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ON THE PRESENCE OF RADIUM AND THE ELEMENTS OF THE 
INACTIVE GROUP I N  THE CHROMOSPHERE. 

A oomparison of the wave-lengths of radium lines moasured by Rungo and Preoht with Bowland's table 
of solar apcotrnm lines shows, as was pointed out by Runge, that tho radium lines are not found in the 
absorption speotrm of the sun. A comparison of the emomtion lines memurcd by Royds with the sun 
give8 a, simil&ply negative result 

A oomparison reoontly made by Dr. Dyson * of the line0 of radium and the omenation with the bright 
line speotrum of tho ohromosphcre ss observed at eolips~s indicates sevornl apparent ooinoidonoes of wave-length 
whioh wggest that these cloruenta may, after all, be rrevoslcd by thoir emission lincs although not by their 
absorption lines, as is tho osse with helium in the sun. 

In discuss~ng the speotroaoopio results of tho oolipses of 1898 and 1900 I showed that tne ohromosphore 
or f c  flash " spootrum observed at eolipees is in h t h  n reversal of tho Fraunhofer speotrum, notwithstanding 
the  great diffei-owes in tho  relative iutenaiti~a of tho ]inas of Werent elomants in the bright line and dark 
hne epeotra ; and that the only briglit lines of the flash spoctrum whioh oould not with reaeonable oertcsinty 
be identified with tho dark linos of tho Fraunhofer spoutrum are those of helium in tho visible region of tho 
spcotrum and of hydrogen in the ultra violet mgion, and tho unknown lino at 4685e7.t 

In tho absonae of very aconrata moaeuros of tho wava-longths of the flash epeotium lines, it is not poasible 
to say with certainty whehher o t h r  elements may not also be rooognised in the emiasion speotmni of the 
ohromosphere although not in the abeorption spaotrum. U! radium and the emanation can be so recognieod it 
would be natural to suppore that in addition to helium, other elomenks of tho inaotive group (in which I indude 
the emanation) might be exp~oted to indimto their presenoe in this way. 

In the year 1903 S. A. Mitoholl mnoutloed the h~oovary of neon and argon in tha flaah speotrum,$ but 
his oonolneion~ sppoar to havo beon bawd on imffioient ovidenoe, and the wavo-lengths of the naon lines a t  

that time wore not known with saffioient aoouraay fo givo a deaisivo rosult. 
I propose to show that with the best eolipae materiel now available and the most moent meseurements 

of the lmcs of the elements in qliostion the uridcnoe is of a distinotly negative ohnreoter aa regards radinm 
and the emsnstlion aa well as nwn and argon, and the probability ie tkat not one of them elomenk~ can be 
recogniaed in the 0un by s study of the emiaaion speotram of the ohromosphm, any more than b~ a oompsrison 
with the solar ab~orption spehum.  

For cornp~rkon with the radium end emanation lines in the ultca violat rogion of the ~peotrum, I have 
taken tho chromosphere wave-lengths from my measures of tho #' flash " apeatrum obtained at the eclipse of 
1900 for wMah the limits of aoouraoy may be eetimsted a t  about M.O& for well-defined linea. In tho lees 
refrangible region between the limits M 4000 and 4800 no meaeuree havo bitherto been publish~d which are 
d o i e n t l y  eacwate for astisfsotory oomparieons. At the eolipse of 3903 Mitohell sewed somo grating 
spectre of the " flash " whioh are, I believe, the finest whioh havo ever been obtained in the  less refrangible 
region, snd it is t o  be regretted that no wave-length measures have been p~blhLea., I have in my possession 

* Astrorlom~sohe Neohriahten No. 4688. t Phll. '~rans, A. 197,42 j A. 201, &8, # Aetrophysioal Journal XVII, 224 



some positives on glam of t h ~ ~ l e  plates kindly sent me by Dr Mitohell, md at the risk of anticipating to  soma 

extent any r e d s  which he may subsequently publish, I have myself made 8 set of measures of all the liues 
which fall near to either radium or emmation lines. 

