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APU' TNVESTIC~A'L'IQN O P  THE DISPLACEMENT OF DNSYMME L'RICAL LINES UNDER 
l)ZFFERI4NT CONDITIONS OF THE ELECTRIC ARC. 
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Vhilet investigating tJhe suitability of iron lines as standards of wavelengib, St, John a n d  Miss Ware 
found tJllnt i11 one of their photographs the weveleagths of lilies of  tIhclr group d ware longer, and oE group 
e shol.ter, tlhali in othor photographs l, and Gooa has concluded t11at the wavelengths of certain iron lines 
vnry with current, :cro longLh a m 1  region of the arc " also Fabry and Bmsson detected shifts of opposite 
signs for the two kincls of ur~symmetvical lines when tho current in tlho arc was increased3, 1 11ave been 
led to silniltir res~tlts i n  the courso of ti, comparison of the spectrum o.F tho centre of the sun's disc with 
that of t h o  oloctric arc I,. I n  tlmse oxperirnenbs I foclnd that when a, short arc bald been employcd tho 
solar c1isplacoment;s weru for certain lines systemstically different from those when ti long arc had been used 
for ooinpi~,rison with tile son. rl'llls ~uggested o direct cornparisoi~ of tlle c e ~ t r e  of a, short  arc wit11 the 
ccntro of ill long alto, m d  it wrls loonil that tho Iron lines of group d and cc+rtnm of group c (i.(:., lines 
uxlsy.t~~rnctrici~lly witlexlsd townrds thcs red) wore displaced in the short arc to the rcd, tnld tho lines of granp 
e (niisyrn~nol~ic;~l tow;~rds the vioiei) Lo tho violet, whilst ~ylnn~etricel lines wore practically undisplaoed. 

Illlo oxistonoe of thin diuplac(\tnent it.JXocting tllmost exclusively those lines which aye most shifted by 
p r ~ s ~ l ~ ~ r o ,  s~xiously linlitti our irimna of estinisting tlls pressure slnfts in the sun. Also there is evidence 
that, tho wnvulongllls 01 the linus wl~ioh are liable to lirldergo diuplacenlents are not normal ev0n et the 
contro of n vory long rno, for  ~nuny of i,he so l t~ ,~  dlsplscomouts g~ven  in Table IX af ICoda~kanz~l Obsorvstorg 
13nllotlin No. XXXVIII n y o  so ltrrgo a8 llot to Lo oxplaixied ns duo either to pressure or to motion 111 the line 
of tliglit i t  is tl~orofor*e of 11rossing irnpoi*tance t,o in.ver;h~gnt~ tllc c a ~ ~ s c  of the displecerrlantn which O C O U ~  

in diliarmt contlitioi~s of tilo ol(ictl8ic arc, nr14 to liitd a light source g i v ~ n g  normal wavolcngths for a11 classes 
of li.110~. 

.Expfi~i~?%enbl ilolaile --Tl~e s1)oatrogri~ph employed lor t h l ~  mvesbigiution has been de~cribed o h -  
wlioro " Tho 6hird order.speobsi~u~ wtlli generally us(d except for regions losn refra,r~gible tllnn X 5800 lor 
which tlio socond orclar WIIIR use(I. 'I'he disyorsion in tho Ibird order varies horn 0.9 A por ntm. r~t X 3950 
to 0% A per mrn. i ~ t  X 5680. 

l ' h ~  oloctric arc was hupplie(l hy o Lntley ol' 110 vult,s, the poles were vert~cal and an imago, onlmged 
31, tlmex, was formed 011 the vori,io:$l slit of tho spoctrogrt$pll by lrlenrls of a, condonsing lons. Tho compnnaon 
of tho spoctrtb from two diflerbntl 2);~rin oi' tlle e1.c was mo.dn by nlefins of an occnlting scroell sliding in f ' ~  ont 
of tilt: slit. Tho compttrinou speotruir~ was in @very case the central portion of a long arc and was impressed 
on the photogrphic plate above an3 bolow n. sl,eotr,lrn i n  the lniddlc to be coinparred with it. IIalf of the 
uxposuro of the cornpwriso~l spoctrmn W R ~  given imrnedi~tely before exposing tho middle spectrum, a1d the 
second half inllnedii~tely afterwards. 'I'i~is gut~llded apaitlst t,ho possibilit,~ of shifts duo to tolnlicratur~ 
-- ----." - --------- ---I- _ ----- --- - ..-.--_.__.---- 
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changes or to mechanical disturbances passing onnoticed. A graduated scale o n  the occult~ng scree11 enabled 
the length of the arc to be controlled. 

The atmosphere surrounding the 8rc was air at ordinary pressure (580 mm. a t  the level of t,heObserva- 
tory) or at reduced pressure. For the iron and copper aro rnetalllc poles were used ; in  the cases of other 
elements salts were ~lltroduced on one OT both poles of a carbon arc. 

171vestigation of I ~ o n  Lines.- I t  was found previously that the displacements of the irou lilies 111 the short 
arc \ware associated with the unsymmetrical chalracter of the hnes , lines wldened   no re towards the red wore 
found to be lisl~llaced to tho red, and those widened more towards t h e  violet to the vlolet, wliilst symliietrical 
hnes mere nndisplaced. For the present purpose therefore spectrum lines may be classified as  symmetrical 
(marked s in the tables), those ~vjcleued ~~~lsymn~etr ical ly  towards the red (marked ur) and those widened 
unsy minetrioally to wards the violet (ruarked uv). The study of the iron lines has been confinbd to  two 
regions of the spectrum, namely, xx 636i-54+55 and hh 5555-5638 ; these reglons include 7 symmetriual 
lilies and 16 strong unsymmetrical lines, 8 hemg widened more towmds the red and 8 towards tlie violet. 

The measured displacelneots of tllese 1:on lines under ditferent conditions are given in Ta l~ l e  I. 

