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Measurements of the total microwavet emission from the solar disc at single and multiple wave-
lengths provide a useful indicator of solar activity, and correlate well with other indices of solar
activity and with solar luminosity.

Since activity in the solar atmosphere is driven by the emergence, redistribution and dis-
appearance of magnetic flux, the close and linear correspondence between the microwave flux
densities, as observed at 10.7 and 21 cm wavelengths, provide a convenient and objective indi-
cator of solar magnetic activity.

Microwave emissions from the “non-flaring” solar corona originate in a wide range of sources.
These generally lie in active regions, and comprise two main types: bright, compact sources a
few arc-seconds across and brightness temperatures of the order of 108K, and weaker, diffuse
sources arc-minutes in size and having brightness temperatures of about 10*K. There is also
evidence of a weaker, widespread emission covering large areas of the solar disc. The compact
sources are probably due to gyroresonance, although some could be non-thermal. The diffuse
widespread emission are almost certainly free-free thermal emission from plasma concentrations
in the corona.

The strong correlation between the 10.7 cm flux and other activity indices, even when they
are produced by disimilar processes and at different heights in the solar atmosphere, may at
least partially be due to the overiding role played by magnetic activity in dictating the structure
of the chromosphere and corona. However, the consistent correspondences over wide ranges of
activity suggest dependences upon relatively few quantities and that the microwave emission
from the non-flaring Sun is dominated by a single process, which is closely and simply-related
to density and temperature, such as free-free (bremsstrahlung) emission from plasma concen-
trations trapped in coronal and chromospheric magnetic structures. Attempts to “budget” the
total microwave emission at 2.8, 10.7 and 21 cm wavelengths suggest that this is the case.

Where ambient magnetic fields exceed 3000/ Gauss, gyroresonance can produce much higher
optical depths than free-free emission, and accounts for the bright emission observed in the
vicinity of sunspots. Although not the dominant contributor to the total emission from the
solar disc, these sources stand out brightly in high-resolution maps of active regions.

To examine the assumptions of dominance of free-free thermal emission, and simple depen-
dences upon few parameters, we compute the spectrum for a range of coronal density models,
and compare the results with observations. The agreement is good, suggesting that the total
disc flux is dominated by thermal, free-free emission, and that the intensity is controlled mainly
by the density at the base of the corona, but is otherwise fairly tolerant of the density model
used.

1. Introduction

The solar corona is an extended, inhomogeneous and dynamically-disturbed plasma,
pervaded by magnetic fields which are strong enough to control its distribution and
activity. The spatial scales of the inhomogeneities range from structures larger than the

1 We use the term ‘microwave’ here to refer to electromagnetic waves in the wavelength range
1-100 cm

182

https://doi.org/10.1017/50252921100024684 Published online by Cambridge University Press


https://doi.org/10.1017/S0252921100024684

K. F. Tapping & K.L. Harvey: Coronal Microwave Emissions 183

photospheric diameter, probably down to as small as an electron gyroradius. A review
of the properties of the corona and its activity is given by Koutchmy et al. (1991), and
Rabin et al. (1991).

The inhomogeneity and dynamism make the corona a treasure house of radio emissions.
These range from compact, bright sources having durations of milliseconds (Slottje 1978;
Slottje et al. 1980; Zhao & Jin 1981; Tapping et al. 1983) through the menagerie of
transient emissions associated with flares, to the slow variations following the ebb and
flow of magnetic activity inside and outside active regions, and underlying these, a base
level known as the quiet Sun. The complex field of solar radio astronomy is surveyed in
detail in books by Kundu (1965) and Kriiger (1979).

Early solar radio telescopes had small antennas, and could only measure the inte-
grated flux from all sources present on the solar disc. Using “characteristic timescale” as
a criterion, the emission was divided, rather arbitrarily, into three components: a rapidily-
varying component associated with flares, typically having durations shorter than about
an hour, a slowly-varying or S-component embracing all slower variability, and underly-
.ing these emissions, corresponding to an extrapolated zero level of activity, a constant,
quiet Sun level. The S-component was first defined as a particular subset of solar radio
emissions independently by Covington at 10.7 cm wavelength (1947, 1948) and Lehaney
& Yabsley at 21 cm (1949).

