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A NEW INTERPRETATION OF THE GENERAL DISPLACEMb2NT OF 'i'HE LINES O P  TEIE 
SOLAR SPECTRUM TOWARDS THlC RED. 

I n  Btdletm No. XVIII a rough ost~rnnte was attempted of the pressure in the ~ e v e r s ~ n g  layer of tho 
suu, based on theassumption that those lines which are most and least sfectcd by pressure In the la.borator.y 
would dso bo similarly afrected m iho sun, so that a cornparlcion of rolatlvo positions 01 lilie ~ o l a r  11nes end 
the !mes i n  the spectrum of ihe electric arc a t  atlrlospheric pressuro should givo a, valne of the p r e s s ~ ~ r e  ill 
the sun whlch would be lndopendeni of tlie absoluto disphc~rnellts of the solar lines wl~ioh might be all'ectod 
also by motlon in the hno of slght. 

'llhe result of a colnparison of 6l.m irorl arc wave-lengths monsurod by Rrgser and the solar wave- 
lengths of Rowlal~d, the only mc~lte~ial  then available, seorncd to show clcnl*ly that if tho above aissuttllltiou 

ie correct the pressmro m the reversing I i ~ y ~ r  could notl oxceed one ntmosphere, the evidence tendjug. to 
&ow lndead t l ~ a t  the lmes rnovt illEactod by pressure are in tho sun shglltly cllsplaced towards the violot 
relatively to those least affectad by prossure, indicating a loas pressure 111 rlia suil tliali in the iron arc 
in an .  

This conoluslon aonilicts wit11 ostima,Ije~ of tho ~ P O S I I I I I ~ O  babrjd 011 ~110 a b s ~ l u t ~  fihiCt of $110 s o l i ~ ~  l l ~ e s  to 
the red cornparod wlth tlie normal pos~tions of lhosu hnau in terreut~~ial soorcus, soall ustlrni~tes ind~unting 
pressures up to five or six atmosphcres. 

I propose to show in tlus p;l,por tllut taking into c o n s i ~ ~ o r ~ ~ t ~ i o t ~  probnblo clifiore~iues 01 levcl the  wbsolato 
and rola,tive shlfts can bo qulto easily explained as duo to motion in the line of' alght, nild have very little 
relation to pressure shifts. 

The relativu sllifls to tho rod ol  tho linos in tho spuotrom of tho nun's limb cornparod with tlio cei~tro 
of the disc can also be much Illore roadlly oxplainud as a niotion slufi, than ss nprossore shirt, t~ltiiuugl~ this 
interprot;ltion involves a n  ap l j :~r~nt  1rlfl11o11c~ of i,lle emtll 0x1 YOI~I,P ~ B O N O I ~ O K I ~ ~ ~  ~ L T I C L ~ O ~ O L I S  to tllat ivllich 
a,ffuots t l l u  distribution 01 snnspots and prorninoncos. I g l v ~  in :L s~lbscqnvnt papur the results 01 '  oor  
measurss ot the limb shiits ard tlle co~lcl~csiozis ho bo drawn fl om them. 

Slnoe tile introduction of tho olecirlo installation a t  Koclalkanill 0b;orvntory it has beell p o ~ ~ i b l o  lo  gei 
direct me:lsuras of tho absolui,o and roletive shifts of tlle solnr linos cornpm~*ecl wit11 those in tllo spect~nm of 
tho electric arc. It is ovldont, thdJ  by directly uonlrollting t.llo arc ancl sun an I ho senlc plnto, nnd  measur- 
ing the absoluto displsc:oments, rnncll more roliablc results can be ob ta ind  thwl by cornparlug wave-lrhngth 
determinat~ons of sun and arc by dlderollt ctbsorveru 

Although the quantities measured are oxcoodmgly ~ r n l ~ l l  and subject to ~onsidorable errors, the results 
of the investigation so far ns it liss gono are so r ~ l r o ~ ~ l y  oppouecl to tho view that pressure is the main factor 
In produolng iho solar linc-shifts tha t  I oonslder l t  proper to publish these results, n~t~wl~hxtrtnding the fact 
that s very large au~ount of measuring work needs yoc to be aooompliahed before the exa.ct values of the 
shifts of en,ch line can be oollsidarcd as definitely ostabliskied. 

