
BULLE'TZN No. XXXVIII, 

A PRETJIMINARY NOrCE (3N TBE DPSPLACjE3TENT TO THE VIIOLErI' 
OF SOl\/lE IJINES I N  T E E  SOLAR SYEC1'RUbJ, 

THE i~lajority of the ~netallic hnes in the solar ~1)ectrum al-e shifted to the red tvllen compared wi th  their 
positions in the deotnr: arc. There ore, l~uwever, k~lany exceptlions i n  the tablcs st the old. o f  t h s  pappe~ 
I give the results of some comparisons of arc spectra. (chiefly iron) with the spectn~m of the centre of the 
su11's disc for the study of these esccl)t,i711s 

I. IRON LINES 

'L11ie Iron speotrulrl was produced by tlle arc between iron term~nals  In air at  580 ram.  pressme [the 
normal pressure : ~ , t  tire altit)nde of the Obxervatory) with a direct current from a battery at 110  volt^;. The 
current strength was nsl~elly between 6 and 8 amperes, and thr  lengtli of the arc mas varied in d1R'el~ent 
cxpemoents. The polarity of tho terminals was reversed at the rn~cWle uf the exposure m order to eqllidise 
the mtensity of. the arc lincs a21ove and below the solar speotl*ulu. The saint! ayuangealeii~ as was previrmsly 
used for siniultaneous exposura on the s ~ m  and arc was smployod but tllc dul.zlClol~ of exposure on the arc 
was varied m dlGersnt reglous i11 order to produce hnes easily maasur~ble.  The spectrograph has been 
previously described " 

I t  was a t  once notleed that nearly :dl lines whch  are u n s h n ~ p  i n  the n ~ c  at  ordix\ayy pressures ga,ve 
negative values for the son--arc ~i is l~l~cament ,  I; c., were relatively shif tecl towards the violet in the suli (e.g., 

h 39484246, Table Vl l I ) ,  b u t  tllnt several lines apparently sharp (e g., h 4283.772, Table VIIJ) were also 
sbiIted to tho violet. Ou considurilkg, however, the behaviaus of ahese linm under pressure, it was found 
that the llnes shifted to t,lle iriolut, llloluding tlloso apparently sharp, were those which widen unsymmetricslly 
towards the red wltli lnc~eilsod praswre, and which theref oru are really unsymmeilrmal st atmospl~erlc 
pressure, but not obviously so. 'Cbe number of bnes shifted to the vxolet wtle appareatly greater on pl~oto- 
graphs taken usulg ;l,tr cxtremoly short arc (%Lout 2 mrns. in lengtIi), as WRY done i n  some reglans between 
h 4924 and X 531 '7 111 orclcr to obtn,lu i,he enhaaawl lilies as strong as poss~ble. These plates were tihcrefore 
considered first, and the ll~ies sorted o u t  accordifig to the Mormt Wilson classification of the iroll lines '. 
r I l he  Mount Wllson worlirrs hayo divided the Iron lines illto groups a, b, c, szlb-d, d, o r  e acoordlng to 
thew pressure shifts, umd also into 1, 2, 3, 4, 5, o r  6, lines of classes 1, 2, 3, and 4 remain 

symmetrical under pressure, class 5 wldell unsymmetl*lcally  torn;^^ ds the red and class 6 nnsymmetrically 
Lowards the vlolet. Whell the sun-ahort arc dlsploceul~ents (Tnble VIII) are grouped according 
to the character of the alac iillus, as in 'LJable I below, $, is seen t,liat \vl~~lsti symmetricnl lines ( g r o ~ ~ p s  
a b )  have norlllal displacemollts to tile red in the sun, u s t ~ l  hnes (gronps c5 ,  4 sub-d, 
and e) bellave abnormally; lmes wlcleenad lmsymrnetrloally m the arc towards the red are displaced to the 
violct of the R ~ C  line, and the hne 5133, towards the violet, is grei~tly dlsplsced to the red 'I. 

The hnes 111 g ~ o i ~ p  c wlnoh Izave llot been are, judged from thew negative clisplacements, probably 
widened unsymrnetrlcally towards the red. 

- --. ----____ 

Evershed and Royds, Itoy. A S ~ .  Boo., N N ,TY, 554,1913. "vershed, Kodalkanal Observatory Bulletin No XXXVI 

i Gale and Addma, A~t~rophy~ioal Jo~rna~ l ,  35, 10, 1912, 

8t. John and MISS Ware, Astrophyaioa'i Jonmel, 36, 14,1912 and 39, 5, 1913. o 

The line 5424 measured by Evershed and by Ppbry Bma,gon 00 have a displacement in  the sun of + '030 * is also widened 

Lo t h e  v~olet. 
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C.-Ll nes zlnsymn~etrical ly wsdened towards the violet. 
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* Tho 4191 8 line IS ~ l o t  nearly so nnsymmetrrcal as the 5133 hne. 