TAELE I.-- D I S P L A C Y M E ~ ~ ~  OF IRON LINI~:S IN A/1000. 
- -- ---- - -- - -- 
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It is seen from the table that  only unsymmetrical lines undergo any notable dispbcon~ent a i d  these 
always in the  d.lrectiiou of greater widening. How far this result is due to errors of estimating the correct 
position of ihe maxim~un interlslty it1 an unsymmetrical llne is discussed below. The largest displacelnents 

occur in the region near the negative pole of tho irou a rc ,  at  the positlve pole the displacement is about 
half that a,t the negative pole. A considerable displace~nent is also produced by shortening the  arc (as was 

shown for other lines in Bulletin No. XXXVZII) or by iucreasing the cnrrent tlirough t he  arc. 
Flg. 1 of the accompanying plate is  a three times enlargemel~t of a portion of a photograph comparing 

the spectrum of the reglou near the negative pole with the centre of the arc and shows the  different 
behavlour of the three l~nes  X 5383 (av) ,  h 5393 (or), and h 5397 (sl. 
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I?~eest ipat   on of the Calcium T~iplef, x / 1 j 8 0 , - ~ i ~ ~ e  $he sun and arc comparisons detailed in 
Kodat~kanal Observatory Bulletin No. XXXVlII  showed blIat the solar displacements of certmn lllles of some 
elolllents weyo much illore abllornlrtl illan those of the Iron lines, was to be expacted that  these lines would 
also give larger displacements under valaglng an: condltlons. The calc~um triplet a t  h 4580 w 1 s  selected as  
hclng uost  collveuieut for investigat~on. In Table 11 are given the illsplacernents rnens~lred using an al*c 
~ ~ ~ ~ ~ ~ l l  carboll poles on one of which :I, llttjle chloride had been placed. The displaceulent a t  the 
negative pole 1s greater than ona-tenth of a n  Angstrom unit for each line of the  triplet when t h o  salt has 
beell p l ~ ~ d  on tlie negative pole, and 1s not greater when the salt has been placed on both 
poles ; one photograph illustrating the displslcemeut 1s shown enlarged 3 times m fig. 2 of accolnpany- 
ing platle The average displscemel~t at negative pole of the line h 4607.510 (due to strontium inlpurity) 
on the sirme photographs i + O 0004 A, 

I _ _  _ ( _ l l _ _ . _ I . _ .  -- 

Salt placed Halt placed halt plaord / Salt placed 1 on - I on + p d ~ .  1 on-polo. 1 on + pole 
-. I 

A (12owrland,) 

When the s:~lt is p1;rcod OIL tlio positive polo only, tlho displacolnent nt the negative pole is redilced by 
nearly one-hnll m d  bcoolnoa :l,bout ccll~a,l to the displi~cemont a t  the positive polo. For t11 o positivo pole 
the displnoo~n~nt is appi~oxirriet(~ly t,lm stme on rnhicbevo~ pole the stdt has beell placed. Tho rcst~l t  that 
lha clisplaca~~leni at, t l ~ o  ntbg:~tivo pole 10 greater wbon the  calcium salt has been placed on that pole 1s 

o.f gren,L i l l ipor t ,~~~c@ in Lra,ci~lg t l iu ~ ~ 1 1 s e  of tho (3i~phC@Kn@ni~ In older to lcsap tho c~~lclurn contexli, of 
LElu arc moro consta,nt tlwn it is pussil)le Lo obtmn by pla,crng a, s;r1lt on the  poles, the " flanlo '' arc was :~lso 
ernployod t o  prodrico theso lines, blio wcasliros being given in Table IT1. The displacemcmt is of  tlm same 
ordor (zu tlhnt, when tho carbon i ~ ~ ( :  is supplwd with calcium salt, wnd w11e11 the llame alrc carbon is t he  
1)ositlve polu altd { ~ I L  ortliua,l*p xlVc carbon tllr negatlvo, the Ji~placamont a t  tho xiegntivc pole is  lass tha12 
11l~l.E t l ~ a t  wllon I~oth p01(1s i 1 ~ 0  Ilalmo arc carbons. 
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Diipplooemn~ts of the Calcit~rn Trylot near 4580 the AYC ha T7nc~o.--']'he c~~splncernents of these lines 
in the (cflame" arc in vacuo are very much smaller than in the arc in air, but they undoubtedly exist and 
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probably under all the cond~tlolls in whlch they occur In the  arc in  air. The displaceine~lt near tlhe negative 
pole disappears at less than a millillletre from the pole so that if the arc burns ~ n t o  a cavity In tho electrode 
the shift is not stten st all The displacements observed in the arc at about 3 cn~s.  pressure ere given in 
Table IV.  The sh~ft  at the negative pole is about one-umth of that in the arc in alr, and there ie a, sluft 
due to  mcrensa of the c~ureut  streilgth The largest displacement occurred when the rrgiot~ near the 
neg~t ive  pole at 8 amperes was compared with the centre of the arc at  3$ amperes, even theu the inaan 
displacement of the triplet arnouilted only to 0.024 A. Tbeso lines are probably vary seusltivo to pressure 
but slnce this did not vary more thhn a mlllimetre during an expenmeot the displacements are not due to 
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(Ro'vland') 

I?ispZacem~~~~ls nr~d P k e ~ o t i l e s a  nilar i l i e  fijgntiae Polp qf tll1e Arc -The hght  from the nelgl~h~url~oocl  
the oegx,tive polo 1s m u c l ~  more intei1.i~ than that from the eelltre of the arc. When n, calotum, or  ut l~er ,  
salt h i ~ s  beoiz intro(1ucecl ~ n t o  a cnrbou arc thore call be seen near the negative pole a well-~lufillod region 

