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A PRELIMINARY NOTE ON THE DISPLACEMENT TO THE VIOLET
OF SOME LINES IN THE SOLAR SPECTRUM,

By T. Rovps, D Se

TaE majority of the metallic limes in the solar spectrum arve shifted to the red when compared with their
positions in the electric arc. There arc, however, wany exceptions In the tables at the end of this paper
I eave the results of some comparisons of arc spectra (chiefly iron) wrth the spectrnm of the centre of the
sun’s dise for the study of these exceptiing

I. IRON LINES
1. Sox aND Arc COMBARISONS.

The 1ron spectrum was produced by the arc between iron termimalsin air at 580 mm. pressure (the
normal pressure at the altitude of the Observatory) with a direct current from a battery at 110 volts. The
current strength was nsually between 6 and 8 amperes, and the length of the arc was varied in different
expernnents. The polarity of the terminals was reversed at the middle of the exposure m order to equulise
the mtensity of the arc lines above and below the solar spectrum. The same arrangement as was previously
used ' for simultaneous exposure on the sun and arc was employed but the duration of exposure on the are
was varied m different regions in order to produce hmnes easily measurable. The spectrograph has been
previously described *

It was at once noticed that nearly all lmes which are unsharp in the arc aiordinary pressures gave
negative values for the sun—arc displacement,  ¢., were relatively shifted towards the violet in the sun (edq.,
A 3048246, Table VI1II), but thal several lines apparently sharp (eg., N 4233772, Table VIII} were also
shifted to the violet. Oun considering, however, the behaviour of these lnes under pressure, it was found
that the lmes shifted to the violet, icluding those apparently sharp, were those which widen unsymmetrically
towards the red with mcreasod preswure, and which therelore are really unsymmetrical at atmospheric
pressure, but not obviously so. The number of lines shifted 1o the violet was apparently greater on photo-
graphs taken using an extremely short are (about 2 mms. m length), as was done 10 some regions between
A 492k and A 5317 m order to obtamm the enhanced lines as strong as possible. These plates were therefore
considered first, and the lines sorted out according to the Mount ‘Wilson classification of the iron lines ®.
The Mount Wilson workers have divided the iron lnes into groups a, b, ¢, sub-d, d, or ¢ aceording to
their pressure shifts, and also mto classes 1, 2, 8, 4, 5, or 6, lines of classes 1, 2, 3, and 4 remain
symmetrical under pressure, class 5 widen unsymmetrically towards the red and class 6 unsymmetrically
towards the violet. When the sun—short arc displacements (Table VILL) are grouped according
to the character of the arc lincs, as in 'lable I below, it is seen that whilst symmetrical lines (groups
@ and U) have mnormal displacemenis to the red in the sun, unsymmetrical lmes (groups ¢d, d, sub-d,
and e) behave abmormally; lines widened unsymmetrically m the arc towards the red are displaced to the
violet of the arc line, and the lme 5183, much widened towards the violet, is greatly displaced to the red *.
The hnes m group ¢ wluch have not been classified are, judged from their negative displacements, probably
widened unsymmetrically towards the red.

! Bvershed and Royds, Roy, Aswr, 8cc,, M N ,73, 554, 1918, ? Evershed, Kodaikanal Observatory Bulletin No XXXVI
Gale and Adams, Astrophysical Journal, 35, J0, 1912,
§t, John and Miss Ware, Astrophysical Jonrnal, 36, 14, 1912 and 89, 5, 1813,
¢+ The line 5424 measured by Evershed and by Fabry and Buisson to have a digplacement in the sun of + 030 A. is also widened

Lo the violet.
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TasLe 1.—Sux—SHorT Arc DisPLACEMENTS.

Ai— Symametrical Lunes.
Sun—S8hoet Are

A Group m X/lOl W0
4376 107 . - a3 + 6
4427-482 a3 + U
4994316 . . a + 5
5028 308 o + 3
5151 020 . @ + 7
5195113 . . t —1
5216-437 . a +1
5242 658 . a + 5
4337-216 b3 + 9
4352 908 . b3 4 3
4383720 b1 + 9
4404927 b1 + 5

Mean displacement ... + -0043 ?A_

B —Lines unsymmetrecally widened towards the red.
Sun—Shott Ave

A Group in A/1000
4210 494, ) 0
4890 948 cd - 2
4919 174 ) — 12
4957480 ) — 6
4966 270 . ¢H — 8
4233 7'72 . a3 -~ 13
4082 632 an — 18
5192 523 . sub-d - 11
5208776 sub-d - 3
5215353 . . sub-d — 14
5263486 . sub-d — 4
5273339 . sub-d — 12
5281-971 sub-d - 9
5302:480 sub-d - 8

