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Abstract. The variation in flux density obtained at 10522 M H z for Bursts 2, 3, and 4 is compared with 
that obtained by others at frequencies down to 365 M H z . The bursts appear to have a quasi-periodic 
modulat ion with a period of 3-4 h, which is different from the 4.8-h periodicity observed at X-ray and in
frared wavelengths. The modula t ion is a t t r ibuted to a fluctuation in the size of the expanding cloud of 
particles produced by either an instability in the a tmosphere of Cygnus X-3 or by a built-in instability in 
the cloud itself. 

The first observed giant radio outburst from Cygnus X-3 (Burst 1) occurred on Sep
tember 2, 1972 (Gregory et al, 1972a). In the period September 20-30, three further 
outbursts (Bursts 2, 3, 4) were observed by a large number of observatories and 
provide the most comprehensive frequency coverage yet obtained for any compa
rable event. The variation in flux density obtained by us at the Algonquin Radio 
Observatory at 10522 M H z is shown in Figure 1 and is compared with the flux den
sities as published by others in Figure 2. Since the maximum period for continuous 
monitoring at any one observatory is typically about 12 h, an at tempt has been made 
to interpolate the values for flux density between observing periods by means of 
broken lines. Though no great reliance can be placed on detailed values for flux 
density for these latter periods, they nevertheless show the general features of the 
bursts. Typical absolute values as shown by the solid lines are better than about 5%, 
or ±0 .1 Jy, though in most cases relative variations in intensity are far less uncertain. 

Burst 1 was originally attributed to the result of an expanding cloud of relativistic 
particles (Gregory et al, 1972b). On this assumption, when the source was first ob-
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Fig. 1. Flux density from Cygnus X-3 at 10522 M H z for Bursts 2, 3, and 4. 
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served at 10522 MHz, its diameter was about 50 AU on the assumption that the 
magnetic field was about 14 G, though more recent estimates of the magnetic field 
could reduce this to about 10 AU. 

There are a number of differences between the second series of bursts and Burst 1. 
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Fig. 2. Variation in flux density from Cygnus X-3 at 10522 M H z compared with that obtained by 
Hjellming and Balick (1972) at 8085 and 2695 M H z , Bransen et al. (1972) at 5000, 2700 and 1400 MHz, 
Braes et al. (1972) at 2695 and 1400 MHz, Anderson et al. (1972) at 408 M H z , and Bash and Ghigo (1973) 

at 365 MHz. 
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Burst 2 is similar in shape, but its duration is a factor of 2-3 times shorter. Bursts 3 
and 4 are more complicated, showing a superimposed modulation. In addition, the 
rate of drift from high to low frequencies for Bursts 2, 3, and 4 is a factor of about 
2 smaller than for Burst 1. 

It was suggested by Peterson (1972) that an alternative explanation for Burst 1 was 
a process of injection of relativistic particles of specific duration such that at no time 
was the region optically thick to synchrotron radiation. However, at tempts to fit this 
model to Burst 2 using a least squares fit were not satisfactory. It has not been found 
possible to reproduce the high peak, in particular at 5000 MHz, while still maintain
ing the observed decay time. The original model of the expanding cloud still seems 
attractive since it explains both the decay phase of the burst and the change in spectral 
index for both Bursts 1 and 2, and there is insufficient evidence to show that the later 
bursts could not be explained in this way. In addition, further confirmation comes 
from long-baseline observations of the burst on September 24 which show that the 
source had a size of at least 100 AU, assuming a distance of 10 kpc (Hinteregger et al, 

A further characteristic which was evident in the initial outburst, but which is far 
more pronounced in the later bursts, is a fluctuation or modulat ion having a quasi-
period of 3-4 h, and which is apparent in Figure 1. The amplitude of the modulation 
amounts to about three times the uncertainty in the relative value for flux density 
and, as can be seen in Figure 2, has a counterpart at the lower frequencies. On the 
assumption that the radiation is produced by a cloud of relativistic particles, such a 
modulat ion could be the result of a change in the total number of particles, as would 
be produced by a series of injections or by an acceleration mechanism acting over the 
cloud, or of an oscillation in the size of the cloud with corresponding change in mag
netic field. 

If the fluctuation is the result of a series of injections, then it seems a little strange 
that, for instance, in Burst 3 the individual injections would just be sufficient to 
maintain the overall amplitude to within ± 1 0 % over a period of about 2 days, when 
large individual injections such as produce Bursts 1 and 2 are known to exist. It is 
also difficult to see how an injection mechanism can act almost instantaneously over 
the whole o f the cloud, which must be the case if the estimates of the size of the cloud 
when seen initially are correct. One possibility is that the expanding cloud is situated 
in a region of a fluctuating magnetic field, as could be produced by an instability, 
and that the cloud itself then undergoes oscillation in size. In this case, it is easy to 
show that under the normal assumptions that the relativistic gas behaves adiabati-
cally, that magnetic flux is conserved and that the cloud has radial oscillations, the 
flux density, 5, will vary with the radius, r, of the cloud as 

where it is assumed that the electrons have a power law distribution of energies with 
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an exponent of — y . It is also assumed that any acceleration of particles due to the 
betatron process is negligible. Hence it is expected that at some frequency, namely 
where T = 1, the modulation will reverse in phase. There is some evidence that the 
fluctuations at 1400 M H z are in antiphase with those at higher frequencies, suggest
ing that at these points t becomes equal to unity at a frequency of about 2000 MHz. 
If this is correct, then the radio outburst can be explained in terms of an event which 
causes to be emitted a comparatively dense cloud of relativistic particles, carrying 
with it some of the background magnetic field. The cloud moves outwards through 
a region of instability which takes the form of fluctuations in pressure or magnetic 
field or both, and which produces a small quasi-periodic modulat ion in the radius 
of the cloud, or the cloud itself has its own built-in instability. At the same time, the 
cloud is expanding such that after a certain time radiation starts to appear, first at 
the higher frequencies, as in the case of the van der Laan model (van der Laan, 1966), 
but with superimposed modulation. After a certain distance, the cloud will have 
moved through the region of instability, or the built-in instability becomes damped 
out. In either case, the modulation disappears and the cloud continues to expand. It 
is of interest that the presence of a region of instability suggests that Cygnus X-3 may 
have a comparatively extensive atmosphere with parameters such that it can sustain 
oscillations with a period of 3-4 h; more likely the cloud itself has the instability. 

Both the X-ray and infrared observations show the presence of a 4.8 h periodicity 
(Parsignault et al, 1972; Canizares et al, 1973). It is suggested in the two preceding 
papers that they are both associated with one component of a binary system which 
consists of a hot plasma of radius about IR© and that the magnetic field associated 
with the X-ray source is about 5 x 10 9 G. Attempts have been made to extract a 4.8 h 
periodicity from the radio modulation, but without success. It appears that the radio 
emission is not related directly to the X-ray and infrared emissions, though minor 
variations in the intensity of the latter may indicate that a radio outburst may occur 
later. The proposed model is consistent with these facts when we also consider the 
dimensions associated with the different events. The X-rays and infrared appear to 
originate from a small region with dimensions much less than about 1 0 1 1 cm. The 
radio emission comes from a cloud of particles which has a size when first $een of at 
least 1 0 1 4 cm and hence must be at least this distance from the X-ray and infrared 
source. 
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(Discussion follows the paper by Wynn-Williams, p. 409.) 
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