The emissions from the non-flaring Sun vary with the ebb and flow of activity in the
solar atmosphere, and are connected with both localized and large-scale changes in the
structure of the chromosphere and corona as the level of activity varies. The quiet Sun
is not different from the S-component, it merely reflects the baseline of a continuum
of states which reflect increases in coronal density and magnetic activity. The full-disc
microwave fluxes are indices of the Sun’s “stellar” properties, rather than the localized
dynamics of individual active regions and magnetic structures, even though the sources
in these contribute much of the total microwave emission from the non-flaring Sun.

Radio indices of solar activity, such as the 10.7 cm flux, consist of measurements of
the total emission with the flare contributions filtered out. They comprise the sum of
the quiet Sun and S-component emissions, with the quiet Sun contributing a constant,
base level, and the variability attributed to the S-component.

Compared with solar radio emissions other than the quiet Sun component, the S-
component has remarkably-stable properties (Kriiger 1979). It is most easily observed
at wavelengths between 1 and 100 c¢m, and has a spectrum peaking at a wavelength of
about 10 cm. The fortuitous choice by Covington and his co-workers of 10.7 cm for patrol
observations of the S-component has provided an effective estimate of the S-component
intensity and a good index of solar activity (the 10.7 cm fluxt Fig7) used both in its own
right, and since it correlates well with other indices (Tapping 1987), as a proxy for other
quantities which are more difficult to measure with the desired continuity.

“Research on solar microwave emissions covers a wide range of topics, including: the
relationship between the integrated emission and other activity indices, and with large-
scale structural changes in the solar atmosphere; what magnetic structures house the
sources; what emission mechanisms are involved, and what are their relative importances.
In this paper we will discuss these points and investigate how the integrated emission
relates to large-scale structure of the solar atmosphere.

1 what has become widely referred to as a fluz is reality a fluz density, having the dimensions
of Wem=2 Hz™!
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FIGURE 1. The spectrum of the integrated microwave emission from the solar disc. The
S-component is the difference between the spectra of the quiet and active Sun.

2. The total disc emission

Figure 1 shows the spectrum of the integrated emission from the non-flaring Sun over
the wavelength range 1-200 cm. It is a composite, constructed from plots in Kriiger
(1979), Kundu (1965), and from a large collection of multi-wavelength flux measurements
published in Aeronautica Acta (Nicolet & Bossy 1984). In general, the spectral curve
of solar radio emissions lie between the two curves marked “active” and “quiet”. At
activity minimum, the spectrum lies along the lower curve, marked “quiet”, and at
activity maximum, it approaches the upper curve.

The area between the two curves represents the S-component, the spectrum of which
is estimated by subtracting the “quiet” spectrum from the spectrum of the integrated
emission. The S-component is strongest at about 10 cm wavelength.

In the solar corona, the contribution to the total plasma pressure by magnetic fields far
exceeds that due to particle motions (i.e. B%/2u > NkT), and the electrical conductivity
is generally high. Therefore, the distribution and movements of magnetic flux usually
control and support the concentrations of plasma which give rise to the S-component.
This interpretation was proposed soon after the S-component was discovered (Denisse
1948; Lehaney & Yabsley 1949).

The two straight lines represent the emission curves for black bodies at temperatures
of 10* and 108K. The shapes of the curves suggests a thermal emission mechanism, where
the 10K chromosphere is viewed through an attenuating, 108K corona:

Tb()‘) = 0‘(>‘)T'chv'omosphere + (1 - a()\))Tcorona (21)
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FIGURE 2. Total photospheric magnetic flux plotted against the cotemporal rotational means
of the 10.7 cm flux for Solar Cycle 21.

where T} is the observed brightness temperature, and « is the transmissivity of the
corona. Both these quantities are functions of wavelength.