'centre of arc at  Nogiltlve Pole of' 
hl@lhlV@ l l l e  8 all* 1.1 11 7 1 10.8 

-Cen t r e  of Am. --Gentle of arc -Centre of arc 
a,t 31 alrlps at 3; ampH 

mtenqcly h~rninous v.ipour extendiu:: more or less tow&la(ls the centre of thhe nro acoordil\g t(, the clufint,ity of 
salt iutrotlnoed. , at tlle positive pnle there 1s a aimllnr i11teuse regioli less lulninous and extensive. l4ven 
w i ~ l ~  the enlarged Image of the arc projcotod 0x1 tho aluminium oaculting screen in f r s u t  of the  slit, tho 
ini,cnse region near the ntqgative pole was very trying to tho unprotected eye. It is in this into11sel-y 
lum~nous reglon near the poles tha t  the dis-plnce~nent occurs, in the parts of tlie arc outside it, thougll st111 
dlstl~~l~tl from the centre, the clisplncomant 1s very ~ l n d l  compared with tllat 112. the parts within it8 limits. 
A serios of photographs of the calcl~un tr iplet  n o w  X 4580 m the flame arc was taken comparing the spectllum 
of d#hwnt  dlstancos from the usgative pole with the ~ p e c t m r n  of the centre of tho arc. The loogth of tlla 
image of the arc wefi lrapt constant a t  2 inches and the mean dlsplecemel~t of t11e two llnes A 4,578 
X 4586 were as follows .- 

Distance from imngo of negatlve pole 

1 mill (inside ~x~tenss  region) ... ... 
-2 2 ,  ( J ,  9J  1 4 . g  

..' 
9 ,, ( j ~ ~ s t  on liniit of intense region) . . 

I S  ,, (ontsicle intense ~*egion) . . , ... 
25 ,, (cenlt*e of arc) .. . 

Tl~e  reaulta for the iron lines and tho calainrn triple% near X 4580 show that t o  investigat;e the relative 
behavlour of spectrum llnes it is sufficient to confine the experi~nents to a comparison of the spectrum near 
the negatlve pole wit11 that of the oeiltre of the aro. It would talc0 n long time t o  invrrrtigste the behaviour 
of all lines of every element, even of only unsymmet;rical lines, but such a course is hardly necessary in 
order t o  show the c l ~ a r a ~ t e ~ i s t i c  features of the dlfhrent types of lines and the displaoemenb at  the  negative 
pole. Various types of unsymmetrical wldemng are met with even in the comparatively smalll number of 
lines which have been photographed. Some o-f the broad llnes have large displacements, others small., 
depending on the amount of d~ssymmetry , some lines have one edge fairly sharp, others have both edges 
diffuse ; lines which are comparatively narrow may be very uosymlnetrlcal and undergo large displacement. 



The majority of the unsyinmet'1ca1 11nes investigated are widened towards the red, but some were also 
~hoser.1 ~vl i ic l~  arc widened towarcls the violet. 

Table V contains t l ~ e  res111ts for all the lines which have been photogra.plied. The second column 
quotes tile chitractel* of the lrnes as given i n  Kaystrr's tables l, cli~efly f rom the data o f  Kayser and Runge, 
Bxizer I-laschek or Il:der and Valenta. Tlze d ~ r e ~ t i o n  of ~~nsymmetrical tvidenlng can be seen in the 
spectr~un of  ille region near the negative pole even of many lines whose oha~act~er is not given by these 
authoriti~hs, but the most sensitive t es t  is the dlrcction of displacement. 
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It 1s so011 from the  tnble ibst, nu found from iron lines, whilst ~+vmrne t r i cd  lines undergo very small, if 
any dinl)lacement ansy mmutricnl linert are displaced i n  the clireotion of their greater widelling. Not a s i ~ l g l ~  
exception to this has yet been met with ; of lines w2licll were previously ]mown, or are now found, to  be 
-- ----- --.---- -4- - -  - . - - - -------- _ _  _ 

Kayser, Uandb~~olz der 8pecir*osoopio Vols, V and TI. 



~ n s ~ m m e t l i c a l ,  all axe displaced (provided they are unreversed) either to the red or to the violet 

to the direction of unsymmetrical widemng. The fact of the displacelnant bemg dependent on the un- 
symmetrical character of the line makes i t  essential to remove any possibility of doubt that the dlsplaoe- 
ments are not due to  errors of estimating the true maxinium of mntlensity of an unspmlnetrical lillg since 

the tendency of the error 1s probably also ln the direction of greater widening. Thls pomt is dlsoussed 
below. 

When an u~ls~mmetr ioal  line 1s reversed at  the negative pole the dlsplacemeilt of the is 
much smaller than that of the unreversed h e ;  m the case of the sodiuln pair A X  5662, 5888 (botll ur) the 
reversal is displaced to the violet. The significance of these facts wlll be d~soossed later. 

The clependence of the shlfts on the unsyulmetrical widening oE lines seems to outwelgh tha t  on nny 
other characteristics. For instance, the shift to the violet of the first subordinate ~e r i e s  of barium 1s not 
charaateristic of all f i ~ s t  subordinate seples but happens with barium smce its serles is nnsymmetric,ally 
widelled t o w a ~ d s  the  violet. Sim~larly the shift tends to increase as we pass down a series only because 

the unsymmetrical wldening becoules greater. 
Reality of the D~isylacement oJ Unsymmetrical Lines.--The prootlce of dimding the exposum o l  the 

comparison spectrum iuto two halves, one before and the other after the middle strip of the photograph was 
ex13osed on the part of the arc to be lnvestigetecl, has ~xmoved the possiblhty of fictitious shifts being 
uudetecljed. A fu~t l i e r  safeguard has beell the presence of symmetrical lines on nearly every photograph ; the 
fact that these hnes suffer no dlsl2iscament at once shows that the shifts of otller lines are not spurious 

