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OXYGEN IN THE SUN'S CHROMOSPHERE* 

Abstract.-Photographs talcan at ths Kodaikanal Observatory show that oxygen is a normal constituent of the sun's chro- 
mosphere, and is probably in groat abundance. The plate attached is a reproduction from one of the photographs obtained 
whon tho slit of %he spectrograpl~ was placed eangentially t o  *he image of the sun's limb, and shows the infra-red triplet of oxygen 

at Ah 7771, 7774 and 7776 aa emission lines in the sun's chromosphere. The greatest height reached by  oxygen is apparently 

396" but this may ba an und~restimale. The significance of the presence of oxygen in the chromosphere for the theory of aupport 
of the ahromoaphera is diaousaed, 

Oxygen was discovered in the sun by Runge and Paschea who observed the infra-red triplet hh 7771, 
7774 and 7778 as ~bsorption lines irk the Yraunhofer spectrum, and it was coacIusively proved by the Royal 
Observatory, Edinburgh a that these lines originated ia the sun. It is also hown3 that the oxygen doublet 
), 8446, ia present in the Praunhofer ~pectxum. These five lines me all the knowa lines in the sm'~ spectrum 
dW3 to OXY&;(3Q. 

The author has now succeeded in ph~togra~phing the oxygen triplet as emission lines in the chrornd~phere.' 

'The image of the sun's limb was thrown on the slit plate of the large spectrograph of this observatory with' 
the sli$ tmgentisl to the sun's limb which was ns llefir as j~omible to the slit without admitting photospheric 

I light into tho speotrograph. The spectrum was photogribphed in tho first ordcr of ia p l a ~ e  Rowle~d grating on 
Ilford jnfra-red sensitive p!ates. 

The plate accompanying this bulletin illustrates the oxygen triplet in one of the photographs obtained of 
the ohromosphoric spect.rllm. Fig. I3 ~hows  tho oxygen triplet all bright lincs, as compared with the ordiaary 

, solrir 8poctrurn in fig. A, wherc tho oxygen lines n ~ o  seen a9 absorption linos as is well known. Tho background 
+of fig. B is clue t o  tho sky speotrum which consiats of scrttLerod light from t l~c  n ~ m ,  illld hcnce shows the usual 
rcoiitinuaus ~poctrurn n,ild absorption lines of thc solar spectrum except whore einisuion lines due to the sun's 
ohromouphero aro sufficient,ly stroq, t o  show brighter than the ~cnttcr~ecl 'sky spectrum. When the spectrograph 
slit is not close to  the sun's limb, the oxygen triplet i~ seen in the sky spectrum as absorption lines, but when 
tho sun's chromosphere impinges on the slit, thc lines arc reversed into bright lines as may hc seen in fig B. 
In. case these rcvorsals ]nay be dificult to see in the reprodnotion, microphotomctric records of the pholographs 

-- 

*8inco this bullotin was sent to press the author beoamo aware of Curtis & Rurnu' paper in Puhliclatioxls of tho Alleglleny Ob- 
servatory, VI, 95, 1925, on the infra-red flash nnd coronal spcctra, eclipse of January 24th' 19-75. Rcgardjng the oxygen lines 
they say, " The ox-ygon triplet 7772, 7774 and 17754 appears 13s on0 broad line on our plates. It is valy strong at low levels 
and weaker at highor lovols, though faintly pre~ont in n high prominenoe." Tho discovery of tho prosenco of c xygon in the chro. 
.ancaphere must thorefore be creditod to Curtis and Burns'. So far as I nm awaro, the oxyaon triplet in the flash spoctrum hae 
1-ot boen photographed in  any subscquent eelil sc, notwitmhst.ding the great improvement in red sensitive plates. 

lRunge and Pnschon, A. J. 4. 317. 1800. 
'Royal Observatory, Eclinburgl~, M. N. R. A. S. 73. 31. 101 2. 

aMt. Wilson R~vision of RowIa.nd's Table, 1928,. 
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have been added Fig b is the microphotometri~ record a~ro9.j the rlght hand half of fig B, and fig a 18 the 
record across the asme part of fig A An fig a, tke oxygen lmee due to the solar spertrurn show as absorption 
hues (absorption is shown domwards from the continuous sp~ctrunl) exactly sim11m to the n e ~ g h b o u l ~ ~  lroa 
nnd n~ckel hnes, whereas la fig b the oxygen lines duo to the chromosphere are shown as emmssion 
(c e , upwmds from the continuous spectrum) ~ , n  the hectmn oppos~te t o  the neighbounng iron md nlokel ~bsorp- 
tion h e s  m the sky spectrum of figs b and B, and m the solar spectrum of figs a end A This show& 
oxygen is present m the chromosphere but not iron and nickel The scale of the miciophotometer records Id 

arbitrary and has no photometr~c s~&cance It should be mentioned that the grmnmess of the photographa 
has been subdued la obta~nmg the photometric records for the sake of olearness, bat at u, shght aaor~fice of 
resolmg power 

The proseace of the bright oxygen h e 9  in the chromospheric speotrum seems to be J, psrmaaenk feature of 
the chromosghexe Evideace of the bright reversals was secured the first photographs ettempted and they 
h&ve bee4 photographed every d ~ y  smce the first attempt whenever the aky has been suffio~ently dear &Iso, 
smce the sw'8 mage &rom the aderostat feeih~g tho object glass rotates durmg the day, the speotrogr&ph ah$ 
becomes tangential to the sun at bfferent latitudes m the courw of the day, but evidonce of the reversd of~he 
oxygen h e a  waa sec~ired always It 1s therefore olear that the reversals have not been seen once only ah @ 

faavured region of the sun's h b ,  but are a permanent feature of the whole cEn!omosphere 