Felli et al. (1977) observed a correlation between the brightness of the emission at 2.8
cm wavelength and the total amount of magnetic flux, and Zwaan (1987) found a linear
relationship between coronal emissions and magnetic flux in individual active regions. In
general the solar photosphere can be separated into weak and strong-field areas (Rabin
et al. 1991; Harvey 1992), where the -average average magnetic field in the map elements
is significantly weaker or stronger than about 25 Gauss. Over the whole of Cycle 21, the
magnetograph at the National Solar Observatory at Kitt Peak was used to measure the
total magnetic flux over the solar sphere. Figure 2 shows a plot of total magnetic flux
over the solar sphere against cotemporal rotational averages of the 10.7 cm flux.

The upper plot (squares) is the total magnetic flux. The lower plot (crosses) is the total
magnetic flux contained in elements stronger than 25 Gauss. Subtracting the values gives
the total magnetic flux in elements weaker than 25 Gauss (diamonds). The 10.7 cm flux
correlates well with the total magnetic flux in elements stronger than 25 Gauss, but not
with the magnetic flux in elements weaker than that value. Moreover, the total flux in the
“weak” elements does not vary over the solar cycle, and is present even at solar minimum.
According to Figure 2, the total photospheric magnetic flux contained in “weak” elements
is about 2.5 x 1023 Maxwells, corresponding to an average photospheric magnetic field
strength of about 4 Gauss. Although playing no visible role in the S-component, the weak
magnetic fields may play a role in maintaining the plasma distributions which produce
the quiet Sun spectrum.
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The rotational means of the 10.7 cm flux are an excellent proxy for the total photo-
spheric magnetic flux over the solar sphere:

®(in units of 1022 Maxwells) = aS + b (2.2)

where a = 0.5, b = —10, and S is the appropriate mean value of Fig 7, measured in solar
flux unitst.
The strong correlation between the S-component intensity and total magnetic flux has

been observed at 21 ¢cm wavelength, in 11 measurements made during Cycle 22 by Burke
(1993).

3. Contributors to the total microwave flux

The advent of high resolution radio telescopes has made it possible to map the S-
component, firstly over the solar disc and then within individual active regions. Concen-
trations of S-component emission have been found in association with sunspots (Alissan-
drakis et al. 1980; Chiuderi Drago et al. 1982; Shibasaki et al. 1983; Alissandrakis &
Kundu 1984), bright plage (Gaizauskas & Tapping 1980; Felli et al. 1981; Shevgaonkar
& Kundu 1985; Gaizauskas & Tapping 1988), filaments overlying magnetic polarity re-
versal lines (Kundu et al. 1981; Erskine et al. 1983; Gaizauskas & Tapping 1988), and
strong magnetic field strength gradients (Alissandrakis & Kundu 1984). However, none
of these associations are consistent. Examples of all these magnetic features have been
observed which are devoid of detectable microwave emission (Felli et al. 1981; Webb
et al. 1983; Gaizauskas & Tapping 1988). In addition, sources are sometimes observed
where no concentrations of magnetic flux are observed (Pallavicini al. 1979; Felli et al.
1981; Kundu et al. 1981; Webb et al. 1983; Gaizauskas & Tapping 1980).

However, despite this complexity, Pallavicini et al. (1979) show that on the basis of
observations at 2.8 cm and in soft X-rays, the S-component sources can be divided into
two broad classes: (a) diffuse sources, having brightness temperatures of the order of 104K
and angular sizes of arc-minutes, and (b) compact sources, with brightness temperatures
of 10K or more and angular sizes of only a few arc-seconds. The diffuse sources are also
associated with bright soft X-ray emission, whereas the compact ones are not.

Through examining full-disc maps and scans made at 2.8 ¢cm, 10.7 cm and 21 cm, Tap-
ping (1987), and Burke (1993), identify a further contribution, a weak, widely-distributed
emission which is distributed over large areas of the solar disc, and which can produce a
significant contribution to the total microwave flux. From maps made at 2.8 cm wave-
length in 1981, and at 21 cm in 1992 and 1993, it appears that this contribution originates
in areas of “magnetic network”.