Mean displacement . — 0086 i

C.— Lines unsymmetrically widened towards the violet.
Sun—Short Ave

A Group m £/1000
4191-843 * . e 0
5133 870 . 8 -+ 35

D.—Lines of group ¢ unclassificd
Sun—=Short Are

A Group m 3/1000
4938 497 c — 10
66 270 ¢ — 11
85432 . ¢ — 8
85730 . ‘ - 6
5005 8¢6 ¢ - 8
06306 . ¢ - 7
15-128 . . e — 3
22-414 . ¢ — 6
5139 427 . ¢ — 11
39'644 . c - 11
91:629 e - 14
5317 552 ¢ — 8
Mean displacement ... — 0086 &

* The 4191 8 line 18 not nearly so nnsymmetrical as the 5183 line,
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The relative shifts of these different groups are very strikimg., They cannot be easily explained as
shifts due to a difference of pressure between the sun and arc for on this assumption the deduced solar
pressure has the impossible value of about one atmosphere lelow acuum, moreover we shall see later that a
relative displacemont of these groups can be produced by different conditwns of the arc at the same
pressure  In fact, the sbnormal shifts seem to depeud solely on the unsymmetrical character of the lines.
Nevertheless they are nob wholly due to errors of setting on an unsymmetrical line, It 1s true that i the
case of o lime widened unsymmetrically towaids the ved, for example, the tendency would be to set too far
on the red side of the true maximum and the solar line would appear to be displaced too much towavds the
violet, but there are wany lines displaced to the violet m which the error of setting must be extremely
small, for they are very narrow. 'There are also many lmes particularly of other elements than won, eg.,
the sodium pair AA 6161, 6151 and the calcium triplet AN 6162, 6122, 8102, all on the same plate, where a
olance at the photographs shows that the shift 19 real It 15 possible also that the lines nnsymmetrical 1n
the arc ave unsymmctrical in the snn as well, but there 18 at present no evidence of such being the case.
The orror introduced throngh setbing on the centre of a solar line really unsymmetrical would, however,
have the offect of making the true shitts still more abnormal, and therefore need not now be considered,

The above results werc obtained m comparing the sun with a short avc. Most of my photographs
asimg a long a1c were taken m the ultraviolet and blue regions and there are not many lines helonging to the
unsymmetiical classes, but the following are measurable m hoth san and arc —

Tavre IT —Sun—LoNe ARc DISPLACEMENTS
Lines nnsymmetrically widened towards the Red.
Sun—Long aic

A Group. m 9?/1030
1227 606 . . e db — b
33772 . db ~6
36112 . e w v 35 + 3
50 287 ... . s e h + 7

Mr. Evershed !, using a long arc, has many lines of groups d 5, sub-d and ¢ i his list; 12 are shifted to
the violet in the sun and 21 to the red. It 1s clear that with the long arc displacements to the wviolet are
less [requent than when the sun and short arc are compared. None of the lines known to be symmetrical
are shifted to the violet of the long arc according to the measures either of Fabry and Buisson?, Evershed?!
or myself,

There are 1 addition to the lines already discussed many 1ron hines which have not been classified accord-
ing to theiwr character and pressure cisplacement. Many such lines are unsharp in the arc at atmospheric
pressure and when the sun 1s compared with the short arcnone of these lines are displaced to the red.
With the long arc, however, 10 are displaced fo the violet and 10 to the red, 4 being undisplaced. It is
not possible to say from the photographs at atmospheric pressure alone whether these nnsharp les are

unsymmetrical or not. _
2. ComrantsoNn or tHE LoNa Arc AND SHORT ARC,

The fact of negative values for the sun—arc displacement being more {frequent with the short arc than
with the long suggested the possibility of certain classes of lines bemg displaced m the short arc. I made
some comparisons of the sun and an arc 2 imms. long, and of the snn and an are 7 mms, long, keepmg the
eurront s nearly as possible the same, thus obtaning indirectly the displacement between the short and long
arcs. Also, three photographs were taken directly confronting the central portions of the long and short
ares on the same plate. The results are given in Table VIII at the end It is hoped to make a more com-
plete mvestigation shortly, but therve is a clear indication of the different bekavionr of unsymmetrical lines.
Those lines nnsymmetrically widened towards the red are shifted i the short arc to the red, those widened
towards the violet ave shifted to the violet, whilst symmetrical lines have smaller displicements as a rule, if
they are really displaced ab all? The average displacements, short arc—long are, for the different groups
are given 1 the following table. —

1 Bvershed, Kodakanal Observatory Bulletin, No XXXVIL. ? Fabry and Buisson, Astrophysical Journal, 31, 109, 1910,
[Note added May 5th -~Photographs recontly oblamed of other unsymmetrical lines not only confirm these conclusions but also,
by having the lines equally wide 11 hoth the long and short arcs, show that the shifts are not dne to errors of setting on the mazima
of unsymmetrical lines].
2
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Tapir TI1 —SnHort Arc—Tonve Are DISPLACEMENIY.

