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

In a recent number of the Aslrophysical Jomrnal Dy, Sebagtian Albrecht claims to demonstrate the effect
of anomalous dispersion in the sun® Employing the test of the mutual influence of neighbouring dispersion
bands he has obtamned the solar displacements of the iron lines and finds that those lines which have a close
companion on one side or the other are digplaced in the sun m the divection predicted by the theory of
anomalous dispersion. According to Albrecht’s results lines with a companion on the red side are, on the
average, displaced to the violel in the sun by 0°007 A, for a mean ratio of intensities of 3 :4 and a mecan
separation of 0°24 A ; those with a companion on the violet side are displaced to the ved by 0°005 A, for a
mean ratio of intensities of 8 : 9 and a mean separation of 021 A, There is, therefore, a relative shift of 0°012 A
between the two groups of lines.

The method by which Albrecht has arrived at the solar displacements must, in my opinion, be regarded
with sugpicion. The digplacements were deduced Ly comparing the solar wavelengths determined by
Rowland ? with the wavelenglhs in the iron arc determined in the laboratory. The process was to plot the
differences betwegn the golar wavelengths in Rowland’s Table and the are wavelengths and {o drvaw
a mean curve through them to represent the systematic crrors of Rowland’s table ; the residuals between the
actual difference for each Iinc and the eurve were regarded as the relative golar displacements of the iron lines.
There arc sufficient examples i the history of spectrogcopy 1o show the danger of alterpling to derive
displacements from differcnces in wavelength tables.  Certainly one would expect this to be so in comparisons
with Rowland’s Table. Rowland. elaims only an aceuracy of £ (0°01 A in his standards, * and there are reagons to
believe that thig is an under-cstimate of the errors. Kayser thinkg that quite apart from the mistake in the
abgolute values, the crror 18 generally about == (702 A% and thal the systematic crror cannol be determined
withmm == 0°0L A.> It therefore geems Lo me that regiduals generally less than 0°01 A cannot have much real
meaning and I think the comparison with igplacements given in this paper shows that cven the average of
a fairly large number of regiduals has hittle significance.

The solar displacements can be obtained in a direct and simple manner by comparing the solar and are
spectra simultaneously on the same plate and meaguring directly the shift between the two ; after eliminating
the motion of the earth relative 1o the sun, the true sun-minus-arc digplacement ig given. There can be no
cavil against this procedure and the superority, 1f not abgolute necessity, of direct comparigon methods in
order to obtain displacements need not be elaborated here. If, then, Albrecht’s residuals, containing perhaps
innumerable unknown errors, evidence a real relative ghift of 0'012kA between solar lines according to the side
on which the companion lies, it is clear that the direct method of o\iyserving digplacements, free from the errors
involved in wavelength determination, must render the shift unmistakeable and free from doubt.

1 8 Albrecht, Astrophysical Journal, XLI, 333, 1915.

2 Rowland, Prelimmary Table of Solar Spectrum Wavelengths.
3 Rowland, Physical Papers, p. 557.

4 Kayser, Handbuch der Spectroscopie, Vol. VI, p. 887.

5 Kayser, Handbuch der Spectroscopie, Vol, VI, p. 888,
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The sun-minusg-arc displacements of the iron lines have been measured by various observers. TUsing the
determinations of Evershed and Royds,}! the sun-minus-arc displacements were compared with Albrecht’s
residuals for all lines common to their and Albrecht’s lists. Asall the data on which this comparison 15 baged
has already been published in the papers referred to it will suffice to list the lnes used. They are given
below .—

TasLE L
Te hines with companion to the red Fe lines with companion to the violet.
3705708 4707 457 3680 069 4592:840)
3735 014 v e 4038097 3737 281 4787003
4191595 " 4957-480) J887:196 4789°R4)
4210 494 . 5005-896 3805808 4872332
4337216 e we  BI07G10 3069 413 44957 785
4454552 wese DIBOM2T 4132235 5006306
4461 818 . 5195113 4184 840 . BHOBRED
4637°685 5328236 4144038 e e BLOTH23
4679 027 4191-843 o 5139 (44
4227606 BL6T678
4233772 5227 362
4308081 . e B371734
4315262 e e BUTI8D
4427482 H4hH-834
4581327 . 5615877

The sun-minus-arc displacements were obtained using an arc in air at a pressurce of three-quarters of an
atmosphere, whilst Albrecht hag made use of wavelengths in the are in air generally at atmospheric pressure,
reducing them to wavelengths at half an atmosphere which he supposes to approximate to the solar pressure.?
Tt is immaterial for the present purpose to whichever of these pressures the arc wavelenglhs are reduced, for
the relative shift (column 4 in Table IT) of the two groups of iron lines remaing practically unaffected.

The means for the iron lines listed in Table I are given below in Table I1.