4. Emission mechanisms

This is a short discussion only; more comprehensive treatments can be found in Kundu
(1965) and Kriiger (1979). Microwave emissions by the non-flaring Sun are mostly ther-
mal, with possibly a contribution by non-thermal processes.

The thermal emission is due to the deflection of thermal electrons by interactions
with ions (free-free, bremsstrahlung emission) or magnetic fields (gyroresonance). For
convenience’s sake, they are usually discussed as two separate processes, in the limits of
“weak” and “strong” magnetic fields.

1 1 solar flux unit (s.fu.) = 107 2W.m 2. Hz™!
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The two distinct classes of source evident in the study by Pallavicini et al. (1979) indi-
cate at least two emission processes. The diffuse sources, having brightness temperatures
of the order of 10K and producing soft X-ray emission, can be explained in terms of
free-free emission from density enhancements supported in the corona by active region
magnetic fields.

The compact sources are brighter (10°K), but not producers of X-rays. They cannot
be accounted for using free-free emission models. Some of them might be non-thermal,
but the majority can be accounted for in terms of gyroresonance. This process can
produce bright, optically-thick thermal sources in the corona if the ambient magnetic
fields are stronger than about 3000/A Gauss (Kakinuma & Swarup 1962; Zheleznyakov
1962), where X is the observing wavelength in centimeters.

4.1. Thermal free-free emission

The absorption coeflicient for free-free interactions between thermal electrons and “heavy”
ions is given by (Kundu 1965):

aX?N?
where ) is the observing wavelength, N the electron density, n the refractive index, ¢ the

speed of light and T the ambient electron temperature. The constant a is 1.1 x 107! in
the chromosphere and 1.6 x 107! in the corona.

The refractive index is:
2\ 3
ne (1 -(2) ) (4)

where f = ¢/ is the observing frequency, and f, is the plasma frequency:
fo =9V N (Hz) (4.5)

We assume here that ambient magnetic fields are sufficiently weak for the electron gy-
rofrequency (2.8B MHz, where B is in Gauss) to be roughly at least an order of magnitude
smaller than the observing frequency.

4.2. Thermal gyroresonance

Where the electron gyrofrequency is larger than about a quarter of the observing fre-
quency, the absoprtion coefficient by gyroresonance becomes significant. The exact for-
mula for the absorption coefficient is very complicated. However, a useful approximate
form is given by Kundu (1965):

N [2kT\*7%? (1—slzy
L, =15x10749, — [ == + A o ,
"o X1 fu (77“32) e e cos?f o

where

0=2 (5" @

and

(E(0) = (singyre—t (A E G000 (4.8)

where N = electron density, fg = electron gyrofrequency, f = observing frequency =
¢/, A = observing wavelength, ¢ = speed of light, ¥ = Boltzmann’s constant, T =
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ambient electron temperature, m = electron rest mass, s = harmonic number (2,3,4,5
etc.), C1 and Cy = axes of polarization ellipse (where 1 = C? + C2), and 8 = angle
between magnetic field and line of sight.

The plus and minus signs indicate the ordinary and extraordinary wave modes. Gy-
roresonant emission is generally highly polarized.

4.3. Non-thermal emission

Bright microwave sources which are devoid of X-ray emission cannot be due to free-free
thermal emission, but, if the ambient magnetic fields are strong enough, can be caused by
gyroresonance. Sources having brightness temperatures of the order of 106K which are
located in areas where the magnetic fields are estimated to be too weak for gyroresonance
at that wavelength have been suggested to be non-thermal.

To drive non-thermal emission processes, such as the gyrosynchrotron mechanism, ac-
celerated (non-thermal) electrons are needed. Where these come from is not yet clear, but
Chiuderi Drago & Melozzi (1984) have demonstrated that sources having the observed
properties can be driven by gyrosynchrotron emission produced by similar populations
of accelerated electrons to those believed to give rise to Type III bursts.

Non-thermal emissions are believed to be a minor contribution to the total microwave
flux and will not be further discussed here.

