
THE RED SHIFT OF THE IKON LISES AT THE 
EDGE OF THE SUN. 

J. EcersAed, F.R.S. 

In his paper on the gravitational displacement of the solar lines pui~lished 
in thc ,4strophJ~sical~o'clurnol, 67, 1928, the late Dr. St. John statcs that "lines 
of iron to the number of 133 give at  thc limb a mean red displacemt.nt for 
high- and low-level lines xvhich is 0.001 j A. greater than that ca!ci.i!ated frum 
the theory of general re!ativity." This small residual he considered to be a 
true limh effect if real, hut  apparently of no great sigl~ificance n.it1i reg-lrd to 
his main conclusion that "the causes of the differences at the centrc of the 
Sun between solar and terrestrial \lave-lengths are the slowing u p  or the 
atomic clock in the S u n  according to Einstein's theory of general relativity, 
and radial velocities of moderate ~nagnitude and ir? probable directions or 
equivalcnt conditions, whose eflt-cts vanish a t  the edge of the Sun." 

3Iy own measures of solar and arc Iincs in general sunlight and a: the 
centre: of the Sun's disc are in good agrcenlent with thosc of St. Joh11 ; and 
the conclusion 1 arrived a t  in 1923 \$-as t11" '"here is very little doubt that 
the Einstein effect is present in the solar spectrum." 'Shis \vas publis!lt.d in 
the Obs~rcatory, 66, 304, 1913, in which article I drew attention to t l ~ c  con- 
siderable'excess of shift shown by certain high-level lirles in the ultra-violet 
at the Sun's limb. 

h.Iy very numerous measures of the strong and weak iron 1i11es in the N and 
K rrgion give a very much larger mean residual shift than is given by St. John, 
and they also show that the h~gh-  and low-level lin, .; which at the centre of 
the Sun give vci j appreciable plus and rninus ri,piduals respectively give 
nearly equal shifts near the limh. There are two reasons why the silif'ts of 
the weak lux-level lines are probably i1ndt.r-estimated. In the first place, 
my measures of the relative shift of these Iines at numerous points across the 
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disc shoiv t11'i.t the  increase of wave-length from the centre towards the limb 
beconles very rxpir.1 as the limb is approached, whereas the strong high-lcvel 
li:.rcs sl!o;v ojll) a very small increase. As the nleasures are niadc always at  
a little distancr nithi11 the limb, a n  appreciable correction to the limb is 
necessllry for  ;l!t' s\.vali lines. A Further unknown correction due to scattered 
skyligl~t, n:;1Irilj: from the centre of tile Sun, is necessary, and this is especially 
tllc CASC :'or \veak lines in the ~tlira-violet. 

It may be for these reasons that St. john obtained very snlali residuals in 
the ultra-vio!ct for the weaker lines. It is in any case quite certain that the 
group of Fr lines that I have measured in the Nand K region give a true limb 
effect ~f at least -to-006 A., and this includes both high-level and low-level 
lines. I t  is also noteworthy that I have found the same excess over the 
Einstein etTect in the calciunl lines H, and K3, not only as absorption lines 
in the chromosphere but also as emission fines high up in the prominences, 
&-here there can be no possible effect on the wave-length which might be 
thought to occur during the passage of the light through the gases of the 
Sun's atmosphere. This "limb effect," whatever its origin, is thus found 
well outside of the limb. 

The discrepancy in our results has led me recently to make new measures 
of limb and arc in the red region, where atmospheric scattering is less than 
in the more refrangible part of the spectrum. In. the year 1921 I measured 
the 6mb -arc shifts of five Fe lines, not subject to pole effect, in 17 grating 
spectra obtained at Kodaikanal. These gave such large values of the shift 
that I ha:! dauhts of its reality, but now I have obtained some escellciit 
spectra at Ewhurst, and these gi;-e similar results. 'The difficulty in this 
region is tlic necessity for very long exposures in order to get good images of 
the arc lines. The iron arc requires about 30 times the exposure needed 
on the Sun's limb, although at the other end of the visible spectmm it is the 
Sun that requires the longer esposure. This difficulty almost precludes the 
use of the liquid prism : I have therefore employed a solid 60' prism of 2&- 
inch aperture backed by a 30' prism, and to get sufficient dispersion the light 
is made to traverse the two prisms six times to and fro, the resolving power 
being equivalent to nine 60" prisms of that aperture. With this equipment 
the esposure on the Sun's edge in winter is 1 5  seconds, and on the Fe arc 
about S minutes, the linear dispersion being 1.3  mm. = I A. This is ample for 
the purpose, and the spectra are well suited to the extremely accurate method 
of measuring by superposing positive images reversed on the negatives. I 
give in Table I ihe results of these measures. 