The spectrograph employed. for tho work is dosigued to give the highest photographic resolntion that  
can be obtained in the third ordor spectrum of erther a Rowland or a MicheJ~on grating. The foriner has 
15,028 lines per inch over n ruled surlace 3& in. long, and the latter has ahout 14,500 hnes per ~ n c h  and oln 
effective ruling of 5 inches. The slit, collimator, and gnlting are mounted on solid nlaris of masonry, the 
slit-mounting bang firmly attached to a heavy iron rail which is embedded ill cemont. The camam-rubo is 



inclined tn the collimstor at  a n  angle of 60 degrees, and the plate-holder is attached to a heavy mounliuq 
fixed on a sepal-ate unesoary pier. The collimator lans is a visual achromhtlc of '7 ft. 6 m. focal lo~lgth, and 
the camera lens is :a smgle p1:tno-col~vex of abont 14 f t  focus for L). About bisecting tlie angle botweetl 
camera and collin~ator is placed a 3-luc11 observlllg tclescopa, wlllcli receives light frorri tlip first or  second 
order spectrmn of the grating. 

'J1l1c sht  is prov~ded with variolzs dovices for simnlLai~eo~~s exposures on ddEerent light-so1trc:es and for 
alternate exposulmes. F0' the simultaneo~ls exposures great attention 1s pald to the ndjustulcrlt for s ec l i r i~~g  
a perfuc~ly e(lua1 illl~minntloil of tlie gratilig fro111 th, d~ffereut hgl~t ,  sources to  be coinparod. For tho sun 
and albc conlparisons phoLogvapl~s were ohtailied~m1th :I, reflectlag device placed 1.4 frorlt of the slit, by rncnns 
of which s~multaneous exposures werc obtalncd at  the exact centre of the sun's disc and the arc s p e c t n ~ m  ol' 
iron or other metal. The sola,r spectram forms a r;eutral stnp, 2 mm. jn width, wlbh the arc llnos co~itiguc.,~zs 
to it on each s ~ d e ,  Tho ~llummabon oEthc grating is adjustoil with a wide elit, so that  t~,u irn,lge of tho 
obpct  glass or project~ng !ens may be seen on the grating by obrerving through the te2oscopc \v~t l l  t;hc 
eye-piuce removed, and adjusted to comcidence for encli soukce. The ~11t is then closed to its worliillg 
width of 03 to -04 mu., tlie beam of light from each source is then sprezd laterally by d i f f r~~c t~ io~ l  a,ad covt.1-s 
~nucll more than tllu cllt~re ruled surface of the hu;r,ztiag. Wi th  this adjastment properly effected t11el.e ccln 
be no poss~bilit~y of spu~mus  shifts of the lines, due to unequal illummna,tion of the grtttllng from the t w o  
soul'ues. 

Tho asc was obtained with a, direct current and with iron poles burning In alr a t  al pressulbo of 580 Inm., 

the  norrnt~l pressure of the am at the olevatlon of the observatory. The current strength wnls botweeli 5 a,nct 
10 ampeyes, and the length of the arc varled from about 5 to 10 mrn. Tlle poles wero usually revorsad (lnrirlp 
the middle of the oxposure so as to  equalise the intensity of the  iron hoes above and below the fiolar spcc- 
%rum. Owing to the unequal relative intensitlee in different spectral regions of tho nun anid arc speatr ;~,  i t  
was found necesmry in photographing some of the less refrangible lines to give consiilc~rably lougor 
oxpostlres to the arc than to the sun, 111 order to get good measurable lines in  both spcjctra, but in  tlie moro 
refrangiljle regions t h e  ex1)osuros were usually synchronous, although in the  1% and K region wlleyo t l ~ o  arc 
llnos are very i n t ~ n s e  the reverse procedure rnight be adopted wlth advantage. 

The plates were measured in the direct mid reversed posltion on the micromotor, and the meau. of tlio 
observed shlfts titken. Owlng t o  a systematic bias in measuring the lines oE bright and iiarlr linu 
contiguous spectra the  shifts appear cons~darably larger in one position than in the othor but this error i~ 
elilnina,ted in the means. In a Eew cases the measures were made by the positive on nogsltivc-, rnat l~ad 
desoribed in Rodatkanal Bulletin No. 33 A large number of the plates were measured in duplicate by 
difierent measurers and the  mean results talten. I u  thls work I have been greatly ausi8tcd by Miau 
Fehne and Nr. Narayena Ayyai*, B.A., thlrd Assistant a t  this observatory. 