[ .
Lines nnsymmetical towa ds Lines unsymunietrical
Symmetrical Lines the rod towards the violet
Gronp i b c4 ¢hand ¢ sub-d 1 a e
Averago Displaccment 1n A + 0007 } — 000L | + 004 + 0076 + 0067 +'0138 ~ 0085
Number ot Lines 10 ! 7 1 \ 5 3 2 2
' i - o

o ‘\ o [+]

Means . + 0006 A \ + 0085 A — 0085 .\

e o e e e i . e — — -

The following arve some of largest displacements measured as yot 1

Tabe IV.—Laree Varoes vor Suorr Arc—Lone Arc Disrracumunt

Short arc—Long are

A n A/IOOU
4157948 " . . .- + 11
4158-959 . + 6
4233 772 + 7
5133 870 - 15
5102 449 . + 20

Now St. John and Miss Ware! found dillerent wavelengths for the lines 1 one are photograph com-
pared with four others taken under apparently the same conditions.  Morcover the displacement between: this
photogiaph and the vest varied according to the class of line  They give the following means for threo
groups of hines i

Gronp . b d ¢
Average isplacoment . . —0006 A + 012 A —007 A
Number of lines .. . 5 o4 5

Thesce displacements are exactly sumilar to the dsplacements I have found m tho shorl ure, and sinec
the arc spectrum appeared stionger m the displaced photograph than in the rest it scems likely that ho
arc was m tlus case shorter, or possibly had a greater current density St John and Miss Ware state Lhat
pressure variations within the are are not of sufficiont magnitude to account for the shufls measured. They
also state that the displacement occurs in the region of the arc near the negative pole, where the lines arn
strongest and wost widened  In my photographs any dissimilarity between the two poles is lost owing to
the practice ol reversing the pularity in the middle of the exposure, and I have therefore not heen able fa
test this latler conclusion.’

Tt 1s noteworthv that of the seven lines

for which Mr Ivershed did not get consistent values Tor the
sun—are displacemens when more than onc

photograph was available, all cxcept two are unsymmetrienl
lines The different values are therefore probably due to different lengths of the are. Also the disere-
pancies between Fvershed’s values and those of Fabry and Buisson! can now be explaimed. Thewr values
agree extremely well for all symmetrical lines, whilst for all the hnes widened unsymmetrically towards the
red m the are Fabry and Buisson find the solar lmes to be much more slifted to the violet relative 1o
their arc  U'his 18 shown clearly by the followimgaverages for the symmetrical and the unsymmetrical lines
in Bvershed’s Table IT :—

Tines symmetrical 1n the ave

Lines unsymmetrically widened towards the
(Groups a, b, cd).

red m the arc
(Groups ¢b, sub-d, d).

Sun— Ave displacement,
Evershed. Fabry and Buisson, Tvershed. Fabry and Buisson,
+:0082 & + 0088 A — 0001 & — 0089 &

Sun—Aro desplacement,

! Evershed, Kodaikanal Observatory Bulletin, No. XXXVIL.
2 [Note added May 5th :—TI have now been able to confirm this statement of St. John and Miss Ware]
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According to my results, MM. Fabry and Buissow’s larger shift to the violet of the unsymmetrical can
be explained 1f they have had a shorfer arc than Mr. Evershed, or, it may be, had a greater density of
material in the arc

3. A NEW CAUSE OF THE DISPLACEMENT OF LINES.

There is now therefare a considerable amount of evidence of the displacements of certain classes of iron
lmes due to some other cause than pressure or motion 1n the line of sight. The most obvious cause which
suggests 1fself 1s change of density since this is the principal change which occurs m varying the length of
the are, 'The density hypothesisis strongly supported by a phenomencn observed by Duffield! the signi-
ficance of which has not been sufficiently appreciated, namely, that in all the roversed lines which were
unsymmetrically widened towards the red under pressure, the emission line was displaced to the red of the
absorption lme. The emission lne is due to the wner portions of the arc where the density 1s high and
the line broad, and the absorption line is due to the outer portions where the deusity 1s low and the line
narrow. Thig is in agreement with the displacement betwceu the shors arc and the long, for the Jines
unsymmetiically widened towards the red are shifted to the red by shortening the ave, which corresponds
to increasing the density. King? has tried the eftect ou wavelength of varying the density of the iron
vapour in the furnace with negative results, but unfortunately all the lines tested belong to group a, which
I also find to have very small displacements

Since the unsymmetrical lines ave displaced m the short are in the opposite direction to their displace-
ment 1n the sun when both are compared with the long are, it follows that the condition of the vapour,
whether it 18 density or not, in the long arc move nearly approaches that in the reversing layer than the
condition m the short arc  But still the long arc falls short of the conditions 1n the reversing layer of the
sun, since many vnsymmetrical hines are slill abnormally displaced. For this veason and especially because
it 18 desirable to have the densily of the vapour under control, 1t is itended to try the [urnace spectrum for
comparison with the sun.

