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REsUME. — On a pu observer des émissions solaires dans la. gamme de fréquences 1,5 & 10 M Hz avec le récepteur a
balayage de fréquence monté dans le satellite Alouette. Les sursauts de type I11 sont faciles & identifier contraire-
ment & d’autres événements pour lesquels les enregistrements d’ Alouette seuls sont insuffisants. A partir de la dérive
en fréquence des sursauts de type I11 et d’un modéle de la couronne, on trouve que la vitesse de la source est de 0,1 &
0,15 ¢. A partir des durées des sursauts on donne une estimation provisoire des températures coronales.

On a observé aussi des événements de plus longue durée qui n’ont pu étre classés et qui présentent une structure
s’ étendant jusqu’a la limite inférieure d’observation (1,5 M Hz). On les discute briévement.

ABSTRACT. — Solar radio noise in the frequency range 1.5 to 10 M Hz appears sporadically in the Alouette sweep-
frequency recordings above the galactic noise level. The type I1I bursts can be readily identified, but other spectral
types are much more difficult to identify from only the satellite records. Using a plausible model for the coronal
electron densities, the Type I11 frequency drift curves have been interpreted as corresponding to a source velocity
in the range 0.1 to 0.15 times the velocity of light. Preliminary estimates have also been made of the coronal
temperatures from some of the burst durations.

Other solar noise events of longer duration have not been classified other than as enhanced solar noise at this
stage. These enhancements frequently show an intensity structure, extending down to the 1.5 M Hz lower frequency
limit of the equipment. These events are discussed briefly.

Pesiome. — IIpu mocpefcTBe MPHEMHIKA ¢ 4acTOTHOI pasBepTKoHl, yecTaHOBICHHOTO Ha coyTHHEKaX fHaBo-
pouok (Alouette), M0OIKHO OBLIO HA0JIIOAATH COJHEUHBIE IMUCCUM B JAyMalla30oHe yacToT oT 1,56 o 10 Mru.
Benmecku Tanma 111 merxo OTOMAEGCTBHAMEI, B IIPOTHBOIOJOMHOCTDL APYTHM COOBITHAM, AJIA KOTODBIX
TOJXbKO perucrpanuu fHaBoponka, megocraTouynsl. Mexopa us yacrotHoro gpefida BemiaeckoB tuma 111
iI MOZeJIH KOpPOHBI, HafijleHo, uT0 CKOPOCTL MCTOYHMKA paBHa 0,1-0,15 ¢. McxoAsa M3 IPOJOJIKUTEND-
HOCTH BCILIECKOB, JaHAa BPEMEHHAsI OLCHKA KODOHAJBHBIX TEMIIEPaTyp.

Bruau raxxe HaOMIOACHB COOLITHA 00JblIeH IMPOXOIKATEIBHOCTH, KOTOPHC HE YXAJ0Ch. KIacCH-

(UIEPOBATh M KOTOPHE BBLIABIAIOT CTPYKTYDY IPOCTHPAIOMIYIOCH [0 HUMKHEI0 Ipejetia HaOJIIOJeHNA
(1,5 Mrm). OEE KpaTKO OOCYH{/[EHEL.

or ionospheric. In the 22 months since launch a
substantial number of solar noise events have been
recorded, and a preliminary assessment of some

|. INTRODUCTION.

The results on the galactic radio emissions
obtained with the sweep-frequency receiver in the
Alouette I satellite have been described elsewhere
(HarTz 1964, 1965). That equipment, orbiting
above the bulk of the ionosphere, sweeps in fre-
quency from 0.5 to 12 MHz and operates on the
average for about 5 hours per day. Below the
F-layer critical frequency and extending down
to 1.5 MHz (where a rapid reduction in the equip-
ment sensitivity takes place), the receiver monitors
the extra-terrestrial noise level, which in most
cases is the galactic noise level. At times of solar
activity, however, enhancements in this level
often can be noted ; such enhancements can be
shown to be solar in origin, rather than terrestrial
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of these is given here.

