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1. INTRODUCTION 

Soon after the first detection of radio emission from the sun two 
components of the solar radio radiation were identified: The emission 
related to active centres on the disk and the radiation of the undis
turbed, static solar atmosphere, in which the active regions are 
embedded. The undisturbed component is observed to vary only slightly 
during the solar sunspot cycle, it is called the emission of the quiet 
sun. A theoretical estimate of this component was first given by 
Martyn (1946) and subsequently developed in more detail by many other 
authors. The basic observations were performed with poor angular 
resolution. Still at present most experimental data are taken with 
angular resolutions of about 1 to 4 arc min, too low to discriminate 
between the different solar atmospheric fine structures, clearly seen 
in various spectral lines. The quiet component of the solar radio 
radiation therefore represents the average emission of an inhomogenous 
solar atmosphere. 

Recently, a few observations with high angular resolution have 
become available. Kundu and Velusamy (1974) at 1.3cm, Zirin et al. 
(1978) at 2.8 cm, Kundu and Alissandrakis (1975) at 3.7 cm and 11 cm 
wavelength and other authors clearly proved the existence of fine 
structures at radio wavelengths. However, it is still in question as 
to which features, seen in spectral lines, the radio structures are 
related. The radio observations do not yet provide the determination 
of the temperature and time variation of the individual structures 
but they demonstrate their importance to the explanation of the 
average radiation of the quiet sun. The chromospheric fine structure 
mainly influences the millimeter and centimeter radiation, while the 
emission at meter wavelengths is affected by the coronal streamers 
and coronal holes. The following discussion is restricted to the 
centimeter and millimeter part of the quiet solar spectrum and its 
interpretation in terms of an inhomogeneous atmosphere. 

The emission of the quiet sun is supposed to be of thermal origin, 
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the brightness temperature being: 
00 

T b (A,r) = J T e(h) exp (- x(A,r,h)) dx (1) 
o 

where T (h) is the electron temperature at the height h above the 
photosphere, A the wavelength and r the distance from the centre of 
the disk in units of the optical radius R q . The optical depth T is 
given by: 

2 2 -3/2 2 2 -1/2 dx(A,r,h) = 2 ?A Z/c T (h) J / N (h) (1-r ) ± f Z dh (2) e e 
if the extreme solar limb is excluded. N is the electron density and 
£ a slowly varying function of T^ and (£- 0.2). 

Early attempts to integrate equation (1) were based on spherically 
symmetric model atmospheres and predicted a large brightening towards 
the solar limb (Martyn 1946, Unsold 1947), much in excess of the 
experimental data. 

Hagen (1956) proposed the chromospheric fine structure to be 
responsible for the discrepancy. It is now generally accepted that 
the observed function T^(A,r) can be interpreted only with regard to 
the inhomogeneous chromosphere. 

The study of the radio emission of the quiet sun offers therefore 
a method to obtain information on the physical nature of these 
structures, although they are not observable in detail. The following 
problems have to be considered in order to achieve reliable results: 

a) The determination of the brightness temperature of the quiet sun 
at the centre of the disk T b(A,r=0). 

b) The centre-to-limb brightness variation hereafter refered to as CTLV. 
c) The determination of the solar radius at radio wavelengths for 

various position angles. 

2. THE BRIGHTNESS TEMPERATURE AT THE CENTRE OF THE DISK 

The brightness temperature at the centre of the disk T^(A,r=0) 
has been measured by many authors in the past. The experimental data 
at cm- and mm- wavelengths are summarized in Table I and Figure 1. 
Early observations before 1970 have indicated a dip in the temperature 
spectrum near 6 mm wavelength, the origin of which is sometimes 
assumed to be a relatively low ionization degree at a height of about 
2500 km (Kuznetsova 1978), although the physical basis of this 
assumption is in question. Observations by Reber (1971) and a 
recalibration of former measurements undertaken by Linsky (1973, 
x in Figure 1 ) , however, have shown that within the considerable 
scatter of the individual values the brightness temperature gradually 
increases with wavelength from 1mm upwards. 
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The function T, (A,r=0) was first used in order to derive the 
density and temperature variation with height assuming an average 
spherically symmetric atmosphere (Piddington 1954). Nowadays, taking 
into account the inhomogeneous structure of the solar atmosphere, two 
component models are considered to reproduce the experimental results. 
The following composition of the solar atmosphere is often considered: 

