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Abstract. A general analysis of solar radio fluxes between 1000 and 10,000 Mc/s has been 
made for an entire solar cycle. It is shown that a correlation between a solar radio-flux index 
and the temperature of the thermopause can be found in the range of &-10 em if its basic 
component is associated with a 27-day mean value. A linear correlation is found between the 
27-day mean value of the 8-cm radio flux and the thermopause temperature. However, there 
is a departure from linearity at 10.7 em for fluxes of less than 150 units. The oscillation during 
a so-called 27-day period has a value that is about 50 per cent that of basic component. It is 
shown that no corpuscular effect is needed in addition to the normal heating of the thermo
sphere by ultraviolet radiation. A table is given to deduce thii relationships between radio 
fluxes at 8 and 10 em and average nighttime and daytime temperatures. Finally, the maximum, 
mean, and minimum temperatures have been deduced for nighttime and daytime conditions 
between 1952 and 1962. 

Introduction. The correlation between the 
orbital deceleration of an artificial satellite and 
the solar radio flux in the decimeter range has 
led to relationships between the atmospheric 
density at various heights and the 10.7- and 
20-cm radio fluxes. Considering that the density 
variation is due to a temperature variation, it 
can be concluded that the solar ultraviolet radi
ation is responsible for the heating of the upper 
atmosphere and that heat conduction is responsi
ble for its cooling . A change in the ultraviolet 
radiation can be correlated with a change in the 
radio fiux just as with the sunspot number , 
which is a well-known index of solar activity. 

Since all solar ultraviolet radiations do not 
vary with the same amplitude during a com
plete solar cycle, it appears logical to consider 
that a specific radiation in the radio range can
not be a perfectly reliable index [Nicolet, 1960J. 
Furthermore, various spurious correlations, or 
lack of correlations, may occur if the published 
values of the radio fluxes are subject to drifts of 
instrumental origin [Nicolet, 1961aJ. There is 
no W[LY to account for a special behavior, for ex
ample at 5000 Mc/s, when the entire spectrum 
between 1000 and 10,000 Mcls varies in exactly 
the same manner. Consequently, before analyz
ing the various causes of the temperature varia
tions of the thermopause, it is desirable to ob-

1 Presented at the Fourth Symposium of Co
spar, Warsaw, June 1963. 

tain reliable data on the variations of the solar 
radio fluxes. 

Variations of solar radiations. Extensive so
lar observations have been conducted at a wave
length of 10.7 em (2800 Mc/s) [Covington, 
1958J at Ottawa by the Radio and Electrical 
Engineering Division of the National Research 
Council of Canada. The series of observations 
began in 1947, and the errors, which have been 
discussed by Medd and Covington [ 1958J and 

Covington [1959J, should be of the order of ±2 

per cent, or not more than ±3 per cent in the 
monthly measurements. Intensive calibration 
measurements have been made at Ottawa with 
two radiometers calibrated from two fixed 
points, one for the ambient temperature and the 
other at the temperature of the sky, taken to 
be goK. A possible systematic error may be 
introduced, therefore, with an assumed constant 
sky temperature apparently leading to a sea
sonal periodic variation proportional to the solar 
flux. 

Routine observations at 8 em have been car
ried out at Nagoya by the Institute of Atmos
pherics since November 1951 [Tanaka and Kaki
numa, 1953J , also with an estimated accuracy 

of the order of ±2 per cent. A comparison of 
the 1O.7-cm and 8-cm fluxes made by Tanaka 
[1955J during the period of sunspot minimum 
shows that the ratio is almost constant within 

±3 per cent. The ratio 10.7 cm/8 em, which has 

a minimum in July and a maximum in January, 
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indicates, however, the possibility of a periodic 
variation in the monthly average va.Iues which is 
dependent on the calibration. Other observa
tions have also been conducted at Nagoya [Tan
aka and Kakinuma, 1956] at 3.2 cm since May 
1956 and at 15 and 30 cm since the begin
ning of the International Geophysical Year 
[Tanaka and Takinuma, 1958]. Because an 
attenuation due to the lower atmosphere may 
occur in the radio fluxes, particularly for the 
shortest wavelengths, systematic errors may be 
introduced in the published data, since the 
transmission through unit atmosphere is subject 
to several variations. Such variations, generally 
proportional to the solar fluxes, may introduce 
periodic oscillations in the basic correlations 
between radio fluxes and upper-atmospheric 
parameters, these in addition to sporadic fluc
tuations not related to the solar emission . 

