
7. RÁDIO OBSERVATIONS OF SOLAR FLARES 
By J. P. W I L D 

The intense bursts of solar rádio emission at the time of flaresd) are received at the 
earth over an enormous range of frequencies extending from about 10 Mc./sec. (Л=зо m.) 
to about 30,000 Mc./sec. (A = i cm.). The highest of these frequencies escape from 
relatively dense (chromospheric) layers of the solar atmosphere, while the lowest fre
quencies can escape only from the tenuous outer layers of the corona. Use of the whole 
available frequency range offers a potential means of exploring the solar atmosphere in 
great depth. Attempts to interpret the rádio datace) háve thus far been confined mainly 
to the lower frequencies below about 300 Mc./sec. This account is restricted to these 
coronal frequencies, and will be mainly concerned with recent work at Sydney where 
speciál techniques háve been ušed to exploit them. 

During the past three years the dynamic spectrum of the Sun has been studied(s.6) 
in the range 40-240 Mc./sec, which explores the corona out to roughly 1-5 R„. In its 
most complete form, the outburst in this frequency range appears to consist of two 
discrete phases followed by prolonged storminess. The first phase starts near the very 
beginning of the optical flare and lasts for about 1 min. The second phase starts a few 
minutes after the beginning of the flare and lasts about 10 min. A similar time sequence 
is suggested by Helen Dodson’s work at the McMath-Hulbert Observátory where many 
200 Mc./sec. events were compared with detailed light curves(7). We find that each discrete 
phase exhibits a characteristic type of dynamic spectrum. More is known about the 
second phase which will be discussed first. 

The onset of the second phase is heralded by the sudden appearance of one or more 
intense emission bands at a frequency of the order of 100 Mc./sec. These bands, which 
are sometimes superposed on a diffuse background continuum, may be accompanied 
by their harmonics at double the frequency. With the passage of time they gradually 
drift in unison towards the lower frequencies—the‘ type 11’ dynamic spectrum (see Fig. 2). 
We believe this drift to be due to the outward motion of a disturbance (presumably a 
cloud of ionized matter) excitřng plasma oscillations of decreasing frequency as it passes 
through successively more rarefied layers of the corona. Plasma oscillations are inherently 
non-linear, and the observation of harmonics strongly supports this interpretation. Also, 
if due to plasma oscillations, the fundamental band should exhibit pronounced absorption 
in its low-frequency skirt; this absorption is, in fact, observed. 

The approximate heights of different plasma levels are known from optical eclipse 
values of coronal electron densities; hence the outward radiál component of velocity can 
be estimated from the frequency drift. In typical cases this velocity is about 500 km./sec. 
Convincing corroboration of this result is provided by the work of Payne-Scott and 
Littleu) who followed the position of outburst sources across the solar disk; they found 
the source to appear initially close to the flare and subsequently move at a rate consistent 
with an outward radiál motion of the order of 1000 km./sec. 

Turning now to the first phase, we find the dynamic spectrum to consist of a rapid 
succession of short-lived ‘type n i ’ bursts, often superposed on a diffuse background 
continuum (Fig. 3). Such bursts, which are also observed intermittently at times other 
than flares, consist of an emission band which sweeps across the spectrum some hundred 
times faster than the drift rate of type 11 bursts. Similar harmonie characteristics are 
observed, suggesting again the outward motion of ionized streams exciting the plasma 
frequencies. In this čase the velocities are very high—3 x i o 4 to io 6 km./sec. 

When both first and second phases of an outburst are present (Fig. 4), the whole 
phenomenon can be simply explained in terms of the ejection of corpuscular streams 
at the two very different velocities from a common ‘explosion’ near the base of the 
corona. The slower of the two velocities lies in the low supersonic range and could 
possibly be associated with a shock wave emanating from the explosion. This explosion 
would oceur right at the start of the flare and may well be its initiating event. 

The possible correspondence between these two classes of ejection and those inferred 
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21 November 1952, 23.49 и.т. 
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Fig. 2. The dynamic spectrum of the second phase of an outburst (the 
first phase was absent in this event) showing complex, drifting emission 
bands at both fundamental and second-harmonic frequencies. 
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Fig. з- И The dynamic spectrum of an outburst in which only the first phase 
was received (type ш bursts); (b) Type ш bursts on an expanded time-scale, 
showing their finite frequency dri f t and (in one čase) the presence of a second 
harmonie. 
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C 1 September 1952, 03.36 U.T. 

