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The wave-lengths of the Lines H and K in the arc in air referred t o  
standard iron lines were determined by St. John in an exhaustive series 
of measures of arc, spark, and furnace spectra. Fairly consistent results 
were obtained, but the furnace spectra yielded values o*oozA smaller 
than the arc spectra.+ 

St. John summarised his results as foUows : " The wave-lengths of 
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tlhe H and K lines of calcium are 3968.476 and 3933.667, as determined 
fro111 the secorlclary st~a.nclarclspf Fabry nnd Buisson, with an  ~incertainty 
of not more tlln,n o.oorA " ( r i . ~ t i . ~ ~ A ~ " i ~ ~ /  J O U I ' I Z C G E ,  31, I 56, 1910). 

111 my estimstr.j of t,he shifts of these lines in the prominences, E have 
been led t'u suspect that t l ~ e  above values do not represent the wave- 
Icngtiis in the conlbillect iron anci c.arbon a,rc, where the calcium lines are 
s h o r ~ n  as na,rroi\- enfission lines with a relatively weak iron spectrum. 
The ben~ztiful definition of the arc lines of iron and calcium shown on the 
different series of solar spectra obtained vith the 6-inch prisms of my 
spoctroheliogra,ph ha,s enabled me t o  use the measure: of these plates 
for t'he purpose of cleternliniug with accuracy the wave-lengths of I3 and 
1C. referred to the nearest strong iron k e s .  

The scale of t'hese plstes is approximately I mm. t,o the  angstrom, 
and is derived from measures of sorne or all of the folloiving E e  liaes :- 

These nave-iangths are from the secondary and tertiary standards of 
the iron atrc in air, published in the Tmnsactions of the International 
dstrool2ornicc~.Z U ~ ~ O ) L ,  TO]. i. These have been used throughout, although 
revised values have been published in vol, iii. (1928). The correction 
needed for this latest revision is - o.oa~A, which will be applied in the 
final results. 

'5fTithin the range of wave-lengths measured, the curve giving the 
relation of wave-length to measurement is practically a straight line, and 
the factors for convatting measured intervals into wave-lengths can be 
readily derives2 from the graphs with the necessary accuracy. The 
wave-longth of I i  has been derived from the interval 3930 - K, and of 
H from the interval H - 3969. I n  some cases where the line 3969 is too 
broad for accurate measures, the line 3967.+24 has beeu. substituted. 
These intervals correspond with a b u t  3 rnm., 0.8 mm., and I mm. 
respectively. Errors of scale will not enter appreciably into such small 
ini;ervals, and such errors are ~ X W E I ~ S  much smaller than the wtccidental 
emor in setting the micrometer thread on a line. 

In dotermining the wave-length of K in a photograph of tfhe combined 
iroli and calcium arc, there is a tendeuoy to obtain low values, due to  the 
presence of a faint iron line very close to  H on the violet side. Aocord- 
ing t<o my measures, this has the wave-length 393 3'605, and it gives 
trouble when K is relatively weak and the iron spectrum is strong enough 
t a  shorn the Liue a t  3932. According to St. John, there is s, weak iron. 
line on the violet side of H also, bat this line doe8 not appear on any of 
my plates, even those of very high dispersion and with s strong iron spw- 
trum. In order t o  make certain that the iron line, which I calt K', has 
DO influerzce in my results, I have rejected all, plltees in vbich the iron 
spectrum is tela;tively strong ; and in addition 1 have obtained a series 
of arc spectra with the high-dispersion ~inaamate spectrograph which 
have a scale of z mm. to the angstrom. These.consTst of the arc spec- 
trum of iron done, and carbon alone, the Liter giving the calcium ssnd 
.aluminium lines with a weak Ye spectr~m,. In some of the iron agwtrs, 
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which shon- the calcium lines very faintly, I< snd K' are clearly resolved, 
and l ~ n v e  been measurccl ~epa~rately, t'hese spectra obtained with the 
liquid prism containing ethyl ciuna'matc being also of escellent definition 
and high resolving,po~\-er. The rrate-lengths from this series of spectra 
col~iirnl t l~ose obtalned \vit,h lover dispersion. Finally, I hav2 measured 
a series of hi&-dispersion plates of the iron and calci~zal arc photo- 
graphcti a t  ICodaiknna.1 wit11 a large Anderson grating in the third and 
fourt82i orders. 

Tho variations from pla-te to plate, which may differ from the mean 
value by a t  the most 5 units in the t,hird decimal, are larger than would 
be expected from t,he accuracy with which a line can be bisected ; and 
it is curious that these variations are a.s large for the high-dispersion 
plates as for those having only one-half the scale. This seems to indicate 
real variations of vave-length in the liae,s themselves, end i t  is possible 
that t,he so-called " stable lines " are subject to very small ohnnges near 
the  poles of an arc. H and K are not subject to  pole effect, slncl the 
reference lines of iron are all classed as st,able. The iron spect,ra are 
from a Pfund arc carrying 6 amperes a t  roo volts, but the length of arc 
~ a r i e d  considerably, and in many cases light from the region near the 
poles entered the slit. Some of the cinnamate spectra, however, 
represent the centre of a long arc, and these yield more consistent 
values than the spectra where precautions mere nat taken to exclude the 
regions near the poles. This applies more especially to H, which alvays 
gives larger variations than K. 