The dependence of the displacements on the unsymmetrical character of the hnes malres i t  neceshnry to  
consider very carefully the error mbioh enters into the estllnation of the portion of maxlmun; intensity of a n  
uusymmetrical lme, for the direction of the ellroy IS probably in the same direction as the displacements found. 
~h~ error of measnremen t of the position of lriaxium intensity of a broad unsymmetrical. line cannot 130 H X I ~ ~ I ~ ,  
but i t  1s perfectly clear from the photogral~hs reproduced m the acoomptlnying plate that B real dispia.oo- 
merit exlsts whose magnitnde cannot be considerably affected by any possible error of mea~uremcnt. I n  
figure 2 especially is t h i ~  O ~ V ~ O U S ,  where the  lir~es of the regiou near the ilogative pole 8tei.d qulte cloar of 

tho>e of the centre of the arc, and s~rnllar cases arc frequently met with. In ordar to obvlste as  ~nuclz as 
the false displacement due to errors of measurement, I have 1n the case of some of khe iron unsym- 

metno$ lines underexposed the widened lines until they appeared of the same width as those in tho oom- 
parison spectrum. Under these conditions it may be assumed that the degree of unspmmetr~csl widening 
would be  the same in the two spectra and the errors of estimating the posltioil of the maximum inlousity 
would be the same in both oases. Nsvertheless, tho measured displacement is st111 of q u ~ t e  the same order 
as In fully exposea photogrdphs 

It mlght be argued lhat  the displaceinents are apparent only, being due to the completo absorption of 
one side of the nnsymmetrioal line by llle outer portion of the arc, leaving visible in the photograph really 
only 8 port~on 01 the line apparently displaced1 , on this vlcw the e~nission line from tbe lnnsr l~ortion of 
$Ile nro, as well as the absorption hrle from tho outer regions arc supposed, if it were possible to isolata thein, 
to bo andisplaced, l u  tLe sodlurn pail9 Ah 5682, 5(j88, the absorption line can be seen nnder propcr density 
conditions to  be ahuost ai tho very edge of IJlm @llllssion line, and it is easy to conceive of :I, caso a little inora 
extreme 111 which t h e  absorpticn line actually reaches to the edge leaving only one coniponent of tho umis- 
S ~ O ~  lllle visrblu. The argnment rniglzt couceivabl y hold for borne cases but i t  cannot apply t,o the ma~ority. 
16 l l l ~ b t  be remembered tht~h tbt! dlsplacemel~l can be ma,de, by choos~ng tlls proper l-iortiou of tbu arc, t o  
Cave ally vr~llue flom zero up to the rnaxi111uI.n observed at  tllc negatme pole, and tlle srnnllor disp1at;ements 
occur with the hlle so brotril that any undlsplaced absorptioll liue must be vlsible. Incleed so I'ua fi+om 
having to stlppose an ahgorption line not shdted, the actnal ahsorption lme observed in reversed lines 
is m many cases displaced, a fact nhioh dlsposes of the hypothesis. 

The poss~billty of, anomdous dlspors~ou in the arc must also be oonaidered It is conceivable th&t a$ 
t,he negative pole, for exaniple, there i s  a density gradiefit sukIicient to cause wavelengths on each side of 

3 gxner and Haeohek believe this to bo poss~ble (Die Spektren der Elemente be1 Normalem Druok, Vol. I., p., 28.) 



the absorptioil line, for which the refractive index would be abnormal, to be refraoted out from the direction 

of the condensing lens and mlssing from the spectruin. There are, howevel; several facts against the 
anomalous dispersloll hypothesis. Firstly, it fails to account for the dlsplaoernent of ulireversed lines. 
Secondly, for some of the lines wld ened unsymmetrically towards the red, the displacement of the reversal 
la  to the red (e.g., the calciuln lmcs XX 6102, 6122, 6162) and f o r  others to the violet (e.g., the sodium lines 
hh 5682, 6685) ; tllese cannot be reconciled by the hypothesis. Thirdly, the uosymmetncal hnes undergo 
large sun-arc displacements whose nlgns are opposxte to those of the displacements at the negative pole ; 
t11c existeuce of an nnomalous dispersion hand in the apparent absorption line does not asslat in any +way 
11.1 explain~ng these sh~fts  

There 1s also the possibility of tho displacement bemg due t o  the enhancement of a sstelllte on ono side 
wh~oh blends with the pnnoipd line t o  produce apparently a single line displaced. A satellite 1s lrnowii to 
exist t oy  examplo, on the  1*sd sllle or tllo calcium line x 4556 shown in fig. 2, but to account for the greatly 
varying displacerncnt's which can be obtn~ned in different portions of the arc, we nlust suppose that not 
olily is the satellite mlllnc@d unhl stronger than the principal liue, but also is itself displaood. Besides, 
many lines hiown to be single are clisplaccd. 

Th(?  caw^! of the Diq) lacen~ef l t  01' Uq~ayn~rnet~iical Ziqzes under differe?~t condztio,rs of i h r  BZect~zc Arc --In 
I<odalikannl Obsorvt~tory I-:ullotin No. XXXVIII, I have suggested that  difierences of density are the cause 
o l  the displacamo~its betwecu the short and the long arc, and presunlably, between the sun and the long 
a ~ c .  Thero 1~ XIOW :I coiislder~blo a m o ~ u ~ t  of evidence to elucidate the origin of the dlsp~~cenlents under 
dilTerent arc condlbions, : ~ n d  dc~lnity is the only cause which aan explain 311 tho phenomena. Very significant 
aro the following lacts 2- 

(a) Vl'llon the currant strcrrgt11 l a  increased, thus increas~ng c l ~ a  amount of vnpour in the arc, the 
lines are displaced in tho sama directJion as at tho negative pole. With an iron asc of 2 mms. length 
doubling tllo curront strengtll l~roducecl n mean ~lisplscernent of - 0.011 A for seven lines nnsymmetrical 
 toward^ tho violot or neilrly equnl to that botweon the negative pole and centre of the long nyc for t l ~ e  
sslzne linos (see Table I) ; viih an ilwn girt 7 mms, long doubling the cmrent strength did not, from tho 
appearance aud solrn(1 of tllo src illself, produce noarly so great a difference in the ra te  of production of 
vnpour an thhe  displaee~~~rlit~ w:~s srnwller. Increasing the current in a crflame '' arc 6 n~t~ls .  long also 
prvduced a displncel~lont oI tho r:aleinm triljlot near X 4580 of + -038 A. 

( b )  '['he displacomont of tho calcinm triplet near X 4580 at tho negative pole is larger 
when t11o salt has Leon plslcod on t h t d  pole than when on the positive ; with tile fleine arc the displaosment 
nt the negahivc polo IH li~rgor w l ~ m  bolh polos arc fhine arc carbons or when the  negntlve pole only is s, 
fl;~rtlo arc ct~rl~oll, blz;~,n whcir $he 'positivo polo olzlg 1s o flame arc carbon. 