The reln1hve v11iErs of tlrrse dlficrent g ~ o u p s  arc very s t r lk~ny.  They cannot be easlly explained as 
sldfts due to a d~fforelicv of l)rossulbe between the slin and nru for on t11l.i nssnr~~ption tlle dedi~ced solar 
pressure has tlie ilnposs~111~~ \r,~lue of :about one atinosphere I,elo,{r I U , C , I I ~ C I ~ L ,  U C ) T ~ O V E Y  we sll~tll see later that a 
relntlve tllsplnoe~nciiti of theno groups (*an I)e pl.oduceJ by (1;FPerent collclitiuus uf the arc a t  the mine 
pressure 111 fact, tlic :ib~lorln.~l ~llltt.: sreln t,o depelid solely on the unsyil~metrlcal (:ll,lracter of the lrueu. 
Nevurthcicss t l ~ r y  arc l l o l  ivholiy dllr to errors of setting on an uusymmetl~cal hoe. It is true that 111 the 
ease oi' :l, lllle wldencd 11114y lilltlutrically borns~lls ths  ibed, for example, the to~lllollcy wouhL be to set too fax 

on tlie red s ~ d -  of the tla1lo 1~;ihxlmmn :md the solar lme woul~l appear t o  he dlsplnced too lllucll towards the 
violet, hut, there a.re t r ~ i l n ~  (hsl,l:llccd to the violet in ivll~cll ilro errol oi scttlng must he extrcluely 
smn.11, For they are very liarrow. 'Ilhe1.e are allso lnauy llnes pnrt~cularly of other elellients tillan iron, e g., 
the socliuin pair X h  tjl(i1, 6 15 1 alld the calcl~l~ll  triplet Xh 6162, 6122, 6102, all on the same plate, whero a 

glance aft the pbot ogr:aphs sllows i l l  a t  the shift IS real It 1s possible also tlln t the ll l~es nnsyulmetrical in 
the arc am ausy~tin~ctr lca~ ill the  ~1111 as WC!~, but tllere is at  present no evidence of snch being the case. 
The crror untrodnced throng11 settlllg on the ceutre of a so1a.r l ~ a a  realljr unsymmetrical would, however, 
have the cfleot of m~ l r i ng  tho true shifts still more abnormal, and therefore need uot now be considered. 

The above resil1i.s were oljtlililled 111 oomparlng the bun with a short arc. Most of my photngra.phs 
usll~g a lolig a lc  were tnlicii in tllu ultraviolet a i d  blue reglolls anrl tilare are not rnaliyl~nes 1)elouglng to the 
unsyt~lnlet~l lcal cln.sses, h t  the fullomlng are moas~ll*able m both S ~ I N  a,nd nro - 

Li?:e,~ r~~~sywnze t r i ca l  Zp widened towal-d s the Z?ed. 
S1~n-Lnng aic 

h Gl O U ~ L  IT1 .;/lo20 

4227 (i0ti , ... ... . rl 5 - 5 
33 772 . . .  .. d 5 - 6 
36 112 ... . . . d 5 + 3 
50 287 ... ... ... ... ... 5 + 7 

Mr. Evershedl, uslng a long arc, has many lines of groups d 5, sub-d autl c 111 his list; 1 2  are shifted to  
the violet in the sun and 2 1  to the red. It 1s clear that with the  l o l ~ g  arc displacellients to tho violet are 
less Srsqnelit tlliln when the BUII :~ild short arc ore c~mparecl. None of the lines known to be splnmetr~onl 
are shleted to the v~ole t  of the long arc :~,ccordii~g t o  the ineannres either of Fabry RIIC~ BalssonJ, Evershed 
or myself. 

'l'here are in ibdchtion to tho linos alroady d~scussad 111any Iron llnes which hi~ve not beell claassified accord- 
ing to tLelr chnrocter and pressnre dlsl,lacomont. Mauy such lines are unsl~arp in the arc a t  atmospheric 
pressure and when the sun 1s oomp:~~red wltll tlle short nro nooo of these l~nes  are dlsploced to tho red. 
With the long arc, however, 10 al1e dinplaced to the v~olct a,n4 10 to the red, 4 being und~aplacecl. It is 
not possible to say from the p l i o to~ rnp l~s  a t  atinosplierlc pressure alone whether these nnshnrp hnes are 

~ ~ ~ ~ ~ m r n e t , ~ * i c a l  or not. 
2. C n ~ ~ ~ n i t r s o ~  os ~YHE LONG A R C  AND SNOLLT ARC, 