The significance of radio observations for 
studying the physical conditions in the upper 
atmospheres of planets is well established, since 
such observations provide indices of solar activ
ity in addition to the Zurich sunspot number 
(see, for example, Kundu [1960]). It is clear 
that a solar activity index can be chosen in the 
1000- to 1O,000-Mc/s spectral range, but it a.p
pears that the spectral variation must be con
sidered in the study of correlations with atmos
pheric phenomena . Since the radio flux is 
composed , without considering the burst emis
sions, of a quiet component (basic radio flux) 
and a slowly varying component, the variation 
of ultraviolet radiations that heat and ionize 
the planetary atmospheres must be compared 
with that of the X radiations. Friedman [1962] 
has clearly shown that the X-ray spectrum be
tween 40 and 60 A varies by a factor of approxi
mately 7 during a solar cycle, while the variation 
in the range 8-20 A attains a value of about 50 
and is several hundred in the 2-8 A wavelength 
range . Consequently, the behavior in the 3-
to 30-cm interval cannot be taken as represen
tative of the solar X-ray flux or of the integral 
of the ultraviolet flux. The radio flux in the 
neighborhood of 10 cm can be compared during 
a certain period of the solar cycle with an ion
ospheric index, such as the ionization of the E 
region, but cannot be expected to fit all such 
observations during an entire solar cycle. There 
is always a relationship between solar radio 
emissions in the 3- to 30-cm interval, X-ray, 

and UV emission and atmospheric parameters 
but the correlations vary during the solar cycle: 

Allen [1!}57] and Covington and Harvey 
[1960] have found that the quiet-sun radio flux 
should have a significant variation with solar 
activity, which can reach a factor of about 2. 
for the minimum-to-maximum variation in the 
lO-cm flux. The slowly varying component. 
which is associated with disturbed regions on 
the solar disk and is closely correlated with sun. 
spot numbers, leads, in the same spectral region, 
to a minimum-to-maximum variation of at lea.'! 
a factor of 4. A recent analysis by Das Gupta 
and Basu [1962J shows that , during the Inter. 
national Geophysical Year (July 1957 to De. 

cember 1958, m[Lximum of solar activity), there 
is a close correlation between the snnspot num. 
ber and daily flux between 3 [Lnd 30 em, and, 
furthermore, that the maximum variation occurs 

near 8-10 cm. 

Solar-cycle variations. Since the solar radio 
emissions in the range of wavelengths from 3 to 
30 cm show similar variations with a so-called 
27-day cycle, it is of interest to plot the 27-day 
average value of the Zurich relative sunspot 
number and of the solar radio flux at 10 cm from 

1957 until 1962. The plot (Figure 1) of the WOll 
number2 R27 with the radio flux3 827 (10.7 em) 
shows that, for R � 50, there is a linear relation· 

ship between these quantities which, with an 
error of ± 10 per cent, takes into account the 
variations of the radio flux for values greater 

than S = 100 units, i.e. 

827(10.7 cm) = 50 + 0.967R27 

But for 8 < 100 or R < 50, a linear variation 

would be 

68 + 0.607R27 

Thus, the close association of the 10-cm radiation 

with sunspots cannot be expressed during a 
whole cycle with the same linear relationship. 
Furthermore, the dispersion of the daily values 
is larger than the 27-day mean values. Figure 2, 
which shows a plot of daily values with a varia· 
tion reaching ±20 per cent, indicates how such 

227-day geomagnetic period (Bartels) deduced 
from Zurich Observatory data. 

3 Deduced from Ottawa data in units of 10-" 
watt/roo / cycle/sec. 
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a solar index may lead to important errors in 
deducing any empirical correlation with atmos
pheric parameters. 

To determine the differences between two radio 
emissions, we can compare, first, the 27-day 
mean values of two wavelengths, such as 8 and 
10.7 em, for which data are available since 1952. 
Even if the absolute measurements of radio 
fluxes are estimated with an error of ±7 per 
cent, and can deviate by such a percentage from 
a ratio of unity after normalization, the general 
variation during a whole solar cycle should be 
significant [Covington, 1961]. Figure 3 shows the 

gradual difference in the ratio of the 27-day 
mean values of solar fluxes at 10.7 em and 8 cm. 
Near 200 units, both fluxes are identical, i.e. 
827(10.7) = 827(8). For the lower values 
827(8) > 827(10.7), whereas the ratio is reversed, 
827(10.7) > 827(8), for the higher values. It is 
clear that the ratio 827(10.7)/827(8) varies during 
a solar cycle, even if the emissions at these two 
wavelengths originate from almost identical 
levels in the solar atmosphere. 

If we compare the variation of fluxes for two 
years of high and low solar activity (Figures 4 
and 5, 1958 and 1961), the annual mean values are 
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and 

81958(8) 
8\958(10.7) 

224.8 
230.6 0.975 

1.09 
There is, therefore, a reversal in the ratio of the 
8·cm and 10.7-cm radio fluxes when there is a 
variation of a factor of about 2 in the absolute 
values of the fluxes. Furthermore, the ma1.imum 
amplitude of the variation of daily fluxes, com
pared with the annual mean value, is, in both 
cases, of the order of ±30 per cent. At sunspot 
maximum (1958, Figure 4) the fluctuations of 

the ratio [S(8)/81958(8»)/[8(10.7)/81908(1O.7)] are 
generally less than ±5 per cent and always less 
than ± 10 per cent. However, the same ratio in 
1961 (Figure 5) is represented by scattered values 
reaching ±15 per cent but with systematic 
differences when the ratio is greater than or less 
than unity. In fact, the amplitude of the varia
tion at 8 cm appears to be less than that at 10 

cm. Thus, it can be concluded that the systematic 
differences occurring in the annual average, 27-
day average, and daily values of fluxes measured 
at 10.7 cm (Ottawa) and at 8 cm (Nagoya) are 
a clear indication of real variations in the 
spectrum of the solar radio fluxes between 2800 
and 3750 Mc/s. 
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1.5 