Tile scale of the plates varies ; itl is about 1.2 mm. to the sll~gstrom near K, and 1.8 mm. to the  nngstro~rl 
near D, A few fourth order plates have been measured in whioh the sca,le was 2.6 mm. to tho angstrom. 

Tho mea~suyes are  diffioalt, and in some cases rather unsatisfaotory. As tho largeat sllifts folmd do 
not exceed 0.03 mm. in hnear moasure, and the limits of perception in the micrometer microscope for or& 
nary observers may be put a t  about 1/10 of this, it is obvious tha t  the tabulated results mnsl be ~ u b j c c t  t o  
consldsral)le errors, even when the mean is talcen of several determinations. Nevertheless i t  is claimod. 
that  the o ~ d e r  of magnitude of the ddTerent shifts is very fairly reliable, and cannot, I believe, be subject t o  
changes whicl~ ~vould lnodlfy the conclusions whmh I hake based on them. Spemally difficult liiias sue11 an 
those willoh are close doubles in the sun, or uiisymrnetrically widened, als well as lines which are very weak 
i n  the arc, are probably great.1~ affected by the personal habit of the measurer. 

Some of &he lines show a deeded iusbability of posltion, glving sometimes a + and'sometimes a - shif h. 

This is not due to difficulty of measurement, slnca the lines are  well defi~ieci in both sun and  arc. I cannot 
say whether this iuutabihty 1s lu the solar or arc lines, but i n  most cases where it occurs the plates have 
been re-measured anti the results confirmed. 

Another difficulty enoountered is the systematic variation of the shifts from plate to plate. Alt4hougli 
individual lines generally give the same relative shift on different plates, the absolute shift v? c rles ' S O ~ Q -  
whm from plate t o  plate, so that measures from n, single plate can only be trusted to give relative shifbs. 







I n  table 11, I glve 8 cornpiirlson of my results with the measures of MM. $"abry and Hulssoll,* wllo 
used the interference method in determining the dlsplace~nents sun-arc, The two selles are m fairly guod 
agreemant for most of the llnes, but my measures dlffey from those of Fabry and Bmsson ch~efly 1x1 the case 

~f the llnes to which they asslgn large negative shifts. I n  SIX of these lines I got much sruallcr negative 
shifts, and in the relvalnlng small posltlve shlfts. I do not tllillk this dlEerence call bu duo to errors 
of measurement, but IS n1ol.e probably the result of dlffexences m ~ h u  condltio~l of the arc MM. Fabry 
and Bulsson refer to these lines as those which enlarge nnsymrnetr~callg towalds tlle red 111 passing Eraln 

the arc in vacuunl to the arc m air, or on irlctea.slng the atrangth of the currellt in the arc. But lu all my 
high dispersion plates talcen with the arc a t  110 volts and a current strengt.11 of about li amperes, the arc: 
lines are very narrow and sharply bounded on both sides with no trace oi any unsymmetrical w~demng, 
either towards the red or towards the violet; the only exceptions belng lliies which are reversed, and in. 
these the settings were made on the exceedingly narrow reversal, which is sometimes unsyinmetncally placed 
on ihe emission line. 

I n  most cases the arc lil~es or tllelr reversals are narrower than the solar llnes, and it is difficult to 
beheve that they do not represent the true centres of the lines,, unaffected by unsymnletnca.1 wldenixlg. 
Thls unsy~nrnetrical widening appears to have caused a shlft towards the red of the lines which In 

MM. Fabry and Buisson's measures give large negatlve sun-arc shifts. Posslbly the sharp definiiion of 
the llnes m my spectra may bn dun in part t o  the low atrrlospheric pressure of lCodaiknn:~,l, and in part to 
the fact thai I usod only the central portion of a comparatively long arc. 

A glance at the fourth and filch columns in table I 1s sufficient to slrow that no general relation exists 
betweell the solar and pressure shifts. The largest sun-arc s11iEts occur lnostly in the ultra-vrolet region, 
whilst tlle pressure ~h i f t s  increase enormously towards the red end of the spectrum. 

If the shifts of the incllvidual llnes in tho sarne spectral raglon are compared no tnarked relation can be 
made out, but dlHeronces of sifective lev01 may mask the rcllationship, those hnes which are produced a t  
greater depths in tlie reversing layer giving larger shifts owing to tho greater pressure, a ~ i d  not riccessarily 
because they are lines greatly tllfTected by pressure. 