The fact of negntllvc v:th~cs fov tll e sun-arc: displacement being more frequcll t with the short arc than 
wltb the long suggested the poss~billt,y of oertkn classes of lines beliig displaced ni the short a ~ c .  I made 
some comparisons oi tho SLUI and aln a1*o 2 uuns. loug, and of the sim and no arc 7 mms. long, keeping the 
cturroui :IS nearly as possihlo the  sntne, thus obtainin# i i~d~rect ly  the ~llsplncernent between the short and long 
arcs, Also, three pl~otogrr~p~hs wore talc011 d~rect ly  confronting the can t~nl  portlolls of the long and short 
arcs on the same plate. The results ai8e glvoli in Tthle V l l l  at the end It is hoped to  make a Inore corn- 

plete mvestigntion slrortly, hut, t111e1.e is a, CIBRI* ind-tcilhion of the differeut bekavlonr of unsymmetrical lines. 
'I1hose luxes unsgmmetirica~lly w~deoecl towaids the re(l are sh~f ted  111 the short arc to the red, thoqe widened 

the vlolot are shift04 to  tbc v~olet,  wlillst symrnetncal llnes hove srnoller clispl.icements as a, rule, if 
they alTe rtvi,lly displaced at all.3 'L'lle, avorage d~spleoement~, short arc-long are, for the dtffereut glbonps 
are +en in the following ttiblo. - 
-- --- 

1 Evershed, I<odaxknnd Observatory Bnllatin, No XXXVI. 3 F a l ~ ~ y  and Buisson, Astrophysical Journal, 31, 109, 1010. 

[Note May 5th --Photogrtlpl~s ~ecorttly o b t a ~ ~ ~ c d  of other unsymrrtetriaal llnes not  only conhrrn these conclnslons but also, 
by hmlng the l~nes rcjl~ally wlde 111 both t l ~ e  long and ~ h o r t  :kros, show hhat the  shifts axe not dnc~ to errors of scttmg 0 1 1  the m,lxlma 

of unsymmetrical lme8]. 
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I Lines ~znciy r~~mctllcal t o w ~ u  11s 
Spinrno+rlcal L ~ n e s  tha rrd 

'I'hc follr)wl~~g are s o n ~ ~ ~  o.E larp,e.-lt tli\pl:icoments measureti us yet :-- 

Lines unbqmr:1e1 riral 
tlowartlv (110 v~olc t  

Y'AULX 1V.-- LAK(+ TT* LU I , ; ~  FOP,, s1-10~~ AECI-LONG ARC D L ~  PLACEMJCN'~ '  

S11ol.t ,Lru- Long arc 

h in i i j l o l i ~  

-L157*948 .,. + 31 
4158.959 n . .  . . .  + 6 
4233 7 7 2  ... ... . . .  + 7 
5133 H70 , . . ... - 1.5 
51G2 449 ... ... ... + 20 

Now 6t. Jollu and Miss W n ~ o  l found c1ilL'erent wevela~igtl~s f ~ r  the htlcs 111 oun rirc r)liotogi~;lpll C O I I I -  

pared wlth four others talcen l~nder apparently t h ~  same coutlltions. Moruovel* the displncrmcnt !,et,m~hm: t l l l ~  

photoglalill a ~ a l  tlle rcst vaned ecuordlng to the class of line T l l e ~  give the following illenlls i;lr t l l ~ ~ l o  
groups of llnos :- 

Gronp 11 d t1 

Average tlihplacrnlt~nt . -.OOOt; 1 + 012 k - 007 X 
Number of lines .. . . .. /. 5 4 4  5 

These disl~laccll~ents are ex:~ct,ly s~ulilar to llle d~np l~ce rn rn t s  I have fornlcl 111 tho ~ h o l ~ i  ;brc, nlit 1 4 

the are spectrnm ~~,l,~)earc.rl stlonger 111 the  tlisl~laced photogr2~pir t h a n  in tlho rest, it stvrns 11lio)v t,l~:~t t}l,s 
:tro was 111 tlns caw shoi*ter, or pos,yll)ly had FL gl '~ i~ te l+  C U I * ~ B [ ~ ~  t len~lty St, Julil~ ant1 MISS W;l,ly+ ~l,:l,t,(b l,lI:l,i, 
pressure vari:btious within the ihro are 11ot of sufiolorlt ~n:l.guiiuda to sucount lor t h o  shil'bs ~n(h;~s~lbed. r[llitby 
also h t i ~ t o  th.ht tlie ~Irnl)h.ct!rnct~lt ocotirs i n  tile region of tile arc 1lpa.r tlir negi~,tive poll?, rvllcim !,]lo ]illllR ilrll 