Spectrum from 1000 to 10,000 Mc/s. A com
parison between the fluxes at 15 and 30 em, 
which are also measured at Nagoya, and the 
10.7-cm flux does not show systematic differences 
such as those noted between 8 and 10.7 cm. 
From Figure 6 it appears that the ratios have the 
following median values: 

to be explained by experimental errors ·without 
showing real spectral differences. In any event, 
such a variation of the ratios cannot be indicative 
of a systematic difference associated with the 
solar cycle as has been found for 8 cm. In fact, 
the ratio of two radio fluxes really becomes 
sensitive to the solar cycle when the radiation 
is at a wavelength shorter than 10 em. 

827(15)/827(10.7) = 0 .72 ± 0.08 

827(30)/827(10.7) = 0.55 ± 0.07 

In other words, the fluctuations, of the order of 
±10 per cent, are of sufficiently small magnitude 

The ratios 827(3.2)/827(8) and 827(3.2)/8dlO,' 
em) are considered in Figure 7. The two curves 
lead to the median value of 83,2/810.7 = 1.5 for 
827(10.7) > 200 with a maximum fluctuation of 
± 10 per cent. The ratio increases with a decrease 
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of solar activity . It is so sensitive to solar activity 
that its fluctuations follow the variations of the 
solar flux. Peaks in the ratio correspond to 
decreasing fluxes, and the minimum value of the 
ratio, namely 1.3, is real and is associated with 
the highest activity of the sun in 1957. Thus the 
variation of radio fluxes with solar activity in 
the spectral range 1000-10,000 Mcls is always expressed as follows: 

s < 10 cm 

S � 10 cm 
decreases when S increases 

It is evident that an adequate solar radio 
index may be chosen at 10 cm or at shorter 
wavelengths. However, a more complete analysis 
must be made before we can adopt a general law 
for the entire solar cycle. Figure 8 shows how 
the ratio S27(8)ISd1O.7) varies between 1952 
and 1962. The ratio reaches a maximum at the 
minimum of the solar cycle with a median value 
of 1.15 ± 5 per cent and decreases to a median 
value of 0.98 ± 5 per cent at the maximum of 
the solar cycle, i.e. a clifference reaching 20 
per cent for the minimum-to-maximum variation 
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of a solar cycle. It is clear, therefore, that the 
absolute fluxes must change as indicated by this 
ratio. 

To give an idea of the amplitude of the 27-day 
variation of the slowly varying component, 
Figures 9 and 10 show the ratios SmaJ 8f7 and 
8mi,J S27, representing the highest and lowest 
values of the daily fluxes for each 27-day period . 
No systematic difference can be immediately 
detected with the solar cycle for 10 and 8 cm. 

It is clear that the amplitude of the 27-day 
cyele at 3 cm is always less than that at 8 em. 
As far as 15 cm is concerned, it appears that for 
8(8) 2:: 200 units, i.e. for high solar activity, 

AS(15 cm) ::; A8(8 cm), whereas 63(15 em) 
> AS(8 cm) at low solar activity, i.e. when 
8(8) < 120. The same law seems also to be 
adequate for 30 em, since AS(30 cm) < 63(8 CIll) 
when S(8) > 150 and AS(30 cm) � AS(8 em) 

when S(8) < 120 . Such striking features ex· 
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hibited by the 27 -clay cycle between Sand 30 
em indicate that its maximum-to-minimum am
plitude, as detected by the daily mean fluxes, 
cannot be subject to simple laws related to the 
frequency. A systematic variation is found at 
high solar activity during the International 
Geophysical Year period [e.g., Das Gu.pta and 
BaS1t, 1962] but is completely different in 1961 
and 1962, as is shown in Figure 9. 

Thus a complete analysis of the solar radio 
fluxes should be made at wavelengths shorter 
than 10 cm, since no clear conclusion (systematic 
errors or spectral differences) ean be reached for 
the spectral range of wavelengths greater than 
10 cm. 

Atmospheric temperatures and solar fluxes. 
Since the increase of the u,tmospheric scale height 
with altitude is due to a normal decrease of 
the molecular mass and not to an increase.: of 

the trmperature [Nicolet, 1960], and the thermo· 
pause temperature is related to the ultra;;olet 
heating and conduction cooling, a relationship,' 
can hc found between the solar radio flux and 
the thermopause temperature . .J acchia [1961].; 
after adopting Nicolet's [1961b] atmospheric, 
model, deduced an equation having the form: 

T = To + as (1) 
j' 

in which the temperature of the thcrmopause T· 
is related to the solar flux S with dT / dS == a; 
and To a constant. Linear relationships such a, 
(1) have also becn adopted by Harris a1ld: 
Priester [19G3] and Paetzold [1963). 