The 8oaJe of the is 1 -. = 10-8 anti the definition is moh that isolated lines of medium in tens it^^ 
asn be maswed with n probable error of + O*OOI mm or & 0 OIL. Many of the fainter Lines or blends will 
however be subject to an error four or five times greater than thia. Bs the apeobn lrru slmoat perfeatly norlnnl 

the rednotion process ia the simplest possible ; I hare taken as standards sixteen lines woll identifled with lines 
in Rowland's table, mostly of t i t a b ,  and distributed over n range of speutrom extending f rom h 4012 t o  
A 4924. 

En tables I and II I have entered in columns 3 and 4 the results of thee0 rueasarea with cstimatas of 
intensity. The more refrangible ohromosphere lines are from my 1900 eolipse rosulte, these b~ing of tllo 
aame order of acouraoy m the measares of Mitohell's plate0 In  aolurrms 5 ,  6, 7 1 give tho wave-longths, 
intensities and origine of the newest Frannhofer lines from ilowland'a table. 
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is apparent fz80h.om these tables that the chroruosphere lina fire in newly svery case matched by a solar 
dnrk line or group of lines within the limits of nocuracy of the meaaaree, and that in general the wave-lengths 
diffor appreciably from those of the radium and emanation linea. Only one of the radium linea and three of 
tho o~nanntiotl lines fall within ellowable limits of the chromosplere lise8-t3 proportion whioh may well be 
nsnril~s(l t o  chanco ooinoidenoes. The strongest radium line at 3814 58 and the strongest emanation line at 
A l l  0 6 W  nra not r~proaontod in the ohromoephero within allowable limita. Dr. Dyson suggests that the 
ohro~nospe~o l i n ~  at 3814.73 may be partly due to radium. The line is well definedin my spectra and the enor 
of n ~ ~ n t ~ r e r n e l ~ t i  i. nhnost certainly loes than * 0.05 A. The wave-length, whoh is confirmed by the measures 
of Dyaon oud Laolryc?r, agroea woll with the double 8 0 l ~ r  line 8t mean wave-length 3814.70 of which the 
lnorn roGnngiljlo component ie dl18 t o  Po nnd the lesa refrangible to Ti--& line whoh is slightly emhanoed 1n 
tlu, spltrk. Tho intensity in my eolipse spootra is not greater than would be expeoted oonaiaefi~: it to be 
c111rl to  D'Q at1d 'I.'%. 

Tho two ohromosphero linos 460R4G and 4576968 ooour in s region that was photographed by Hale 
slrtl hlllrrn~ 04t Ltoirut Wilso~~ without au enlipso, anand the very actoarate measures made by them oonfirm my 
UI~!~LHIIJ*P~~ of Mit~th011'~~ spoatrn, but givo all addition~l line rtt 4577.866 whioh 10 near to, but atill not 
coitroit'lo~lt with, the o~n~tnntion line at 4b77-77. 

'I'l~o iml;rol)nbility t h ~ t  radium or the emanstion can ever be reoognised in eolipae apeotrs seems the 
grnn.tar booause of ihc high sLomio woights of those elements, which would oanse them to  be confined to  s 
vary low lovol in tho solar atmosphoro, and ae I have shown in disoussing the resalta of the eolipse of 1898 

llbo npparuut intonaity of the radiation 01 any element in the ohromosphore is determined by the extent to 
whioh thal d o m o t  is diflnsod above tho photoaphere." Gases oonfined to very low levels oannot give a 
ooaspiououts amis~ion ~poctrum at eolipsss. 

Neon and Argon an the Oh~ornotphne. 

