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TI3E DIFl?'EKENf1' C)flARACrl'EtZ OF EPECTRUM LINES BELONGING TO 
THE SAME SERIb~8. 

I t  has been generally assumeil that the ~~pectrum lines belollgiiig to the same series are slmilar in 
character, and in boliaviour l u ~ d e ~  vsitying uxperlrnental coiiditions. Indeed the similarity in shnrpuess or 
diffuseness, or zn the clirectlion of ~ui~sy~n~xli~tl*ical widening, tias boon a valuable aid in the detsctioii of 
series relatiouslrips in spectra. If, for oxample, tlio strong lines of n, series were unsyminetrically widened 
towards tho r d ,  the continuation of tllc! series would be looked for in lines widened i n  the same direction, 
the widening beaomiug greeier a8 tho llighol* mernburs were reilche~l. It is therafore of considerable 
importance to note that thore is at loaat one wall-autlienticntecl saxios in wliioh the cliarncter of the lines 
changes in the course of lllc nerie*. il'liis is tlic first nuborclinsto " triplet" series ol  barium, mliove llnos 
are give11 ill 'Cab10 I, coluli~n 5. 111 this ~ e r i ~ a  tho fiil~t me~l~bers (XX 5810, 6800, 5777? 55313, 5519, 54124,) 
oonsivting o l  n, triplet ancl salollitos, ;wo 811 unsymrnt!l~ricall~ midened t o a a r d ~  t11e red ; the second lnenlbcrs 
(A& 44.93, 1480, 4383, 4323, 4264) n ~ i d  probfibly i ~ l l  succoediiig nro, on the conti7ary, unsyminstricdly 
widened towo.rds $110 vlolet. T2ns is so s~irprising and iinportnnt that iit is necessary before proceeding 
further tn lrldce quite sure of our Encts. FirsLly, tliera can be little donbt that the first mombelts d o  really 
belong to the same series as t l i ~  lligiior moinbcrs; tlloy fit lnto a formula of. the usual type, and have the 

complelnent of satellites snalogous to the lligher members and t o  the first subordinato series of calcium 
axid strontium. Secondly, tlia charaoter of the liuos seems equally oortain. Nthougli previous invostigrt- 
tors of the barium spoctrnin lmvo not sotod tile charactol* of t l ~ c  first members of the first subordinate 
serias, the rsversds of tho80 l i i ~ ~ s  are in my pliotographs very ~co~ntrical ly placed on the *violet, side of the 
emission line, indicating u~lsym~netricnl wiileni~lg towards the red. 3'he character of the secolld niembcrs 
is obvious, all& 1s given by Ibyseio and L%xngo as lzlzsyminetrical towards t h o  ~iolut .  llhere is also the 
evidenc~ tho displacornelits at t h o  nogniivo polo compared with the c e ~ ~ t r e  of the nro. I have previously 
a l ~ o w u  tllet lines w e  displnccd nt t l ~ u  nogative pole in the direohion of tlloir greaLw ,rwiclening. Investigat- 
ing tho displt~oernent of the bariu~n l~uefl, I Incl that all the first moinbcrs o l  tho first subordinate series are 
displaced to t l ~ e  red (X b536107 is intedered wit11 by an ndjiacellt line), and all tho second members to the  
violet; this is oompleta conlirmatioll of their opposito character. 

Zt is interestzng to examine alga the analogous Iirdt subordiiiato serles of calcium and strout!iurn. Of 
tlie calciuin series the first rnumbers aro in tho infila-red and thoir cllaracter is not knomli; the second 
members m e  quite spmrnotrlcal so far as cnn be jullgad Crom tho ~ymlnetxy ol tlieir revorsds and from the 
sinitllness of their displsoernents at the negntive polo of the arc,2 but tlie higher members aye unsyinnletrioal 
tow~rds tlle violet * accordi~lg to Kayser and Bnugel and Bder and V~tlenta l. The calcium eerie8 is 
therefore not so extreme a cnse an that of barium but is still a 1iotcwt)rthy exoeption to the guneral run  of 
seyies. The strolitiurr~ sellius is, or1 f,1'10 otller lzctzrd, q~lite normal if we exolude tile iufra-redl lllzep, wllosc 
cliaracter is not known. J find that tho second inuuiborv have thoir revorssls slightly eocontrically placed 
to the red side of their emission lines and that they we displncad to the violet st the negative pole of the 
arc, Thesc facts intlicote tliat tlley 2~re unsylnmetrical towards the vlalet aud iherefore uniform the 
higher inembers whose character has already been observed. " 