But in order to justify the ~~ssurnption that pressurlo is tlie cause of the solar slilft~, an independent 
criterion of lave1 must be sought, so that it may be determined whether an approximate agreement result0 
betweeii pressntVe sh-tfts and solar shifts nfter making alllowa;ncc for differences of level. 

Altliough an exact rtorreapondenoe betweall the relative shifts of individual lines is not to he expected, 
an a p p r o m a t e  relation should be shown in the averago shifts of groups ot llnes which are more and less 
affected by pressure ; and low level should m general give 1:~rgax shifts thilIn high levol. A genoral 
agreement in the law of mcrense of shlfts wllh wave-length should also be found when groups of lines in 
difloreu t spectral reglons are avert~ged. Thus, accordillg to Dullield, the pressure shi Ct is proportional to  
hg or h3, and the solax shdts if due to pressure should increase sirnllarly if tlie elfects of diff ercnc~s of 
level cau be eliminated. 

I n  21is research on railia,l motion in sluuspots Dr. St. John lias d~scovsred A criterion o L level in tho 
intensity of the solar lines. It is clear, from my own observat~ons and those SL. John, that the radial 
movement of the highest levels in  tho chromosphere 1s inward towards a spot centre, but tihe velocity of 
inrush decreases downwards to zero in n nelitrol zone a t  abo~rt the upper limits of the reversing layer. 
Below this, invors~on occurs, the motlon being outwards and necesserily increasmg with the depth. In this 
reglon therefore the hnes giving highest velocities in sunspots are due to absorption at  the lowest levels, and 
St. John has deduced a scale of lcvsls correspondmg In a remarlreble way with the scale of intensities of tho! 
lines, the weak lines indicating low levels, and the strong lines high levels. This result may be applied to 
the sun--arc shlf ts. 

Owing to the compnrativoly small number of hnes available it will be suEcient for the purpose of this 
inquiry to div~de the lines in table I into threo groups representing different spectral regions, each group 

the same number of lines with' known pressure shifts. Group I contains a total of 35 lines 
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between the 11mits h 3895 and x 4236 ; group IT, includes 4.6 lines betwean h 4250 and X 4787 ; and group 
i11, 55 lines between h 4789 and h 5615. 

If we subdivide these groups into high level and low level lines, amcording to  intensity, we get the 
following interesting results :- 

Mean shift, 
EI lln-am. 

A 
Eighteen bigh level lines,) , + -0125 

,,up 1 (Mean h 404.1 ,, , { Mean intsaslty, 11.2 
Seventeen low level lines, 

Mean intensity, 4.5 > .. + ,0029 

[Seventeen high level lines, ... 
Mean intens~ty, 8 0 ) + a0085 

I' (Mean ' 4500) * * * !  Twenty-nine low level lines, ... 
Mean intenshy, 4.0 > + *0043 

(Twenty-three high level lines, 
I Mean ~ntenszty, 6 S ) . + 406G 

(M 5170)*g* 1 Thirty-two low level Loes,\ 
I_ Mean in tens~~y,  4.2 I '" 

+ .OO'j9 

There is here dwwn to be a very marked yelation between the shifts ma the intensities of the solar 
linos, the stmng oy high level lmes giving in each group a much larger shift than the weak or low level 
lines, and the greater tlro difference of irltenvity (or level) the greeter the difference of shift. 

This is, of course, contl.ary to what would be expected if fjhe solar shifts are due to pressure, for tho 
low level lines represe~~t higher pressures and. therefore should sbow s largor shift than the high Iovol 
lines. 

If next we consider only the lines with known pressure shlfts in the same threo groups and separate 
them into those mope a,nd less affooted by pressure, we ge'c the following mean sh~f ts  sun-arc :- 

More affected Less all'eoted. 

Group I . .  ... . . . . . .  . .  .. + 0077A + -0082A 
Group I1 ... . . . . . .  ... . . J, *0073A + -00'76A 

. . . . . . . . .  Group I11 .., ... + aOO~EiA + -0096A 

In  all the groups the less affected lines :ire slxghtly more sliiftod than the more aEec$ed. Tho 
grouping of the lines into tlioso more or less affocted by pressure is to some extent arbitrary, blit owing to 
the very largo ddferences of allift for different lines witir no intermedmte values, little or no ambiguity i s  
involved. In the rno1.e aff eoted linos I include those of Dutfiold's groups II alzd 111, and in the less affected 
lines those of his group I.* Many more lines outside the range for his measuros are liowever included, tho 
pressure shifts being taken from the tables of Gale and ABdams and of Humphreys. 

