MEETING REPORTS

Canadian Satellite: The
Topside Sounder Alouette

The United States and Canadian na-
tional committees of the Union Radio
Scientifique Internationale (URSI), to-
gether with Professional Groups of the
Institute of Radio Engineers, recently
sponsored the second United States-
Canadian technical meeting of URSIL
The meetings were held on 15, 16, and
17 October in Ottawa, the hosts being
the Canadian National Research Coun-

cil and the Defence Research Board.
At this meeting Canadian scientists
announced the preliminary results of a
spectacularly successful scientific space
venture involving the “Alouette” satel-
lite. The Alouette, also known as the
Topside Sounder S27 and as 1962
Beta Alpha One, was developed by
Canadian scientists of the Defence Re-
search Board. It has the distinction of
being the first space craft to be de-
signed and constructed by a nation
other than the United States or the
U.S.S.R. It was launched by the Amer-
ican National Aeronautics and Space
Administration (Nasa) from the Pacific
Missile Range on 29 September 1962,
the first orbital flight attempted by

Nasa from this particular site. A 600-
“mile high circular orbit was asked for
‘and achieved almost exactly. In fact,

this particular launching represented
the most accurate orbit yet achieved
in the U.S., the height of perigee and
apogee differing by only 22 miles. The
Alouette was launched by a Thor
Agena B vehicle into a polar orbit (in-
clination 80.5 degrees). Its period is
105 minutes. :

The satellite itself is an oblate
spheroid (Fig. 1) of spun aluminum
(diameter, 42 inches; height, 34 inches)
weighing 319 pounds. Its power is de-

~rived from some 6500 solar cells cover-
‘ing the outer shell of the vehicle which
convert energy from- sunlight incident -

on the cells into electrical energy to
trickle charge the satellite’s 12 nickel-
cadmium batteries.

A unique feature of the Alouette is
its 150-foot (tip-to-tip) antenna, the
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longest aboard any space vehicle to
date. This, together with an additional
75-foot antenna, enables the satellite
to receive and transmit radio waves
over a wide frequency range extending
from 0.45 to 11.8 Mcy/sec. The de-
ployment of such long antennas raised
some interesting problems which were
solved in a brilliantly original way.
Both antennas are made of thin heat-
treated steel and are stored on drums
within the vehicle rather like a carpen-
ter’s steel tape rule. After the satellite
has separated from the launch vehicle,
the antennas are extended and the steel
tape assumes a circular cross section
very much in appearance like, and as
rigid as, a thin cylindrical tube. Anten-
na tests and preliminary experiments
to test the feasibility of topside sound-
ings were carried out at NasA’s Wallops
Island Station by rocket firings in
June 1961.

A  number of different experi-
ments, conducted by the Canadian
Deéfence Research Telecommunications
Establishment and the WNational Re-
search Council, are aboard the Alouette.

‘The main experiment is concerned with -

measurements which have become
known as “ionospheric topside sound-
ings.”

This experiment is a natural extension
of one first carried out by Breit and
Tuve in 1926 in the United States.
Essentially,
ment consisted of a variable-frequency,
vertical-incidence radar capable of
measuring the time delays between ra-
dio wave pulses received via a direct
path from a transmitter on the ground
close to the receiver and those received
after they had traveled -up into, and
had ‘been reflected down to-earth by,
the ionized regions of the earth’s upper
atmosphere. The depth to which the
radio waves penetrate into the iono-
sphere depends on the frequency of
the radio wave, and these observations
are therefore known as ionospheric
“soundings.” Automatic equipment to

Breit and Tuve’s equip-

record the echo time-delays as a func-
tion of frequency is called an iono-
sonde, and the record obtained is
called an ionogram. The penetration
depth also depends on the electron
density in the ionosphere, and iono-
grams made at observatories all over
the world have been widely used as
starting data for the determination of
the electron density-height profile of
the ionosphere and to provide infor-
mation about the maximum electron
density in the different layers of the
ionosphere. Ground based ionograms,
however, have the serious limitation
that they can provide no information
about the ionosphere at levels above
that at which the electron cloud reaches
its maximum density (300 to 400 km)
corresponding to a “critical” probing
frequency. Radio waves of frequency
greater than this critical value pene-
trate the ionosphere and are not re-
flected to earth.

