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OXYGEN IN THE SUN’'S CHROMOSPHERE*
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Abstract.—FPhotographs taken at the Kodaikanal Observatory show that oxygen is a normal constituent of the sun’s chro-
mosphere, and is probably in great abundance. The plate attached is a reproduction from one of the photographs obtained
when the slit of the spectrograph was placed tangentially to the image of the sun’s limb, and shows the infra-red triplet of oxygen

at AA 7771, 7774 and 7775 as emission lines in the sun’s chromosphere. The greatest height reached by oxygen is apparently

8:6” but this may be an underestimate. The significance of the presence of oxygen in the chromosphere for the theory of support
of the chromosphere is discussed.

Oxygen was discovered in the sun by Runge and Paschen  who observed the infra-red triplet A\ 7771,
7774 and 7775 as absorption lines in the Fraunhofer spectrum, and it was conclusively proved by the Royal
Observatory, Edinburgh 2 that these lines originated in the sun. It is also known? that the oxygen doublet
A 8446 is present in the Fraunhofer spectrum. These five lines are all the known lines in the sun’s spectrum

due to oxygen.

The author has now succeeded in photographing the oxygen triplet as emission lines in the chromosphere.
"The image of the sun’s limb was thrown on the slit plate of the large spectrograph of this observatory with
the slit tangential to the sun’s limb which was as near as possible to the slit without admitting photospheric
light into the spectrograph. The spectrum was photographed in the first order of a plane Rowland grating on
Iiford infra-red sensitive plates.

The plate accompanying this bulletin illustrates the oxygen triplet in one of the photographs obtained of
the chromospheric spectrum. Fig. B shows the oxygen triplet as bright lines, as compared with the ordinary
.solar spectrum in fig. A, where the oxygen lines are seen as absorption lines as is well known. The background
‘of fig. B is due to the sky spectrum which consists of scattered light from the sun, and hence shows the usual
‘continnous spectrum and absorption lines of the solar spectrum except where emission lines due to the sun’s
chromosphere aro .suiﬁcient]y strong to show brighter than the scattered sky spectrum. When the spectrograph
slit is not close to the sun’s limb, the oxygen triplet is seen in the sky spectrum as absorption lines, but when
the sun’s chromosphere impinges on the slit, the lines are reversed into bright lines as may he seen in fig B.
In case these reversals may be difficult to see in the reproduction, microphotometiric records of the photographs

*Since this bullotin was sent to press the author became aware of Curtis & Burns’ paper in Publications of the Allegheny Ob-
servatory, VI, 95, 1925, on the infra-red flash and coronal spectra, eclipse of January 24th, 1925. Regarding the oxygen lines
they say, *‘ The oxygen iriplet 7772, 7774 and 7775A appears as ono broad line on our plates. It is very strong at low levels
and weaker at higher lovels, though fainily presont in » high prominence.” Tho discovery of the presence of cxygen in the chro.
.csphere must therefore be credited to Curtis and Burns. So far as I am aware, the oxygen triplet in the flash spoctrum has
Lot boen photographed in any subscquent ecli) se, noiwithstanding the great improvement in red sensitive plates.

1Runge and Paschen, A. J. 4. 317. 1806.
3Royal Observatory, Edinburgh, M. N, R. A. §. 73. 31. 1912
IMt. Wilson Revision of Rowland’s Table, 1928.
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have been added Tg b 1s the mierophotometric record across the right hand half of fig B, and fig a1s the
record across the same part of fig A Infig a, the oxygen lnes due to the solar spectrum show as absorption
hnes (absorption 18 shown downwards from the contipuous spectrum) exactly similar to the neighbouring 1ron
and nickel Lines, whereas m fig b the oxygen lnes due to the chromosphere are shown as emission lLnes
(ve , upwards from the continuous spectrum) in the direction oppostte to the neighbourmg iron and nickel absorp-
tion, hines m the sky spectrum of figs b and B, and 1 the solar spectrum of figs aand A This shows that
oxygen 18 present i the chromosphere but not wron and nickel The scole of the miciophotometer records 18
arbitrary and has no photometric sgnificance It should be mentioned that the gramness of the photographs

has been subdued mn obtaming the photometric records for the sake of clearness, but at a shght sacrifice of
resolving power