The existence of a density effact on wavelengih may modify some of the conclusions which have been
drawn from the displacement between solar and terrestrial sources. Ior instance, if the pressure in the
reversing layer is dedinced by comparing the displacements of the lines most slifted to the red by pressure
with those least shifted, we must now bear in mind that the former consist chiefly of lines which are displaced
Ly densily whilst the latter are not. The relative displacement of the lormer to the violet would lead to the
conelusion that the pressure m the sun 15 less than atmospheric, but it now appenrs that it is due, to some
extent al Jeast, to the differcnt conditions in the sun and arc, probably dillerence of density. TFor the
present, therelore, we arc compelled to confine our attention to the symmetrical lines since, so far as we
know, they are allected least, if at all, by the peculiar conditions in the arc. IFirstly we can compare
the shifts of the limes of groups a, b, 2 and e4, all symmetrical, 1n the same spectral region, and secondly,
since there happen to be lines of group a, hoth in the ultraviolet and 1n the yellow-green regions, we can
compare the shifts m these two regions knowing the law according to which the pressure shift varies

with wavelength. Makmg use also ol vershed’s values I obtam the following average sun—long arc
displacements for each group of ivon lines.

Tasre V.,
Meun wavelengih, A 4400, ‘ Mean wavelength, A 3800, Mean}:’v ?:se(l}angth,
i Group o ‘ Group b, Groups ¢2 and ch. i{ Group a. Group b. “ Group a.
Pressure shit at 9|  + 0153 A + 023 A, + 0547 A. + 0105 &, + 0164 A, + 029 A
atmospheroes
X- L] o o o o
Mean sun—long arc + 0072 A, + 0090 A. + 000 A, + 0076 A. + ‘0075 A, + 0048 A.
displacement.
Mean mtensity 4 7 65 13 13 5
Number of lines 4 15 8 14 13 19
|

! Duffield, Phil. Trans, Roy. Soc A, 208, 111, 1908, 2 King, Astrophysical Journal, 35, 188, 101 .

3
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It is seen that the displacements of groups a, b and ¢, at mean? 4400 are pra,ctieall:y equal if we allow
for the lower level (as judged by the smaller intensity) of group a ; similarly in the regqux 3300 groups o
and bhave sensibly equal displacements. T'his equality of displacement of lines differently shifted by pressure
indicates that the pressure in the reversing layer is about the same ag that of the air at the Observatory
{s., about three-quarters of an atmosphere. It is difficult to compare the relative shifts of lines ‘of group a
in the regioa % 8800 with those in the region A 5250 sinee the effective levels of the ]infss in the two
regions are very different. Tn order to compare lines of the same effective level we should require, ac.cording
to St. John’s invesbiations, lines of aboutb intensity 8 at A 3800 to compare with those of intensity 3 at
A 5250, Such 1ines. “sre nob available, but considering that the motion displacement decreases as the
intensity diminishes!, and that the pressure displacement incresses as the square or the cube of the wave-
length, the relative shifts of group @ in the two regions may not be inconsistent with the first conclusion
thab the pressure in the sun js about the same as that of the air at the altitnde of the observatory.

Mr. Evershed has already demonstrated? that the displacement at the centre of the sun is chiefly due
to a velocity of desoent decreasing with depth, and this conclusion is ot serioasly affected by the abnormal
behaviour of nnsymmetrical lines, for they are fairly evenly distributed in intensity if we except the
largest intensities of which there are no unsymmetrical lines. 1f we exclude lines known to be unsymniet-
rical or unsharp in are, the average displacement at the centre of the sun of lines grouped according to
their intensities are given in the following table which shows clearly the smaller displacement of fainter lines
corresponding fo lower depths in the sun :—

Tasre VI.—Sun—Long arc displacements of symmetrical and sharp lines.

T

"Intensities .. .. .. .0 % 8and4 5, 6 and 7 i §9and10 | overly
Mean sun—long arc displacement.|  + ‘0030 4, + -0033 A. + (0062 A, | 0122 A, |

: . {

l Number of lines ... 36 25 19 14 i

Moreover, the existence of the motion displacement can be demunstrated by the displacement of the
cyanogen lines, which are not shifted by either pressure or density.?

1I. LINES OF OTHER ELEMENTS THAN IRON.

Using a carbon arc into which a small guantity of salt or metal had been introduced, the displacements
in the sun of lines of a few other elements have been measared and ave givenin Table IX at the end. The
lines chosen were generally series lines, partly becanse sheir pressure shifts are mostly known and partly
becanse t?ach line in a pair or triplet might be expected to behave similarly. The photographs were mostly
taken nsing a very long are, since only with a long are could the very diffuse arc lines be made measure-
able at all.