5. Propagation of microwaves in the solar atmosphere

The solar atmosphere itself can affect the polarization, intensity and direction of radio
waves passing through it, and even if the emissions can be detected at the Earth at all.

The absorption by free-free processes and gyroresonance attenuate the incident radio
emissions and then add a thermal noise contribution from the ambient plasma, so that in
passing through a thin slab of plasma, the brightness temperature of the incident waves
is modified:

Ty(new) = aTy(old) + (1 — a)Tp (5.9)

where « is the transmissivity of the layer, and Tj is the electron temperature in it.

The propagation of radio waves in the solar atmosphere is discussed in some detail
by Kundu (1965), here we will just mention some of the main points. In the absence of.
magnetic fields, the refractive index is given by equation 4.4. Waves can only propagate
when f > fo.

In the presence of magnetic fields, the situation becomes more complicated. A wave
propagating in any direction with respect to the magnetic field is split into two polarized
waves, an ordinary wave and an extraordinary wave, each of which has its own refractive
index and absorption coefficient. The presence of a magnetic field in the medium between
an unpolarized source and the observer can lead to a polarized wave being observed.
Changes in the distribution of magnetic flux in a magnetic structure which houses sources
of radio emission can produce changes in both the spectrum and polarization of the
emission being observed.

In general, if the frequency of the radio emissions is less than about 10 times the
electron gyrofrequency in the source or in the intervening medium through which the
waves are travelling, the magnetic fields are playing a significant role in their generation
and propagation, and must be taken into account in any investigation of the variability
of the emission.
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6. Models for solar microwave emissions

The gyroresonance process has been used extensively in studying emission from in-
dividual magnetic structures. However attempts to model the Sun’s total microwave
emission are largely based upon free-free, thermal emission (Denisse 1948; Smerd &
Westfold 1949; Christiansen & Mathewson 1959; Chiuderi Drago et al. 1982; Tapping &
DeTracey 1990).

The two processes are usually invoked separately; the bright sources close to concen-
trations of magnetic flux are usually interpreted in terms of gyroresonance, and emission
from elsewhere is assumed to be free-free. However, with the magnetic fields being the
dominant contributor to the total pressure in the corona, it is probably more realistic
(but much more complicated) to combine the two processes (Zlotnik 1968; Lantos 1968;
Kriiger et al. 1985). However, simple free-free models can yield useful results and within
their limitations, are much more tractable.

An indication of the average relative importance of the two processes can be obtained
from making a solar emission budget. At 2.8 cm, the quiet Sun has an average disc
brightness temperature of about 10,000K. A single compact source having an angular
diameter of 10 arc-sec and a brightness temperature of 10°K increases the brightness
temperature of the disc by about 30K, which, if there are no other sources on the {quiet)
disc, corresponds to an increase in the average brightness temperature of the disc of
0.3%. In reality, such sources are unlikely to occur without sources of additional thermal,
free-free emission, so the contribution by compact, gyroresonant or perhaps non-thermal
sourees to the total disc emission at 2.8 cm is likely to be small. At longer wavelengths, the
quiet Sun brightness temperature increases, so the compact sources probably contribute
relatively even less to the total emission.

In their estimates of the S-component budget, Tapping (1987), and Burke (1993),
separate three contributions to the Sun’s emission at 2.8, 10.7 and 21 cm wavelength:
active region emission, a widely-distributed background, and the quiet Sun. After the
quiet Sun component is subtracted, the contributions from active regions and the widely-
distributed emission are comparable at all three wavelengths.

Apart from the contributions by compact sources, the rest of the centimetric emission
from active regions is thermal bremsstrahlung, and the widely-distributed contribution
is almost certainly produced by the same mechanism. The dominance of free-free emis-
sion, together with the multiplicity of sources, both inside and outside active regions, is
probably the reason for the stable properties of total disc emission, and its consistent
correlations with other indices of solar activity, which are produced by different processes.