The average pressure shift for 1,he more and less affected bnes in the three groups is as follows :- 
IvIean A. More effected. Goss affeoted 

aroup I 4050 ,,, ,.. -0076A per atmosphere. 0017A per atmosphere. 
Group 11 4440 , , ,,, 9067A 9 )  .OOZZA ,, 
Group 111 5170 ,., ,., .0102A 9y 00268 

Had the arc been under the norinal pressure of 760 Em. in my experiments instead O F  about three-fourths 
of this value, or 580 mm., we may assume that all the arc hnes would huxe been proportionately displ~ced 

towards the red, and the sun-arc sh~fts  would have been reduced by about of the values given 
above. But since the more affected lines are shifted by amounts three t o  f& times greator than the lesa 
affected, there will be n relat~ve shift at the two pressures of approximately -0015 A for groups I and 11, 
an& *002 A for group 111. 



A corr~ct ion should tlllerefore be apphed to tho sun-arc shifts t o  raduce them to normal prossure, and 
tho m e m  stift,s alroaily given would be modified as  follows :- 

More affected. L e ~ s  affected. 

Group I1 . 

Group TI1 ... 

This c o ~  rocted result silows tllat in all the three groups the lines lcss sffooted by pressure give quite 
apnreciably largeT displaoernents to the than do the lines more affected by pressure ; in other words, 
the most affected hnea are relatively sliglltly dlsplilced towards the violet in the SLILI, a result wI11ch 
confirms the conclus~oll I had p~eeviously arrived at in Bulletin No. XVIII, namely, that tile pressure in tho 
reversing layer is less than tliaC in tho ai-o a t  noimal pressure. 

MM. Fnbry aricl. Bunhson however, in discussing the results of their measures, constder that  the lines 
rnore affected I)y pressure, huch ar; lhoso of Duffiold's group 111, are unsmta,ble for est~rnating pyessure 111 
the snn, because they are the lines wl~ich wlclea un~y in rn~ t~ ina l l y  towards the red. I n  liieasuriilg the 
ernisslon lilies of the alto nndcr pressure, a spurious dlsplacemont would be obtalnod, dne to tho unsymme- 
trical widenilig, and not to pl-essnro. No indicni~on is t l~erefore glveli of the shifts of  t h e  absorptron lincs 
or ~evarsals which alone ~vonld bc applicablo t o  tlle sun. 

This appwm 1 . ~  pnlatlly trne, for Duflield finds tha,t wheu nniler pvGSSUrt3 the emissiou I i ~ e  is uueym- 
metlically reversed, tlie absorption line is loss shifted towslrds Che red than t,he centre of tho emission line, 
so that lincs of 111s group 111 woul(l tllcn allow only half tho shift, nnd fall illto group T I .  It is not at all 
clear, however, wliy the unsyutn~~lctriorrl widelling which seems to cause oscessive sliif t a  to soow ol the 
en~isslon lll-ies in the arc under prrssnro should not also illToct in a, silnilm manner tho solay absorptlal~ 
lines ; for tbeso rlo riot represent n sr~l~erficial Itryer of relatively low densily, as do tho reversals of the a rc  
lines, but probably the entile rn:~s8 of lttmino~g ~ ; L S  ~ ~ O V O  f,ho p11otosphe1-e. To malie the arc nnder pres- 
sure strictly coinp:~ral,le wrt,h tho  sun, i t  would neecl. to be obqervod with a backgrouild of coutinnous 
spectrum duo to matter at R 111g1101. ternl~emt,~u~o than the luminous gas, and mldor theee conditions the  
absorption lines tvould. be hho osaot conutolrpzlvt of t h o  ernlsslon, and wotlld shov tho colnbir~od sllifils due 
to prossure and unsy lnnet,ricnl wiilonliig. 

