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RESUME. — On montre qvHil est possible d'etudier la composition chimique en supposant que les raies de resonance 
ultraviolettes sont formies par excitation par chocs suivie d'une transition radiative directe d'un quantum capable 
de sortir de I'atmosphere. On discute ces hypotheses et la precision des resultats. L'effet 6?inhomoq&niit&s non radiates 
est aussi discuU. En fin, on souleve le probleme de Vabondance en hydrogene pour lequel on emploie des resultats 
des observations radioe'lectriques. Les resultats du present travail sont compares a ceux de travaux anUrieurs. 

ABSTRACT. — On the assumption that the ultraviolet resonance lines are formed by collisional excitation followed by 
direct radiative transition of a quantum which eventually escapes from the atmosphere, it is shown how the chemical 
composition may be found. These assumptions are discussed, as is the accuracy of the determinations. The 
effects of non-radial inhomogeneities are also discussed. Finally the question of the determination of the hydrogen 
abundance is raised, for which purpose the solar radio observations are used. 

The results of this analysis are compared with other solar abundance determinations. 

Pe3WMe. — IIoKa3aHO, *ITO BO3MO}KHO HCCJie/joBaTB xHMimecKHfi cocTaB npeflnojiaraa, qTo yjiTpa$HOJie-
TOBBIG pe30HaHCHbie JIHHHH o6pa30BaHBi BC^SymtfefliieM coy^apeHHHMH c nocjieflyiomHM 3a HUM 
npflMHM jiyqncTHM nepexo#OM KBatfra cnocotfaoro BHSTH H3 aTM0C$epH. 06cy5K/i;eHBi 3TH rnnoTe3Li 
H TOTOOCTL pe3JiybTaTOB. 9$$eKT HepaAHajibHHx HeoAHopoflHocTefi TaKme o6cyjK,n;eH. HaKOHen;, 
noflHHT Bonpoc OCHJIHH BOflopoflOM, flJM KOToporo ncnojiB30BaHBi pesyjiBTaTBi pa^HOBJieKTpnqecKHX 
Ha6jiioji;eHHfi. Pe3yjiBTaTBi HacToameU pa0OTBi cpaBHeHBi c pe3yjiBTaTaMH npe^niecTByiomnx pa6oT. 

The question of the effect of dielectronic recom­
bination on the abundance determination has 
been raised. These recombinations will introduce 
two changes in the calculations. Firstly the 
temperature of formation of a given stage of 
ionization will be raised, and secondly the maxi­
mum fraction of a given stage of ionization 
(present at the most favorable temperature) may 
be expected to vary somewhat. The first effect 
is not important in the abundance analysis since 
the temperature enters the calculations only 
very weakly. The second effect is difficult to 
discuss at present, but we may minimize it by 
obtaining relative abundances from a single iso-
electronic sequence. This would indicate tha t 
the abundance determinations are probably not 
in serious error. The new results of BURGESS, 
reported at this conference, will enable us to 
verify this conclusion in the near future. 

The important thing to stress, as I see it, is 
that the determination of the abundances is an 
inherent part of the analysis of the ultraviolet 
spectrum and cannot be divorced from it. I t is 

not simply that we are throwing away information 
if we use abundances from some other source 
(either the photospheric or the forbidden coronal 
line analysis), we are destroying, the possibility 
of obtaining a consistent theory. The internal 
consistency of the theory is extremely important 
because it is one of the indications where one 
must go to better some of the assumptions which 
have been used in the theory. 

Until now the simplest assumptions have gone 
into the theory. One assumes that : 

1) the radiation is formed by collisional excita­
tion followed by radiative cascade ; 

2) one half of the radiation formed in the atmos­
phere escapes ; 

3) the analysis should be carried out with 
observations which refer to one particular time. 
One has in practice been flexible with this requi­
rement because of the nature of the existing 
observations. 

With these assumptions one can obtain an esti­
mate of the abundances and some information 
about the atmospheric structure, without our 
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RELATIVE ABUNDANCES OF THE CHEMICAL ELEMENTS 

ELEMENT 

H 
He 
C 
N 
0 
Ne 
Mg 
Al 
Si 
P 
S 
Ar 
K 
Ca 
Cr 
Mn 
Fe 
Co 
Ni 

CORONA 
FORBIDDEN 

LINES 

1,000,000 

10. 
20 
0 .7 
6. 
1. 
0 .6 

68 
0 .3 
5 . 

CORONA 
ULTRAVIOLET 

ANALYSIS 

1,000,000 
200,000 

600 
60 

450 
50 
90 

5 
100 

0 .8 

14 

3 

40 

SOLAR 
COSMIC 

R A Y S 

107,000 
590 
190 

1,000 
130 
43 

33 

! « 

\ 

1 / 
> 
I 20 
] 
/ 

PHOTOSPHERE 

1,000,000 

520 
95 

910 

25 
1.6 

32 
0.22 

20 

0 .05 
1.4 
0 .23 
0 .078 
3.7 
0.043 
0 .8 

STONY 
METEORITES 

63 
5 

63 
0 .5 

7. 

