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ANOMALOUS DISPERSION IN THE SUN, 
BY T. ROYDS, D.Sc. 

I n  a recent number of the Astrophysical Journal Dr. Sebastian Albrecht claims to demoizstrate the effect 
of anomalous dispersion in the ann Enrigloying the test of tile mutual influence of neighbouring cl~spersion 
I~anils he has obtaiiiecl. the solar displacernexits of. tlie iron lines and fillcla tlliat those lines which have a close 
companioiz on one sicle or the o t l l e~  are tlisl~lacecl i n  the sun in the clirectioiz preclictecl. by tlze tlieory of 
anomalous dispersion. Accoreliiig to Albreclit's results lines with a companioiz on the recl side are, on the 
average, clisplacecl to the violct in  tlzc sun 11 y 0'007 A, for a inean ratio of intensities of 3 : 4 and a mca~z 
separation of 0'24 A ; those with a compttizion on tlze violet side arc clisplaced to tlze ~ c d  by 0'005 A, for a 
mean ratlo of intensities of 13 : 9 ancl a inean sepa~lation of 0'21 A, T11cre is, thelacfore, a relative shift of 0'012 A 
between tlze two gilonps of liizcs. 

The method by which Albrecl~t has arrived at, tlic solar clisl~laccmcnts innst, in my opinioil, be rcgarclecl 
wit11 suspicion. The! clispla~~ments tvcrc declucctl by  coml3ari11g tllc solar wavclciagtlis dcternzinecl by 
~owlahd. '  with the ~vavelengtlls in  tho iroiz arc ~lete~mii ied in t11c lal~oratory. The process was to plot the  
differences betwejp the solar wavrlnlgtlxs in Rowlantl's Table and the arc w~~vclcizgtl~s imcl to draw 
a mean curve througll them to r*cl)~leseut t l ~ c  ~ysteunatic errors of Rowlaizcl's tablc ; the resitluals bctwcen ilie 
actual differelice f o ~  each liizc ant1 tha cnrvc wclae i~cgarclecl as thc rclativc solar clisplacemeuts of tllc iron lines, 
There arc sufiicient cxaniplcs i n  i,ha llisto~*y of spectroscol~y to allow the clangel* of a2;t;cmgtjng to clerive 
clisglacemenis from r1ifferc:nccs in wavcl en8 th  tables. Cer tlaiizly olio wonltl expect this to be so in conlparisous 
with Rowlaizd's Table. Rowland claims only nil accuracy of k 0'01 A in his stt~ndarcls, " and tlnci~c :tilc rcasone to 
believe that this is ail nizdcr-cstirnt~tc of the errom. I<RYSCI~ I.hiizlrs that quite aptwt froun the rrlistaltc in tllo 
absolute values, tlic crror is gcnrrally allout f 0'02 A,4 aiid t1ia.l tho systematic error cennol be1 ilcterminecl 
witlliiz =t 0'01 A . ~  It t l ~ c ~ c f o r c  seems to me that rcsidnala generally less t11m 0'01 A cannot have much real 
nleaniilg and I think the comparison with t1isy)lacernenis given in t'hiw 1>uper shotvs that cvciz the average of 
a fairly large nurnl)er of residuals ha8 little significance. 

The solar displacemeizts can he obtainecl in  a direct and simple maaner by compikriilg the ~ o l t ~ ~  and. arc 
spectra simultaneously on the same plate ai3d measuring clirectly the shift between tho two ; after eliminating 
the motion of the earth to tlze sun, tlie true sun-minus-arc clisplacemeizt is given. There can be no 
cavil against this procedure and tlze superiority, if not absolute necessity, of direct comparison metllods i n  
order to obtain displscernents need not be elaborated here. If, then, Albrecht's resicluals, containing perhapa 
innumerable unknown errors, evidence a real relative shift of 0'012LA between solar lines accordin& to $he side 
on which the companion lies, it is cleay that the direct method of o/)%erving displacements, free from the error8 
involved in wavelength determination, must render the shift unmiktakeable and free from doubt. 

Q Albrecht, Astrophysical Journal, XLI, 333,1915. 
Rowland, Prelirnixiary Table of Solar Spectrum  wavelength^^, 
Rowland, Physical Papers, p. 557, 

Tnyser ,  Haiidbuch der Speotroscopie, Vol. TI, p. 887. 
6 Kayser, Handbuch der 8pectroscop~e, Vol, VI, p. 888. 