'I'ho groat intrmsity of tho helium lines in tho ohromospbere wodd lead one to expeot eorue of the 
lightor elements uf the inaotivo group to be represented, pertioularly neon with atomio weight 20 and 

In table IUC I givo in oolnmn 1 the priuoipal neon linee messwed by Baly * and inolnding aU thoae 
ex(:oodiu g iat~naity 8. In column 3 rn ontered the ohromo~phoro h e 8  from my eolipse resalte of 1898 and 
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of the twonty-five neon lines, eeven fall so near to strong llnea of Fe, Ni, Or, Ti, and Y that they would 
be indishguishable i f  present ; them include the strougest neon line ah 3593a67 whioh praotioally ooincides 
mth a very strong ohromium lino. Thirteen neon lines seem to be entirely unrepresented in the ohromo- 
@ere and these include the two atrong lines (intensity 8) at  8418 05 and 3447083. Two lines, of mten~ity 
6 and 4 reapeotively, ooinoide within dlowable limits with faint lines measured by Dyson, and there remain 

t h e  lines, 8460187,3464e48 and 4198.71 whioh might r~ason~bly be attributed in part to neon if tho 
other neon lines of greater iutensity were also present. 

The abaenoe of the thirteen neon lines above mentioned is confirmed by referenoe to Dyson's list of 
chromosphere lines, but one of theee, 4269.6, ooours in Mitohell's list of flash spectrum lines photographed 
by him at the eolipee of 1901. On the whole, it seems certain that neon does not exist in appreoiable 
quantities in the ohromosphere. 

In the ~ e d  and blue speotra of argon them me, aooording to Kayser, 56 lines of intensity exoeeding 4 
between h 3475 and X 5190, of these thirteen may be Rlled out beoauee of their olose'proximity to strong lines 
of Fe, Ti, Bc, eto. The following twenty-eight l h e e  seem to be unrepreeented in the chromosphere ; they are 
not found in the cntfilognes of Lookyer, Everhed, or Dyeon.* 
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The line at 4348-222 intensity 10 ia tihe hetrongest argon line : it falla near to a faint ohro~nosphere line at 
4347.8 of my list of eclipse lines: and 4548m06 of Dyson's list : a line whioh may probably be identaed with 
the lines in R o w h a ' s  table at 4348.002 intensity 2 and 4348.130 intensity I. E have nrmeagnred this 
line on Mitohell's grating speotrnm of the 1905 eolipae and get the value 4348-01, whioh proves that it doe8 
not ooinoide with the argon line. 
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The remaining fifteen argon lines fell near to, or ooinoide with, faint ohromosphere lines of whioh no 
origins c ~ n  otherwise he assigned with oertainty. They rrro given m the following list :- 

Argon. Chromoq hero. 
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Perhaps the inoat important lino of thia lirct ie the one at 4200b790 intensitj 9 whioh agreea well with 
the mean of the three mensuroments of hhe ohromosphcro lino. I hew roinoaearod the llnos in this region 
on Mitchell's grating epeotrum of I9Ot and find a olcar spaoo at 4200'8, tllc nemest hues being at 4198.92 
and 4202.36. This is confirmod 'up T~oolry or who givus n o  lino botwcon theso two in the beautiful eolipse 
speotra obtained in 1898.   hero* must romain aorno doul~t the r~fc~o  &B $0 tho reality OF the line in the 
olrornoaphere. Tlle l n k t  line in tho table at 5188*88 aooosding lo Dyson, is oert~lnly tho bright lino equivalent 
of the double solar line at mom wava-length 5188mH4. It a bcsutift~lly dofinod in mi to hell'^ 1906 speotrnm 
at 5188.93, and Lookyer's waw-length aonlilllie t h i ~  identifioation. 

In a spootruln 80 rioh in linea aa that of argon a oertain uurnh~r of ahmoe coinotdencos arc to be expeoted, 
but the long list of absent lines, inoluibng t h o ~ e  of both tho rod and blue spootra nnd the stzongest line 
in the bluo apnutrum, eeems t o  prove that argon doea not oxist i a  upprcoitbl~ quantity in the ~ l ~ r o r n o s p h e ~ ~ .  

The apotrtk of Krypton and il;enon have d a o  beon exomined hut I can find no evidence of the presenoe 
of either oE these elements i n  tho ohroluosphcro, 
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