TaBLE II.
Relatwe Shaft of the two growps of Iron Lines.
17 Fe lines 30 Fe lmes
—_— with companion | with companion | Relalive sluft.
to red. to violet.

el .
—§O§ l Albrechi's residuals 3... — 00059 A + 00052 A + 00111 A
g“é LSun-arc displacements + 00039 A + 00068 A + 00029 A
'S A r 3
2 g,;l brecht’s residuals 3 — 00086 A + 00079 A + 00165 A
E’g | Sun-arc displacements + 00032 A + 00079 A + 0:0047 A

The firgt section of the table gives the straight means and the last section the weighted means according to

the weights assigned by Albrecht to each line.

It ig seen that whilst Albrecht’s indirect 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 amounts but in the same direction. Consequently the results of Albrecht showing a large effect of
anomaloug digpersion in the sun are mainly, if not entirely, fictitious. It should be pointed out that the lines
uged in the above comparigson are not those least favourable to Albrecht's conclusions since the relative shift
according to the residualg is not legs for the lines used than that obtained by using the whole number of lines
in his tables, which was 0°009 (direct mean), or 00160 (weighted mean).

1 Kodaikanal Observatory Bulletin, Nos. XXXVI, XXXVIIT and XXXIX The experiments with the short arc
have not been taken into account

* This value for the solar pressure results from ignoring the density effect. See Kodatkanal Observatory Bulletin, No.
XXXVIII

8 Albrecht’s signs have been reversed to agree with the direction of the supposed displacement.
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There is, however, even in the sun-minus-arc displacements a small relative shift amounting to 0°0029 A
(direct mean), or 00047 A. (weighled mean) in favour of the anomalous dispersion theory. Whether this small
amount hag any real significance 1s doubtful. Itis larger than the shifl to be expected from the difference in
the average solar intensity of the two groups of lines, but so small a shift unless based on a large number of
measurements cannot be regarded as independently establishing a physical property of the sun’s atmosphere.

Although Albrecht’s complete discussion of the gystematic differences between Rowland’s Table and the
International System has not been published, it ig already possible 1o enunciale some objections to the procedure
on which his recent article depends. In reducing the arc wavelengths for comparison with solar lines Albrechi
has ignored all solar conditions producing changes in wavelength except pressure. Firstly and most important,
there are at the centre of the sun’s ise, Doppler displacements digcovered by Everghed ! which are not constant
but vary from line to line according to the eflective depth of its origin in the reversing layer. How far thig
fact has affected the curve of systematic crrors it is umpossible to say withouta delailed examimation. Secondly,
it has been shown that lines widened unsymmetrically 1n the arc are digplaced in the sun relative to the symmet-
rical lineg 1n & way which cannot be explained on pressure hypotheses. #  However, this fact probably does not
geriously affect the relative shilt of the lines with close companions, as was pownted out previously.

Agam, Rowland’s exact procedure mn deriving lhe wavelength of a particular solar line ig not definitely
known. In the extreme case of lines unvegolved in the solar speclrum it i manifestly impossible to oblain the
exact solar wavelengths of the components Yet thege lines are assigned high weights by Albrecht.
One can only conceive that Rowland hag in these cages determined the are wavelenglhs, applying an uncertain
correction to reduce 1o the solar standards. If go, how 18 il possible to attach any significance to Albrecht’s
regiduals for such hnes *  If Rowland’s values for unvesolved lines really represented their true solar values
the relative separation of the eyanogen lines between AM 3872 and 3880 in Rowland’s Table and in the arc would
be an excellent tegt for anomalouy digpersion in the gun, since the lines are very cloge together, of equal
intensity and not complicated by pressure ghilly ; but since we do not know what Rowland’s values really
repregent it geems to me uscless Lo make the conmparigon.

There are many difficultics in the way ol accepting claimg to demonstrate the existence of anomalous
digpersion in the gun. It hag been pointed out that if a Fraunhofer line is recally enveloped in a dispergion
band there should be, where the effect 18 expected Lo exist, a dissymmetry of the two edges of the line, producing
a distortion which is not to be seen in the sun.® TFurthor, Albrocht claims to show that the mutual
mfluence of Fraunhofer lines exists when the separalion amounts to as much ag 0°'5 A. The limit of any disper-
sion band present in the solar gpectrum must oxtend legs than (1 A from the cenire of the line for the
majority of lineg and less than ('05 A for many ; it ig difficult to sec how two such lines brought to 05 A apart
could possibly influence each other.

The following conclusions are drawn from the above :—

(1) The residuals between Rowland’s Table and arc wavelengths cannot be trusted to represent relative
digplacements.

(2) When the actual sun-minug-arc digplacements are gubstituted for Albrechi’s regiduals the relative
shift between the two groups of solar lincs having a close companion on one side or the other is too gmall to
establish. anomalous dispergion in the sun.

I wish to express my wndebtedness to the Director, Mr. J. Evershed, 7.R.8., [or many suggestions.

THE OBSERVATORY, KODAIKANAL, T. ROYDS,
29th October 1915. Assistant Durector.

1 Evershed, Kodaikanal Observatory Bulletin, No. XXX VI
2 Royds, Kodaikanal Observatory Bulletm, No, XXXVIIL
® Evershed, The Observatory, 37, 388, 1914,
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