The szm-minus-arc clisplace~nents were oln~mnecl nsiiig an arc i n  air at a 1pressu1-c of  thiac3e-quarters of ~XII. 

atmosphere, ~vlzilst ALbrecl~t has made use of ~ave l~ izg ths  in the xrc iiz air ge~zc~ally nt atmospheric pressure, 
reclncing them to wavelengths at half ail atmosphere which lzo supposes to approximate to tlzc solar p r e s s ~ r e . ~  
It is immaterial for the present purpoxe to wliicllever of those pressures the arc wavcl(~i~gths are reclucecl., for 
the re ta t ive  shift   cola mi^ 4 in Table 11) of the two groups of iron litles remains practically unnff:'ecte~l.. 

The means for the iron lines listecl in Table I are given below iii Table 11. 

The sun-millus-ayc displacements of tlze iroii lines have becii incasared b;y vc2rio11~ obse~avers. Usillg tile 
deterrninatiolls of Evershecl aiid RO~CIS> the sun-miaus-arc displacements were compared with Albrecht's 
resl&-& for all lines commoli to their and Albrecht's lists. AS a11 Llie data oil which tlzis cornga~isoi~ is based 
has already been publ~sl~ed in the papers referred to it will suffice to list tlie lilies used. They we given 

below .- 
TABLE I. 

Relcl.twc S717fi of tho  i ~ u o  glto?qls of f i o n  Lvnes, 

Fe lilies wlCh coinl?anlou to tile red 

3705.708 , . 4707 457 
3735 014 ,. . 4938 997 
4191595 . . . . .  4357.480 ... 4210 494 . 5005.89G ...... 43371216 5107610 . . . . . .  4454552 513!1*-I-27 . . . . .  4461 818 5195 113 
4637.685 , , , 5338236 
4679 027 . . . . . .  

Bo lines with compa~lioil to the vlolet. 

3G80 OGD . . . .  4502*840 
3737 281 , , . , 47X7*00:1 
3H87*1!)6 , , . . 478$H-k!) 
389,5*HOH , ., 4X72.3:32 
3969 4 13 . . . . .  41157 7H5 
41:Y2~235 . . . . . .  50013*:U hi 
4134 H.10 . . . . .  50!)8°8Hh 
414.L~038 . . .  5107 X'2j 
4191 -8-L3 . . . . . .  51:1!) 644 
4'2d7*6(#i ... 51(;71ii7X 
4'L:H4772 . . . .  5'227 3ii2 
4:$0H*081 . . . .  5371,734 
4:)15.2&2 , . . . . .  5447.330 
4427.4*2 . . . . . .  5115h0H34 
4531.327 . , ,  5615.877 

Albrecht's residuals \.. ... - 04080 A + 0.0079 A -I- 0.0165 A 

. . . .  I5t1n-a~~ displacements + 0*003'2 A -t 0.0071) A + 0*0047 A 

- 

The first sectioiz of the table gives the straight means aiicl. the last sectioii the weiglltecl meails according to 
the weights assigned by Albrecht to each line. It is seen tlzat whilst Albrecbt's incliirect method gives a relative 
shift of 0'0111 A (straight mean), or 0'0165 A (weighted mean), the direct method gives values only one quarter 
of these arnonilCs bukiin the same clirectioa. Conseq~zeatly the resnlts of Albreclzt showing a large effect of 
anomalous dispersion i11 the suii are mainly, if not entirely, fictltions. It shoulcl Be pointecl. out that the lines 
used in the above comparison are, not tliose least favourable to Albrecht's conclusions siilce the relative shift 
according to the resicluals is not less for the lines tzsecl. t11a.n that obtained by using the wlzole number of lines 
in his tables, which was 0'009 (direct mem), or 0'0160 (weightecl. mean). 

Kodaikailal Observatory Bulletin, Nos. XXXVI, XXXTIII and XXXIX Tlie experiineilts wlth the short arc 
have not been. taken illto accouiit 

a T h s  value for the aolslr pressure results Prom ignoring the density effect. See Kodailranal Observatory Bulletiu, No. 
XXXV I11 

AJbrecht's slgus have been reverfled to agree wlth the direction of the supposed dmplacemei~t. 
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There is, liowever, even in the sun-minus-arc displacements a small relative shift amoulzting to 0'0029 A 
(direct mean), or 0'0047 A (weightecl mean) in favour of the anomalons dispersion theory. Wliether this small 
amount lzas ally real significaizce 1s clonbtful. It is larger tlzan the slzift to be expected from the clifference ill 
the average solar intensity of tlie two groups of lines, but so small a sliift rznless basecl on a large number of 
measurements cannot be regarded as inilepenclently establishing a physical property of the sun's atmosphere. 