Although it is expected that the solar noise
in the 1.5 to 10 MHz range would have charac-
teristics similar to those found in the metric and
decametric regions of the spectrum, difficulties
have been encountered in classifying the noise
events in the satellite recordings. These can be
attributed in the main to restraints of the experi-
mental situation, and include : (1) an amplitude
.nodulation related to the satellite spin rate appears
in the records since the solar emissions come from
essentially a point source, (2) the frequency range
of the records is limited to about 2,5 octaves at
best and often is much less than this because of
a low F-layer critical frequency, (3) there is no


https://doi.org/10.1017/S0074180900179847

358

data storage in the satellite and a particular recor-
ding only lasts for 10 minutes ; except for the
type III bursts the solar events are of much
longer duration, (4) ionospheric refraction deter-
mines the effective antenna aperture and in many
cases the lower end of the frequency range is lost
because the solar source is excluded from the
antenna pattern, and (5) the receiver sweeps
through the frequency range once every 18 seconds,
so that fine structure is not well portrayed in the
records. As a consequence the type III bursts can
be indentified readily in the recordings, but posi-
tive identification of other spectral types is more
difficult. To be sure, reference can be made to
spectral classifications from ground based obser-
vatories, but these data are not available at all
times ; moreover, the distinguishing characteris-
tics of the satellite data are not always as expec-
ted from the decametric classifications. Accor-
dingly, the Alouette data are considered here
in two categories only ; type III bursts, and other
solar noise enhancements.

2. TypE 111 BUrsSTS.

The characteristics of the satellite records are
shown in Figure la, for the normal galactic noise
level, and in Figure 15, where solar noise appears
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above the galactic level. Tn each case ionospheric
resonance spikes appear at the low frequency end
(these serve to establish the parameters of the
local environment), and ground transmissions
contaminate the high-frequency end of the records.
The recording shown in Figure 1b was obtained
part way through a type III burst ; the antenna-
aperture cut-off frequency is at 1.9 MHz and the
burst maximum is in the vicinity of 2 MHz.
Records such as this have been scaled at spot
frequencies throughout the burst event and the
data have been portrayed in the form of three-
dimensional graphs as exemplified in Figure 2.
In this figure are shown three type III bursts
that were observed in a ten minute interval : the
ordinate and abscissa represent frequency and time
respectively, and the burst intensity — relative
to the galactic level — is indicated by the size
of the circles. The gap at 15637 UT occurred when
the satellite equipment shut off automatically and
then was commanded on again almost immedia-
tely by the next telemetry station. In this parti-
cular case the interference level rose near the end
of the record because of the decreasing critical
frequency and the data near the end of the last
bursts are uncertain. For this particular example

the satellite spin axis was directed at the Sun so
that no spin modulation appears in the data.

7.5 8.5 9.5

10.5 1.5

FREQUENCY MHz

Fia. 1. — Alouette records showing (@) the normal galactic radio noise level in the frequency range 1.5 to about 8 MHz,
and (b) solar noise above the galactic level from 1.9 MHz, the antenna aperture cut off, to about 9.5 MHz,
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Fia. 2. — Spectra of three type 111 solar noise bursts.
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Although the satellite records are continuous in frequency, to produce

this diagram scalings were made at 0.5 MHz intervals, and the data are portrayed as various sized circles to represent the
burst magnitude relative to the galactic noise level, as indicated.

From spectral plottings such as Figure 2 the
rate of trequency drift for the maximum feature
can be determined, and from this and a model
for the electron number density in the corona it
is possible to make estimates of the transport velo-
city of the noise source. Most workers who have
followed this procedure with metric and decame-
tric wavelength data have used an electron density
distribution for the corona over active regions
that exceeds the BAUMBACH-ALLEN model (AL-
LEN 1947) by about an order of magnitude. While
there seems to be ample justification for this
procedure out to distances of 2 or 3 solar radii
(WiLb et al. 1959, NEWKIRK 1959, SmAIN and
Hicains 1959), the values at larger distances are
much less certain. For radii between 3 and 10
the Van pe HuLst (1950) model seems preferable
to the BAUMBACH-ALLEN model for the average
corona, mainly because it agrees better with
individual values at larger distances. Over active
regions, then, it seems reasonable to choose an
electron density model that exceeds that of Baum-
BACH-ALLEN by a factor of about 10 at 2 or 3 solar
radii, and which exceeds that of vax bt HuLsT by