7. A thermal, free-free emission model

Most models for the microwave emission from the non-flaring Sun are based upon the
assumption that thermal free-free emission dominates other contributions. Based upon
measurements or assumptions, a model for the spatial distribution of coronal density is
constructed, and the resulting free-free emission intensity and spectrum calculated. One
of the earliest (Waldmeier & Miiller 1950) invoked “coronal condensations”, which are
concentrations of plasma over active regions. The agreement between 5303A coronagrams
and maps made at 20 cm wavelength support this (Waldmeier 1959). Other atmosphere
models, such as the Newkirk streamer model, also could produce the observed spectrum
and intensity. One of the more recent attempts is by Tapping & DeTracey (1990). This
study suggested the total emission to be primarily sensitive to the density at the base
of the corona, and small changes in the S-component spectrum during the solar cycle
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might be explained in terms of changes in the structure of the interface between the
chromosphere and corona. However, this model, like many others, does not take into
account the very significant role of coronal magnetic fields in controlling the plasma
density, or else handles them empirically.

It is very interesting how a variety of density models, based upon measurements,
empirical concepts or crude approximations, all account for the centimeter wavelength
spectrum of the quiet and active Sun with a good degree of success. This suggests a
degree of independence of the actual density model used.

7.1. The density models

The spatial distribution of plasma and magnetic flux in the solar atmosphere is inho-
mogeneous over a wide range of spatial scales and varies with time. It would be very
difficult to construct an accurate distribution for any particular moment, and the validity
of that distribution at a different time would not be clear. We therefore use a different
approach.

We define two density models, fimin(2) and fraz(2), where frin lies below all “real-
istic” density distributions and f,,,, lies above them. Since magnetic fields generally
increase the amount of plasma supported in the solar atmosphere, frin(z) is assumed
to be defined by vertical balance of plasma pressures, with no magnetic fields, as in the
“hydrostatic model” used by Tapping & DeTracey (1990):

_ _mogo R+Z0
N =N, exp( " R Zo +zz> (7.10)

where k = Boltzmann’s constant, N = the ambient electron density, Ny = the electron
density at the base of the corona, mo = the mass of the hydrogen atom, gy = the
gravitational acceleration at the photosphere, R = the photospheric radius, Z; = the
height of base of corona above photosphere, and z = the height measured from the base
of the corona.

The upper envelope model, fyz.(2) is more difficult to estimate. However, it is ex-
tremely unlikely that magnetic fields will enhance coronal densities to the point where
the density will not fall with increasing height above the photosphere. For the upper-
envelope model “f,,,.(2)”, we use “uniform-density slab”, N = Ny, with the density in
the corona being constant with height and equal to the value at its base.

For comparison purposes, we include two density models which are based upon mea-
surements: the Baumbach-Allen model and the Newkirk coronal streamer model, both
of which have been modified to accommodate a density Ny at the base of the corona.

The Baumbach Allen model is

N = N,

] 16
a1z” + asx 7.11
0.1+G,2(1 2 ) ( )

where ¢ = R/(R+ Zp + 2), a1 = 1.55 and a3 = 2.99, and the scaled version of the
Newkirk streamer model:

N = ay Ny exp(esz) (7.12)
where a; = 0.014 and a; = 4.32.
The only degree of freedom in these models in the density at the base of the corona.

They can be fixed using a single flux density or brightness temperature at a single wave-
length.
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FIGURE 3. Plots of observed solar microwave spectra against those predicted assuming
free-free thermal emission and four density models (a: hydrostatic model, b: Baumbach
Allen, c: Newkirk, and d: slab). The observed spectra were recorded on (a) 1957/10/19, (b)
1957/06/09, (c) 1960/06/30, (d) 1959/12/14, (e) 1960/12/04, (f) 1961/08/11, (g) 1960/11/27,
(h) 1961/12/01, (i) 1964/07/27.
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7.2. Calculating the brightness temperature

The brightness temperature is calculated by assigning an initial brightness temperature
of 10,000K (the chromospheric temperature at the base of the transition region), and
integrating the brightness temperature outwards along a vertical ray path through the
corona, which is assumed to be isothermal, with an electron temperature of 106K. If the
the refractive index is imaginary at the start of the integration, the brightness tempera-
ture is set equal to the coronal temperature at the height where the refractive index first
becomes real.