From the preceding discussion it is clear that 
the adoption of a radio index at different wave', 

lengths will modify the value of the coefficient c 

in (1). Further, different coefficients will L� 
,obtained, depending on the wavelength chosen .. 
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Let us again consider the 5 monochromatic 
radio fluxes at 3.2, 8, 10.7, 15, and 30 em for 
which the analyses made in the preceding para
graphs have shown the general behavior for a 
complete solar cycle. The following ratios were 
determined: 

1. Ratio of the maximum 27-day mean value 
reached in 1957 (period 1701 or 1703) and the 
minimum 27-day mean value reached in 1954 
(periods near 1655) or, when no continuous 
observations are available. individual values 
during 1766 in August 1962. 

2. Ratio of the minimum daily fluxes reached 
in 1957 (periods between 1695 and 1715) and 
the minimum 27 -day mean value. 

3. Ratio of the maximum of maximum daily 
fluxes reached in 1957 (period 1703) and the 
minimum 27 -day mean value. 

The first ratio Rl will give the maximum 

amplitude during a solar cycle of the 27 -day 

mean value of the radio flux. The second ratio 

R2 corresponds to the maximum possible varia

tion of the quiet sun during a solar cycle, and 

the third ratio Ra corresponds to the minimum

to-maximum variation which can be reached. 

1.25 

fJ) 
lIJ � 1.20 
..J 
I.J... 
E 
::.. 1.15 
� 
'0 C 
to 

<XI 1.10 

+ 5"10 '\ 
"-

�\:.>\\ 
.:.:� ... "-, .' " '\. 

- 5·f� · .. "-''' . "-, . "-, '- .  
" ........... 

TABLE 1. Ratios of Various Maximums of Sola 
Fluxes to the Minimum Values for a Quiet Sun r 

at Minimum Solar Activity 

Mc/s 9400 3750 2800 2000 1000 
A, cm 3.2 8 10.7 15 30 
Rl 1 .6 3.7 4.2 4..5 4.5 
R2 1.2 2.2 2.5 2.8 3.0 
R3 2.0 5 5.5 5.9 5.4 

The various ratios are shown in Table 1. A 
factor of about 6, which represents the mini. 
mum-to-maximum variation Ra near 2000 Mc/s, 
corresponds to an extreme case. It is still, how. 
ever, less than the variation of the X-ray fiux 
[Friedman, 1962] absorbed in the ionospheric E 
layer. In fact, a factor of 7 in the X-ray emission 
must be compared with the maximum ratio Rl 
of 4.5 representing the 27-day mean ratio. The 
ratio R2, which varies from 1.2 at 3.2 em to 3 at 
30 cm, shows how difficult it is to determille the 
amplitude of the quiet-sun variation which 
should be related, first of all, to the ultraviolet 
flux associated with the solar heating of the 
upper atmosphere. 

Nevertheless, since the ratio Ra/R1 is of the 
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order of 1.3 and the ratio R2/ Rl is of the order 
of 0.6 between 8 and 15 em, (1) is used in a 
different form in which a basic component corre
sponds to the mean value 827 for a 27 -day period 
and a varying component !:l.S represents the 
oscillation during such a period: 
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or 
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(21 
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T = To + (a - b) 827 + bS (4) 
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The coefficients a and b will have different values. 
a will. be greater than b, since it must take into 

llcMlDt the basic component of the solar flux 
primarily associated with the ultraviolet flux. 

The faetor b represents the 27-day oscillation of 
a radio flux that is less important for the ultra
violet yariation. In other words, considering the 

ratios Rl and R3, the term a827 in (4) is associated 

with the variation of Rl during a whole solar 

cycle and the term btlS corresponds to the 
fluctuations (Ra - RJ) during a 27-day period. 

To determine the variations for an entire 
solar cycle, we can compare the ratios of Rl for 
32 8 and 10.7 cm, since the variation for the 

uit�a;iolet heating must be associated with this 

spectral ran�e. The variation �f S27(�0.7 cm) is 
plotted against the ratio 827(S)/8(lO.7) in 

Figure 11 with the unit mtio at S(1O.7 cm) = 250. 
A smoothed relation is drawn and indicates that 
the slope is steeper for lower activity. The cor
rection factor reaches 20 per cent at sunspot 
minimum; it should be mentioned that we would 
not expect a severe departure for the smooth 
curve, since the individual ratios are affected 
with a maximum error of ±5 per cent, i.e. not 

more than the possible errors in the absolute 

values. Figure 12 represents the characteristic 

difference in the 27 -day mean fluxes of 3.2 
and 10.7 cm. The normalization of the ratio 
827(3.2)/827(10.7) is made for 250 < 827(10.7) 
< 300 units. There is a significant change with 
the solar cycle, reaching a factor of 2.6. The 
dashed curve, corresponding to the ratio 
'�27(S)/,S27(lO.7), compared with the 3.2-cm curve 
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shows how the spectrum varies with solar activity 
between 3000 and 10,000 Mc/s. The conclusion 
arrived at from such an analysis is that the 
variations of the ultraviolet radiation can be 
correlated with a radio flux in the range 10-30 
em during the maximum of the solar cycle. 
However, the relative change of flux is system
atically less for higher frequencies and can be 
regarded as being more representative of the 
change of the ultraviolet spectrum related to the 
heating of an upper atmosphere. Since there are 
no measurements available between 10,000 and 
3750 Mc/s, a complete analysis can be made 
only at 8 and 10.7 cm. 