https://doi.org/10.1017/5S0074180900179847 Published online by Cambridge University Press

about this same factor between 5 and 10 solar
radii. Such an electron density distribution is
shown in Figure 3 by the curve labelled H. For
reference other electron density models as well
as individual measurements in the corona and
the interplanetary regions are also shown (AL-
LEN 1963). This particular choice for the radial
distribution of electrons over active regions near
the sunspot minimum ecepoch is somewhat arbi-
trary ; it does, however, lead to source velocities
for type III bursts that are approximately cons-
tant over the range 4 to 10 solar radii, and this
was not the case with several other plausible
models that were tried.

To date some 20 type III bursts have been
examined, and the velocities computed on the
basis of this coronal model range between about
3 x 10* and 4.5 X 104km/s (0.1 ¢— 0.15¢).
Although this sampie is still too small to be repre-
sentative of type III bursts in this frequency
range, these results are lower than the lowest
(0.2 ¢) found from decametric observations. If
further results support this conclusion, the ade-
quacy of the chosen electron density model must
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Fia. 3. — Electron density and corresponding plasma frequency as a function of radial distance for the solar corona. B is

the BaAumMBACH model, v. d. H is the vaN bE HuLsT model, B-A is the BAUMBACH-ALLEN model, and H is the model chosen

for the present purposes.

be questioned or else some deceleration process
is to be sought for the emission source.

Tt has been suggested that the burst durations
should be related to the kinetic temperature of the
source region if particle collisions are primarily
responsible for damping out the bursts (West-
FOLD 1949, BoiscHOT et al. 1960). Durations
have been obtained for some of the type III bursts
examined, and here the duration is measured
from the burst maximum to the e—1 level.
Because of such factors as the low frequency
sweep rate on the Alouette receiver and the satel-
lite spin, only approximate data are possible ;
these are listed for three frequencies in Table I.
Also shown in Table I are the temperature compu-
ted using the relation (WARwWICK 1964).

T v 6 X 10—5 f43(At)23,

and the radial distances obtained from model H
in Figure 3.

Objections have been raised to this procedure
of estimating kinetic temperatures from the burst

https://doi.org/10.1017/5S0074180900179847 Published online by Cambridge University Press

The individual data points are identified by Arrex (1963).

TABLE 1
B RapiaL
FREQUENCY DURATION TEMPERATURE

DisTANCE

(MHz) (s.) (°K) (Ry)

10 30 1.2 x 108 3.8

5 50 0.7 x 108 5.0

2 100 0.3 x 108 7.7

durations (KuNpU 1964), but these appear to
be less valid at these lower frequencies. The
possibility that the bursts are contaminated by
type V noise cannot be entirely excluded, but
there is no clear evidence for such contamination
in the cases examined. Also if the dispersion
of the exciting mechanism at the given plasma
level is to mask the decay due to collisional dam-
ping, the times involved would seem to require
an excessively large volume for the disturbance,
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In magnitude the type III bursts range from
the galactic noise level to something like 16 db
above this level. The maximum flux, then, in
the 1.5 to 10 MHz frequency range is of the order
of 10— Wm—2 Hz—1.

3. OTHER SOLAR NOISE ENCHANCEMENTS.

The Alouette recordings have been examined
at times when ground based observatories have
reported type II bursts, and in several cases por-
tions of the bursts have been observed. Because
the bursts durations exceed the recording interval,
and because the records are spin modulated, little
can be be said with certainty at present about
the characteristics of the bursts at these low fre-
quencies. Moreover, it would be exceedingly
difficult to identify this burst type from only a
ten minute satellite recording.

