FRodatkanal Obgervatory.

BULLETIN No. XXVIII.

ON THE RELATIVE NUMBERS OF PROMINENCES OBSERVED
ON THE EASTERN AND WESTERN LIMBS.

Tur brief discussion of some prominence observations given by Mrs. Maunder near the close of her well-
known paper “ An apparent Influence of the Earth on the Numbers and Areas of Sun Spots”* suggested
to me the desirability of examining the very full material supplied by the visual and photographio records
of the Kodaikanal Observatory during tho years 1904—1912, supplemented by visual records made at Kenley
during the period 1894—1905 inclusive.

In the ordinary course of tabulation of the Kodaikanal observations it has not hitherto been the practice
to separate east from west either in respsct of numbers or areas. In order to study the distribution east and
west it has in consequence been necessary to go over the wholo material day by day and year by year counting
up the numbers entered east or west of tho sun’s axis and ohecking the totals against the totals given in the
annuoal gummariss published in the Observatory bulletins.

The results of this eount are given in Table I,

Tazrr I

DNumbers of prominences observed east and west of the sun's axis,

Percentage of

Year. LTI West. B—W, east
Jrominencen.
1904 . 1362 1358 + 4 50-07
1905 o e vor 2492 22568 + 284 52-46
1906 e o 2678 2263 + 316 5325
1907 3061 2756 + 304 5261
1908 3277 2971 + 308 52:43
1909 3380 3049 + 340 52+64
1910 e 3645 3116 + 520 53-92
1911 3180 2824 + 356 5300
1912 (balf year) .. 1669 1528 + 141 5220
Total and mean percentage ... 24653 221286 4 20627 52:70

Exoepting the year 1904 this table exhibits a remarkable and unexpectedly constant preponderance of
eastern prominences, which average 52:70 per cent. of the whole number recorded. The exoess shows also
with a greater uniformity than might have been expected when individual months are taken. Thus out of

the 102 months examined 88 yield an excess of eastern prominences and 14 only show either equality or an
exoess of western prominences.

* Monthly Notioes, Royal Astronomical Society, LXVII, 461.
500
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The eastern preporderance is not therefore of an accidental nature since it holds month by month
and year by year. It is however necessary before accepting 1t as a fact to enquire very carefully into the
methods of ohservation in order to make certain that the results are in no way affected by any kind of syste-
matic bias in favour of the eastern limb, either in observing the prominences 1n the spectroscope or in photo-
graphing them.

The instrument employed for the visual work is a 8-prism * Evershed ” spectroscope attached to a 6-1nch
.equatorial refractor. It is mounted with the collimator axis parallel to, but not coincident with, the axis of
the 6-inch lens, the distance between the two axes equalling approximately the semi-diameter of the sun’s
mmage. This facilitates the rapid survey of the entire limb, because the spectroscope slit remains tangent
40 the limb at all position angles on rotating the instrument. The eccentrio position has the drawback how-
over that it allows photospherio light which is scattered by one edge of the objeet glass to enter the slit
together with the diffuse light of the sky, and this tends to increase ths luminosity of the background on
whioh the prominences are seen. It is quite possible that more of this soattered light may enter the slit in
one position of the spectroscope and less 1n the opposite position, snd considering the ease with which faint
prominences are rendered invisible by inoreasing the intensity of the background, systematic bias in favour
of one limb might be prodnced in this way.

Another source of uncertanty 18 connected with the fact that the great majority of the observations are
made during the mornmg hours with the telescope west of the pier. JIn this pomtion the eastern limb is
easier to observe than the western merely on account of the more convenient angle which the observing
telescope makes with the horizontal.

A test of the actual working of the spectroscope has failed to show any obvious change in the intensity
of the spectrum background on which the prominences are seen, when the instrument 1s rotated. It 18 how-

ever impossible to say how far the different observers may have been infuenced by the inconvenient angle
involved 1 observing the west Limb.

'With regard to the photographio records, the instrument employed is the Uambridge spectroheliograph,
and photographs have been obtained on nearly all the days which were clear enough for visual observations.
The prominences are also sometimes racorded on days when, owing to thick cirrus cloud, visual work is
impossible. The photographs are obtained in the ‘ K >’ line of caleium, whilst the visual observations are made
1n the hydrogen lne a. No material differences have however ever been found between the drawings and
photographs when the records have been obtained simulteneously. Hydrogen prominences without caleium,
or calcium prominences without hydrogen, have never been certainly recorded at Kodaikanal. The photo-
graphs nsually show & greater extension of the fainter details and infricute structure of the prominences,
owing no doubt to the better contrast obtained with the narrow slit of the spectroheliograph compared with
the widely opened slit nsed in the visual observations.

I have oarefully considered all the conditions in working the spectroheliograph but have entirely failed
to discover any reason for & systematic bias in favour of the east limb, and an examination of the plates
themselves dispels any doubts on the point. The prominenceimages are always shown with equal distinotness
in all parts of the limb when the sky is uniform.

The photographic records began early in the year 1905 and during the first three years photographs were
obtaiued on about 80 per cent. of the days when visual observations were made. Durmg the later years,
1908—1912 inclusive, photographs have been sccured on practically all the days when visual observations were
made, and on some additional days when the condition of the sky was unfavourable for visual work the
prominences have shown faintly on the diso photographs.

The position angles and heights of all prominences shown on either the dise or limb photographs have
been measured and tabulated together with the visual observations, so that the numeration includes everything
that has been recorded visually or photographically.