3 Kayser, Randbuoh der Speotroscopie, Vul. Y. a li,oyde, 1Codaikanal Obsorvutory I3ullot1n, No. XL, 
* Sounders (Astroplzgaioal Journal, XXXT.1, 163, 1910) gives tho ttlilrd mombars as unsymmat,rioal towards Lhe red. This is 

l~robably inisbake. Tho photogrdph o Oretv as11 MoCnulcry of tho arc) in alr (bshrophya~cal Journal, XXXIX, 20, 1P14) shows thorn t o  
be unsymmeh-ical towards Ilio violet in agroeyieaC wllh Edor aud ValenLtt7a obsorvation of t l ~ o  spark lines, and mine of tE~s aro linse. 

IJI~ysor, Rmdb~lch der ~peotrosoopic, Vol, VI. 



In  brief, the higher members of the first subordinate (( triplet " series of calcium, strontium and barium 
are unsymmetrioill towards the violet ; the first members of the barium series are unsymmetrical towards the 
red, the second members of the oaloiom series are symmetrical, whilst the seoond members of tho strontium 
series are already unsymmetrical towards the violet, 

For  convenience of reference I have collected into Table 1 the lines of the first subordinate "triplet " 
series of calcium, barium and strostium. 
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B tron tium. 

The chief pnrpofie of the present Bulletin is to  point out the importance of determining the pressure 
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shifts of the first subordinate series of calcium and barium, in which, as we have seen, the character of the 
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These lines are givenby 53ainndere 6s unsymmetrical towards the rod, probably hy mistake. Bee footnote on page 109, 
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llnes changes. St. John and Miss Waro as well as Fabry and Buiason have shown that the iron lines 
which widen unsymmetrio~tlly towards tho violet undergo large disp1acemen.t~ to the violet wlth lncre~sea  
pressure, and Gale and Adarns have confirmed this, whilst those which widen unsymmetrically towards 
the red undergo large displacements to the red. Tlie interest in these first subordinate series lies in the 
question whether their llrlos unuynzr~letrioel towards the violet ere, like those of iron, displaced by pressure 
t o  the violet, i.e., in the contrary direction to tlie other lines although belonging to the Rame series. At 
present the only evidence available on the point is the difference in the wavelengths of tho oaloiurn arc in 
air (Holtz a) and in vncuo (Crew and MoGauley 9. These differences which are glven in Table I, ~ h i l s h  
they should be accepted with some reserve, show that the lines unsymmetrical towards the violet arb dis- 
placed to the violet by pressure, and the symmetrical lines of the same series, as wds found previously by 
Humphreys, to the red. It has not been doubted until recently that, as discovered by ISumphreys, the 
pressure diaplacement;(8~/X) was constant for all lines belonging to the same sorles, and this fact 6as been 
recommended for the detootion of series, Judging Erom the aaalogy of the iron llnes alzcl from the above 
results for calcium, lzowever, it appoars probable that so far from being conatant, bhe pressure shift may 
even be in opposite directions fo r  differant lines of the sa,me series, 

This brings up the whola question of the relationship between pressure shift and series. Hnul~phreya 
found7 that the pressure shift, (8h/h), was constant for all the lines of t110 sarna series, and tjhat the shifts 
for the principal, the first aud second snbordinate series wore in the ratios 1 : 2 : 4. Although these ratios 
seem t o  hold for the majority of cases, a,bout ono-third of tho total number are exceptions. These excep- 
tions are given In Table I1 ; tho mean shifts raduced Lo h 4000 alt the aame pressure for the different seriea 
of tho same element are quotorl Crom Humpllroys' tables. Whure data at Lhe same pressure are not 
aivailable the shift has been calculated from that at a neighbouriiig pressure and is given in brackets :- 

Scirias. Moan u h ~ f t .  Ratlo. 