( c )  When a s  ilnsymmnotrical lino IH roversed at the  ilegativo pole, as frequently is the case, the 
d~splaocmellt of $110 reversnl i s  rnllcll slnaller than would be expected in an unreverned lme of the 
suinu ilogreo of ln~xymrnoiricnl wi(1onilig. 'I'here are many cascs, such ns t h e  calcium iriplet XX 6102, 6122, 
6162, wll~oll ibro roversod in one ~hotog.rii,~~ll (calcium ~ u l t  plilccd on the poles) m c l  unreve~sod in mother 
(sodiul,t s ~ ~ l t  with o:~lo~uui iiul)~lril~y placed on tho poles) , i , l~e disp111ce111ents of the emission lines of the 
triplot in the 1;1,tter :Lvorngc + 0.188 A and of tho absorption line 111 the f o r m e r  + 0.015 A. 

(d) T i ~ l ~ o  tho esmlple nl' tlio so~lillrn pair XX 5Gg2, 5688. As mentioned l>revlonsly, {.he revcrliid of 
tllose linca nl>pcars u n ( l r ~  corl,irm eonditicmn oC vapoui* dousity, almost a t  tho violet ellge of the linos. Y'he 

rovcrsal 1s so far to the violet t l l ;~ ,~  tho nia,xilrl~~~il of t.110 crnirsloil hnes appears quite unclisturbed by the 
a,l,sorpt~on, as has boen obaervod by DoRio!~l in tho case of certain iron bnos under pressure :md by 

otllors ; on tJhis assumption tlia emission line a t  the negativt: pole is displaced by + 0.36 A, an tmount 
not i ~ i c o n s i ~ t ~ n t  with the solar disl,lacornsnt. Whetller the clinplacement is so gpeat as this 1r1a1y be 

doubtful, but it is bt any rate yractlcally certain that the displacement of the mniasion line for lines so 
obviously i~nsymrlletriu;ll iowi~rds the md is to tho red. I t  is, thcrcfcre, import:lllt to note that the reversel 

1s d l s p l ~ ~ c ~ d  by -- 0 01 9 A, that is to the vjolet, of tho line at the centre of the arc or in the direction opl~oslte 
to that of the ou~ission line, 

---- ---- - -- ----- ----- 

1 Dnfield, Phd. Trans. Roy S O ~ .  An 20% 111919U8. 



(e) The displacements exist i n  tlioso parts of the arc where the Ilnes are wideued acid are greatest 
where the widemng is gre~tcst  The cause of the displauemeut may be the same as that 01' tlle w~dening 
i.e., either density, ternpnreture, or some alect~~lcal e f  ect such as ion~sation, bnt the effeot of increasix~g the 
quantity of materlal in the alDc on the wldtli O F  Jlnos is so obvious that this i s  the chief cause. 

The oxplenation of the reversal phenomena on tlie deusit,y hypothesis is obvlous The vopour in the 
outer regions of the arc is of low density (and low tempera.ture) and therefore produces a narrow absorption 
line silperyoved ou the broad eollsstoo line due to the vapoure of high density (and high temperature) 1n the 
inner regions. The displaoements of the absorption line at the negative pole will therefore not be so great 
as that of the emission line, and may, when the density of the absorhil~g layer is s~naller than that at the 
centre of arc (which gives the colnparison spectrum), be displaced in the opposite direction. 

The fact that the shift at the negative pole is greater than that a t  the positlve, implying greater 
density of vapour there, may be explained as due to the metallic ions, nrhich would carry a positlve elecLric 
charge being carried over to the negative pole by the electric$ field. 

There may be other hypotheses brought forward to explain the displacement of onsymmetncal lines, 
the most important of which is pressure. The iilon llnes which undergo displacement under different 
conditions of the arc, are those w h ~ c h  have large pressure shifts, and the directions of disl)laccm@nt are 
those whicli would result horn an iincrensed pressure in the arc due t o  a sudden pl~oducbon of vapour a t  the 
poles. The amount of pressure required to l~roduce the observed dlsplacement~ can be calculated, as  1s 
done in Table VI. I t  is altogether inconceivable that presuuros of 8 atinospllere~ :bbove fi~lllosplle+i~ 
be produced locally in the arc burning In free air at ;~tmosl~l~eria prensnre. 

i195 atmosp her e~ 
bololv atlno- 
slphellc, 

3 8  atmoeplieres 
above ntrno- 
splier~c 

1'5 atrnosl~heres 
abo\ e atmo- 
spllerro 

0 5 rttmosphere~l 
above ot,mo- 
81 ~ l \ ( ~ l ~ l C  

I 0 7  at ,ruosph~~~ es 
above ntmo- 
spheri o 

6102) 
6122 )Va . . 
6162-1 

, 66S2 '1 N;L . , 1 5ti88 ) 

The effect of pressure would be to  d~splace all lines, wl~ereas i t  has beell found illat symmetrical lines 
are not systematically dlsplaaed citller one way or the other. 

The fact of absorption lines at the negative pole havlng smaller dlsplaceuien t illall the ernissiou lines 
oould also be explained as due to lower t,emperatnre of the outer regions of the arc, instead of to lower 
vapour den~ity. The temperature hypothes~s clocs not however explain the other plienomeuu, for exa,inple 
the displacement 6~x0 to increase oE current density or to sllortening the arc. 

