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PRESSURE IN THE REVERSING LAYER.

Tuxn publication by Humphreys of measures of the displacements due to pressure of the principal lines of
many of tho elements ® has made it possible to estimate pressures in the sun on the assumption that the
spectra of the mixed metallic vapours in the reversing layer are subject to the same line displacements as
ocour in avo speotra when individual metallic elements are subjected to pressure in air.

The tables of line displacements published by Humphreys, and later by Duffield,t indicate a very wide
range of variation in the amount of the displacements at & given pressure, both for different elements and
for different lines of the same element. Thus the most affected lines of some elements are subject to a
« pressure shift *’ over five times greater than that of the least affected lines.

The measurement of this relative shift ot the different lines of an element affords by far the most
promising method for estimating pressures in the sun, for the absolute shifts cannot with any certainty be
assigned to pressure alone ; there may be other causes of displacemont such as motion of tho source of light,
or of the observer. But the relative displacements of the most and least affected lines will give a value of
the pressure free from any uncertainties arising from possible Doppler shifts due to motion of the solar gases.
Nor is it necessary to take account of the shifts due to the elliptic and diurnal mobions of the earth. HEven
aocidental shifts due to an instability of the apparatus during the exposure of a plate will have no effect on
the result. In short any cause which gives an equal shift to all the Jines can have no influence.

TIn the absence of very accurate wave-length tables for terrestrial speotrs it is not at present possible to
obtain an exact estimate of pressure in the general reversing layer of the sun,but a comparison of Kayser’s
values of the iron lines in the arc at mormal pressure, and the corresponding values in Rowland’s
Preliminary Table of the solar spectrum is of interest as indiceting the probability that the pressure is less
than one atmosphere.

In the following table I have entered in tho columus headed * Most Affected Lines® all the lines from
Kayser’s list which have a pressure shift exoeeding 0026 A for 10 abmospheres, pnd Rowland’s values of
these lines in the san. In the columns headed ¢ Least affeoted Lines” sm:ular entries are made of all lines
ocourring in the same regions which have a pressure shift less than 0-025 A for 10 atmospheres. The pressure
shifts given in the last columns headed H and D are from those given by Humphreys and by Duffield respect-
ively, and are reduced to 10 atmospheres pressure. In deriving these values Humphreys’ mensures at 42
atmospheres and Duffield’s at 40 atmospheres were used, and each reduced to 10 atmospheres. In Duffeld’s
tables two sets of determinations are given and the valnes I have entered are from the mean of the two. All
the values in the last three columns of each set of lines are in thousandths of angstroms.

* Agtrophysical Journal XXVI, 18. t Philosophical Transactions A 208, 111.
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IRON LINES IN SUN AND AROC.