... ..a l'irat subordinate ,.. , . .  . ) #  . , .  . ,  50 
Second ~~xbordinuto . ., ... ... ... ... ... (40) 1 : 018 

... Priaclpal .. . , . ,  a * . . . . . . .  ... ... 66 
Li f r  1 : 1.5 ... 1 irat subordinate . .  # f a  . , ,  ... ... ... (96) 

B'irst suburclinato .., . . . + .  ... .. ... .,. 35 1 : 1.3 
Mg i Second subordinoto ... , . .  ".. .. . , . *  . 45 

The &ifts were reclucrd to X 4000 by XIumyhrays on the aslrumption that the absolute pressure 
shifts are proportioild to the wavelength. 11: the shifts are proportional to some otl~er power of the 
wavelength than the first so1ne of tllose exceptions might be brought into line, but on tho other hmd new 
ones wo~lld be lutroduced. 

Recently Swairn lies arrived at entirely different series relationships 111 studying the pressura sllifts 
of the xino lines. "3% finds that  the shifts of the lines in the first subordinate series are ioversely propor- 
tional to the cube of the wavelangth, in the second subordillate serirs inversely to the first power of the 
wavolongth, and of non-serics lines d i ~ e c t l y  to the square of the wavelength. l'he1.e is therefore no clirect 
relation between the first and second subordillate series. 

It seems to me exceedingly probable that dl these inconsistencies are duo to the existeuoe of a density 
effect superposed on the lrue pressure effect. When the arc is placed under pressure there is prob&ly not 
--- l _ _ _ l - - - - - - - - - - - l _ _ l _ l _ l )  

2 st  John end Mlss Ware, Aatrophyncal Journal, XXXVI, 14,1812, Ftabzy and Buiason, Astrophysioal Journal, XXXI, 111, 1910. 
a Gale 8,nd Adtlms, Abtrophyaicnl Journal, XXXVII, 891,1918, * Boltll;, Zeitschrift far wxss. Photogmphie, 12, 101, 19x3 
4 Crew and NoOauley, Astrophysioal Journal, XXXIX, 29, 19141 ' Swaim, dstrophya~oal Journul, XL, 137, 1914. 
6 Kayser, Randbuoh der Speotrosoapie, Vol, 11, pp. 827, 679. 7 Llurnphreys, Astrap 11 y~ioe;l Journai, VI, 169, 1897. 
* By an unfortunate error or  ~n~sprmt ,  r-Eurnpbreys haa classed tho lines Ah 6682, 5ti88 tls belonging to the ~ocond 8 u b o ~ d i ~ h . t ~  

serlefil of soclium instead of to the first, making it appear asl though they conformed t;o his law. 



only an iimrease in the pressure of t,he atmosphere s~ r rou~ ld lng  tlhe arc but also a11 increase in the density 
of the vnpour in the arc owmg to rt more rapid production oE vepour or otller caose. 'Yhe effect of an 
increase of density 1s to displace t'he unsymmetrical lines in the direotlon of their greater widening, and by 
an amount apparently dependent only on tho degree of unsymmetr~cal widening.' This might explain 
Swaim's ~urious results lnentioned above. H e  noted that the amount of displ:ilcement under pressure 
depended on the diffuseness of the line, and since the seiales lines he ineasured are unsymmettrical towards 
the red i t  saeins probi~ble that the large displacements to the red he obtained for the higher and more 
unsyu~metriot~l members of tlie senes are due, at  any rate i n  part, to increased vapour density. 