Time (min.) 
Fig. 4. Outbursts containing both first and second phases. In each čase, the black dot 
locates the time and approximate height of a hypothetical initiating event (‘ explosion’) 
írom which the two phases could háve originated. 
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f rom other kinds of solar and terrestrial data is somewhat speculative, but offers interesting 
possibilities (Fig. 5). The type 11 velocities ( -500 km./sec.) are simüar to the fastest 
velocities found by Dodson for Ha ejections at the start of fiares; they also appear to be 
consistent with velocities of the geomagnetic and auroral particles (being rather slower 
than the storm particles ejected from the great (3+) flares). The type n i velocities 
(~50,000 km./sec.) correspond to no known optical phenomenon, but He in just the 
range required to account for the observed time delays ( - 1 hour) between flares and 
increases in cosmic rays at the Earth. 

The inference that ejections at up to one-third the velocity of light are being observed 
from a relatively quiescent stár may provide a vital link in the wider problém of the origin 
of cosmic rays. For if the ejected particles were protons, their energy (approaching 
100 MeV.) might well be sufficient to permit their acceleration to enormous energies by 
Fermi's process of successive collisions with interstellar magnetic fields. 

Velocity (km./sec.) 

3 days 1 day 1 hour 0 
Sun-earth travel time 

Fig. 5. Histograms comparing the derived velocities of type 11 and type ш ejections with those 
required to account for t ime delays of corpuscles reaching the earth after large flares. Da t a on 
great magnetic storms (due to H. W, Newton) correspond to great fiares (3+), while da ta on type 11 
bursts correspond to smaller flares. 
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DISCUSSION 
W. O. ROBERTS: Can you not interpret the high velocity of type ш bursts (of the 

order of c/5) as a far smaller velocity of the order of 500 km./sec. by considering the 
sweep of frequency to be that associated with a disturbance passing through the concen-
trated coronal emission centred at the ‘limb’ near the flare? 

J. P. W I L D : A strong argument against this is that type ш bursts are observed on 
a frequency as low as 18 Mc./s. and for this radiation to escape from the corona the 
source must be about i-8 solar radii above the flare. Since the emission of rádio waves 
of 18 Mc./s. takés pláce nearly simultaneously with the commencement of the flare, the 
velocity of propagation for the emitting region in the corona must be great. 

W. O . ROBERTS: I t is, in other words, assumed that the density distribution in the 
corona is the samé above the active region as in the undisturbed parts? 

J. P. W I L D : I t is assumed that the density above the flare is equal to, or greater than, 
the undisturbed density. 

J. L. P A W S E Y : For the opposite possibility to be applicable, there must be a k ind of 
hole in the corona. 

W. O. ROBERTS: I would not be surprised if this were so. 
R. C. JENNISON : Can you give an estimate of the relative amount of energy in funda-

mental and second harmonie of plasma radiation? 
J . P . W I L D : Regret, no. The fundamental and harmonie are often received with 

comparable intensity. 
R. C. JENNISON: Háve other harmonics been observed? 
J . P . W I L D : Regret, no. 
R. C. JENNISON: Can the strength of the second harmonie be justified on theoretical 

grounds. 
J. P. W I L D : Yes. One would expect that the intensity of the harmonics would deerease 

with inereasing order. But the fundamental is particularly susceptible to absorption 
in the region of origin, and may be reduced to the order of the second harmonie. These 
two frequencies would then be emitted with comparable intensity, and the higher 
harmonics be relatively much weaker. 

R. C. JENNISON: There may also be a differential effect due to differences in the polar 
diagram. 

M. M I N N A E R T : Theoretical arguments háve been presented recently by Sen for 
stronger higher harmonics. 

J. P. W I L D : The theoretical premises are stül oversimplified in treating non-linear 
plasmas. 

M. E. E L L I S O N : Are the harmonics conclusive evidence for plasma oscillations as the 
source of emission? 

J. P. W I L D : No. But an analysis of the intensity of fundamental and second harmonie 
as function of frequency indicates a sharp eut-off in the low-frequency side of the 
fundamental. This would be expected at the plasma frequency as a result of propagation, 
and is the most direct evidence for plasma oscillation. 

H. A L F V É N : What is the electron density at the source of the outburst? 
J. P. W I L D : At 150 Mc./s. it would be about 3 x i o 8 cm.-3. 
A. B. SEVERNY: IS there any evidence for type 11 bursts to consist of short individual 

pips? 
J. P . W I L D : N O . The smoothness of the profile does not suggest pips. The third phase 

may show pips, the so-called ‘storm' bursts. 
C. L. SEEGER: Fast records (páper speed 5 mm./sec, recorder bandwidth 75 c./sec.) 

of 200 Mc./s. flare-associated rádio events show clearly that there is often an enhanced 
component which cannot be a summation of either type n í or the‘ storm’ bursts associated 
with Wilďs type 1 event. 

M. M I N N A E R T : Your remark refers to intervals of the order of seconds whereas 
Mr Wilďs diagram refers to intervals of several minutes. 
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