Most affected lines Least affected lines
) » arc | Difference | Pressure ghift, 10 At PO Mare |Difference| Pressure shift, 10 At
Rowland Kayser. | & — axo. H ] Rowland, Kayser | ® —aro H, D.
3414 020 025 - b 11 ...
9450 469 484, - 15 13
8468 442 454 - 12 28 - 8471 404 413 - 9 9 .
3475 69% 600 - 8 11
8476 840 850 - 1 :1L4:
. . 86189019 ‘918 + 1 9
3622'147 158 - 11 R1¢] 3331 G0 617 - 12 a1
3758 876 *881 - 8 21
8767 841 *839 + 2 28 8708 846 940 + b 23
3813218 +202 + 17 14
3816 987 087 0 28 “ 3821°691 691 [ 10
3820586 578 + 18 30 3820 027 '023 - 1 31
. - 3827 980 06 + 18 4
3884 364 870 6 28 . 3840 580 5868 - 8 23
4187 204 221 - 17 120 4175808 799 + 7 e 21
4191606 611 - 16 et 122 4181919 918 + 1 17 22
4210 404 621 - 27 . 60 4100 267 *266 + 11 17 18
4229 882 ‘887 - b 81 4202 108 196 + 8 17 21
4227 606 ‘606 0 106 4210518 528 -7 18 23
4238 772 77l + 1 57 133 4345 422 428 -1 14 .
4286'112 118 - 6 65 147 4250 943 048 - 3 21 21
4250 287 '209 - 12 104 4271 934 983 + 1 80
4260 640 ‘856 — 16 59 84 4282 565 *5HY7 - 2 10 14
4271826 383 - 8 ’7 4294 801 *200 + 11 20 28
4209410 ‘420 - 10 . 138 4369 941 954 - 18 18 16
4388 720 724 - 4 3 15 4376'107 104 + 3 9 16
4480786 801 - 16 45 68 4427482 *490 - 8 18 18
4442 510 523 - 12 45 63 4464 552 672 - 20 19 22
4447 892 907 -~ 15 48 64 I 4401818 ‘848 - 20 14 18
4404738 765 - 17 48 62 . 4466727 787 - 10 18 14
. | 44/76:185 207 — 22 17 15
Mesns .| —88 | +405 | +854 | Means .| —80 | +16:0 | +18'9
1
Mean. relative shuft of most affected lumes 1n gun (88 — 80) = 00058 A to Violet,
Mean relative shift of most affected lines for each atmosphere sboye normsl presgure (Dufeld) = 000665 .; to Red,
Leduced pressure 1. reversing layer == 018 Atmosphere,

An apparent displacement to the violet is shown 1n a large proportion of the solar lines, but it is to be
observed that the average shift of the lines most affected by pressure is greater than that of the lines least
a.ﬁ'ected,u so that there appears a small relative shift to the violet of the most affected lines amounting to
00058 A.

The pressure shifts determined by Duffield are in fairly good agreement with those of Humphreys’ but
the mean values are decidedly larger for the most affected lines, the relative shift of the most affected lines
is therefore consmderably greater in Duffield’s determinations than 1n Humphregs'. 1f we take the former as
4 basis for the caloulation, the pressure in the reversing layer corresponding to a relative shuft of 00058 A to
the violet would be ocly 013 atmospheres, assuming that for pressures below 1 atmosphere the shift is
Proportional to pressure. 1f Humphreys’ values are taken, the resulting pressure is a minus quantity.

It is well known that systematic errors of greater magnitude than the quantities here dealt with affeot
both the solar and are wave-lengths. Rowland’s solar wave-lengths were enpirically connected with hiis arc
standards, upon which Kayser’s measures were based, and by this process systematio errors were introduced.
The wave-lengths in sun and aro in the above tuble are therefore both subjeot to these errors, affecting the
Telative posmtions of lines in widely separated regious of the spestram  For this reason I have selected from
tl.le lines lcast affected by pressure only those which ocour in the :ame speotral regions ae the most affected
lines, omitting ' all the rest 1 order that the distribution in the spectzum of the two sets of lines may be
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nearly the same. Thus the systematic errors which are the same for the sun and are wave-lengths will
have no appreciable effect on the result.

The omitted lines, over a hundred in number, have a mean displacement, sun—aro, of—0:0019 A and
their inclasion would merely have the effect of slightly increasing the relative shift of the most affected lines
to the violet.

Accidental errors of individual lines will of course have a much more serious effect. Almost all of the
lines compared are single lines in the solar spsetrum and for the most part well isolated from others, so that
exrors due to difficulties in measurement of the solar lines should not be great, however, in view of the
uncertainties in the estimates of pressure shift and the wide divergencies in some of the lines in the table
very little weight can be given to the numerical value of the pressure above deduced. What I wish especi-
ally to emphasise is the fact that, on the reasonable assnmptions mentioned at the outset, 1t does not seem
possible that the pressure in the reversing layer can exoceed ome atmosphere. If, for instance, a pressure of
one atmosphere above normal pressure is assumed then instead of a velative shift of 0:0058 A towards the
violet, the most affected lines would be displaced towards the red with reference vo the least affected 0:0086 A
if the means of Duffield’s measures are relatively correot.