Many of the anornalolls results obtained by Dnffield iu tlie arc under pressure are also probably due 
to density effects. Dufield found that when unsymmetrical lixies are reversed tlie disp~ncement of the 
reversal falls t o  half of that of the unreverhed lms, wlnlst the reversclls of symmetrical lines rolnaln 
normally displnoed.Vow the unsymmetrical hnes are those sensitive to dens~ty shift a11d it  would be 
expected tha.t a t  the lower density of the absorption line thew displacement would be smaller, whilst 
symmetrical lines trould be unaffeoted. Hs also finds that the displacement of a hne may have two alterna- 
tive values a t  one and the same pressllre. 3 D~ffield ~ a y s , ~  '( Whatever the nalure of the distuablng cn~use, 
Group 111 and then Group I1 [of the iron hnes] are most su~ceptible to it." The lines of Group 111, a11 
unsymlnetrically widened towards the rsd, are those most su soeptlble to donslty shift,hwhilst the lines of 
Group 11, much widened but not unsymmetrically by pressure, have not been hufficiently investigated. He  
further says, "Wn the photographs allowing abnormal displacen~ents [approximately twice the normal 
valluos], the reversals are more numerous and broader than they are on plates glvlng nvrlnal values " ; this 
obilcrvatron is dlrect evideuce of increased density. I admit, however, tliat there is no obvious reaaon why 
the ratio of tlie larger displacement tcl the smaller should be approximately as 2 1. 

An additional ~lnterest for the investigation of the calcium lines under pressure is the queatioii of the 
bchuviour of Fowler's series of narrow triplets (hh 4586, 4581, 4878 ; etc). According to llooro, the 
Zeeman effect for these lilies is either zero or at  least very small, and therefore their pressura didplnco- 
ment would be expected to be small also. It will, however, not be conclusive if tliey provo to have large 
displacements in the arc under pressure> since these llnee are easily displaced by de~~si t~y.  

E'or the elucidation of "c0 relationship betwoen pressure shift and series, as iveli as for tho solut~on 
of solar problems it seems essential to isolate the pyessure el'fect from the density eff cct. The nieilns of 
doing this are not obvious and the only hope seems to lie in investlgatlug the fu~tnace spect.rnin under 
preswre rather than the arc spectrnmr for in the f ~ m e c e  the vapotw density, dependent on the rate of pro- 
duction and of disappearance of vapour, is almost certainly influenced by pressure to a mucll less dogroo tllan 
in the arc. A11 that we know at present is t l int  since t t e  density effect is very small for syrnmotrioal lines 
their shifts in the arc under pressure are probably due to presi-urs only, but that the shlits of unsym- 
metrical lines are partly, at leest, due to density. MY, Evershed snggests to me that the shlft to the violet 
found in the arc under pressure for certain iron lines may be entiroly a density effect, and ;m observation 
of Humphreys s~lpports thls view. I t  certainly seems probable that many of the laws of pressure 
wlll be rnodlfied, and i t  is hoped ~imphfied, i f  exparlments can be conducted under conditions of constant 
vapour,density. The elimination of density effects in order t o  obtaln true pressure shifts is one of tile most 
pressing problems for those interebted in the d~splacements in the sun's spectrum, 

- 
Royds, Kaclatkand Observatory Bulletin, No, XL. Duffteld, Phil. 'J'ran~ Boy. Soo,, A 208, p. 161,1908, 

3 Duffield, Phil. Tlans Boy. Soo, A 209, p. 216,1909. Duffield, Phil Trans. Roy. Soc., A. 209, p. 216, 1909. 
6 Boyds, Kodaikanal Observatory BulIetm, KOS. XXXVIII and XL. DufEeld, Phil. Trans Roy 8oc., A. 208,p. 161, 1008 
7 Moore, Astrophyslcsil Journal, XXXIII, 385, 191,l. 
8 Boo Elng, Astrophysical Journal, XXXI, 433,1010, and Humphrey*, Astrophy~lical Joul~nal, XXIII, 233, 190G, XXVI, 1&,29? 
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