For the density models, we assign a plasma frequency (foo) at the base of the corona.
It is related to the electron density Ny by the relation Ny = fZ,/81. We assume that the
corona starts at 10,000km above the photosphere.

We compare the results with measurements of the solar flux density at 3, 8, 10, 15
and 30 cm wavelength during Cycle 19, published in Nicolet & Bossy (1984). The values
were chosen to cover different parts of the falling phase of the cycle. Other than that,
the dates were chosen randomly. Figure 3 shows the observed spectra of solar disc
emission, together with the spectra predicted by the free-free emission model for the
various atmospheric density models. The frequencies on the plots identify the plasma
frequencies ( foo) at the base of the corona used in the density models. We assume that
foo is a function of solar activity.

The observed data well fit the free-free emission model of all the density distributions
used.

The “quiet Sun” flux densities are extrapolated values corresponding to the minimum
of solar activity. Estimates of these are 255, 74, 66, 64, 49, 46 and 41 solar flux units at
3, 8, 10, 10.7, 15, 21 and 30 cm wavelength respectively. If for each density model we
pick the value of the foo producing a flux density of 64 solar flux units at 10.7 cm, the
errors in the predicted flux densities is better than 10% for all density models.

The intensity and spectrum of the total microwave emission from the non-flaring Sun
is relatively independent of the density model used, but sensitive to the density at the
base of the corona, where most of the optical thickness is located.

8. Discussion and conclusions

The total centimeter-wavelength emission from the solar disc contains contributions
from an often large number of sources. In general the sources are located in active regions,
although there is evidence of a weak, widely-distributed emission from outside them. A
number of radiative processes are involved, but the dominant one is probably thermal,
free-free emission from density concentrations supported in the corona by magnetic fields.
Thermal gyroresonance is the main explanation for the bright, compact sources which
are often observed close to sunspots. There is evidence for a non-thermal contribution,
but if present, it is a probably a minor component which need not be included in models
for the total flux.

The correlation between the total disc emission at 10.7 cm wavelength (the 10.7 cm
flux) and the total magnetic flux over the solar disc, which has been observed to persist
for more than a solar cycle, is particularly striking. Only the flux in elements stronger
than about 25 Gauss seems to be associated with the emission at 10.7 cm. The total
magnetic flux in weaker elements remains reasonably constant over the solar cycle, and
shows little correlation with the 10.7 cm flux.

The correspondence between the total disc emission, which we assume to be predom-
inantly free-free thermal emission, and the total magnetic flux is probably simple. The
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more coronal magnetic flux, the more plasma is supported by it, producing in turn more
free-free emission. The contribution by gyroresonance is more direct. The more mag-
netic flux in the corona, the higher the probability that areas will contain strong enough
magnetic fields for gyroresonance to occur at centimeter wavelengths.

The free-free emission from the solar corona is remarkably insensitive to the density
models used. It is largely controlled by the density at the base of the corona. This simple
connection might account for the good correspondence between the 10.7 cm flux (for
example) and other activity indices. However, the strong dependence of all manifestations
of solar activity upon the distribution and movement of magnetic flux, which are in turn
driven by the “magnetic activity engine” located below the photosphere might mean
that no matter what the mix of emission processes contributing to the total microwave
emission from the solar disc might be, there will be a correlation with other emissions
driven by the same “magnetic engine”.

The observational and theoretical evidence supports a tight, unambiguous relationship
between the variations in coronal magnetic fields and the total microwave emission from
the solar disc, at least at wavelengths between 2.8 and 21 cm. There has been a con-
siderable amount of research into the localized sources of centimetric emissions in active
regions. There is a need for more study of the integrated centimetric emission from the
solar disc, and the various sources as contributors to the whole. The total microwave
emission from all sources on the solar disc provides a powerful tool for studying the Sun
as a magnetic star.
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