strongest inlil most wl(lrlre(l I n  p110tj0g1.a\)ll~ ally disslmllnlity brtmoen tlla two poles is lost, awing 
the praoti~e oi reversing the: ptJ.i~.ri ty  i l l  the iii~(l~!le O S  {(he P X P O S I I ~ B ,  ; L I ~ L I  1 Il:~vu tllercforo no6 l,tlcill a,lrlch i d ,  

teet this latter conclusion." 
~t 1s notcwortliv t l ~ a t  of tile aovon lines for wliial~ Mr Evt.rhlle(l rl~d not gct comslstent va,luc?u for t 1 1 t ~  

sun-;lrc dlsl3l;~ce1i1en~ when more tlian onc photog1 aplk 1~:~s alvailnbls, all cxoept Lwo are ~ i n l i y m ~ n e t ~ i ~ ; ~  1 
lines r l ' h ~  dift'tfrellt vel~les a1.e t , l~or.efo~e probal)ly due to  tlrfforent lengths v f  tlro arc. Also the &are- 
pancles bot,iveen f3versliecl's va,lnes and  those ol FaLry and l3ulsson ' can now be ex1)lalueil. Them vIL1 I1(bH 

agree rxtrtlrnely well for all ey~ll~lletrical lmes, whilst for  all the lines widelied ilns,yri~rnetrici~ll~ tlowar(ln ~ 1 ~ ~ .  
red In the a,rc Fabry a,nd Bursson find tlie solar lines to be much more slllfted to the violel relative I,,, 
their arc 'l'his i s  sllown t.lca1.1g by the folbwnlg averages for  the syrnmetrleal and the unsyl~il~letrical lIIII'H 
in Everslried's T ~ b l e  11 :- 

L i n e ~  symmetlical lu the :k~a Llnes ul~symn~etrionlly vridened towarda tile 
(Groups a, h ,  (A). red In the arc 

(Groups c5,  sub-d, dl. 
5'zhn-A I 'L  d1 S ~ J Z C ~ I ' C ? ~  e n  t ,  Szw- Avc disp lacem e d .  

Evershed. Pabry and Bwsson. Evershed. Tabry and B~~isson. 

Evershed, Koclaiknnel Observatory Bulletm, No. XXXVI. 
? [Note added May 5th :-I lmve now been able to confirm thls statement of St, John  auct MISS Ware] 



According to my results, MM. Pabry and J3uissou's larger shlft to the violet of tlie unsyrnmetrlcal can 
be explained $ they have had a, shorter arc thnn Mr. Evershed, or, i t  may be, had :& gl-eater density of 
rnaterlal in the arc 

3. A NEW CAUSE OP 'JIBE DISPLACEMENT OBI LIKES. 

The~c: ia now tlieref~ra :t considerable amount of evidence of the clisplacemellts of certsul classes of iron 
lines due to some other causu then pressure or n~otion in the lilie of night. The most obv~ous cause mhrch 
suggests itself is change of denslay s111ce this is the principal cl~ange which occurs 111 varying the length of 
the alc, 'rhe dellslty llypotllesis is strollgly supported by a pheuarnonon obsorved Ly L)uffieldl the s~gni- 
ficanoe of whlch has not been sufficiently appreclnted, i~amely, that in all the icversed 1mea whloh were 
unsymmetrically widened towards the red under Iiressui*c, the emission 11110 was displaced to the red of the 
absorption hoe.  The elnisslon 111113 is due tc~ t h o  ltlner ~ o r t i o n s  of the arc whore the clrnslty is iligli alld 
the liue broad, and the absorption llne is due to tire outer portions where the density 1s lov and the line 
narrow. This is ill ag~eemeiit with tllc displacement betwceu the short; a r c  and the lo!lg, for the lines 
unsym~~~et~icitl ly widened t,om;~,rds the red are shifted t o  the red by sllorte~ilng the arc, wli~oh corresponds 
to incynasing tile density. S<ing ' has tned the eitect 011 wnvele~~gth of vnl-ying tho density of t h o  iron 

vapour in the furllace with negn,t,ive results, hut uofortonatelg all the lines tested belong t,o group a ,  wilich 
T also find to have very small disp1acernc.uts 

Sxnce the unny~nmetric;d lines axe displnc!p.d m the short, axe in the opposite direction to their displace- 
ment ~n tlle sun when both alre coirrpa~cd w ~ t h  tho long arc, it follows that the oondlt~on of the Tapour, 
whether it 1s denslty 01% ]lot, in the long :trc ilkore nearly a,pproaches t h a t  in the yeversing layer thari t l ~ o  
condition m the short arc Hnt still tlie long aYc falls short of t h e  conditlions m the reversing layer of trho 
sun, since many unsgm~nei~rical litles are etill nbno~ma,lly dlsplaoed. For ihis remsoil and esl~ecially because 
it 1s desirable to have tho density oE the vapour under control, it is mtendod to try the Iurnace spec t r~~m for  
col~lpariso~l with the sutl. 