The R line is measured from the narrow emission line a t  3930, or 
from the equallfnarro~- reversal of the broader emission line. This 
absorption line, representing the outer region of the arc,-can scarcely 
bc affected by the poles. The calcium"1inea are always measured as 
emission lines. Whatever these appa,rent vsriations m%y be due to, the 
only course is to  treat them as accidental errors, or to repeat measures 
where a mistake is suspected. I n  nearly all cases of repetition t'he 
second measure agrees with the &st, within o.0028. 

To save printing long lists of figures, I give only the mean resu~lts 
from the four series of platea, with their probable errors derived from the 
residuals of th9 individual values. These are as follows :- 

Tavc-lellgth a) K referred to the bola Line at gg30.300. 

25 prominence and arc spectra . . 3933'6643 i: -aooz 
25 chromosphere and arc spectra . q6639 & .0003 
23 cinnamate arc spectra , -6638 f -0003 
g grating arc spectra. . -6639 1: .oooz 

35 prominence snd aro spectra . , 3968.4706 &- *a003 
35 chromasphere and arc speotrs . .. '4715 =t * 0 ~ 0 3  
2 0  cinnamate arcapectra , -4700 i:0004 
g grating arc spectra . -4717 -0005 

I 
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The agreement of the cliff erent values of IC is estra~crclinarily close, and 
jxzst,ifies t l ~ c  retcnbio~l of tha fourth decimal, but this of collrsr, ouly 
iivplies tllrtt the interval botnreen the iron and cnlciurn lines ehosvq this 
dogee of uceuzacy, the absolute position of tho iron line being knowu 
only to the  third placc. The mean results t ,o tllrce places arc as 
follows :- 

K 3933,664 H 3968'471. 

These values are smaller than tlhosc of St. John, by 0.00 jA  in the case 
of K, aud o.cc5A in the case of H. It is not easy ti: acco~znt for these 
cliffercnces. Babry and Buisscjn's wave-lengths of standard iron lines 
do not cliffer appre~iii~b1-y from the more recent values, but 85. John's 
results appear t o  depend on very large measured interva,ls, which may 
have introcluced crrorE of scale or of t.hc micronleter scre-w. 

According t'o n ~ y  meczsures, the wave-lengths of K and H in the 
c,arbon-iron arc in air, corrected to the recent'ly revised values of the 
iron lines, are as follows :- 

The Relativity Shift of H and K ijn the Pro~zisze?zces a~zd the Chrom9- 
spke~e.-In L.-Tonth.ly Notices, 89, 254,1929, estimates are given of the shift 
towarclv red of the W and K lines in the prominences. The mean value 
of the whole series of zSg spectra, corrected for the pressure effect of the 
arc in air, is + o.oc4A, and the mean for a selected series of x8o spectra 
is + o-orqzki. As H and R yield sensibly the same shift, both lines are 
inclucted in the means. 

A previous e~timat'e from gz  promicenoe spect,ra obtained in x927 
gave a moan vnluc + o-orogA. In  the earlier series I used the Fe arc 
fines for determining the positions of the calcium lines in the promin- 
ences, and assumed that the nornlal wave-lengths uf K ancl H were St. 
John's vn l~ res  393 3.667 and 3968.476 respectively. Iu the later series I 
:ncasured the clirectl displaceluents between the solar and terrestrial 
calcitzm lines, using a carbon arc which gave strong but very narrow H 
itlrcl K lines, with a weak or absent 2% spectrum. 

The difference of about o-ooqA in the tmo series could be accounted 
for by aupposing that  *he assumed values of H arid IC: were too Imge by 
this amount, and the foregoing measures appew to show quite delhitely 
tl.tilt this is the case. The promineuce measures are therefore brought 
illto good agreement and indicate t h d  the shift towards red is approxi- 
mately i- o-o15A. 

1 have now t o  add some'measures of the shift of these lines in the 
chromosphere at the sun's limb. Eeze the lines are much wider and 
more &%cult to  measure than in the praminences. 1 have nevertheless 
been able to secure a series of plates which yields fairly reliable r ~ d t s ,  
Thc spectra are taken in pairs at the east and west points un the am, 
each pair giving the rotation shift and the geoeral shift towwds red. 
The mean vdues of the shift from nz augh paira are again sentsibly the 
same for K and E, K giving + o.0; gg A, an4 B + q o z  358.. Taking 
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the mean of these, and adcling the pressure effect of the arc in air, the 
result is as follows :- 

Observed mean shift of H and K . -I- 0.01 34 & *oool 
Pressure effect . . -t 0.0017 

Chromosphere - arc in vacuum + 0.0151 

This agrees well with the prominence result. 
The Einstein relativity effect for the mean of H 'and K is + o.008 I A 

st 30" above t,he limb, and + osooSgA for the chromosphere, The 
excess over the Einstein effect is therefore about + o.oo7A for promin- 
ences and chromosphere, and ally explanation of t,he cause of this 
discrepancy which might apply to  the conditions in the chroinosphere 
must be equally applicable in the region of the prornineilces altoget'her 
outside the sun's atmosphere. 
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