Jacchia [1963], using a smoothed value 8(10.7 
em) such that 

T = T(8 = 200) + 2.5° 8(10.7 em) (5) 
has determined average nighttime and daytime 
temperatures corresponding to au average value. 
for the diurnal bulge. Th(:.. result is that, except 
for the lowest values of 8, a linear correlati�n 
with an average sloI?e of 4.50 between nighttime 
temperatures and 8(10.7 em) may be found. 
The same linear relationship is also used by Harris and Pr£ester [1963], i.e. . 

Tnight = 275°K + 4.508(10.7 em) (6) 
Adopting the same formuln. for 8 em, we see 
(Figure 11) that (8) below can be used if we 
adopt for the average slope of the variation of 

the nighttime temperature: 

2000 DAY-TIME TEMPERATURES 
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The use of the 8-cm flux as a solar index leads to 

a basic correlation between the temperature and 

the flux at 10.7 cm that is no longer linear. 

Taking into account the differences of ±5 per 

cent oeeurring between 8- and lO-cm fluxes, we 

llse, instead of (6), 

T.i,ht = 2800K 

+ (4.6° ± 0.25)827(8 em) (8) 

The variation of ±5 per cent in the second term 
of (8) shows that differences of at least ±0.25S 
should be expected in any determination of a 
correlation between the temperature and the 
27-day mean value of any observed radio flux. 

To fit the temperatures of the daytime bulge, 
we use Jacehia's relation 

Tday = Tnight X 1.33 (9) 
leading to 

Tday = ..,700 + (6.10 ± 0.3) 8d8) (10) 

The maximum daytime temperature may require 
a factor a little greater than 1.33, but the fol-
lowing expression, equivalent to that used by 
Harris and Priester [1963], 

fdllYtime maximum = Tnlght X 1.35 
+ 8(10.7 em) (11) 

is not adequate, since it leads to diurnal ampli-
tudes that are too large and, furthermore, to 
systematic differences, depending on the level 
of solar activity, with temperatures that are 
too high. 

Thus (8) and (10) have been used to deter-
mine the diurnal oscillation with the variation of 
827(8 em). In Figure 13 the temperature varia-
tion is plotted against the usual 10.7-cm solar 
fiux utilizing a reconversion from 8 em which 
shows the nonlinearity of the relationships. The 
minimum-to-maximum variation of the average 
nighttime temperature during a solar cycle is 
from about 6500K for the completely quiet sun 

to 16000K for the highest solar activity. The 
same variation for daytime temperatures corre-
sponds to the range of 8500K to 2100oK. 

To use the 27-day mean values of the 10.7-cm 
radio flux for conditions of low solar activity, the following formulas can be adopted instead 
of (8) and (10): 

+ (40 ± 0.25)827(10.'7 em) (8a) 
Tday = 5000K 

+ (5.3° ± 0.3°) 827(10.7 cm) (lOa) 
if 827(10.7 cm) < 200 units. 

J acchia and Slowley [1962] have made a precise 
analysis of the 27 -day oscillation deduced from 
the drag of several satellites. The temperature 
variation can be expressed by a relation such as 

T = T + MS (12) 
with values of the coefficient b that may be of 

TABLE 2. Thermopause Temperatures and 
Solar Radio Fluxes* 

Nighttime Daytime 
Tempera-

ture, 327(8 827(10.7 327(8 327(10.7 
oK em) em) em) em) 

650 80 68 
700 91  80 
750 102 93 
800 1 1 3  105 
850 124 1 1 8  79 68 
900 1 35 130 87 76 
950 1 46 1 43 95 85 

1 000 157 155 1 04 94 
1 050 167 168 112 104 
1 100 1 78 180 120 1 1 3  
1 1 50 189 193 128 122 
1200 200 205 1 36 1 32 
1250 21 1 217 1 45 141 
1300 222 228 1 53 151 
1350 233 239 161  160  
1400 244 250 169 169 
1450 255 261 1 77 178 
1 500 265 272 186 188 
1550 276 282 194 197 
1600 287 293 202 206 
1650 298 304 2 1 0  2 1 5  
1700 309 315 218 223 
1 750 227 232 
1800 235 240 
1850 243 248 
1 900 251 257 
1950 259 265 
2000 268 273 
2050 276 282 
2100 284 290 
2150 292 298 
2200 300 306 

* Solar radio fluxes given with precision of ± 0.25S 
corresponding to differences in observational data. 
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the order of 2 . 5 ;  extreme values of the order of 
2° and 3° could be used for nighttime and day

time conditions. However, it is not yet certain 
that there is a real difference between dark and 
sunlit atmospheres, since Jacchia and Slowley 
considered the possibility of a constant value of 
b = 2.2. 