The sodinm pair AN 5682, 5688 and the caleium triplet A\ 4092, 4005, 4098, both very diffuse, are
enm'-mously displaced in the sun relative to the arc; the displacement may partly be due to errors of
set'tmg on the much widened lines but there is undoubtedly a large real shift. In the cases of the sodium
pair AN 6154, 6160, the calcivm triplets M 4578, 4581, 4586, and 6102, 6122, 6162, and the magnesinm
line X 4708, the reality of the large displacement is obvious on the photographs, )

Many of the lives in Table IX have a high effective lovel in the sun but their displacements are not in
as good agreement as the

h ld - . - . = .
paie 4077, 4215 have di, ¥y should be were they due to motion in the line of sight alone. Only the strontinm

lovel iom Teag. placements of the order to be expected from the velocity indicated by the high

The displacement and the height to which each i i i
to Mitehell ® are given in Table VII below :——n e v T the shromesphers socording

* Bvershed, Kodaikanal Observatory Bulletin No. XXX VL.

s .
; T]?e displacement of the cyanogen lines will be given in a later Bulletin,
Mitchell, Astrophysical Journa), 38, 407, 1918.
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Tasre VII.
Height in )
A I Element. chromgsphere ! Su%—Am

i in kms. | i Af1000.
4075885 . 8r. i 6,600 +14 ;
4215703 ... .. 8. ! 6,000 : +15 ‘
4926:004 .. ... Ca. ‘ 5000 | -2 ‘»

3044160 ... ... AL 2,000 | + 2
3961674 ... .. Al 1,500 + 3 ‘
5167497 .. ... M. 750 —10 ﬂ
72856 L. .. Mg. : 1,000 -7 ;
83791 .. .. Mg. : 1,200 - !
5390°186 Na. ! 1,000 + 8 |
9815 . . Na. ‘ 1,000 + 7 :
! i
4554211 ... . Ba. ! 1,200 -5 i
493424 el Bu. ‘ 750 12

From the enormons shifts of many of the linesin Table IX it is cleac that some cause of displacement
of these lines, other than pressure or motion in the line of sight, is at work. Whether this cause is
difference of density between the arc aud smn or not we have no information, but the narrowness of
the solar linesis an indication of low density in the sun. It is perhaps significant that the wave-
lengths of the calefum triplet AA 4092, 4095, 4098 in the sun approach more nearly those of the arc in
vacuo as determined by Crew and McCauley! than of the arc in air. Whether ths large change of
wavelength of these lines passing from the arc in vacuo to the arc in air is purely a pressure effect appears
to me doubtful ; it seems probable that here also some cause such as differences of density of material is
active in producing displacements. In the following Table I give the wavelengths in the sun according to
Rowland and those of the are in vacuo acecording to Crew and McCauley reduced to Rowland’s scale.

Wavelength in
arce in vacuo.

4092-821 80
95'094 09
98-689 70

Wavelength in sun.

SUMMARY.

1. The iron lines which are unsymmetrically widened to the red in the arc (Mt. Wilson groups 8, d5
and sub-d5) are displaced to the violetin the sun relative to a short iren arc, and those nnsymmetrically
widened to the violet (Mt. Wilson group e) are displaced to thered, Symmetrical lines give normal
displacements to the red. The relative displacements are too large to be explained as pressure effects.

2. When the sun is compared with a long arc there is still the same tendency.

8. There are many clear cases which show that the dispiacement is not wholly due to errors of setting
on the maximum of an nnsymmetrical line. The same phenomenon is also to be seen in other experi-
menters” results.

4. A new cause of changing the wavelength of certain ciasses of iron lines, other than pressure or
motion in the line of sight, has been found. The unsymmetrical iron lines are displaced in the short arc
compared with the long arc. Those widened towards the red are displaced to the red in the short arc and
those widened towards the violet to the violet, whilst symmetrical lines have mostly small displacements,
The results of St. John and Miss Ware and a comparison of Evershed’s and Fabry and Buisson’s sun—axrc
displacements also indicate the peculiar behaviour of unsymmetrical lines.

5. Differences in the density of vapour may be the cause of the displacement between the different
kinds of arc, but the matter requires investigation.

6. The longer theironarc the more nearly do the conditions approach thoss in the reversing layer of the
sun. On the density hypothesis, the density of the iron vapour in the sun is lower than in a long arc
between iron poles in air at-atmospheric pressure.

! Crew and MoCunley, Astrophbysical Journal, 89, 29, 1914,
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7. The unsymmetrical 1won lines are therefore, owing to theiv behaviour m the arc, unsuitable foy
estimating the pressure in the reversing layer. TUsing syrametrical lines only, the deduced pressure in the
Sun is about equal to that of the air at the altitude of the Observatory, ¢.c, about three-quarters of an
atmosphere.

8. The displacements of the symmetrical won lines to the red 1n the sun are due $o descending motion
on the sun as discovered by Iivershed.

9. Lines of other elements than iron also have sun—arc displacements which cannot be explained as
due to pressure or to motion in the line of sight.

I have much pleasure in acknowledging my indebtedness to Messrs. G. Nagaraja Ayyar and A. A.
Narayana Ayyar, B A., for the careful and painstaking manner in wh.ch they have measurcd the photographs
for this Bulletin.

Bzplanaton of Table VIIL.