Ionisation effects may be present in the arc, and m the erplanatluu given above it is not impossible 
that for the -phrase " density of vapour," " density of ions " should be substituted, for in tho arc the two 

f 0'19'7 A 

f. 0 36 Y .ti 

I 
f 024 A 

+ *025 h 

8 2 atnlcisl~l~sres 
I L ~ O V C ?  atmo- 
R ~ ~ I € W ~ G ,  

6'5 ntn~08phorcts 
L L ~ O V ~  &t,ulO- 



are  indlstlnpuishable elllce pract~cally the whole of the vapour wlll be iouisud. The forlner is more ~ r o b a -  

bly t l l ~ a  cause of the displacement, and the point can perhaps be tested in furnace spectra. 
There is no difficulty in rtccountmg for a density effect on wavelength. Soon after the announcement 

of the pressure slllft s c l ~ ~ s t e r  pointed out the irnporta1ice of determining whether the shift was dependent 

on thP total pressure on the proximity of molecules of the same nature ' b k y  observers have tried to 

detect the ot the latter but generally with negative results. Exner and Hasehek however did find 
an effect 7 but their conclusiol~s have not gained universal ncoeptanoe." The probable reason why negative 
results have been obtained is that most spectral lines a r s  symtnetrioal and therefore show no drsylacernent 
due to density. So far as my experimellts go ~t eppea1.s that  the displacement of symmetrical lines nnder 
pressure is due solely to the rots1 pressure of the surrounding atmosphere, but there is an yet no direct 
evidcuce as to wlzethsl* the displacemollt of unsymmetriod lines under pressure is due entirelg to increased 
dnnsit.y or partly to the increased total pressure. 

The intiin,zte relation l>etwoen the nnsylnmetrical character of spectrum lines and t h e i ~  density dispjace- 
merit is of great inipoTtanee in the theory of the vibrdions of elections within the atom and of the mutual 
influence of molecnlrs ;luo to their proximity. Whatever theory is put forward of t11e origin of speotru~n 
lines and of their displacetrlonts must l)e able to  explaIhl notl only the displacements of unsymmetncal lines 
clue to pressure and density to t l i ~  rod or to the violet according as tjhe widorling is towel*ds the red 
or the violet, but also tho absence of a density edect on syiri~~ietncal  line^ for which a pressure effect exists. 

Comseqaencrjs of f he de~zskty qjlhct on other iwvestigaliotas o f  the dkplacement q f spectru~ir. lines aad 

iwuestzgat ionn 2 f  waveleay t l h  siandavfs.--Tt is necessary to convlder whetiiel* tha axis lence of klle dlsplsce- 
menil O F  uil symmetl*icnl liues by di 1Ferent conditions in tho electrlc :i,rc do not a,Jfectl the  concl~zsions drawn 
from tilio displac~emerlts of spacbrum lices in otholo re~onrolles i n  whiol~ am eloctrlc arc has 1)een oml~loyod ilo 
prod~~cc? t h ~  ~peet  rum. 

1 '11~ '  l~rossilre in t l ~ o  r e v e r s ~ ~ ~ g  lager of  t h c  m n  c;i,n bo r~stimatcd by compa.ring tlie relative sun-arc 
displuco~nonts nl tlin lines ltiost ant1 len,sL n,l'I'ocho(L by pressnre The lii~on most shifted liy i,resslLre, 
l~rswever, are cn~npmecl :I l m s t  entIiyely o i' n xlsYmilzet~~~cel llnes, and since ibeso lil los 11ud ergo shifts 
wltlnn tlho am ~tlself, tlln SII I I  -- n~rr! cli~plncc~i~~onts can be v s ~ i c d  all wlll ncoon'Li~~g t o  ille 1 7 n ~ t  tllo arc 
seleotnil for oolnl~arison wit11 i,hc s\til, It W ~ H  ~lilowil ~n. I<odail;an:ll Observatory Bclllotin No. Xx;'CVITl 
t11l;LG even In t1he c o l d ~ ~ o  of very long wc, tl'lrcl contlillons producing the ~11ifts in diRcront phrts tiilQ aye, 
wLotl~c!r they 110 tiou~itg or not, still tlo not opl)rott1ch t l l o ~ ~  ill the g u n .  80 long, tllerc.forrt, :~s  tlla elootric 
arc rs uss(1 Enr cotnl,thrlson wihl~ the ~1111 ,  1msyrn~1~(? t1~io~~ lines ml~sfi, for the present, bcj left ont of a,ccnmnt 
a'ltogethoxb in studying Ii110 1)res~rlre (lisp1 nooinent in t l ~ o  S I ~ I  I .  Consld~ring 0x11 y symi~ictrica,l lines ttne 
pressuro in the rove rhg  l:llyor at tlilo l ~ v o l  of tho iron lines is nl)oub time-quarters of an at~tlon~lllcro nuLi 
the pressuro at llin limb is probably uot much groator than t , i i i~ .~  

Also, tho rLro ia  tho solu*ce w?~loh 11:~~ 1)een cluolly employed for tho invostig%tlon of p~osuuro displace- 
ments, mid ~imilar oonsidcrations will apply. ?'be arc doca not always born well nnder prcsw~~e,  and it. i s  a, 
practical iml)onslb~lity to Ireep tho arc conditions idontical wit11 thoso for tho comparison spedrurn oltli ex as 

to length or nfs do tho port~un of tho arc which Sells on the speotrogmph slit, although this latter in the case 

of astigmatic xpectrogmpls uiny not bo so irnporinnt. T t  will not be aorpri~ing, tlioreforo, if the supposod 
pressure clis~)lncemeut of the unsymmetrical lines does not tnrn out t o  be at  least partly due t o  tho displace- 

ments which oconr it1 dilrorent parts o l  tlho arc a t  constant pressure. E'or instance knowing tlla,t t l ~ e  cx l c~o~n  
trlplet Ah 6102. 6123, GlG2, is displaced by 0*198 A at, tho negative pole cornpnred with the ccutre oC tile arc, 
wa cannot ignore the possibility that, tlie shift of thess line# nndor pressure is partly d1.1~ to this dlspl: lca~nmt 
unloas lt iis ~horvn thai, apec~al preo;tutions havo beon t&en to excludc the polar r(yions 01 tho arc from 
entering the spectrograph. 