The presence of the bright oxygen lines i the chromospheric spectrum seems to be a permanent feature of
the chromosphere Evidence of the bright reversals was secured in, the first photographs attempted and they
have been, photographed every day simce the first attempt whenever the sky has been sufficiently clear  Also,
snce the sun’s 1mage from the siderostat feeding the object glass rotates during the day, the spectrograph sht
becomes tangential to the sun at different latitudes m the course of the day, but evidence of the reversal of the
oxygen lines was secured always It 15 therefore clear that the reversals have not been seen once only at a
favoured region of the sun’s limb, but are a permanent feature of the whole chromosphere

The length of the reversed oxygen lLines obtamed with a straight sht tangential to the sun’s hmb is a-
measure of the height to which oxygen (as represented by this triplet) extends m the chromosphere
The height deduced from the photograph reproduced n fig B1s3 5” Thisas very lkely an ander-
estimate, since the hmb of the sup was probably a httle distance from the shit at 1ts nearest pojnt, m
order to avoid the risk of photospheric light entering the spectrograph Under the best conditions of vbserva-
tion and m echpse photographs 1t 18 to be expected that the oxygen lines will extend to greater heights than this,

One other pomt should be mentioned At the time of observation and at the position on the sun’s hmb at
which the photograph reproduced n fig B was taken, there was no prommence at the sun’s imb

Smoe the oxygen triplet at A 7770 has a high excaitation potential, 1t follows that 1f they are observed at
all in the chromosphere, the number of atoms in the ground state must be large Russell has ghown, ! that ab
solar temperatures the number of oxygen atoms in the ground state 1s of the order of 108 timey those which
can emit the triplet at A 7770 Consequently we may conclude that oxygen 1s extremely sbundant in the
sun/s chromosphere Russell has stated ! that although there 18 some uncertainty regarding the propertions
of non metals i the réversing layer of the sun, 1t would appear that the proportions of elements (by volume)
m the reversing layer are H 91 per cent, He 3 per cent, O 3 per cent , all metals 1 5 per cent Smde oxygen 18
therefore of great abundance m the reversmg layer of the sun, 1t 1s not surprising that 1t s also to'be found im te
chromosphere, and by the same arguments as Russell’s for the reversing layer, 1t follows that 1f the infpesred
tmplet of huigh exaitation potentialis seen at all, the abundance of oxygen i the chiomosphere mugt be large

As 18 well known, Milne’s theory of radiation pressure on the atoms of jomsed cileium ag the su;pw
of a chromosphere 1s the only theory which has even partially expleined the phenomena of the sun’s ghromo-
sphere It has successfully explaned the great height reached by calcium n the chromosphere, the possibility
of the formation of calewum prominences and the omgm, of the large velocties of ascent i ertuptive calolum pro.
mnences Itis also well known? that there are very serious objections to Milne’s theory The strongest

1 Rusgell, A J 70 11 1929, T
! Royds, Kodarkanal Observatory Bulletin No 05 287 1982 and others
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objection is that the chromosphere contains other elements which are present in far greater abundance than
calcium. To the previously known presence of hydrogen and helium we have now the presence also of oxygen.
All these throe elements are present in great abundance, indeed they are, as mentioned above, the three most
abundant elements in. the sun. Yet the selective radiation pressure on all three is insignificant. Tt would
seem therefore that mere abundance in the reversing layer is an important factor for the presence of an element
in the chromosphere. Whatever may be the nature of the force which supports the sun’s chromosphere con-
taining H, He, O and Ca *, it might be that the function of radiation pressure is to raise the caleium atoms
to that high level where the!chromospheric supporting force hegins to be effective, rather than that the radiation
pressure effective on jonised caleium alone is in some way enabled to drag with it into the chromosphere enor-
mous quantities of H, He and O.

The presence of neutral potassium and rubidium in the chromosphere is not to be expected on account of
their low jonisation potentials. The most favourable lines for detecting their presence are their resonance lines.
and it so happons that these lines lie near the oxygen triplet, so I have looked for them. I have not been able
to detect any suspicion, of bright lines of K at 7698, Rb at 7800, nor the subordinate lines Rb 7757 and 7619.

For the formation of the sun’s image in this research, use has been made of a 15" objeet glass loaned by
the Nizamiah Observatory to whom I express my indebtedness.

KonaigANAL OBSERVATORY, T. ROYDS,

291h August 19345, Director, Kodaikanal Observatory.
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