The length of the reversed oxygen h e s  obtamedmth a straight sht tangential to the am's ]Id i 8  a 
mesawe of the he4ght to wbah oxygen (as represented by t h s  tnplet) extends m the c h r o m o s p h ~  
The height deduced &om the photograph reprodumd m fig B is 3 6" Th1.r n very Lkel~t. ad** 
es@ma0e, S ~ M )  the hmb of the g q  was probably a httle &stance from the s l ~ t  at its neaqeat pohh, 
order to avoid the risk of photospheno hght entgrmg the spectr~graph Under the best conditions of cdb#@?~@- 
tion aad m, eohpse photographs it za to be expeoted that the oxygen hnes will extend to greater helgho~ than Ehie, 

One other point uhould be rnefitmaed At the tune of obeervation and at the p o ~ b ~ o n  on the gunpa ha& &rb 
which the photograph reprodu~ed m fig B was titken, there was no promimenos at the ~un's hm11 

8mce the oxygen tnplet at  )i 7770 has a h ~ g h  exc~tatnon pobent~al, it follows thtbt  if t h e y a ~ ~  rubdebtred e6 
dl m the ohromospherg, the heumber of atome m the growd gtate must be large Russell has cnb~wa trh& a& 
$&T tmmpmaWres the number of oxygen atoms in the ground abate 18 of the order of 108 tuned b h ~ s  W b N b  
~ s n  ermt the taplet at ), 7770 (lo~aequently we may oonclrude that oxygen i s  extremdy abundant. m +he 
8 ~ ~ 1 s  chomosphere Russell has atated that dbhozzgh there 1s some uacertau1ty regardmg bh@ p~op@3?h035:@ 
of aon, hl86b18 m the r6vlversmg layer /of the I B U ~ ,  k t  would appear that tihe pproportiont, of elements (bg !? 
m $he r r m l M g  layer w e  H 91 per cent, Re 3 per cent, 0 3 pex cent , dl  metals 1 5 per ceat Sm(lp 6X@g8ll&~ 

$hepdfo're oflgred% abundance xq the keversmg lager of  the sun, it is not surprising that it is +obe 
shMmoaphere, and by the same rng~~31e~Ot3 a8 Russell's for the rrevrsisg layer, it follows thah xf 
@dJet ~ f / h g h  mc~takon potent~al~s sew ah a31, the abtm,da,nce of oxygen m, the cluomusghere r n ~ b  be 

AS 3s vBl1 hown, Mllne'~ theory of ramrstlon preaswe on the atoms of lomeed clllcim &8 tcbp ~v#$w& 
af R c~om08phBre 1s the OQ tbeory whsh h@s even paribally e~plsmed the ppheomena of 6I-m IM'# & 
sphere J3 Cfm sucoessfblly eaplamed the gredt hexght reaohed by calc~wn m the chtomosphexe, the Q O I C ~ & ~  
of the forrnetio~ of caL~nirn promlgeacea snd the or~gla d t h e  lage veloclhes of  asoent la eruptwe Q ~ ~ * , B I ) ~ B ~  
mme4oes Xb i s  also weU knowna that thee me very serxoptl obleotlgx@ to &!bh@'a theory YkK? lah@9$a& 

2 Rosasll, d J 70 ' ib ~ i 2 &  
, - 

a BQY&, %xbkand Obse*qa"l;s' 118M3eh NO Qf5 287 LB2 and 01.1;hers 
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Fig. B shows bright Oxygen lines in Chromosphere. 
Fig. A shows ordinary solar spectrum. 
Fig. a and b are photometric records of A and B. 



objeotion is that the chromosphere co~ltains other elements which are present in far greater abuadal~ce than 
calcium. To the previou~ly know11 preseuce of hydrogen a,lld helium we have now the presence also of oxygen* 
All these ~ h r c e  elements me present in great abmldance, indeed they are, as me~tioned above, the three most 
sbundant elements in the ~ u i ~ .  Yet the selective radiation pressure on a11 three is i~~s ig~~f ican t .  would 
Hecm thorefore that mere abundaiice ill the reversing layer is all importallt factor for the presence of an element 
in the chromosphere. Whatever may the nature of the force which supports the s~ul 's  chromosphere con- 

taining H, He, 0 % ~ c l  Ca +, it might be that the f ~ ~ l o t i o n  of radiation pressure is t o  raise the oalciunl atoms 
to that high lev01 whero the:chromospheric supporting force begins to be effective, rather tllm that the radiation 
pressure effective on ionisecl calciu~ll alone is in some wey enabled to drag wit11 it into the chromosphere enor- 
mous rlllarztitics of EX, He md 0. 

The i ) ~ ~ o l ~ . c c  of neutral potassium and rubidiuu~ in the chromosphere is not to be expected on socount of 
their low ionistttioa poteutials. The most favourable lbles for detecting their presence are their resonance lines- 
ir~td jt no htbppon~ that these lilies lie mar the oxygen triplet, I have looked for them. I have not been able 
to dctoc:t I L ~ I ~  R I I S P ~ C ~ O ~ I .  of bright li~les of X at 7698, Rl, a t  7800, nor the subordinake lines Rb 775'7 and 7619. 

Fol* 1:hc formation of the sun's imi~ge in this research, use has been made of a 15" objectt glass loaled bgi 
thc  Niximliah Obscrvr~lory to wltom I express my i~zdebt,ediiess. 

2011t Aztgust XSdi5. Direclor, .Kodaikancr E Observatory, 


	00000382.tif
	00000383.tif
	00000384.tif
	00000386.tif