a) cool and dense spicules, usually assumed to be radially oriented 
and randomly distributed and 

b) a hot radial symmetric interspicular gas. 

Recently, Kuznetsova (1978) found good agreement with experimental 
data accepting the UV6 model given by Cuny (1971) for the interspicular 
gas and the spicule model by Avery and House (1969) (curve e in Figure 
Because of the considerable scatter of the observations it is impossibl 
to derive the physical parameters accurately. The range of models 
leading to a reasonable agreement is still very large. 

At cm-wavelengths, early models by Allen (1947), curve a in 
Figure 1, and van de Hulst (1953), curve b in Figure 1, yield either 
too high or too low 

Table I 

The brightness temperature at the centre of the solar disk 

wavelength T (A,r=0) Reference 

1.0 mm 5900 K Low and Davidson (1965) 
1.0 mm 5400 K Low and Gillespi (1968) 
1.2 mm 5600 K Bastin et al. (1964) 
1.3 mm 5900 K Bastin et al. (1964) 
1.3 mm 6700 K Fedoseyev (1963) 
1.3 mm 5704 K Wrixon and Schneider (1974) 
1.8 mm 6200 K Bastin et al. (1964) 
1.8 mm 5300 K Gorokhov et al. (1962) 
2.0 mm 5670 K Wort (1962) 
2.15 mm 5433 K Tolbert and Straiton (1961) 
2.2 mm 6800 K Bastin et al. (1964) 
2.4 mm 6500 K Bastin et al. (1964) 
2.73 mm 5500 K Tolbert and Straiton (1961) 
2.8 mm 6800 K Bastin et al. (1964) 
3.0 mm 5870 K Tolbert and Straiton (1961) 
3.09 mm 6815 K Ulrich et al. (1972) 
3.17 mm 6648 K Kuseski and Swanson (1976) 
3.2 mm 6402 K Simon (1965) 
3.2 mm 7860 K Tolbert et al. (1962) 
3.23 mm 7660 K Kuseski (1977) 
3.3 mm 6411 K Kuseski and Swanson (1976) 
3.3 mm 6375 K Rusch et al. (1966) 
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Table I (continued) 
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wavelength T,(A,r=0) Reference 