The existence of a density eHoct on wa,yolength may modify some of the conclusions whloh have been 
drawn froin the disl~lace~neiit between so la,^ %nd terrestrial sources. For ilzstance, if the pressure in ths 
revcrslug layer is dedl~cod by conll)i~ring tile disl)llacements of the hnes most shf ted  t o  tllo red pressure 
wl th  tlloso Ieiist shifted, we must now boar in mind. that the former consist chiefly of lines which are dinplacod 
by deusily wliilst the latter s.ra not. 'I'he rclt~iiva displacement of tho former to the violet would lead to the 
conclus~ou that t h e  presswe 14 the mil IR lass khan at~nospllenc, but it now ap11a11~s that it is dm, to some 
extont at least, t o  the different cond~tioils 1n the sun and arc, prolmbly aiflere~lce of dons~ty. For the 
present, tlrerelore, we arc colnpelled to confine o w  attention to thn syrnmnetrioal lines sluce, so fay as we 

know, they are aflected least, if nt all, by tho peculiar oonclitions in the arc. liirirstly we can comp;lr~ 
the sl~iits of tho lines of groups a, b, c2  ant1 0% all symlnetxical, in the same spectral rcgiou, and seconclly~ 
since there happou t o  be lines of group a, both in  tlie ultraviolet and 1n tho y elloiv-groon regions, we can. 
compere the shifts in  these two ragjons knowing the law according t o  which the pressure shiii varies 

with wavelength. Malclng use also ol Evorshod's values I ob ta~n  the following average sun-long arc 
displacemeuts For each group of Iron lmes. 

il"emi wavolungth, h 4400. Meon wavelength, A 3800, 
-- ------ pp I Group a ( Granp b. ( Groups c2 nnd cb. I Group a. [ Group b. I/ Group a. ' 

- 
Pressure shift st 9 

atmos~~horos 

Meau sun-long arc 
displac~~rnan t. 

Moan in tensity . . . 
Number of lines ... 

Duffield, Phil. Trans. Bop. 800 A,, 208,111, 3908. King, Astrophysics1 Jouri~a~, 35, 183, 191 , 
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I t  is seen that the displacements of groups a, b and c, at mean X 4400 are pracfioally equal if we allow 
for the lower level (as judged by the smaller intensity) of group a ; similarly in the region h 8400 groups 
and b have sensibly equal displacements. This equality of displacernel~t of lines didercntly sliiftlecl by pressure 
indicates that the pressure in the reversing layer is about the same as that of the air a t  thc Observatory 
i.e., about three-quarters of an at,mosphere. I t  is difficult to compare the relat4ive shifts of lines of group a 
in the regioil 3300 with thase in the region h 5250 since the effective levels of the line$ in the two 
regic,ns are different, Sn order t o  compare lines of the same eEectiveleuel we ~hould  reqUir@, according 
t o  St. Jcbnjs irlv,,.t,iX;,~:j,,lli, lines of about intensit,y 3 at X 3800 to colnpare wit11 those of  intensity 3 a t  
X 5250. 811~1~  lines ere not available, i-,ut considering that the motion displacement ciecreases as  he 
intensity diminishes', and that the pressure displacement increases as the square or t'he cubc of t he  wltve- 
length, the relative ahifts of g r o ~ ~ p  a in the two regions may not be inconsistent with the first conclusion 
that the pressure in the sun is about the sarne as that of the air a t  the altit'udti of the observatory. 

Nr. Evershed has already demonstrated1 that the displacement at  the centre of tlre am1 is chiody due 
to a velocity of desceut decreasing with depth, and this conclusion is not seriously affected by the abi~orrnal 
behaviour of unsymmetrical lines, for they are fairly evenly distributed in intenuity if  we except the 
largest intousities of which there are no uns-jmmetrical lines. If we exclude lines known to bc I I I I S ~ ~ I I I I I L - ~ -  

rical or unsharp in arc, the average displacement at the centre of the sun of lines grouped according to 
their intensities are given in the following table which shows clearly the smaller displaceiueut of fainter lines 
corresponding to lover depths iu the sun :- 

TABLE V1.-L'?z~n--Lnn~ arc dis~laesments of symn~etriotll and rharp linea. - - - - . 