--- -- - - 
1 Schuster, Asti1 ol~hysloal Journal, 1x1, 292, 1896 

lilxn~r and Deschnk, Die Speklran dw Eli~rnnnte Ire1 Nornurlem Druolr, Vol. I 
" See Knyser Haxidbuch der Spoctrosoopic, Vol. 11, 291, 308, 309, 310 and Eder and Y:~lcwtn, Asrroplly~lonl Journal, XIX, 

261, 1904, 
Royils, Roila;~Ica~~nl Observatory Bnlletln No XXXVIII. 
Everslled ancl ltoycls TCodaikenal Ol~sorvatory B~lllotin No. XXXIX. 



Pressure displacements have also been -investigated in the furnace. The same pressme produces 

larger shifts in the furnace spectrum than m the arc, and since t h ~ a  is true for symmetrical as moll as 
fo r  unsymmetrical lines, denslty effects, which do not d~splacc symmetrical lines, fail to account for it. 
Nevertheless there 1s a diff ereuce between the behaviour of syu~m e trical and unsymn~etrical lines. The 
following Table VZI, compiled from tho data of Gale and Ada~ns ! for the iron arc and of King J for the 
furnace, shows tha t  the ratio of furnace displacement to arc displacement is consiclerably smdler for the 
iron lines unsymm etrlcnlly widened towards the red, than for symmetrical lines. Thls fact can be explained 
if the arc under pressure has been short or the exposure made on a region near the poles, for either of these 
would cause the slzlft of the unsymmetrical lines to be larger than the t rue p~essure effcct. 

TABLE VII -CONPARIPON OF PBESSURM DISPLACEMEN~CS OF IBON LINES IN F'UBN~IUE A U I )  A I ~ c :  

fnrnece displac~ment at 9 atmospheres. 
R"tio ' arc dtsplncernenii a t  9 atmospheres 

Reg~on Sym~netrlral lines L ~ n e s  nnsyrni~letr~cal t o w ~ r d s  t,ho red 

hh 4063-4461 ... 2-48 (26 lines) .. . . . . 1.49 (5 lnles). 
kk 5227-.3341 ... 1 97 (7 lines) ., . . . 1.37 ( 2  lines). 

Although these experiments were not dlrected to the determination of standards of wnvele~lgth fitley 
have an nbvlous bearing on the choice of light source for standard hnes. It does not semi necessary to 
abandon the arc in air so long as symmetrical l ~ u e s  sre chosen as standards, but v i t h  this source i t  callnot 
be expected tha t  independent experilneilters will get suffi o~ently concordant results for unsy mllletrical lines 
on acoonnt of i he great sensit,iv~neess ol  theso lines to density effects. The anre in vaouo is bettor lor unsym- 
mstrical lines but is not sufficiently collveliient for ordinary usage, 

Wha t  we shall consider as the light source giving " normal " wavelengths for unsymmetnoal linea is 
entirely arhltrerp but is of importance when we wish to mteypret the displacements 111 heavenly bodies 
such as the sun. M7e have now at least tllree causes O F  displacement of spcctrurn lines :-(1) motion in 
the line of sight, (2) pressure, and (3) clensity It is desxrsble to ehminate the density shift sinoc w c  have 
at present no means of est~.iiiating i t  qua,ntitativaly. Whether the arc u~ldcr  reduced pressure or the 
furnace will prove the more sultriole source for cornpanson wlth the sun is il matter for mvestigation. 

Tesl; qf unsymmetrical clbnraote~ --The presence of d~splacements at the ncgative pole is :L eiml~le and 
powerEul means of testing the unsyilrmelncsl cllaracter of spectrum lines if we can assume tho genera l l t~  of 
the rale that only unsymmetrical lines are clisplaced and these in  the direotion of thew greater wideuing. 
In the arc at  ordinary pressures the unsymmetrical widening in most cases is not SO obvious tl~rlt  ds direction 
1s evident ; the displacement at  the nogativc pole ii, howol~er, generally suftimently large that  the  direction 
of displacement can be at  once seen by inspection, $though iu some cases i t  would be necessary to measure 
the displacement. Consider the case of tho copper line 4578. I n  the arc at atmospheric pressure this 
hne 1s so diguse that i t  is qu i te  impossible to say it is unsymmetr~cal or n o t ,  but sllpposing tha t  
it were Important to learn its ollartacter for deterrnl-nlng its series relatlonshlp 0~ oiher roason, the fact 
that  its displacement a t  the negative pole amounts to +0.024. A would show tha t  it is unsyrnmotricnl 
towards the red, but that  the dissymwetry is not great in proportion to the width of tile line since the 
copper line h 4531 conrparativel~ narrow undergoes a larger displacement. This conclusion as  to the 
character of the h 4578 hne is In agreement with that found by Dufleld " in tho arc under pressure. 

The method is not so sensitive for lines which reverse a t  the negative pole since the displacernent of 
the reversal is generally small. As however tlre unsymmetriral ch'%xacter is in the case of reversed lines 
easier to detect owing to the reversal not being central, tlils linlitatlon m not very serious. 

K ~ n g ,  Ast~ophyelcal Journal XXXIV, 37, 1911, XXXV, 183,1912 
2 Gale and Adarne, AsLrophyaioal Journal XXXV, 10,1912 
" Kmg, Astrophys~cal Journal XXXJY, 3'7, 1911 
"~nfi~ield, Phil, Trenu R,oy. Soo. A. 209, 205, 1908. 