The final formula can be written, according 
to (2) , (4) , (8) , and (12),  and neglecting the 
possible error of ±5 per cent, 

Tni gbt  = 280 0 K  + 4 . 6 °  327(8 c m) 

or 

+ 2 . 5° A S  ( 1 3) 

Tni gh t  = 280 0 K  + 2 . 1 ° 827(8 c m) 
+ 2 . 5° A S(8 em) ( 1 4) 

This relation holds, as a general relation, between 
the solar flux at 8 cm and atmospheric tem
perature over a complete solar cycle and in

cluding the 27 -day oscillation. Consequently, 
there is no need for an explanation of atmospheric 
heating involving a solar wind or any other 
corpuscular effect. In fact, the term involving 
327 is the basic component for the ultraviolet 
heating, whereas the other term incorporating 
AS involves, with a smaller weight, the effect 
of the 27-day oscillation. When both S and 3 are 
used in the same formula, however, the coeffi
cients are of the same magnitude as those 
deduced from the observations. 

There are other effects which have also been 
introduced, such as the semiannual or annual 
variations detected by Paetzold [ 1963] , for which 
an origin has been suggested as an effect of a 

solar or an interstellar wind, respectively. The 
fact, however, that a solar index such as 8-cm 
instead of 10 .7-cm flux has removed an essential 

difficulty, such as a lack of a linear correlation 
at low solar activity and also a systematic drift 
in the atmospheric temperature from 1958 to 
1962, leads to other possible explanations for 
such effects that may be detected only after 
several reductions of obselTational data . Several 
fadors must be kept in mind : (1) Any atmos
pheric model may lead to systematic differences 
in the temperature of the thermo pause of at 
least ± 50°K. (2) The boundary conditions in 
the thermosphere cannot be kept constant for 
an entire year. (3) A steady state of diffusion 
conditions cannot be assumed in a detailed study 

of the diurnal variation . (4) The absolute value 
of any solar radio flux may lead to an undetect. 
able error of ± 5  per cent. (5) Depending on the 
type of calibration, systematic drifts due to 
seasonal atmoRpheric effects can occur. Thus 
fluctuations may occur that lead to possibl� 
singular behavior of certain parameters. In spite 
of these difficulties, the solar radio flux at 8 em 
establishes a simple pattern that is suitable for 
representing the average temperature conditions 
of the carth's upper atmosphere at various stages 
of the solar cycle . This requires a heating bv 
ultraviolet radiation and tt cooling by heat co�. 
duction without postulating any essential cor. 
puscular process. The latter would lead to an 
absorbed energy of not less than 0.2 erg cm-' 
sec-I, whereas the normal atmospheric conditions 
show that it cannot exceed 0.05 erg em-2 see-I. 
These influences must be found ill the auroral 
zone and are important during Il1!tgnetic storms 
through hydromagnetic heating. 

Temperature lJariations during a solar cycle. 
Since the mtio 827 (8)/Sz;(1O.7) varies with solar 
activity and there is no general relation that is 
applicable, numerical values must be used. To 
show how the differences can be dealt with, a 
calculation has been made for average nighttime 

and daytime temperatures corresponding to the 
27 -day mean values of solar radio fluxes at S 
and 10.7 cm by using (6) and (8) . Figure 14 
shows how the nighttime temperatures deduced 
from the 10.7-cm radio flux would be system

atically too low when the temperature is less 
than 1 2500 K ;  the difference increases with the 
decrease of the solar activity. Figure 15 giws 
the daytime temperaturcs from 8500K to 21000K 
with a systematic difference below 1750°K. The 
scatter of the various points represents differences 

in the measured solar fluxes. These must be 
interpreted as fluctuations representing possible 

errors when use is made of a solar radio index 

that is measured with very great precision . 

Tho possible error of about ±0.25S was not 
included in Table 2, which gives, for varioUi 

temperatures of the thermo pause, the corre· 
sponding nighttime and daytime radio fluxes. 
These fluxes correspond to 27 -day mean value, 
at 8 and 10.7 cm. Table 3 gives all 27-day means 
of the temperature values from 1952 to 1962, 

including the minimum-to-maximum values for 
each period. They are based on the linear rela· 
tionships deduced in the preceding paragraph , 
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TABLE 3 .  Dnyt imp and Nighttime Temperat.urE's at. t h e  Thermopause 

Daytimp Nighttime 
Date, 

Rotation ± 1 3  days Max. Ave . Min. Mltx. Ave. Min. 