However thrs may bo, couq~ar~sun of tlm 1tlea11 V ~ ~ L I ~ S  of the shifts of Dllf i i~ld '~ groups I and 111, 
whell reversals only arc ~i~silsurod, sllown a, large dilForonce of shift betwoen tho iwo gvoups. Granting 
theref ore that the dotcts~nil~ ations of prossuro  hit t of tll eso lnora a flectad lines are to ~ubjeo t  t'o oousidera,blo 
unoortninty, therc oau be no iloubt as to  tlioir boing rnuch ~iioro shifted evu11 as absorption lines than  tho loss 
aaeoted llries ; nnd v o  may corlnparo elloin 111 the sun with tIllo less affected linos in order to discover whotlhcr 
the presauro m tho rovorsirlg layer exceeds or f:~114 sllort of one ntmofiphero. 

MM. Fabry and Hnlsson procued to ustlmni,e the prossum iu tho suil fvotn tho absolute shifts oE tho l i i~ns 
least alr'ecterl by \vacssnre. 'I'liey get, acooydant yalues (5 . j  atmospheres totel pressul+e) from two sets of 
lines, n:mely, twenty llrles bctweox~ hh 4000 alnd 4500 a,nd tori lines bet wee^^ hX 5100 ancl 5500. E'or tho 
formor tho average shift snn-arc is f .00(52A t~,nii tho latrt,er $- qOIUI;A. 

Apart from the fzcl t l ~ s t  Glle lilore ak"ectIOa llnm are hero ignorad, l'or 8,s I bcbovu, a, quite insufEcient 
reason, no nccouut is take11 of differences of love1 in tho ol'fectivo rogiolis of abso~ption of the diffareilt Lizes. 

MM . Falbry and B~~isson i n  measuring lines of only mode~*uto intensity in tho stui~ nlxsserl what appears 
to mo to be a most significzl,nt fact;, nemoly, tha relation. botwoeu sluiIt and iutenslty. This was howeve;' 
recognized by Jewell,* who relr~arlrs tlin,t '( the btronger reversed lines ore those wEioso displacement is 
greatest (with reference to the solay linos), rind there is gladual doorease in the amount of alsplacomont 
as the lines are weakor and more difficult t o  rovel*ao." 

As regards the actual pressure indlaated by the relative s l l~f ts  of the more and less affectcd liaes, 
the results of the three groups are not very coasisteni, except in so Ear as they iudicate a pressure lower 
------..--" ------- + - - - - 
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than one atmosphere. The slufts of groups X and I1 would indicate a pressure only sli$hxly less than th& 

of the  atmosphere at  Kodrukanal, wllilst group I11 would show an al~nost zero pressnre. 
If we suppose the solar gnqes to be under a, pressure of five or six atmospheres, as MM. Eabr-y and 

Buisson's results appear to indicate, ihel*s can scarcely be a doubt t h a ~  tihe lines most affected by pressore 
would In the  suu show litrger shifts thttn those lesq affected, even allowing that the pressure slufts of the 
mom aff ectecl llnos have been over-cstirnated. 

The mean pressure shifts of the particular llnes I have uonipared with the sun increihsd very greatly 
towarcls the longer wave-leny ths, as is seen in the table ot pressure shsfts par atn~osphert~. For the more 

affected llnes the sliifi; IS much lalager for group 111 a t  mean h 5200 than for gi80up l at t~lean h 4050. 
But for these saino lilias the sun-arc shifts i~ctually dirninlsh from $ b0058h i.11 group I to  + e0020A in 
group 111. P r s s s ~ ~ r e  tllerefore cannot be concerriecl wltlz the stilft to the red of these lines, and the smalller 
shifts of the less refrangible lines IS only aaothor ins.tauco of the relsbt~ve displacsment towartls the violet 
of tlie lines inost affected bg pl-essure. 

My conclusion. therefore i s  that  while pressure is not the cause of the shift of the soial* l i~ lo s  tn the rod, 
there is lu  fact a smail pressnre efCact tl*a.ceable in tihe relalive pos~tions of the solar and arc l~nes ,  which is 
n milzu.c effect, that is, india8tlng :I, clecideclly srnalller pwssure in the sun that1 in the arc In air. 