Table VILI contawns all the iron lines ou the displacements of which the cenelusions arrived at in this
Bulletin are based. The photographs were taken with the same specirographic arrangements as those
used by Mr Fvershed, but the values here given are, apart from this fact, ndependent of those mm Bulletin
XXXVL

The wavelengths and intevsities in columns 1 and 2 are taken from Rowland’s tables ; a lotter » in
the second column denotes that the line appears unsharp in the arc at atmospheric pressure. The third
column gives the Mount Wilson classification of the won lhines. The remaiming columns contam the
measured displacements, sun—long are, sun—=short are and short arc—long arc. respectively, and the
number of photographs measured.

Tapre VIII.

. . Number of Sun-{long are INumb(ﬂ of |Sun-short are|| Number of Short are—
A Intensity- Group. plates. in A/1000. plates. m A /1000, || plales. 10'2,‘3 are m A
A[1000
8650'178 5n 2 + 8 . 3650178
80069 9 al 2 + 10 . 80 069
97567 5m 2 — 16 . . . 97567
3701234, n . 2 4- B . . 3701234,
05708 9 al ] 0 " 06708
07°184 5n 2 — 1 v ‘ 07 186
09'389 8 b1 2 — 2 , vas 08-389
16'501 7 2 — b . . 16-501
20'084 40 wl 2 - 10 . vee e 20 084
24 526 6 - 2 + 8 e R . 24:520
27244 3 . 2 — 2 " . . 27 244,
35 014 40 bl 2 + 9 - e 85014
37 281 30 al 2 + 1 . . 37281
48408 10 al 2 + 2 . 48 408
49 631 20 bl 2 + 2 i . . 49081
(0-196 5 . 2 -— 1 - . 60 196-
80 679 4 . 2 0 . 60679
(3945 10 ol 2 + 7 . . . 68945
67341 g bl 2 + 38 " ‘e 67841
8815 987 15 bl 2 + 18 e 3815987
26:027 20 bl 2 + 6 " 26 027
27980 8 bl 2 + 6 . 27 980
43:404 4 . 2 + 4 i . » 48404
46'943 5 . 2 + 2 ver e 406943
50118 10 ) 2 — 2 50118
50°062 4 2 + 8 . . 50 962
52 714 4 2 — 1 . 52714
56524 8 v 2 + 7 . 56 624
59 855 3 2 4+ 11 . 50 865
60055 20 2 + 11 e . N 60055
85657 4 - 4 “+ 5 . . . 85'657
864434 15 al 4 + 4 e . 86484,
87196 h bl 4 + 8 . 87196
90 980 3n . € + 6 aon . . es 90980
92-069 4 2 4+ 3 . . 92 089
94°057 2 2 — 1 v " 94°057
97 598 2 - 2 + 4 . . 97°690
3908628 10 al 2 + 4 8906 628
08077 5 2 4 2 . 08077
18775 4 2 + 1 er " 18775
16 879 5 . 2 0 . 16 879
20 410 10 al 2 + 11 . . 20410
23 054 124 ¢ al 2 + & . 23 054




‘nosstug pug dxqu,y 0y Surproooy v

8908 G18¥F
%8 06
S9¢ 28
186 14
4928 14
33T1.29
ALy 88
8% 09
0.6 88
sl1gg
glLeg
426 62
LLY 67
909 43
TR 02
619.93
%8¢ 78
19¢ 91
A5 RY
PGP OL
86170
8% 1 002%
aLE 9B
6T o
%8 18
86¢ 18
816 48
T08 L8
616 18
908 &2
R P
696 8¢
g¥6 48
046 9g
926 B¢
2997%¢
880 By
or8 g
G40 g8
GReTe
29413
8.982
80481
S09 %1
06 001%
CEE.R6
6¢1 06
Lo a8
191.¢8
¥4 ¥8
966 64
G649
L¥GEL
18584
806 14
086 0.
P189
6RH.20
B71.L0
“FL 99
68 g9
669 29
g.6.cf
g6l 0%
18395
810 g30%
84299
¢z 9n
207 89
618 92
Gur 08
OVE WF
6L¥ L%
LTRSS
oc¥og
920 8%
062 9368

. |

|
)

ey

i+

o

{

!

n O
P44+ +

A O R R
++

!

(=)

000T/y
uy 9ag guoy
— It 420 S

S v

*gog8jd
o Jogquru N

000T/y ut
08 110 R-UNY

gayeyd
Jo Jaquun N

Fi +
P o+
or +
AR o
¢ +
0 -+
6 -+
Lo+
g1 —
e -
@r!.
mfl
arvx
1ot
N|
g
N.!.
e
o1 -
bl..
ﬂt
8 -+
T -+
9 -~k
N..

.uH!v.
0l -~
W t
NF\;
L+
-k
a4
¢ -+
1
5 4
[
g A
[
¢ -+
.nl'
a4
v
g +
1 +
0

¢ -+
0

o1
0

g -+
or -+
._”)(,
L+
P
6 -+
T -
._qli..
N.Il
ot -+
% 4+
3,}
& -+
[
[ —
0

g -+
g 4+
1T+
e+

0001/y
oW Suoj-ung

Juoo—ITIA w1 5Y,

L9

AT N AN -

o

T = 02

i B o B B I e R B i

=t o= 0 = O

MMOIOT N AP OIOY TN = et N T o0 NI Y

|
|
i
|

|
|

.mmwﬁ;
J0 dequrn yy

]
19
12
9

vee

a2

P
gp

.