3.3 mm 7670 K Epstein et al. (1968) 
3.32 mm 6646 K Reber (1971) 
3.33 mm 7729 K Kuseski (1977) 
3.9 mm 7300 K Kislyakov and Plechov (1964) 
4.3 mm 7000 K Coates (1958) 
4.3 mm 8000 K Kislyakov (1961) 
4.3 mm 9600 K Tolbert and Staiton (1961) 
4.3 mm 7100 K Tolbert et al. (1962) 
5.5 mm 6950 K Reber (1970) 
5.61 mm 6750 K Reber (1970) 
5.62 mm 6900 K Reber (1970) 
5.62 mm 6100 K Reber (1970) 
5.73 mm 6900 K Reber (1970) 
5.73 mm 6995 K Reber (1971) 
6.0 mm 4500 K Mitchell and Whitehurst (1958) 
6.0 mm 7179 K Reber (1971) 
6.0 mm 4500 K Whitehurst et al. (1957) 
7.5 mm 5700 K Mitchell and Whitehurst (1958) 
7.5 mm 6000 K Whitehurst et al. (1957) 
8.0 mm 6400 K Salomonovich et al. (1959) 
8.0 mm 7500 K Salomonovich (1962) 
8.03 mm 8858 K Swanson and Kuseski 
8.33 mm 9310 K Kuseski and Swanson (1976) 
8.5 mm 6740 K Hagen (1951) 
8.5 mm 6500 K Mitchell and Whitehurst (1958) 
8.6 mm 7250 K Ulrich et al. (1972) 
8.6 mm 10420 K Wulfsberg and Short (1965) 
8.7 mm 5280 K Aarons et al. (1958) 
8.84 mm 9883 K Kuseski and Swanson (1976) 
1.0 cm 10479 K Wrixon and Hogg (1971) 
1.18 cm 8870 K Staelin et al. (1967) 
1.18 cm 9800 K Staelin et al. (1967) 
1.28 cm 10700 K Staelin et al. (1967) 
1.35 cm 11000 K Staelin et al. (1967) 
1.43 cm 10800 K Staelin et al. (1967) 
1.58 cm 10800 K Staelin et al. (1967) 
1.6 cm 8000 K Strezhneva et al. (1958) 
1.76 cm 9100 K Tsuchiya and Nagane (1965) 
1.87 cm 12005 K Wrixon and Hogg (1971) 
2.0 cm 9100 K Buhl and Tlamicha (1968) 
2.0 cm 15100 K Wulfsberg and Short (1965) 
3.16 cm 11800 K Veisig and Molchanov (1963) 
3.2 cm 16000 K Aarons et al. (1958) 
3.2 cm 19300 K Minett and Labrum (1950) 
3.2 cm 17000 K Strezhneva et al. (1958) 
4.6 cm 22800 K Higgs and Broten (1966) 
9.1 cm 25000 K Riddle (1969) 

https://doi.org/10.1017/S0074180900036603 Published online by Cambridge University Press

https://doi.org/10.1017/S0074180900036603


THE QUIET SUN A T cm- A N D m m - W A V E L E N G T H S 

Table I (continued) 
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wavelength T (A,r=0) Reference 

9.1 cm 30000 K Swarup (1961) 
10.0 cm 45000 K Strezhneva et al. (1958) 
10.5 cm 42000 K Hey and Hughes (1956) 
10.7 cm 33000 K Covington et al. (1955) 
21.0 cm 47000 K Christianson and Warburton (1955) 
21.0 cm 57000 K Dulk et al. (1977) 
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Figure 1. The brightness temperature of the quiet sun versus 
wavelength as summarized in table I. Recalibrated values by 
Linsky (1973) are denoted by x. The dashed lines show various 
models, a) Allen (1947), b) van de Hulst (1953), c) and d)models 
based on EUV-line intensities (c for cell and network average, 
d for the cell brightness only), e) best fit model by Kuznetsova (1978). 
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values of T^. At present, high quality observational data in the 
extreme ultravoilet (EUV) are available and incorporated in the 
interpretation of the brightness temperature. The EUV-results are 
generally described by: 

F(T ) = N 2 T " 1 / 2 (dT / d h ) " 1 (3) e e e e 
(see Trottet and Lantos, 1978, eq. (2) ) . 

The functionF(T e) is derived from EUV-line intensities. Assuming 
hydrostatic equilibrium and reasonable boundary conditions, equation 
(3) can be integrated leading to N and T as a function of height h. 
This model can be applied to the estimation of T b(A,r=0). Taking F ( T e ) 
from a recent determination by Chambe (1978), which represents the 
average over the chromospheric fine structures, curve c in Figure 1 
is obtained. The estimated values are slightly too large. This 
disagreement between EUV-line intensities and the radio brightness at 
cm-wavelengths was first pointed out by Chambe (1978). Observations 
at EUV-lines with high angular resolution reveal a decomposition of 
the chromosphere into a bright network and dark cells. If the radio 
brightness is entirely attributed to the darker cells, better agreement 
with the radio brightness temperature is obtained (curve d in Figure 1, 
see also FUrst et al. 1979). Curve d joins the mm-wavelength curve e 
given by Kuznetsova. Of course, not all the radio radiation is 
generated within the cells but the brightness contrast between network 
and cells may be lower at radio waves than in the EUV domain. 