Assnmmg the pressure effect to be verv small when comparing the arc at 580 mm. with the sun, 
we have now to ac~ourit  for the absolute shlfts of the  solt~r lines, most of which show n comparatively 1:~rge 
alsplacemsnt towards the red. 1 have already shown that thoue shifts are closely related to tlm intens~tses, 
the strong lmes shom~ng larger shifts than the ~vealr. 1 f we consiclor the shifi to be due to rnotzon in t h e  
line of sight, and also acccpt St. John's conclusions from movements in  spots that tho strsnger lines repre- 
sent In general higher l ~ v e l s  and the weaker liues lower levels, tve arrive at the interesting resnlt, that m t h e  
h ~ g h e r  levels there IS a movement of descent whlch is retarded in tlze lower levels. 

For a comparison of tho velocities deduced we are not lilrrlted to linss wlth known pltossure shifts. 
Tillring therefore all the lmes .I have measured, r~lld separating them into ~ t r o n g  sod weak linos as 
before the following velocities ere obtained :-- 

Strong Zlinc~s Weak Linrx. 
(Intensity G and over.) (Intensity 3 to 5.) 
r--h- -1 r--A.-- 7 

Group. llIeen h Mean sl~ift ,  Kmlsoa. Mean sbift Rmjsoo. 
I 404Q . ... . .. ... 01258 *93 ,0029A '22 

IS 4500 ... . .  ... '0085A 057 100 43 A *29 
I11 5170 ... .,. *38 .0030A 2 3 , '00668 

The movemant is one of recession froin the e w t l ~  or descent sn the sun in all cases, and the smaller 
velocity for the weakor hnes is here clen.rlp shown. The reduction of velocity for the strong l~neu 
in passing froin group I to  gronp 111 is readily explamed, slnce the meail intensit~es decrease from 1 1.2 
for group I to t.0 for group II, and 6 8 for group 111. For tho weak lines the 13ean lnB~iislties are 4.5, 9.0, 
and 4.2, respootively. 

The 01 velocity in the lower regloll of tile reversing layer satisfactorily esplsins the other- 
wise anomalons result that the shift, considered as a motion shift, does not increase towards the longer 
wave-lengths proportionately to X but on tho other hand tends to d~mnish .  Considered as a, pressure shift, 
this fact irr qmi o iuexpl~cable, for not only should the shift increaso in proportioil to X 2  or X3 but it 
should, as already stnted, be greater f o r  the low-level lines than for the high level. 

St. John has found that in general the lines a t  the red end of the spectrum represent lower levels then 
those a t  the violet end. This again tells against the pressure theory for i t  lmplies that the shifts if due to  
pressure should incream towards the red a t  an even greater rate than the prospure shifts. 

Considering the pressure m the reversing layer to be less than one atmosphere, and the only possible 
explanation of the shifts of the solar lines to be motion in the line of sight, we leave unexplained the  
remarkable fact discovered by Halm of the relative shift to the red of the lines a t  the sun's limb compared 
w ~ t h  the centre of the disk. I propose to deal with this in a subsequent paper and mill not say more here than  
that  the usual interpretat~on of thie shift basalt on d~fferences of pressure of several atmospheres in t he  
reversing layer appears from my results to be a].most certainly erroneous. 



The movemoilt of descent of the iron vapour 3s observed at  the centro of the disk seerus to confirm 
hypothesis I advanced in disousslng the eclipse spectra photographed in 1900 namely that tho coolor a;bso18b- 
ing gases 01 h e  reverei~lg layer are descending om the suxl -x- In  t l~ i s  paper however I asnumod a, colltiiluous 
oircdatioa of the solar gascs to  account for the differences of intensity between the flash spaotrum linas as 

observed at eclipses il.nd the Frnunhofer lines ; the hotter gases glving tlic e n h a ~ ~ c e d  lines rislng, and the  
cooiur gasas fnllmg. It cecrns probable that the clesGendillg motlon of the iron vil,pour Bray turn out to  ba 
part of this cl~~culaiiug muvament, but, evtdexice of the ascending motion is still t o  be souyl~l. It would bo 
of ~ u c h  Interest to  ompase the strongly enhanced spark lines of iron with the solar lines sllob as Lliose at 
XX 4924, 5001, 5160, and 531'7 wl~icli il~lght b~ expected to sllom a11 nsce~iding movement, or a shift 
t,owa,rds vlolet compared with tho Iron spark speotrum. 

I have pleasure 111 ncknowledg~llg the sss~stalloe rcndered me during tins rcsea~ch by Dr. ltoyds, 
Ass~stant Dit-ector a t  this Observatory, whose mailagemelit of the elactr~cal appliances has been invalniible. 
- - ----- -- - - 
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