19
14

11

1
19

T4

—

N-FNMNMOPVLN MW~ F

_T

(%S
w9

)
]

4

1233

0w SN,
N

0¢
wi

ug

ug
9

ne

2
VXL~

Aysuequr

"IOWOBIYqUS £q BUWINI00 OMy xeYy0 0Ty WoAY PoUIBi(o oI sON[BA D50Y

1
|
{

!

ix

9z 918y
3¥4-06
99268
Y66 14
8%e T
G681 49
LIF 88
182.09
0.6-8%
&Li-98
GLLes
076 63
L2 87
900 47
186 9r
619 923
88,67
186 91
288!
16% 01
R6T &0
8F1 006F
L6 08
a6l 88
o8 16
e6e 16
£16.48
[ ALEA]
GIB T8
08§/,
860 1.
686 8¢
TG AL
ARG

08 Pt
U0 g
g6a.eg
) L
8L0 a7
804 8T
GO9I T
106 0011
Gee.86
(a1 06
LOT.¢8
9T 8
LF9 78
966:6,
66494
6%
T8 84
800 14
0€6.0%
$1 89
68%-L9
B64T.L9
@F4-99
694 €9
66920
QL8.4¢
%64 0¥
18852
810 Z2u¥
844.99
717 99
9% €9
(78.96
20T.0¢
9FG 8T
6448
98268
04r.08
64082
064.4%68




68

TasLe VIIT—cont

———

A o , Number of |Sun-lonz ate || Number of |[Sun-short arc|| Namber of
A Intensity. Group plates, n 2\/1000 plates n 3/1000 platos.
S ST e Ebend

4321°961 2 1 + 7

25 986 s bl 5 Fo12

26-023 2 1 + 4

28 080 2 1 + 7 .

37-216 3 b3 ) + 8 . 4 9! 1

52 908 ) b3 2 + 4 + 3t 1

68 071 2 . . 1

76107 6 «3 1 + 7 + 6 1

53 720 15 bl 2 + 8 + 0 1

§8 571 8n . 1 —_ . 1
1401 456 2 . 1 — 4 .

0.4 027 10 b1 2 + 7 + 5t 1

15 243 8 bl 2 4+ 6 .

27 489 5 a8 2 + 3 0! 1

30 785 3n x 1 + 1 . 1

33 800 3n 1 4 4 , 1

35821 20 1 + B . L

49510 6 ch 2 + 8 .

13365 3 . b3 1 + 3 !

54°352 3 b3 1 + 5 " |

61 818 4 u3 2 + 7 . \
45325'R 14 sn " 1 - 8 ;

28798 8 . . 1 4+ 8 |

31 827 5 . 1 + 6

45 024 3 | 1 - 4 ‘

92840 4 | - 1 +
4603 126 n . 1 +
1800 948 8 c5 2 — 9 .
4919174 €5 2 —~ 12

24 107 pFe s | . " 1 — 10

38'997 4 ! ¢ . -~ 10

57 480 5 — 8

66 270 4 5 — 8 .

82 682 4n | d “ 2 - 18 .

83438 3n . . 1 — 14

84:028 3n 2 + 2

85 432 3 ¢ . 2 -~ 8

85730 3 e 2 — 8

94316 3 a 2 4 5
002044 5 . 2 -7

05'846 4 c , 2 — 8

06 306 5 ¢ 2 —_ 7 “

15128 3n ¢ . " 2 - 8

18820 p Fed 2 4+ 16

92 414 3 ¢ 9 — 6 .

23 308 2 @ . 2 4+ 8
5133 87 in e .- , 1 + 3 2

30 427 4 c . ) 1 — 11 2

390k | 4 ¢ , 1 — 11 2

43111 | 3 . . 1 4+ 5 2

51020 | a . 1 + 7 2

62 449 5n d “ i $large — 1

69 064 3 . 1 + 2 1

69 220 p Fo 4 . 1 + 18

91629 4 c il — 14 2

92523 5 uwb -a . 1 — 11 2

95'113 3 “ . 1 -1 | 2
5208 776 an sub-d . . 1 -— 3 2

15 863 8n sub-d . Ve 1 — 14 2

16 137 3 ¢ ) . 1 + 1 2

17 552 8n a .. 1 — 8 92

42'658 2 IL . " 1 + 5 .

50817 2 . - 1 + 3

63 486 4n sub d . 1 — 4

73339 3n sub-d 1 P — 12

81971 5 sub-d 52 1 | — 9 -

]3-402 6 sub-dt 1 — 8 .
5302° L) 5 sub-d 5% 1 o= 9 ,

07541 3 1 + 8 ..