3. THE CENTRE-TO-LIMB VARIATION OF THE SOLAR BRIGHTNESS (CTLV) AND THE 
RADIO RADIUS 

3.1 The Brightness Variation 

The observations of the centre-to-limb variation of the solar 
brightness are summarized in Table II and Figure 2. The measurements 
have been performed using different techniques. At mm-wavelengths many 
observers made use of solar eclipses. Single dish observations are 
often deconvolved with respect to the antenna beam pattern, sometimes 
presented undeconvolved just as they have been obtained by scanning 
the sun. Because of the different observing methods it is difficult to 
compare the individual results, and this may partly explain the extreme 
scatter of the observations. In addition, the presence of weak plage 
areas close to the limb may affect some observations. Extremely large 
values of brightening may be explained in this way. 

At mm-wavelengths nearly all eclipse and deconvolved data reveal a 
slight to strong brightening usually in the form of a flat distribution 
up to about 0.8 R and a 10 to 20 arc sec broad ring, partly inside and 
partly outside the optical limb. Some authors report a complex structure 
close to the limb in the form of a double peak or a dip just before the 
bright ring. In order to compare the individual results, the ring 
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enhancement - in percent of the total flux - was estimated and plotted 
in Figure 2, assuming a width of the ring of 20 arc sec. The dashed 
line at mm-wavelengths may give an indication of how the ring 
enhancement varies with wavelength. The existence of a bright ring 
can be tested by sufficiently large single dishes or interferometers 
without resort to a deconvolution method. In Figure 2 the detectable 
bright rings are indicated for the Bonn 100m telescope and the 30m 
mm-dish under construction at the Pico de Veleta in Spain. However, 
a few authors have obtained limb darkening at short mm-wavelengths. 
The values in Figure 2 are given in percent of central disk T^ at a 
distance of 0.8 R from the centre of the disk, o 

At cm-wavelengths the scatter of the observed brightening is less 
than at mm-wavelengths. In Figure 2 the observations are separated 
into sunspot maximum and minimum and into equatorial and polar data. 
Most of the data are read from 

Table II 

Observations of the centre-to-limb brightness variation 

wavelength detected brightness variation Reference 

0. 8 mm bright ring at the limb Beckman et al. (1975) 
1. 2 mm bright ring at the limb Beckman et al. (1975) 
1. 2 mm darkening Kundu and Sou-Yang Liu (1975 
1. 2 mm high limb brightening Newstead (1969) 
1. 2 mm high limb brightening Noyes et al. (1968) 
1. 4 mm slight darkening N-S; 

E-W brightening Ade et al. (1974) 
1. 4 mm flat Shimabukuro (1971) 
3. 0 mm slight bright ring at the limb Labrum et al. (1978) 
3. 2 mm complex brightening Hagen et al. (1971) 
3. 2 mm flat Simon (1965) 
3. 2 mm double peak at the limb Swanson et al. (1973) 
3. 2 mm complex brightening Swanson and Hagen (1975) 
3. 2 mm flat Tolbert et al. (1964) 
3. 3 mm slight darkening Shimabukuro (1970) 
3. 3 mm brightening Shimabukuro et al. (1975) 
3. 3 mm slight brightening Smith (1975) 
3. 4 mm slight brightening or darkening Joenson et al. (1974) 
3. 4 mm flat Simon et al. (1970) 
3. 5 mm slight darkening Lantos and Kundu (1972) 
3. 5 mm flat Tlamicha (1969) 
4. 08 mm flat Kislyakov et al. (1975) 
4. 3 mm flat Tlamicha (1969) 
8. 3 mm brightening Hagen et al. (1971) 
8. 6 mm limb spike Coates et al. (1958) 
8. 6 mm flat or slight darkening Kawabata et al. (1979) 
8. 6 mm flat Kawabata and Sofue (1972) 
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wavelength detected brightness variation Reference 