Events that are of relatively long duration
and which are designated as continuum, type 1V,
and noise storms with type I bursts in decametric
data, also cannot be classified easily in the satellite
records. At such times the Alouette records
show enhanced emissions with occasional inten-
sity structure. During noise storms a rapidly
changing structure can sometimes be seen, which
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at times is so regular as to suggest fast frequency-
drift bursts. The changing antenna gain with
frequency and the satellite spin modulation intro-
duce interpretation difficulties, however, parti-
cularly if, as appears to be the more general case,
the type I bursts are narrow band events. An
example of this type of noise is shown in Figure 4.

In one case an abrupt intensity increase was
observed in what might be described as conti-
nuum noise. (No decametric data are available
until some three hours later when continuum noise
is reported to be in progress.) Figure 5 shows
the Alouette data at this time ; the leading edge
of the abrupt increase sweeps from high to low
frequency in a time less than the 18 s between
successive frames : if allowances are made for the
effects of spin modulation on the record, the
increase must be virtually simultaneous at all
frequencies.

In general the intensities of the solar noise
enhancements, including the type III bursts, at
frequencies of 1.5 to 10 MHz do not appear to
correlate with the intensities at decametric wave-
lengths reported by the Harvard Radio Astronomy
Station, Fort Davis, Texas, or the High Altitude
Observatory, Boulder, Colorado. In those cases,
however, where the Boulder data indicate that

AN EXAMPLE OF A CONTINUUM EVENT SHOWING STRUCTURE
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at decametric wavelengths on this occasion) showing both satellite spin modulation and intensity structure,
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Fi1a. 5. — An unusual solar noise event on September 21, 1963.

COLLEGE ALASKA

An abrupt order of magnitude increase occurred in the level of

the continuum noise which was almost simultaneous at all frequencies. The dashed line indicates the low frequency cut
off due to the antenna aperture, and the few data points below this frequency limit are produced by a known peculiarity

of the receiver.

solar emissions are observable below 20 MHz,
irrespective of intensity, solar noise is seen in the
Alouette records down to the lowest frequencies
(provided the satellite was operating), Conversely
solar noise usually is not observable in the Alouette
records when the Boulder data do not extend
down to 20 MHz.

Finally, it should be noted that the solar emis-
sions can provide a convenient means of measu-

ring the effective aperture of a satellite antenna,
and the effects of ionospheric refraction in shaping
the gain pattern. Such measurements have been
made using the long enduring noise enhancements
seen by Alouette, and have been shown to agree
well with the theoretical expectations (HArRTZ and
RoGER, 1964).

Manuscrit regu le 30 aodit.

REFERENCES

ALLEN C. W., 1947, Mon. Not. Roy. Ast. Soc., 107, 426.

AvLex C. W., 1963, The Solar Corona (ed. J. W.
Evans), New York, Academic Press, 1.

Boiscuor A., LEE R. H. and Warwick J. W., 1960,
Astrophys. J., 131, 61.

Hartz T. R., 1964, Nature, 203, 173.

Hartz T. R., 1965, Ann. d’ Astro., 27, 823.

Harrz T. R. and RocEer R. 8., 1964, Can. J. Phys.
(in press).

Vax peE Huwst H. C,,
Netherl., 11, 135.

Kunou M. R., 1964, Solar Radio Astronomy, Univer-

1950, Bull. Astron. Insts.

https://doi.org/10.1017/5S0074180900179847 Published online by Cambridge University Press

sity of Michigan, Radio Astronomy Observatory
Report No. 64-4, 442.

NEWKIRK G., 1959, Paris Symposium on Radio Astro-
nomy (ed. R. N. Bracewell), Stanford, Stanford
University Press, 149.

SHAIN C. A. and Hicerns C. S., 1959, Austral. J. Phys.,
12, 357.

Warwick J. W., 1964 (private communication).

WestroLDd K. C., 1949, Austral. J. Sci. Res. A, 2,
169.

WiLp J. P., SHERIDAN K. V. and NEYLAN A. A., 1959
Austral. J. Phys., 12, 369.


https://doi.org/10.1017/S0074180900179847