16790 p Ped , 1 — 1 .
5123899 3 a . . 1
5127583 3 w . - 1
5162 087 3 @ . . - . 1
5167678 5 a v . . . 1
5171778 6 . . . - 1
5202 516 4 a . . i

Shott are—

long are
o

A/1000

+ . +4++
SR b S e N

i
1

+++ +

+ 4+ I+ ]
=L [5) =i,
OSSO L — OO OW LT

+ 1 ++
OO

T These valnes are obtamned from the olher two columns by subtiaction,
388 with the long arc according to Mvershed.

: According to Fabry and Busson,
Symmetrical according to Fabry and Buisson

4321 961
25030
%6 028
28 080
37 216
H 08
68071
76 107
83 720
88 571

4401 456
0192
15208
27 182
30785
33 390
35 821
42 510
43 365
51552
1 818

1525 314
28798
31 827
18 024
42 8 10

4608 126

4890 948

1419 174
24 107
38 Ul
B7480
(36270
8% 6182
K3 433
81028
85 432
85730
91316

5002 Oy
05 890
06 3006
15123
18 629
99 4. |
28 308

5133 870
30497
3061
48 111
51020
62 419
GO 009
40 220
91 629
a2 523
95118

5208 776
15 353
16 137
17 552
42 608
A0 817
(63 186
78 334
81 071
83 802

5302 480
07 511
16790

5128204

51275383

5152 087

5147 678

BL7L 978

5202610
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TasLe IX.

[The pressure shift 18 taken from Humphreys’ tables. Those lines nnsymmet:cally widened to the red are marked ur. |

Pressure Pressure
shiftm A | Number Sﬂf"alc ¢ | shuft m A | Number San - are
A Intenety. pel atmos- | of plates in A /1000. A Intensity per atmos- | of plates | 1p l /10600
phero phere
3946089 | Ga 1 ur . 2 —10 (5682869 | Na 5 ur 0382 1 —127
4095094 | Ca 4 ur . 2 - 86 (5688436 | Na 6 ur (675 [ 1 ~ 144
4098 689 Ca ¢ ur | 2 — 78 { 5890 186 Na 380 0127 2 + 8
4226904 | Ca 20 0051 1 — 2 {5896 155 | Na 20 0122 | 2 + 7
§4283 169 | Ca & *0031 8 4+ 8 {6154 438 Na 2 or , | 2 - 81
4302692 | Ca 4 ‘0031 3 + 10 1616095 | Na 3 ur i 2 — 79
4289 525 Cu i '0035 3 -+ 10 y 4077 485 Sr 3 ‘0026 | 8 + 1
{4,299 140 | Ca 8 0085 3 + 6 149215703 | 8r 5d? ‘0034 | n + 15
4423 608 Ca 4 0084 3 4+ 2 4607 510 S 1 ‘0063 3 + 1
4135 129 Ca 5§ 0081 3 + 3 4554+ 211 Ba 84 0036 2 - 5
4488851 | Ca 4 . 8 + 2 {-1934: 24 Ba 7 4d 0038 2 - 12
4456794 | Ca 2 0079 3 + 7 4708177 | Mg 10 ur \ ! 1 — 87
4627101 | Ca 8 ur . 1 — 44 5167°407 | Mg 15 uv 0083 | 3 - 10%
(4578782 | Ca 3 ur 2 — 25 55172 856 | Mg 20 ur 0078 | 3 — h®
{4:581 575 | Ca 4 ur 2 — 24 5188791 | g 80 mr 0059 | 3 ~ g%
4586 047 Ca 4 ur 2 — 20 4680-317 Zn 1 0057 3 - 8
5262 419 Ca 8 1 0 §4:722'3‘12 7Zn 38 0078 | 3 - 9
(5264415 | Cu 8 41 1810724 | Zu 3 b5 | 2 - 14
(5270438 | Ca 8 . 13 — 3 (3944160 | AL 15 0052 2 + 3
5265729 | Ca 8 1 - 2 13061674 | Al 20 *0058 2 + 2
5582198 Ca 4 . 2 + 2 4709896 Mn 2 s 2 + 3
5588985 | Ca 8 . 2 + 2 4739 201 Mn 3 D] - 1
5500848 | Ca 3 . 2 + 1 47544225 | Mn 7 m & - 8
i559 1691 | Ca 0072 2 + 1 {4:’783'613 Mn 8ur n - 8
5601505 | Ca 8 2 4+ 1 4823697 | Mn 5 ar 3 - 8
5098711 | Ca 4 . 2 4+ 1 4761718 Mn 3 3 - 9
6102937 | Ca 9 *0265 2 — 27 1762567 | Mn 5 . 3 - 2
56122 134 Ca 10 0226 2 — 24 4766 050 | Mn 3 o 3 0
6162:390 | Ca 15 0226 2 —- 28 4766621 | Mn 4 " 3 -~ 38
#* Calenlated from limb dplacements relative to centre of sun and to are
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