17 Grating 
A Spectra 

A a 
6136.631 + ,026 
6137-709 + . O Z ~  
6x91577 + -025 
6230.742 + -022 
6252572 + -022 

8 Prism 
Spectra 

A A 

Weighted 
Mean 
Al  

t- -026 
3. -025 
+ *a27 
4- .ow 
+ -024 
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Thesz are the shifts observed a t  points on the Sun bbo~:t .gS of a radius from 
the  centre, and are therefore under-estimates. The corrcc-io11, however, is 
not liliely to exceed aoor A. The shifts have been corrected for the pressure 
in the arc assuming the Sun to  be at zero pressure. This gives n true limb 
effect of at least i- 0.012 A. 

We may here consider also the limb effect of the hydrogen line Ha, 11-hich, 
~f1:withstanding its width of about I A. in the Sun, can be measured more 
accurately than the other hydrogen lines. The difference of ivnre-icngth 
of this line at the centre of the Sun compared with the vacuurn tube is 
+ 0.023 A.,* and to this should be added the limb-centre shift of i- 0.002 A. 
measured by Adams.? The limb - vacuum wave-length is therefore 

f 0-025 A. 
Subtract Einstein effqct + 0.014 ,, 

Limb Effect fo.011 A. 
Thus the limb effect is the same order of size in this case also 
In measuring the shifts at the Sun's edge St. John made rather a curious 

selection of lines. For those of solar intensity 8-25 only the ultra-violet 
region between M 3787 and 3906 was used, and for lower intensities the 
same ultra-violet region, but in addition lines bemeen Ah 5000 and 5567. 
He left out of account the entire range of the blue and violet and the red. 
Although he did not measure the limb shifts in these regions he gives long 
lists at the centre of the Sun, including almost the whole length of the visible 
spectrum, These are comparisons of the nomd solar spectrum and the 
vacuum arc, and it so happens that for over a hundred of these lines we can 
deduce the limb shifts by adding the limb - centre shifts previously determined 
at Iblt. Wilson and at Kodaikana1.f In Table 11, which follows, I give the 
resuits for 105 Fe lines betveen Ah 3748 and 6495 that correspond in the 
various tables. These are all of St. John's classes A and B, but had I in- 
cluded his classes C and D, which are less tmtworthy owing to pole effect, 
30 lines would have been added ro the list ; and although these lines give a 
less uniform and slightly smaller limb shifb, the mean excess given by them 
over relativity is +o.m3 A. No appreciable difference would therefore 
have been msde in the general result. 

In ail this list only 18 lines wcur in St. John's direct measures of limb 
shift. Four of these are h the ultza-vioIet, and 14 are in the green. The 
agreement with this list is very good in both regions, and only 4 lines in the 
green show a marked deficiency in the direct measures. 

The figures in the last column of the table are also in good agreement 
with my values of the limb shift in the two spectral regions that I have 
speciaIIy studied. In the red region also the mean values fmm the 25 spectra 

This is the difference between Curtis's value af the wave-length of Ha (Prb- 
esdiwgs of tbe Royd Sodety, A, 53,1914) 4 the soh rave-length in tlw Revision 
d Roland. 

t nthpp- Jd, 3x74s, zg~a. This is the obberrrtd shift between mtre 
a d  hb. *Lied cormdozx~ to his absPrved values which are not j d d  
by p m t  b w k d g c  of the Iuw prwwe in the duomwhere. 

$ J@, 3% 37-45, and 2thWwd Bdkti*, ~ 7 -  191 1 
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given in T~.l!ic 1 :ripe almost csactly with the same lines in Table 11. 
'1'1. L L ~ C  -. . comj~::i.i~(!::s :ire: g i b c ~ i - i  in &tail in 'l'able I iI, where my values in 
C I > ~ U I R : ?  3, it mcs t  ht undcrstciod, have, been obtained ~v i th  an open arc at 
.: atn~os:>!~eri. ;it Kcd;ri!tanal ;:rid I atn~osplrerc at Ewhurst. A correction 
 hi:^ t l ! i , r~f~it :  bee11 ilpplied t o  al:fi~i for the  atmospheric pressure in the arc, 
nssuini!lg, of cr l i i rs t ,  a zero p ress~~re  in the Sun. These corrections are 
derived i'rorn t:lc pressure shift nieasurcs of .%darns and Gale," and Babcock.? 

