenomena
as did that of synoptic charts, planetary wave-theory and dishpan
experiments for the larger-scale wave patterns.

RADIATION MEASUREMENTS FROM SATELLITES

47. — Everyone recognizes that without external energy input
atmospheric motions would soon run down and thus acknowledges
the necessity for measuring radiation fluxes to and from planet
Earth. Now that earth-circling satellites have begun to produce
solar and terrestrial radiation measurements in sufficient quantity,
ways must be found to use the data.

48. — As mentioned in paragraph 10, patterns of outgoing
radiation from the atmosphere and earth have been plotted which
bear remarkable similarity to anticyclones and cyclones in dimen-
sion and motion ; this is caused primarily by the presence or
lack of cloud sheets associated with these systems.

49. — As additional radiation data, especially from polar-
orbiting satellites become available, it appears that the following
investigations will be valuable :

() Mapping areas of net radiant energy accumulation and noting
associations with changes in potential energy and large-scale
processes such as anticyclonic and cyclonic development.

(b) Measuring the radiation balance of selected zones.

(¢) Keeping track of long-term variations in the heat balance
of the planet Earth and the accompanying variations in
earth albedo. Such investigations would make a unique
contribution to knowledge of the general circulation and
consequently add to our understanding of the causes of long-
term changes in weather and climate.

OZONE DISTRIBUTION

50. — We have been informed of two proposals for measuring
the amount and distribution of ozone in the atmosphere. The
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first, to be mounted on SCUOT UK 2 usesthe measurements of the
solar radiation in the ultraviolet ozone band as the satellite passes
into and out of the earth’s shadow. Total absorption and spectral
distribution will be measured. The method is expected to be
most effective for heights above the ozone maximum. The seceond
involves examination of the scattered solar radiation. These
projects could result in a greatly increased knowledge of the
variation of ozone content in time and space, with application
to the study of radiative transfer of energy and of the general
circulation.

NEW TYPES OF MEASUREMENT

51. — Work is progressing on techniques to obtain new types
of measurements, such as precipitation detection by radar, vertical
temperature structure in the stratosphere and high troposphere
by infrared spectrometer, and ozone distribution by ultraviolet
spectrometer.

52. — Further types of measurements from satellites are desi-
red. For example, surface pressure could be measured if a tech-
nique could be divised- to determine the total mass of the atmos-
pheric column beneath the satellite. An accuracy of at least
5 millibars is considered to be necessary for such a measurement
to be useful.

53. — A means of determining winds at a number of levels
on a global basis would contribute significantly to the value of
satellite observations. Such measurements might be made by
using the satellite to locate and record the positions of a number
of constant level balloons. In addition to the tremendous engi-
neering problems involved in such a system, full international
co-operation would be required for the flight of the balloons.

54, — To advance the field of meteorological satellite obser-
vations, scientists in all countries should be encouraged to develop
techniques for making new or improved measurements from this
unique observing platform. Through international co-operation,
arrangements could probably be made for the engineering deve-
lopment of suggestions of merit even though the individual scien-
tist lacked the facilities for such development.
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