8.6 mm flat Suzuki et al. (1975) 
9.0 mm brightening possible Flett et al. (1971) 
9.0 mm brightening Lantos and Kundu (1972) 
9.1 mm brightening Kundu et al. (1976) 
1.18 cm flat El Raey (1971) 
1.2 cm flat Flirst et al. (1974) 
1.35 cm brightening Simon et al. (1970) 
1.8 cm flat FUrst et al. (1974) 
1.95 cm slight N-S darkening Chiuderi-Drago & Felli(1970) 
2.0 cm flat Tlamicha (1969) 
2.8 cm flat FUrst et al. (1974) 
3.1 cm slight E-W brightening Drago et al. (1964) 
3.1 cm E-W brightening Fellie and Tofani (1970) 
3.2 cm high E-W brightening Hachenberg et al. (1956) 
3.2 cm N-S darkening;E-W brightening Alon et al. (1953) 
6.0 cm N-S flat; E-W brightening Ceballos and Lantos (1972) 
6.0 cm N-S flat; E-W brightening Chiuderi-Drago et al.(1974) 
9.1 cm N-S flat; E-W brightening Riddle (1969) 
9.1 cm slight N-S darkening; 

E-W brightening Swarup (1961) 
9.4 cm high E-W brightening Haddock (1957) 

11.0 cm very slight brightening N-S; 
E-W brightening Ceballos and Lantos (1972) 

11.0 cm slight N-S darkening; 
E-W brightening FUrst and Hirth (1979) 

21.0 cm N-S darkening;E-W brightening Christianson and 
Warburton (1955) 

undeconvolved profiles, i.e. one has to take into consideration the 
angular resolution of the different telescopes. A brightening is 
definitely observed at wavelengths £ 6 cm, the brightness increases 
slowly towards the limb. Because of the convolution effect of the 
antenna pattern, the maximum brightening occurs inside the optical 
limb. The peak brightening is plotted in Figure 2. At least during 
the sunspot minimum a slight darkening is observed at long cm-wave
lengths in the N-S direction, increasing with wavelength. But during 
the sunspot minimum as well as during the maximum a high asymmetry is 
observed in the brightening at wavelengths above a few centimeters. 

3.2 The Radius Of The Sun 

The radius of the sun is defined as the distance from the centre 
of the disk at which the brightness temperature is half the central 
disk value. Observations of the radio radius at mm- and cm- wavelengths 
have been undertaken by various authors. Coates et al. (1958), Simon 
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Figure 2. The centre-to- limb brightness variation as reported 
in table II. At wavelengths below 1cm the circles denote 
deconvolved, the triangles undeconvolved data. The flag denotes 
eclipse measurements. The enhancement of the bright ring at the 
limb is plotted in percent of the total flux, assuming the width 
of the ring being 20 arc sec. The corresponding CTLV in percent 
of the central T can be read from the scale on the right side 
of the figure. The curves marked with 30m and 100m give the 
minimum ring enhancement that can be detected by a 30m dish or 
by a 100m telescope respectively. The dashed line at mm-wave
lengths indicate the possible variation of the ring enhancement 
with wavelength. At cm-wavelengths the triangles denote E-W, the 
circle N-S observations for the solar maximum (open) and for the 
solar minimum (filled). The darkening is given for a distance of 
0.8 R from the centre of the disk. The CTLV at cm-wavelengths is 
plotted in percent of central T . 