I Intchnsities ... ... ... ... : 2, 3 and 4 I 5, t3 and 7 I 8, $1, and lO : over 1.0 
I 

8 ~ 4 0 ~ g  Y; &spla~menh.  ! + '0030 A 1 + ,r A. 1 + '0062 *. 01:'2 A. 

1 Nnmber of lines ... ... ... 36 
1 l9 1 

14 / 

Moreover, the existence of the motion displacement can be demonstrated by the displa'cement of bllc 
cyanogen lines, which are not shifted by either pressure or density." 

11. LINES OF OTHER ELEMENTS THAN IRON. 

Using a carbon zrc lnto which a small quantity of salt or metal had been introduced, the displacements 
in the sun of lines of a few other elements have been measured. ana are given in Table 1X at the end. The 
limes chosen were generally series lines, partly because :heir pressure shifts are mostly known and partly 
became each line in a pan or triplet might be expected to behave similarly. The photographs were mostly 
taken using a very long arc, since only with a long arc could the very diffuse arc lines be made measure- 
able at all. 

The sodium pair Ah, 3 8 2 ,  5688 and the calcium triplet 4092, 4095, 4098, both very diffuse, a re  
enormously displaced in the sun relative to the arc; the displacement may partly be due to errors of 
setting on the much widened lines but there is uudoubtedly a large real shift. I n  the cases of the sodium 
P i r  a 8154, 6160, the calcium triplets XA 4578, 4581, 4586, end 6102, 6122, 6162, and the nlagncblunl 
line A 4703,  he redlty of the large dispiacement is obvious on the pi-lotographs. 

x a n ~  of the lines in Table I X  have a high effective level in the sun but tlleir displacements are not in 
ay P o d  %reemeni as they should be were they due to motion in the line of sight alone. Only the strontium 
pair 4 7 7 ~ 4 2 1 5  have displacements of the order to be expected from the velocity indichted by the  high 
level krOn lines. The di5pLacemeo~ and the height to which each line a tenda in the chrom-phere according 
to Mihhell * are given in Table VII below :- 

- 

Evershed, Kodaikanal Observatory Bulletin NO. XXXVI. 
' The diap l~ement  of the oyanogen linea will be given in a later Bulletin. 
' >Iitchcll, Astrophynioal Journal, 88, 407* 1918. 



A 

Height in 

5890.166 . . . . . .  I Na. 1,000 
96 155 . . .  ! Na. I.000 

4554'211 . . . . .  Ba. i 1,200 
4934'24 . . . . . .  I 8.1. 1 750 

-- 

From the enormous shifts of many of the linesin Table IX it  is clear that some cause of displacement 
of theae lines, other than pressure or lnotion in the line of sight, is at work. Whether this cause is 
difference of density between the arc and son or not we have no information, 5ut the narrowness of 
the solar lines is an indication of lorn density in the sun. I t  is perhaps significant that the wave- 
lengths of the calcium triplet Ah 4092, 4095, $098 in the sun approach more neariy thosc of the arc in 
va,cno as  determined by Crew and McCauleyl than of the arc in air. Whether the large change of 
wavelength of these lines passing from the arc in vacuo to the arc in  air is purely a pressure effect &ppe&rB 
to me doubtful; it seems probable that here also some cause such as differences of density of material is 
aotive in producing dispiacernents. I n  the following Table I give the wavelengths in the sun according to 
Romlsnd and those oE the arc in vaouo accordlug to Crew and McCauley reduced to Rowland's scale. 

Wavelength in ann. Wavelength in 
aro in vacuo. 

4092.821 . . . . . .  6 0  
95.094 . . . . . .  .09 
98.689 . . . . . .  .YO 

I. The iron lines which are unsyrnmehioally midened to the red in the arc (Mt. Wilson groups c5, d5 
and sub-d5) are displaced to the violet in the sun relative to a short ircn arc, and those unsymmetrica?ly 
widened to the violet ( M t .  Wilson group e )  are displaced to thered. Symmetrical lines give normal 
displacements to the red. The relative displitoements are too large to bo explaiiied as pressure effects. 

2. When the sun is compared with a long arc there is still the same tendency. 
3. There are many clear casee which show that the dispiacemexlt is not :vholly due to errors of setting 

on the maximum of an unsymmetrical line. The same phenomenon is also to be seen in other experi- 
menters' results. 

4. A new cause of changing the wavelengoh of certain classes of iron lines, other than pressure or 
motion in the line of sight, has been found. The unsymmetrical iron lines are displaced in the short arc 
compared with the long arc. Those widened towards the red are displaced to she red in the short arc and 
those widened towards the violet to the violet, whilst symmetrical lines have mostly small displacements. 
The results of St. John and Miss Ware and a comparison of Evershed's and Fabry and Buisson's sun-arc 
displacements also indicate the peculii~r behaviour of unsymmetrical lines. 