T*LE 111 
Group r 

Limb -Vacuum Limb -Vacuum xo. of 
Wave-length Arc from Arc 

Table I1 Spectra 

A/~ooo 
Measured A/rooo 

3895.669 7 14 32 
3902.958 9 I3  38 
3906.492 1 3 I 6 43 
3920.271 I7 15 78 
3922.925 19 15 78 
3925.653 14 13 2 1 
3927.935 15 15 76 
3930-3rQ 14 16 72 
3935.828 I 7  17 28 
3949.963 13 14 . 4 4  
3956.688 15 I 4  56 
3956-075 r 3 I3 49 
3969.270 I5 16 59 
3977.752 16 I 3  39 

&leans 31)3z +o.o14r A. +o*or46 A. 
Subtract Einstein effect - 0.0083 ,, -0.0083 ,, - 

Limb effect +0.0058 A. fo.0063 A. 

Group 2 
~ i & b  -Vacuum Limb -Vacuum No. 

M'ave-length k c  from Arc 
Tabb XI Spectra Evershed bIwured 
A/IQOQ A/IOOO 

43757946 x8 15 35 
4383.559 I2 2 Z 19 
4404.763 9 1 2  ZQ 
4415.I37 I 4  10 20 

4427'3 19 17 I 2  29 
4442-331 15 17 28 
4447.730 1.5 20 28 
4454.390 14 13 2s 
~51.662 1.5 i 3  28 
4456.564 19 r 8 28 
4489.75~ 15 r Z 18 

Means 4433 to.orq8A. sc.or$gA. 
Subtract Einstein effect - a.acg.4 ,, - a-0094 ,, 

Limb effect i-o.QQ54 A. +Q.oa+S A. 

* Asitr~physicat .jkumd, 35, ro, rgrs. 



Red Slzift of Iroi~ Lilr~.~ .st E2'p of Slrn 

Limb -Vacuum Limb - Y,lcuun~ 
St;. v. f' 

Arc from +4rc Wa~e-length Table II 
Spectra 

h.lraqurtyj 
A,hooo A/rooo 

hleans 6203 + o.oqS A. i- 0.0252 A. 
omitting 6137 

Subtract Einstein effect - 0.0131 ,, - 0.0131 ,, 
Limb effect +a-01 17 A. +o-0121 A. 

While these comparisons show a general agreement between the com- 
bined measures in Table I1 and direct measures of the limb shift, consider- 
able errors may occur where but few plates have been measured of solar lines. 
There are aIways local currents, either parallel to or radial to the Sun's 
surface which upset our measures, and only mean values from at least 20 

spectra can give reliabIe results. I t  is possible that future work may indicate 
conside~able corrections for some of the lines. The irregular way in which 
limb shift and limb effect vary with wave-length seems to suggest this. In 
a general way from the violet to the red the shift increases as a 1)oppIer or 
Einstein effect increases, but in the blue between AX 4500 and .+cjoo the 
values are much too small. This is shown in Table IV, whert: I give the 
mean shift and mean limb effect for each consecutive set of ten lines, excepting 
the last set containing 15 lines. The first column gives the coneupc~nding 
mean ~~ave-length. It will be noted that in the red the limb effect is nearly 
equal to the Einstein effect ; in other words, the shift at the limb is probably 
equal to the Einstein effect x z. 

Mean Mean Mean 
Wave-length Limb Shift Limb Effect 

A!~o,ooo All o,ooo. 

It is to be h ~ p e d  that arc and Sun limb spectra may be obtained a t  future 
sohr meclip, either total or annular, in order to ger values of the limb effect 
frmr from the effects of scattered Ight than is possible under ardinarp 
ciondjtions, Apart from the fact that the values given in these tables m 
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proh~bly  ~ n d c b r - ~ ~ t i ~ ~ i l t e d ,  it is ccrtain that the limb effect is very far from 
being L ne?li.;ihle rludntity. Unfortunately it scerns to Iand us on the horns 
of a dilen~tna, for u e  must either suppose that the excess over relativity is a 
Doppler ctfcct, in v,-hich case n..: hcve ta imagine the solar gases to be receding 
at all tirr.es f r : t n ~  the Ei~rth, or that the gcccral theory of relativity requires a 
factor of z to hc introduced in the slowing down of the atomic clocks. I 
believe that no astronomer will care to  impale himself on either of these 
horns, but in that case he has to find an explanation of the limb effect which 
applies equally to the absorption lines of the reversing layer and to the 
emission lines in the prominences beyond the limb. 

Ezthurst, Guildford, 
Surrey : 

1936 Januay I .  
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