(1971), Swanson (1973) and Wrixon (1970) reported eclipse measurements, 
while Christianson and Warburton (1955), Ftirst et al. (1979), Riddle 
(1969), Suzuki et al. (1975) and Takahashi (1967) made use of interfer
ometers or single dishes. The experimental data are summarized in 
Figure 3, where the data are separated into three different classes 
according to the position angle. At mm-wavelengths the sun is nearly 
circular, while at cm-wavelengths a large difference between the N-S 
and the E-W radius is obtained. This asymmetry becomes significant at 
wavelengths at which the N-S to E-W asymmetry of the brightening is 
observed. 
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Some of the observational data plotted in Figure 3 were read from 
undeconvolved solar scans. In this case the true radius might be some
what smaller, in particular at those wavelengths at which strong limb 
brightening occurs. An interesting observation is the decrease of the 
radio radius in the N-S direction at long cm-wavelengths; the 21 cm 
value is even less than the optical one. 
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Figure 3. The ratio of the radio to optical radius of the sun versus 
wavelength. 

4. THE INTERPRETATION OF THE BRIGHTNESS VARIATION AND THE RADIUS. 

The low value of the observed centre-to-limb brightness variation 
compared with theoretical estimates of spherically symmetric model 
atmospheres can be explained in term of an inhomogeneous chromosphere 
as was first suggested by Hagen (1956). Simon and Zirin (1969) 
proposed a rough surface, rough on the scale of the antenna beam 
width, in order to explain the low brightening over a wide range of 
wavelengths. Many authors, however, based their computations on a two 
component atmosphere consisting of cool and dense spicules embedded in 
a hotter and less dense spherically symmetric plasma. The spicules are 
usually adopted to be radially oriented, randomly distributed and 
optically thick throughout the mm- and cm- wavelength region. Towards 
the limb, due to the inclination of the spicules with respect to the 
line of sight, an increasing fraction of the hot interspicular gas is 
obscured by these structures, giving a lower average temperature. These 
models are effective only if the temperature of the spicules is lower 
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than the average central disk temperature. At mm-wavelengths a 
temperature less than 8000 K is required. This condition rules out the 
spicule models by Woltjer (1954), Athay and Menzel (1956) and Beckers 
(1968). The spicule model by Avery and House (1969) shows a gradual 
increase of the spicule temperature from about 5000 K at 2000 km to 
about 13000 K at 8000 km height above the photosphere. Because of the 
low temperatures at low heights, where the number of spicules is high, 
this model is favored by the radio astronomers. The computed 
brightening is sensitive to the number of spicules, which is well 
estimated only above 5000 km, where the spicules become individually 
visible. Lantos and Kundu (1972) reported good agreement with 
brightening at 9 mm and darkening at 1.2 mm wavelength. They used the 
temperature model by Avery and House and the spicule number by Beckers 
(1968) with a modification at low heights (3000 km) , where the spicule 
properties are only poorly known. For the interspicular region they 
adopted the UV6 model by Cuny (1971). Using almost the same model 
and parameters Kalaghan (1974) reported brightening throughout the 
mm-wavelength region. Recently, Kuznetsova (1978) found that the low 
brightening at mm-wavelengths can be explained only if the average 
temperature of spicules is about 5000 K or less for wavelengths 
between 1 and 2 mm and about 6000 K for wavelengths above 4 mm. This 
in good agreement with former computations by Coates (1958) and 
Kawabata and Sofue (1972). However, an accurate quantitative estimate 
is hindered by the considerable scatter of the observational data. 

The overlapping of spicules at the solar limb can be considered as 
the explanation of the increased solar radius at mm-wavelengths. 
Within the errors the height of spicules is in agreement with the 
excess of the radio radius over the optical one. At mm-wavelengths the 
interspicular gas at high altitudes (above 8000 km) does not contribute 
significantly to the brightness. A possible N-S to E-W asymmetry of 
the radius should therefore be small in accordance with the observations. 