Nickel appears to be the only other elemeut giving a sufficient number of widely differing pressure shifts
to make a comparison with the sun desirable, unfortunately the arec wave-lengths are not nearly so well
determined as those of iron, and the lines most affected hy pressure occur in o limited region of spestrum
where no lines of small shift have been measured. A comparison which will bo free from the systematio
errors of Rowland is not therefore possible.

The very low pressare thus doduced in the reversing layer conflicts with previous estimates based on the
absolute differences of position of the lines in solar and terrestrial speotra. Messrs. Fabry and Buisson, in a
recent paper,* deduce a pressure of 4 to 5 atmospheres above normal pressure, from the absolute displacements
towards the red, observed by interference methods, in certain selected iron lines when passing from the aro to
the sun. No mention is made, however, of corrections to the observed displacements depending on the elliptie
and diurnal motions of the earth, the sum of which may equal or exceed the quantities measured. From this,
and from the absenco of information as to the exact part of the sun’s dise observed, it is not possible to judge

of the reliability of this result, even if it is assumed that no part of the observed shift was due to a motion of
descent of the absorbing gases on the sun.

The same remarks apply also to a previons estimate by Jewell, Humphreys, and Mohler,t who deduced

pressures ranging from 2 to 7 atmospheres, but appear to haveimade no corrections for movements of the
earth.

Messrs. Fabry and Buisson distinguish botween *normal® lines, s.e., those which widen symmetrically
on increasing the current in the are, and abnormal lines, which widen unsymmetrieally, either towards the
red or violet, and their estimates of pressure are dorived from the displacements of the normal lines only,
which are not subjeot to so large a pressure shift as are the abnormal lines.

According to these observers, the lines most affected by pressure (Duffield’s Group IIL) are those which
widen towards the red on increasmg the current in the are, and for these lines they find a small or negative
displacement on passing from the aro in air to the sun, that 1s a relative displacement towards tho violet
vompared with the normal lines. 'I'his is in agreement with the results of the nbove comparizon of Kayser’s
and Rowland’s wave-lengths; but Messrs. Fubry and Buisson do not interpret this fact as I have done. They
consider that Humphreys’ and Duffield’s measures of: pressure shifts for the abnormal lines may be subject to
error * Mais leur déplacement par la pression peut comporter une erreur: aux pressions élevées, 1'élargisse-
ment dissymétrique de cos reies devient trds grand ; la mesure du déplacement doit 8tre trds incertaine, et lo
déplacement apparent est aceru par l'élargissement vers le rouge.”’t

* Oomptes Rendns, 15th March 1909 + Astrophysigal Joprnal III., 138. { Oomptes Rendus, 10th May 1909.
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Tt appoars to me that, if the large shifts observed under pressurs are partly due to unsymmetrical widening,
gimilar effects might be expected in the sun, so that these abnormal lines would still appear relatively shified
towards the red, compared with the normal lines, if the pressure in the reversing layer exceeds ome

atmosphere.

Messrs. Fabry and Buisson have also observed the aroin a partial vacuum. Under a Ppressure of a few
millimeters the abnormal lines are reduced in width, and altered in position in such a manner that the general
displacement towards the red in passng from the are to the sun 15 the same for all the lmes'. In other words
the width and relative positions of all the lines in the arc under reduced pressure approximate much more
closely to the solar spectrum than is the case with the lines of the arounder normal pressure. But the obvious
inference that the gases in the sun are subject to a correspondingly low pressure does not seem to have been
considered by Fabry and Buisson, presumably hecause of the general shift towards the red of all the lines.
Tt is not clear, however, how this can be distinguished from a motion shift.

K ODAIKANATL, J. EVERSHED.
24tk August 1909,
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