1, T h e n  the spectrum of tile region of the near the negativa 1)olc is compia~*a(l wi lh t l r u h  of 

osntre, the  unsymmetrical lines are seen to be displecod in t h o  direction of tbcir groator w i r l o t l i n ~  ; 4.c.t lilll's 

wldened Inore towards the red are d ~ s p l a ~ e d  to the red at the nogfitivn poh, and $I \o~o  widonoti irr{lrkh 

towards the violet are displace4 to  the violet. Symrnoiri~;,~l h m : ~  hirvo vary H I I I ~ L I J  ( ~ i ~ ~ ) ~ t ~ , ( : o l l l l ? n b ~  if i ) J 1 ( 3 ~  

are really displaced at all. The d ~ s p l e c e n ~ o ~ t  amounts  to over one-tullth of iul J4njirrtvnnl nllil, for 18 Iin('s 
examined, a number wblch could probably 'be euslly nlultiplied by rxtjc\~ldillg tho  invtwtigt1,lion 1.f) i)lllrtbr 
elements end regions of tho spectruul. The largest clisplalaooulent y PO ~~liw,~i,red i s  O*G2 h lor Lllo ~(l(iit%lkk 

pair XX 6154, G I G O .  
2. There is a displacement in the region near tho pos~tivo polv of i~b{l\~t htdl: th(3 n ~ i ~ g ~ i i l l l ~ d o  (11 t1l1ii.L 

the nsgative pole. 
3. A displacement af the haul0 sonso as that at  tlm poloa i a  \ln\(lnoo(l :~.b t,1~0 ao~ lb t !  of idlo rflf: 11) 

increasing the current, or by ~lhortenirrg the arc. 
4. The d~splacen~ant at the nogn,tive pole 3s redncod if o111y t l lu  ps i t ivo ))ol(. i~ kvitll b11th 

materid producing the spectrunz 
5. Displacerrlents occur in the arc in v,zcno also, i)ut 1,o ;I, rua~rh ~ i ~ i n l h a  crxbo~ll dll~rxl i n  1 1 1 ~ ~ ~  i l l  I L ~ I * .  

The arc m vaouo is hhwefore the better aourcc lor  t l ~e  dc~to.r*,l~innliotl (11 8til,t1{11\,nlr~ (\I' w : ~ v I ~ ~ I \ I ~ & c ~ ~ I  ~ b ~ t l  

cornpanson wit11 the sun's spectrum. 
6. When ib line reverses in tllo region no;w the nugi~ti vo llolo bhn t l i ~ p l : ~ ~ o c ~ ~ l ~ o ~ ~ t ,  of tll10 Y I ! V I ~ I ~ S ~ L ~  is I I ~ I I ( * I ~  

smaller than tllat of the uni*overscd lme, hut is gon(rnl,lly ill tl~u s i l l t ~ o  dirttod~on ; i l l  (,In\ ri1,ho 01' vary 
unsymmetrical liues such xa the  sodiuln 1 r i l i 1  hh 5082, 51i88, t l l ~  ~l in l~ l ;~ ,oo l t~cr~~l  01' l111o i ~ l ) n o ~ ~ l ) b i t ) ~ l  l i l l o  i~ 
the opposite clr~eoflon rclativo t o  khe line at t11e contl-e oT tlzti : I , I*~ .  

7.  The cause of the displ~crll~eut is shown I;(, be iuoron~u of v n j p o l l 1 9  dotlrily OC tho  i~ral~luisl p ~ * ~ ) t l l k t * i l q ! .  

the spectrum. The pressure requirod to  yruduco tho tlixl~laconlur~tu ol)nai~tre(l ir too I~rry(\ tr) b ~ j  ~ ~ s l ~ ~ ~ r l , s i t ~ t * ~ I  
as exlstiug m the arc in slr and other po~sibln hppolilu~nr; l);i,vt, tdro to 110 rcjoattnl. 

8. The vapour density in t l ie  sun's ravursi~lg layur i~ lowcn* Olrlm Lhrrt nt t.110 urrlltro o l  QIto r r n -  uullt*l* 

the conditious of my experirnent~. 
9 The intimlcte relation between t l ~ u  unsyml~let r~ui~l  wid(11li11g I I ~ I U I  l lu) di~1)1t~oo111(~nt~ I I I I V  to i l i t * ~ ~ t * t w l k l l  

density or t o  pressure, as well ns tho ablinnc~ of. any donsity ~u(Tt?id, on R ~ I Y I I I I I L I ~ I G ~ ~ R ~  ~ ~ I L ~ I H  fi)r lv)ii( ') l  ti, ~ I ~ ~ ( ~ ? ( N I I I . C *  

effect exist., are belleved to be of itllpostanco i n  %he tlrrroty of l l l o ~ o  ~ l l i l t ~  11,1111 of 1 1 1 ~ ( 3  v ~ ~ I I * ~ L L ~ ( I [ ~ H  of t 
electrons In t!~e atom. 

10. The pussibility of displt~cemallt ah the nogai.ivo pole N L ~ I : I I L ~ ~  t10 I ~ ( L  11, ~ i r f l j ~ l o  I L I I ~  ~ l l l l i b ( ~ t . i ~ ~ j  t11ot~18 ( $ 1 '  
test~ng the unsymmetnoal ~oha~acter of apectrurll lines, since 110 o s o a p t i m ~ ~  llavo I jow fi~rrnd (in tnlr.ovr\l H(SI( 

l~nes) t o  the generality of the rule t h a t  unsjm~nobrioul l ioss n,l*o dilii,li\.ctd ill ll~o iIirt!(*tio*l oi' tl)l[*ir grl4i~11t1~ 

widening. 
1 I .  The bear~ng of the density effeot on some otllor i n ~ u s t ~ i g t ~ t ~ i o ~ ~ ~  of ~ l iy , l i~o( l~ l lo~~t~~  ill wlbiol~ bl l l i  rblal :  

has been used is bscuesed. 

I wish t o  acknowledge my lndebted~iess to M Q H ~ Y H .  8. Sit ,ur~.~nt~ A) y i w ,  (i . NII ::nl*~i,iih i\,yyi~ r iilrrl 

A. A Nartiy'ana Apyar, the first, second mid Lhrd assj~tt~,nts  on] ivpl y , fox Y LLI I I I ~  I \ O  ~ ~ H H ~ H L I I  I I L ! ~ I  ill it! t ~ ~ ~ h ~ l r -  
ing the photog ~ a p b  s. 

-- - - 
I\lADRAa : IIHIX'I'ED l%Y THE ~)UPRIIIR"I'ICNI)ISNF, UOVRI R'M II'WI' I ~ I I  ~ ' h h  



Centre 01 alc 

- - 
Neal negative pole 4 

Fig. 1. IRON LINES. 
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I 
Near i~cgali \~c pc~lc 

Fig. 2 - -CALCIUM TRIPLET near X 4580. 
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