The same two component model of the solar atmosphere as described 
above is usually applied to the interpretation of the observed profiles 
at cm-wavelengths. Since most of the published data are undeconvolved, 
the computed results have to be convolved to the respective antenna 
beams before comparing them with the observed profiles. The most con
spicuous phenomenon at cm-wavelengths is the asymmetry between the N-S 
and E-W brightening and radius. This can be explained by a variation 
of the electron density N from the equator towards the poles. For the 
sunspot minimum Lantos (1§78) proposed coronal holes, which probably 
are permanently located at the polar caps during this phase of sunspot 
cycle, as responsible for the observed asymmetry. At radio wavelengths 
coronal holes are usually seen as temperature depressions on contour 
maps. The depression increases with wavelength and ranges from 100 K-
200 K, or 2% of the central disk T , at 3.5 mm (Kundu and Sou-Yang Liu 
1976) to about 27000 K, or 47% of central disk T f e, at 21 cm wavelength 
(Dulk et al. 1977), and is caused by the low density of the coronal 
hole plasma compared with the equatorial atmosphere outside the holes 
and far from active regions. The central disk brightness temperature 

https://doi.org/10.1017/S0074180900036603 Published online by Cambridge University Press

https://doi.org/10.1017/S0074180900036603


36 E. F U R S T 

is related to the dense equatorial atmosphere, and with respect to this 
value the brightening and the radius in the N-S direction turn out to 
be less than at the equator. At mm-wavelengths this effect is very 
small in accordance with the observations. At cm-wavelengths a 
quantitative estimate of this model based of the interspicular 
parameters N (h) and T (h) derived from EUV observations as described 
above was given by FUrs! et al. (1979) using the spicule number 
reported by Lantos and Kundu (1972). These authors obtained good 
agreement with the experimental data for average spicule temperatures 
ranging from 10000 K at 2.8 cm to about 50000 K at 21 cm wavelength. 
The high spicule temperature at long cm-wavelengths may be explained 
by an increasing optical depth of the transition sheet between the 
spicules and the surrounding hot interspicular gas. Indeed, the 
estimation of the radius at 21 cm wavelength is unphysical. The radius 
is defined as the distance of T b(A,r=0)/2 from the centre of the disk. 
The coronal hole brightness is very close to 50% of central disk T^ as 
reported by Dulk et al.(1977). In some cases it may even be less; the 
radius is then determined by the extension of the hole towards the 
centre of the disk. This might be an explanation of the very small 
solar radius at 21 cm obtained by Christianson and Warburton (1955). 

5. CONCLUSION 

Observations of the quiet sun at cm- and mm- wavelengths with 
moderate angular resolution (about 1 arc min) have provided us with 
a rough picture of the brightness variation over the disk. The data 
require that the quiet atmosphere consists of cool fine structures 
embedded in a hot plasma. But even after many years of observation it 
is still impossible to derive accurate and reliable information on the 
nature of these components. This can partly be explained by the con
siderable scatter of the individual observations, partly by the 
insufficient angular resolution of the radio telescopes. Only 
measurements, with substantially higher angular resolution of about a 
few arc sec in orthogonal directions with sufficient time resolution 
can lead to major progress in this field. Those observations are 
still in the beginning, they do not yet allow one to infer the nature 
of the fine structure at radio wavelengths. The clear detection of the 
radio analog of the network and cell structure, seen in spectral lines, 
is still missing. The direct detection of narrow radio spikes at the 
extreme solar limb, which may exist not only at mm-wavelengths but also 
at cm-wavelengths as predicted by theoretical model (Lantos et al. 1979) 
will support the diagnostic of the problem. 
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Lantos: The difference between Kalaghan Ts and Lantos 1 and Kundu Ts 
results is related to a difference in the spicule temperature assumed 
at low altitude. This very important parameter is not given at low 
altitude by the Avery and House model, and thus must be extrapolated. 

FUrst: Indeed, the computed brightening is very sensitive even to 
a small variation of parameters. 
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