The Alouette carries an ionosonde
at altitudes well above the level of
maximum " electron density (Fig. 2)
so that the delay time of echoes re-
flected from the topside of the iono-
sphere as a function of frequency may
be recorded (Fig. 3a) and used to give
the electron density distribution in' the
upper F region (Fig. 3b). The tech-
nical problems to be overcome in de-
signing a sweep frequency satellite- -
borne radar system weighing less than
300 pounds and occupying a volume
of less than 3 cubic feet are tremen-
dous. o

The sounding transmitter and re-’
ceiver in the Alouette are completely
transistorized. The sweep frequency
sounding- takes about 11 seconds to

‘complete; during this time the satellite

travels approximately 55 miles. The
transmitter has a peak pulse power of
100 watts. The ionograms already re-
corded by this equipment number over
70,000; the quality of the recordings
is extremely good. Furthermore, data
recorded - by Alouette, together with
simultaneous  soundings made - by
ground-based ionosondes, may be fit-
ted together to produce a complete
ionospheric electron density profile

-extending -from -about 100 kilometers- -

above - the -earth- into- the exosphere
(Fig. 4). :

Thus, for the first time, the distri-
bution of free electrons throughout
the ionosphere may be monitored on
a simple routine basis, and the way in
which the ionosphere changes through
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Fig. 2. Ground-based ionosondes are widely used to probe the part of the ionosphere
lying below the level of maximum electron density at about 300 km. The Alouette
satellite carries an ionosonde well above this level and can make similar observations
of the extended upper reaches of the ionosphere. The number of electrons per cubic
centimeter at different levels is represented schematically by the density of dots and is
also indicated numerically.
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the day and night at different latitudes
may be observed. From these profiles,
it is possible to derive information on
the temperature of the ionosphere and
on the mean molecular mass of its
constituents. A paper presenting pre-
liminary data on these subjects was
read at the meeting. Scientific data
recorded by the satellite are being tele-
metered to 12 ground stations. Three
of these in Canada (Resolute Bay,
Prince Albert, and Ottawa) were con-
structed by and are manned by Cana-
dian personnel of the Defence Research
Board. Seven of NasA’s world-wide
Minitrack stations are also recording
data and tracking the satellite. Two
stations are being operated by Great
Britain—one at Singapore and the other
on an island in the South Atlantic.
These observations will be continued
for at least a year, and it is planned
ultimately to store copies of the data at
the world data center at Boulder, Colo-
rado, where they will be available
on request, to scientists from any-
where in the world who may be in-
terested in them.

The topside ionograms recorded to
date show some extremely interesting
features, and many of the sessions at
Ottawa were concerned with their in-
terpretation. In addition to the ordi-
nary and extraordinary traces corre-
sponding to the reflection of waves
from the topside of the ionosphere,
echoes are observed at frequencies
greater than the “critical frequency”
of the F2 layer. These correspond to
waves which pass through the iono-
sphere, are reflected at the ground,
penetrate the ionosphere again and are
finally received at the satellite. A bi-
furcation of the traces is sometimes ob-
served, and this has been attributed
to the existence of a ledge (or perhaps
a layer) above the F2 layer peak. Dif-
fuse reflections similar in form to the
familiar “spread F” echoes observed
on ground-based ionograms have also
been seen near the satellite and near
the peak of the F2 layer. It seems
likely that irregularities in the iono-
sphere at levels not previously studied
will now be observable.

In addition to the ordinary and ex-
traordinary wave traces mentioned
above, some additional traces, includ-
ing some called “plasma spikes,” are
observed. These spikes may be used to
determine the electron density at the
satellite very accurately. The detailed
appearance of the ionogram traces pose
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many interesting new problems in the
field of radio wave propagation in an
ionized medium, and these are being
worked on extensively by the Canadians
as well as by scientists elsewhere. It is
already clear that these features will
provide a great deal of information
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about the properties of the ionosphere
and about the earth’s magnetic field
at great heights above the earth.
The Alouette satellite carries a num-
ber of experiments in addition to the

and e-particle fluxes are measured at
the satellite, are concerned with the
intensity of radiation in the horns of
the outer Van Allen belt and with the
variations of intensity which occur
outside the belt and are associated
with solar flares and auroras. The ar-

topside sounder experiment. Some
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Fig. 3a (left). Alouette Topside Sounding made about midday above Ottawa, 29 September 1962. (Reproduced from Alouette
Satellite 1962 Beta Alpha One, published by the Canadian Defence Research Board, Ottawa, October 1962.) Fig. 3b (right). The

author has calculated that the electrons in the upper ionosphere must be distributed approximately in the form shown to account
for the Alouette Topside Sounder observations reproduced in Fig. 3a.
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Fig. 4. Schematic diagram to illustrate how a complete ionospheric electron density-height profile may be obtained by using a topside
ionogram to give the profile above the level of maximum electron density and a ground-based ionogram to give the profile below this

level.
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tificial radiation belt produced by a re-
cent nuclear explosion at great alti-
tude is also being observed. The in-
struments in the satellite also measure
galactic radio noise and the intensities
of very-low-frequency radio emissions
in the range 1 to 10 kcy/sec.

The design and construction of the
satellite was carried out by the Cana-
dian Defence Research Telecommuni-
cations Establishment with assistance
from Nasa (which was responsible for
the final testing and launching of the
equipment) and from Canadian in-
dustry.

The Alouette satellite represents a
brilliantly successful effort in which
international cooperation in scientific
experiments in space may be seen
working at its best.

J. O. THOMAS
Radioscience Laboratory, Stanford
University, Stanford, California
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