1952 

1623 J!Lnuary 1 7 1 092 1045 1013 821 786 762 

1 624 February 13 1043 990 951 784 744 7 1 5  

1 625 March 1 1  942 910 895 i08 684 673 
1 626 April 7 978 966 924 735 726 695 
1 627 May 4 986 947 920 741 712 692 
1 628 May 3 1  964 923 903 725 694 679 

1 629 June 27 1055 1001 948 793 753 713 

1630 July 24 1065 996 947 80 1 749 712 

1 631 August 20 1 1 09 1 045 1013 834 786 762 

1632 September 1 6  1 003 947 920 754 712 692 

1633 October 1 3  1003 959 935 754 721 703 

1634 November 9 1032 971 932 776 730 701 
1635 December 7 1 045 996 940 786 749 707 

1953 

1636 January 2 1015 971 922 763 730 693 

1637 January 29 966 910 895 726 684 673 

1 638 February 25 879 867 852 661 652 641 

1639 March 24 914 879 859 687 661 646 

1 640 April 21 996 923 879 749 694 661 

1641 May 17 904 860 846 680 647 636 

1642 June 13 887 872 863 667 656 649 

1643 July 10 875 855 843 658 643 634 

1644 August 6 946 892 863 7 1 1  671 649 

1645 September 2 899 872 858 676 656 645 

1646 September 29 91 6  899 887 689 676 667 

1647 October 26 903 879 874 679 661 657 

1 648 November 22 872 867 855 656 652 643 

1649 December 1 9  872 867 862 656 652 648 

1954 
1 650 January 15  864 862 850 650 648 639 

1651 February 1 1  860 855 855 647 643 643 

1652 March 10 9 1 8 879 867 690 661 652 

1 653 April 6 860 855 850 647 643 639 

1654 May 3 851 848 846 640 638 636 
1655 May 30 848 843 838 638 634 630 

1656 June 26 839 836 834 631 629 627 

1657 July 23 858 848 846 645 638 636 

1658 August 19 874 862 852 657 648 641 

1659 September 1 5 867 862 859 652 648 646 

1660 October 12 902 892 883 678 671 664 

1661 November 8 910 886 871 684 666 655 

1662 December 5 910 886 874 684 666 657 

1955 
1663 January 1 1 003 947 912 754 712 686 

1664 January 28 964 935 908 725 703 683 
1665 February 24 922 9 1 0  900 693 684 677 

1666 March 23 888 886 883 668 666 664 
1667 April 19 907 892 883 682 671 664 

1668 May 16 963 928 904 724 698 680 

1669 June 12 1057 984 946 795 740 711 
1670 JUly 9 986 959 932 741 721 701 

1671 August 5 1067 984 926 802 740 696 
1672 September 1 1043 996 940 784 749 707 
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TABLE 3. (Continued ) 

Daytime Nighttime Date, 
Rotation ± 1 3  days Max. Ave. Min. Max. Ave. Min. 

1673 September 28 1071 1 0 1 5  976 805 763 734 
1674 October 25 1 200 1 106 103 1  902 832 775 
1675 November 2 1  1228 1 1 98 1 174 923 901 883 
1 676 December 1 8  1253 1 1 98 1158 942 901 861 

1956 
1677 January 14 1415 1 283 1 1 90 1064 965 895 
1678 February 1 0  1734 1418 1237 1304 1066 930 
1679 March 8 1487 1382 1329 1 1 1 8  1039 999 
1680 April 4 1470 1 387 1297 1 105 1043 975 
1681 May 1 1486 1412 1305 1 1 1 7  1062 981 
1682 May 28 1455 1 382 1309 1094 1039 984 
1683 June 24 1462 1368 1298 1099 1029 976 
1684 July 21 1483 1424 1351 1 1 1 5 1071 1016 
1685 August 17 1 722 1 632 1541 1295 1227 1 159 
1686 September 13 1807 1 644 1 553 1359 1236 1168 
1687 October 10 1673 1571 1483 1258 1 1 8 1  1 1 1 5  

1688 November 6 2071 1 871 1705 1557 1407 1282 
1 689 December 3 1885 1785 1670 1417 1342 1256 
1690 December 30 2068 1907 1766 1555 1434 1328 

1957 

1691 January 26 1782 1 626 1541 1340 1223 1159 

1692 February 22 1523 1491 1452 1 145 1 1 2 1  1092 
1693 March 21 1595 1571 1544 1 199 1 1 8 1  1 161 
1 694 April 17 1641 1565 1487 1234 1 177 1 1 18 

1 695 May 14 1721 1613 151 1 1294 1213 1 136 
1696 June 1 0  1975 1785 1 626 1485 1342 1223 
1697 July 7 2040 1780 1607 1534 1338 1208 
1 698 August 3 1760 1 596 1506 1323 1200 1 132 

1699 August 30 1971 1810 1649 1482 1361 1240 

1 700 September 26 2212 2048 193 1 1663 1 540 1452 
1701 October 23 2269 2140 1996 1 706 1609 1501 

1 702 November 19 1938 1 841 1770 1457 1384 1331 

1 703 December 16 2391 2072 1835 1798 1 558 1380 

1958 
1704 January 1 2  2027 1 871 1701 1524 1407 1279 

1705 February 8 1772 1 620 1515 1332 1218 1139 

1706 March 7 1818 1700 1563 1368 1278 1 175 
1 707 April :� 2264 2006 1730 1702 1 508 1301 

1708 April 30 1904 1 797 1685 1432 1351 1267 

1 709 May 27 1749 1620 1549 1315 1 2 1 8  1 165 
1 710 June 23 1721 1638 1541 1294 1 232 1 159 