Although Albrecht's complete cliscnssion of t l ~ e  systematic cliflerences between Rowlancl's Table and tlze 
Ilzternational System has not been publlshcd, it is already ~lossible to en~mciate some objections to the proceclure 
on wlllch his recent article dcl)eizcls. In  reclucing thc arc ~vavelengths for coinl~arison with solar lines Albreclil 
has igizorecl all solm coatlitions l?i*odnciizg changes in wavelength except pressure. Firstly aizcl most important, 
there are at tlie centre of the sun's tlisc, Doppler clisplacements cliscoverccl by Eversheel wliicll are not constaiit 
bui vary from line to line accoi*tling to tlie effective cley>th ol its origiiz i11 the lager. EIOTV far ihia 
fact has affectecl the curve of systcrnatlc crrorg it is iuulpossible to say without a clctailed examiiiatloil. Seconclly, 
it has bee11 sllo-tvn t1121,t lines wiclened ~~izsymrnct~~icall y 111 Llle arc are clisl>lacecl. in the sun relative to the symmet- 
rical lilzss in a way which cannot be cxl3laiized on prcssnre liyl>othc~c~s. "Rowever, this fact probably does iiot 
seriously all"ect tlze rslnhvl) shift of t,he lines wit11 close coml3aizioizs, as was poiizlecl out llreviously. 

Again, Rowlancl's exact l~rocctlxu'c-! in cleriving Llle wilvolciigtll of a particular solar line is not clefiiiilely 
knowu. In  the extrerue case of lilies ~znrcsolvecl in tlie solar syectr~un it is niai3ifesLly iinpossible to obtain t13e 
exact solar ~vavelelzgtlza of tho co~nponents Yet those lines arc assignc-\cl lziglz weights by Albrecht. 
One can only coizccivc that Rowlnncl has iiz trlicsc caaes tlcterinilzcil the> arc wavelengLhs, a ~ ~ l y i n g  an ~uicerttiiz 
correction to reclucc to the soliri* s.tantlartl~. If so, how 1s ill poasiblc to attach any significa~zce to Albrcclit's 
resitluals for such lines 7 If  Rowlancl's vtilnos for unresolvecl li~les roally rcl3rese1zterl their t,r~ze solar valncs 
the relative separat~o~z of tllio cganogciii lints 1)ctrncclz 3 7 2  anc2 :3XXO ill Rowland's Table a~zcl in tlie arc would. 
be tm excellent test for anomalous clisl~ersion in thc sun, sincp the lines are very close together, of eclnal 
intensity ancl not complicatetl by l)rc?asniBc! M ~ ~ ~ T L s  ; b~xt silice wo clo not lrizow what Rowla~~d's values really 
rc.preaent it seems to me usclcas to maltc the coizlparison. 

There are inaizy dzfficult~ics iiz Llic way ol accepting clainis to clemoastrate the existence of aiio~nalous 
tlispersion in the sun. I t  lzaa bccn 11ointecl out &hat if a Frauizlzofcr line is really cnvelopcd in a clisperaion 
band there should be, where the eEect is cxl~cctccl Lo exist, a dissymmetry of tlic, two edges of thc line, l~~oclucing 
a distortion which ia not to bc soen ill tlio sun. Furthc!~, +ilbrccht claims to slzow that the mutrxal 
iizflaence of Fraunliofer lines exists wlzen tlze seps~rtztion mnonizts Go as mucla as 0'5 A. Tlie liinit of any clisper- 
filioiz bail& present in tlie solar spoctrnm must cxtencl 108s than 0'3 A from the centre of the line for the 
majority of lines and less tlzaii 0'05 A for many ; it  is cliificmlt to sec Izow two ~ u c h  lilies brouglzt to 0'5 A apart; 
could possibly infl~zeizce eaclz othcr. 

Tlze following coizclt~sioiis are clruwli from the above :- 
(1) The residuals between Rowland's Table and arc wavelengtlis cannot be trusted to represent rolative 

displacements, 
(2) When tlze actual sun-minus-arc clisplacements are substituted for Albrecht's residuals tllc relative 

shif t  between tlze two groups 01 solar lines having a close compaiiioiz on one side or the otller is too small to 
establish anomalous disl3ersiolz iiz the sun. 

I wish to exlxress my 1ndel)tcclness to the Director, Mr. J .  Evershed, F.R.~. ,  for many ~ugge~tions. 

T. ROYDS, 
Assistnlzt Dzrectur . 

-- - - 

Evershed, Kodnikanal Obwervatory 13ulletin, NO. XXXVI 
Boyds, Kodurkanal Observatory Bulletm, No, XXXVIII. 
Evershed, The Observatory, 37, 388, 1914, 
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