5. DiEerences in the density of vapour may be the cause of the displacement between the different 
kinds of arc, but the matter requires investigation. 

6. The longer the iron arc the more nearly do the conditions approach those in the reversing layer of the 
sun. On the density hypothesis, the density of the iron vapour in the sun is lower than in a long arc 
between iron poles in air at.atmospheric pressure. 

' Crew and MoCauley, Astrophysioal Journal, 39,28, 192b 



7. The unsymmetrical ~roii  lines are therefore, om7111g to their behaviour In t h o  arc, u u s ~ i t n b l e l o ~  
estimating the pressure in the reversing layer. Ulring spzametrical lines only, the deduced prossure in the 
sun is about equal to that of the stir at; the alt~tude of the Observatory, i . ~ ,  about three-yua~tel.s of a s  

8. The displacclnents of the symmetrical Iron lines t o  tho red 1n the sun aro clue to  descending motion 
on t h e  sun as discovered by ICvvershed. 

0, Lhes of other ele~iielits than iron also have sun-arc displacements wh1c1-1 cannot be explulned ns 
due t o  pressure or to motion i n  the liue of sight. 

I havo much pleasura in acknowleilging 11751 indebtedness to M~SSPS.  G. Nagaraja Ayyar and A. A. 
Narayaoe Ayyr~r, n A., for the careful and paiiostakmg manner in which they have measurod the photogrnpl~~ 
for thls Bulletin. 

Bx23la~zntzo~ of Fable VTII. 

Table V I I I  contalus a11 the iron lilies 011 the tlisplaccmonts of which the ccncluslons arr iv~d at 111 this 
Bulletin are Lased. Tile pllotographs wore taken with tlla same spootrograpbic ar~~angements as dloao 
used by tlr E~er shed ,  but tho values he]*e glven are, apart from this fact, independont of those 111 Bulletin 
XXXVP. 

The wavelengths and intensities ill oolulnus 1 and 2 are taken froin Rowland's tables ; a luttor T L  in 
the secoild col~lrnil denotes that tho linu appears unsherp in the arc st atlnospheric pltessura. The third 
column gives the Mount Wilson classlficatioil of the Iron hues. The rcrnaitlillg columns o o r ~ t i ~ ~  11 t h o  
measured displnccments, sun-long arc, sun-short aro a n d  sl~ort arc-long arc. resl)ectively, a,~l(l the 

-- -- - 

h 

86501178 I 5n .. l 2 4- a ... 1 .. . . 
80'069 9 n 1 2 3- 10 ... ,. . 
971567 5'3% I. a 2 - 16 ... 

370~234 ~ r n  a 4- 5 . . ... ... 
05.708 9 a 1 2 0 .,. . . , 
07'186 5m ... 2 - 1 
09'389 8 bl 2 - 2 8 I", ... 
Ibe6Dl. 7 . ., 2 - 5 ... ... 
20'0841 $0 n l 2 4- 10 ... , . .  ... 
24 526 G 2 + 3 . .  . . 
27 '244 3 2 - 2 a . 
35 014 40 b 1 2 -I- 9 ... . . 
3'7 281 30 n 1 2 -k 1 ... ,.. 
48.408 10 n 1 2 + 2 . . .  ... . ., 
49 631 20 81 2 4- 2 .., 
CiO.196 5 2 -- 1 . 
60 6'79 4.i 2 0 4.. ... 
63.945 10 111 2 3 -7 ,., 

b l  G7'342 8 2 ... ... .*. 
383 5 98'7 15 b l  2 ..a i).. 

26,027 20 b l  2 3- 6 
2'71980 8 81 2 -f- 6 .,. ... 
43.404 4 2 . . .  ... 

5 46'843 % -I- 2 ... ... , .  
50 118 10 2 - 2 ... ... ... 

4 50.963 ... 2 4- 3 a .4  . , ... 
52 714 4 ... 2 - Z .., 
5Gd5ZA 8 . ,  C 5' ... ,.. > 

59 355 3 . .  a + 11 . . 
80.055 20 , .  2 4- 11 ..* ... , . 
85,667 4 4 + !i . . 
86.434 15 (t 1 4 + 4 .,. . , ... 
87.196 t bL 4 + 8 . . .  
90 9SO 3% 21 + 6 .,. ... 
92,069 4 0, 4- 3 . m e  

2 94*05'7 ... 2 - 1 . . ,  
9.. 

97 593 2 2 + 4 .** ... 
4.. 