1 7 1 1  July 20 1887 1 700 1583 1419 1 278 1190 

1712 August 1 6  1835 1 736 1 680 1380 1305 1263 

1713 September 12 1948 1834 1744 1465 1379 1311 

1714 October 9 1920 1730 1 596 1444 1301 1200 

17 15 . November 5 1709 1 577 1472 1285 1 186 1107 

1716 December 2 1938 1853 1660 1457 1393 1248 

1717 December 29 1983 1 827 1713 1491 1374 1288 

1959 

1718 January 25 2246 1 944 1734 1689 1462 1304 
1719 February 21 1698 1613 1531 1277 1213 1 151 

1720 March 20 1998 1834 1661 1502 1379 1249 
1721 April 16 1636 1577 1519 1230 1 186 1142 
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TABLE 3. ( Continued )  

Daytime Nighttime 
Date, 

Rotation ±13 days Max. Ave. Min. Max. Ave. Min 

1722 May 13 1 874 1669 1576 1409 1255 1 185 
1723 June 9 1 722 1632 1530 1295 1 227 1 150 
1724 July 6 1 869 1669 1532 1405 1 255 1 152 
1725 August 2 1 692 1577 1495 1272 1 186 1 124 
1726 August 29 2077 1846 1700 1 562 1 388 1278 
1727 September 25 1480 1387 1326 1 1 1 3  1 043 997 
1728 October 22 1452 1394 1350 1 092 1 048 1 0 1 5  
1729 November 18 1 685 1522 1410 1267 1 144 1 060 
1730 December 15 1 623 1491 1423 1 220 1 121 1 070 

1 960 

173 1 January 1 1  1 636 1516  1434 1230 1 140 1078 
1732 February 7 1 708 1552 1415 1 284 1 167 1 064 
1733 March 5 1 252 1234 1208 941 928 908 
1734 April 1 1 539 1424 1325 1 157 1071 996 
1735 April 28 1418 1357 1301 1066 1020 978 
1736 May 25 1443 1382 1350 1085 1039 1015  
1737 June 2 1  1 53 1  1375 1275 1 1 5 1  1034 959 
1 738 July 1 8  1 526 1345 1283 1 147 1011 965 
1739 August 14 1 664 1486 1 322 1251 1 1 17 994 
1 740 September 1 1  1 472 1382 1 282 1 107 1039 964 
1741 October 7 1338 1 277 1 194 1006 960 898 
1742 November 3 1514 1338 1245 1 138 1006 936 
1743 November 30 1339 1246 1 168 1007 937 878 
1 744 December 27 1357 1222 1 137 1020 919 855 

1961 

1745 January 23 1 141 1088 1049 858 818 789 
1746 February 19  1073 1039 1021 807 781 768 
1747 March 18 1 1 12 1051 1019 836 790 766 
1748 April 14 1 106 1045 1011  832 786 760 
1749 May 1 1  1097 1039 1 000 825 781 752 
1750 June 7 1 1 50 1057 1008 865 795 758 
1751 JUly 4 1204 1 130 1072 905 850 806 
1752 July 3 1  1 140 1081 1020 857 813 767 
1753 August 27 1 125 1093 1052 846 822 791 
1754 September 23 1 1 78 1093 1047 886 822 787 
1755 October 20 1 056 1015 983 794 763 739 
1756 November 16 1025 984 958 771 740 720 
1757 December 13 1 055 1 008 967 793 758 727 

1962 

1758 January 9 1 048 978 946 788 735 7 1 1  
1759 February 5 1 094 1039 990 823 781 744 
1760 March 4 1 1 77 1 063 990 885 799 744 
1761 March 31 1 129 1039 978 849 781 735 
1762 April 27 1085 1039 990 816 781 744 
1763 May 24 1076 1032 991 809 776 745 
1764 June 20 998 978 966 750 735 726 
1765 JUly 17 943 923 899 709 694 676 
1 766 August 13 939 904 887 706 680 667 
1767 September 9 1015 971  924 763 730 695 
1768 October 6 1 000 971 954 752 730 717 
1769 November 2 986 959 942 741 721 708 
1770 November 29 984 940 926 740 707 696 
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by using the 8-cm radio flux. Figures 16 and 17 
yield a clear representation of the average tem
peratures at the thermopause level for a 27-day 
period. The vertical lines indicate the e:l."treme 
minimum and maximum temperatures that have 
been reached during each period.  The minimum 
temperatures are 6500K and 8500K for daytime 
and nighttime temperatures, respectively . The 
highest 27-day mean value for nighttime condi
tions, reached in 1957, is of the order of 1600°K. 
The maximum nighttime value, of the order of 
1800oK, was also attained during that period. 
The highest 27-day mean value for daytime 
conditions is of the order of 2 1 50oK, and the 
maximum daytime value reached 2400oK. 

In conclusion, it should be noted that the 
effect of magnetic storms has not been introduced 
and should be incorporated in the determinations 
of temperature by using Jacchia's formula along 
with A� indices. 
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