0.31 
4 .4 
0 .8 
0 .4 

53 . 
0 .2 
3 

having to make any assumptions as to the homo­
geneity of the atmosphere, which is very useful 
since the latter is a very difficult problem. In 
fact we may even effectively isolate the problem 
of the inhomogenities until we bring in the radio 
frequency observations, a t which point we may 
discuss the matter of inhomogeneities separately. 

Let me end by giving the best present results 

as to abundances, which are shown in the accom­
panying table. For comparison the results of the 
coronal forbidden line analysis, the photosphere, 
the cosmic rays originating in the Sun, and the 
meteorites are all shown. The meteorite abun­
dances are normalized so that the trace element 
composition is the same as the photosphere. 

Manuscrit regu le 14 septembre 1964. 

Discussion. 

C. PECKER-WIMEL. — What lines of Fe are used in 
the abundance determination ? Are you sure that they 
are coming from the same region of the Sun ? (inte­
gration over the volume of emission). 

S. POTTASCH. — Lines of Fe XIV, XV and XVI have 
been used in the determination of the iron abundance, 
with the latter two ions having lines whose identifi­
cation seems more certain and whose intensity is 
better known than the former. Comparison of these 
lines with those of Si XII are made and the ratio iron 
silicon is obtained from this. One would like addi­
tional assurance that the Si XII lines are formed at 
the same temperature region as the iron lin^s, and 
this probably could be obtained observationally if 
such spectrograms as were described by LINDSAY and 
NEUPERT also covered the spectral region of the Si XII 
resonance lines. One may also consider comparing 
the iron lines with those of O VII. 

L. BIERMANN. — Did you, or did anybody else 
inquire about the possible influence of the continuous 
flow of meteoric particles (partly of cometary origin) 
into the Sun which could, under certain circumstances, 
affect the coronal abundances of Fe and some other 
elements ? 

S. POTTASCH. — SEATON (Plan. Space Sci. 12, 55, 
1964) concludes that gravitational diffusive separation 
will reduce the coronal heavy element concentrations 
in times of the order of 3 hours, while meteoric infall 
would only change the coronal composition appre­
ciably in the order of 10 days. 

J. SEATOK. — Dr. POTTASCH had earlier shown that 
meteor infall is too small, by a factor of at least 100, 
to account for the coronal abundance anomalies. This 
was based on estimates of meteor infall obtained by 
WHIPPLE. At a recent meeting of the Royal Astrono­
mical Society, Professor UREY suggested that the 
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number density of meteors in the vicinity of the Sun 
might be much greater than in the vicinity of the 
Earth, in which case, meteor infall might, after all, be 
important for the corona. I wonder if anyone could 
comment further on this possibility. 

E. SCHATZMAN. — The relative abundances in the 
corona from Ca to Ni seem to be very similar to the 
relative abundances in the photosphere. 

V AN DE HULST. — It does not seem clear that 
meteor infall should have any influence at all, because 
the material, after evaporation and ionization, will be 
carried off again by the solar wind and may not reach 
the low level about which we are talking now. This, 
of course, requires a precise computation. 

Miss A. B. UNDERHILL. — I recall very recently 
hearing a report by ALLER and U R E Y or someone 
making the point that meteorites are of many different 
sorts with different chemical composition which have 
resulted from the different phase-relationships at the 
time of solidification of the object under study. Thus, 
a comparison of solar abundances with meteoritic 
abundances isjnot surely to be interpreted in a simple-
minded way. 

S. POTTASCH. — I certainly agree. The meteoritic 
composition given for comparison is that of the chon-
dritic meteorites, which are generally consideied (by 

both ALLER and U R E Y ) to be the best available 
approach to an average meteor composition in the 
solar neighbourhood. I think, however, that it is 
proper to make such a comparison in order to pinpoint 
the present difficulties. 

L. H. ALLER. — It is difficult to discuss the abun­
dances of elements in meteorites. Note that stony 
meteorites are divided in 2 classes : achondrites and 
chondrites. The achondrites show a diversity of 
compositions but are more abundant ; chondrites 
show a smaller spread in abundances for the more 
abundant elements. Nevertheless (cf. U R E Y , Geophy­
sics Reviews, 1964, p. 1) chondrites show important 
differences one from another. Enstatite chondrites, 
ordinary chondrites and carbonaceous chondrites differ 
in degree of oxidation or reduction. U R E Y and CRAIG 
noted that there were two groups of chondrites on 
basis of their iron abundance. Trace elements show 
wide divergencies. Another complication comes from 
the fact that the chondrules differ in composition from 
the rest of the meteorite. The differences depend on 
the type of meteorite and vary from one element to 
another (cf. G. GOLES and P. SCHMITT). For example, 
in type II carbonaceous chondrites ,Jthe chondrules 
have about 25 % of the iron content of the meteorite 
as a whole. 
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