3 906'628 10 a L 2 4- 4 . .. .. . 
5 

,.. 
08.077 

*.. 
2 -1- 2 .,. ..a ... 

13.175 4, 2 3. i , .. .*. ... 
16 879 5 2 0 ... ... 
20 410 10 ... ... + 11 
23 054 128 ? 3- 5 ... 
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TABLE IX. 

[The plosgnre shll't 1s Lakon froul Humphreys' tables, Those lines nnsymrnotllccllly widened to t h e  red are ullarked ur.J 

- 

'* (3alcul:1tod from liutb d~splscoment,~~ rclativo t o  centre of sun axd t o  arc 

T. ROYDS, 
As~istar?~t Directol*. 

PRINTED RY THli: sUPERINTENDEYT, QOYERNMBNT PRFBS, M A D R A B *  

Pressure 
~ h ~ f t .  1s 

per ntmos- 
phers 

Number 
of plate8 

I~~~~~~~~ Sun- 

in i 11000 
Sun-a1c 

Xa 5 ur 
Wa 6 ur 
Na 30 
NR 20 
Na 2 nr 
N:L 3 UP 
Sr 8 
E r  5 d ? 

Number 
of plates 

394H'039 

i 4095094 
4098 689 
4226 904 

i 4283 169 
4302 692 
4289 525 
4299 149 

A 

- 127 
- 144 + 8 + 7 
- 81. 
- 79 
3- 14 
-1- 1 5  
4- 1 
- 5 
-- 12  
- 37 - 10" 
- p k  - g* 
- 8 
- 9 
- 14 
4- a 
3- 2 
3- 3 
- 1 - 6 
- 6 
- 6 - 2 - 2 

0 
- 3 

I'ressure 
~ l u f t  m 
pel ntnios- 

phew 

,0332 1 
'( 576 1 1 
0127 2 

*0122 j a 
1 2  

i 3 '0026 i 3 
a0033! 1 $ 
'0063 3 
0030 1 2 -003s 2 

I 
-0083 1 3 
.OOiR 3 
*0059 3 
006'7 1 3 '0073 , 3 

'UoG5 i 2 

'C058 ... 

I 

4425 608 
I4M5129 

4438HGL 
4 ~ ~ 5 6  79/11 
4527 101 
4578 732 
4581 575 
4586047 
5262 419 

C 5264 415 
1 52701438 

5265729 
5582'198 
5588986 

Ua 1 ur 
Ga 4u1, 
Cn, : ilr 
Ca 20 
Ga 4 
(2% 4 
Cn, b 
Ca 3 

.., 

3 
3 
3 
3 
3 

(h -k 
CIA 5 
0 t h  4 
C;L 2 
(:a 3 u r  
Ca, 3 ur 
Cn 4 ur 
Ca B u r  
Cn  3 
C U ~  8 
Cct 3 
Ca 3 
Ca 4 
C:t Ci 

( 5ti82 $69 
( 5088 $36 
( 5890 186 
1t5896155 
f61.,54 438 
[c;l(iO 956 
I 4077 886 
1 4215 703 

- 10 
- 8(; 
- 78 - 2 
-t- 
4- 10 
3- 10 + 6 

. ,  2 

569 la 691. Da 
5601 505 0:i 3 

*0051 
*0031 
aOO:ll 
'0035 
0035 

5(398711 
6102 937 
6122 434 

-k 2 
$ 3 
4- 2 + 7 

1 
3 
3 
3 
3 

0672 

-0255 
9226 
-0226 

0084 
0081 

*od./rr 
-1034 24 Ba 7 cl 

CU, 4 
Ca 9 
Ca 10 

2 
2 
2 
2 
2 
2 

3 
3 
3 
:3 4703 177 

R1622':D0 i Ch 15 

. .. .. . 

M@ 10 UI- 

Ma 6 11r 
Nn 5 ar 
M n  3 
M n  5 
hln 3 
MIL h 

4 - 1  
3- 3. 
-t 1 - 27 
- 24 
-- 28 

1 
2 
2 
2 
1 

1 
1 
2 
2 
2 

I 

j 183 .613 
4823'697 
14761"71R 
2'i62v5B7 
4'766 050 
47GB621 

Mg 15 ut. 
9Ig 20 n r  
1Jg3Ou~ 
Z n  1 
%11 3 
ZN 3 
A 1  15 
A1 2a 
Alrl 2 
M n  3 
Mn 7 u~ 

51 67'407 
51?% 856 

- 24 5183'791 
- 20 488OW817 

8722.342 
4- 1 1810*724 
- ;; $ 3044 169 
- 2 1 
+ 2 1 + 2 
+ 

13961 B74 
4'709'896 
4739 291 
40"741*225 
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