If the visual observations have been subject to systematio bias in favour of the east limb the photo-
graphs must have made good all those-prominences which weremissed by the observers on the west limb, and



511

T can only conclude that the figures areto be relied on as indicating a real preponderance in numbers of
eastern over western prominences.

The preponderance of the eastern prominennes is also shown by comparing east and west in two other

independent series of observations. During the twelve yoars 1894—1905 inclusive, I observed the promi-

nences systematioally at my private obscrvatory at Kenley, aud the results of separating east from west arc
given 1n the following table :—

Tasre II.

Year. Enst. West., B—W
1894. . - - . . 561 561 — 10
1895 .. . . 487 487 0
1896 . . . " 268 264 + 4
1897 . . . . . .o 444 401 + 43
1848 " 304 303 + 1
1899 . .. - 352 344 + 8
1900 . - . 158 147 + 11
1901 . . 240 251 - 11
1902 . - 258 223 4+ 36
1903 3556 309 + 46
1904 .- 653 623 4+ 30
1006 . 438 461 - 23

Total .. 4508 4374 + 134

Percentage east 50°75.

The observations of Signori Masoari and Riced at Catania for tho same years yield according to Mrs.
Maunder’s summary .—

Eangt, ‘Weat B -W
3480 3865 4115

Porcontago east 50°84

These two series of observations are in good agreemont in showing a small average excess of vastern
prominences during the twelve yoars ending with 1905, I attach no signifieance to the variations from year
to year, because the annual numbers are too small to give reliable averages.

The much smaller eastern exoess shown by these figures as compared with the Kodaikanal series suggested
the possiblity that the average size of the prominenoos recorded may affect tho xesult. At Kodaikansl all
prominences exceeding 10” in height are recorded, whilst at Catania prominenoes under 80" i height are not
recorded. At Kenley no limiting size was adopted, but, owing to the use of small instruments, prominences
between 10” and 20” would otten pass unnoticed unless exceptionally bright. The eifect of including

the smaller prominences on the mean daily numbers observed is shown in the following comparison for the
yeoar 1900 .—

Meoan daily numbers of prominences recorded at—

Year, Kodaikanal, Kenley. Catania,
1905 149 94 30

The large proportion of small prominences recorded at Kodaikanal would affect the eastern excess if we
assume with Mrs. Maunder that the earth tends to extinguish a prominence during its transit across the
visible dise. For it is evident that where mere numbers are concerned the larger prominences might be
expected to show a smaller eastern excess than the emaller prominences, because theilatter woald much more
readily sugcumb altogether to the extinguishing infiuence, whilst the former would merely diminish in sige.
1-a
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In order to obtain further evidenoce on the point I have tabulsted independently from the Kodaikanal
rosults all the larger prominences observed during seven years, definiog a  large ™ prominonce as one which
extends for 2° or more on the solar limb and a ¢ small’’ prominence one in which the base is less than 2°
1n extent. The results of this rough classification are set out in Table ITT

Tasre IIL
Large prominences.
Year East West, E.—~W.
1905 . . .. . . 884 746 + 138
1906 . . - o 646 642 + 4
1907 . " . - 922 921 + 1
1908 .. . . .- .. 9% 892 + 33
1909 . . 976 921 -+ b6
1910 - - . - 888 847 + 41
1911 . . . 631 637 - 6

Total ... 5872 5306 + 206

Percentage east 51'16.

Small prominences.
Yoar. Tasb. West B—W
1905 . .. 1608 1512 + 96
1906 .. e . .. 1982 1621 + 3811
1907 . " - .. 2138 1835 4+ 303
1908 .- . .. 2352 2082 + 270
1909 . .. 2413 2128 + 285
1910 . . ... 277 2269 + 488
191 e e c. 2049 2187 4+ 362

Total ... 15749 13634 + 2116

Percentage east 53'60.

The eastern excess is here tound to be over three times greater for the small prominences than for the large,

thus verifying the surmise that it is mainly the small prominences which are responsible for tha very remark-
able resalts shown in Table L.

To complete the comparison so far as is possible with other indopendent series of observations L have
continued the tabulation of the Oatania results as published i the Memorie della Societd degli Spettroscopisti
Ttaliani up to the end of 1911 as is shown in the following table :—

Yoar. East, West, E~W.
1906 . 229 240 - 11
1907 s . 454 375 + 79
1908 e e .. - 354 350 + 4
1909 - . . . 383 217 + 106
1910 . - 813 204 + 109
1911 . . o 153 144 + 9

Total .. 1886 15690 + 296

Peroontage east G426,
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The comparatively large excess of eastern prominences here shown, which is greater than the average excess
of the small prominences observed at Kodaikanal, is not in accordance with the foregoing ecorelusion as to small
versus large prominences It appearsto me howeverthat this result is somewhat illusory owing to the small
numbers involved The average is greatly affected by the very large excess shown for the years 1909 and
1910 which is certanly accidental The fact of the eastern excess is however a farther verification of the
main result of the Kodaikanal numeration.

Profile Areas of Prominences.

At Kodaikanal in addition to the tubulation of numbers, heights, and heliographio positions, the profile
arows of the prominences are estimated, but, as in the caso of the numbers, the enstern prominences have uot
until the year 1911 been separated from the western Having ocoasion however to redetermine the areas for
1905 for another purpose I oan give the resulls for that year and for the twelve months ending July 1912

.expressed in tenths of square minutes of arc they are as follows :—

Kast Woest: B.—W, Peret;e:’l;.tage
1905 06874 6303 + 571 52:16
1911 July to December . _ .
1912 January to June } 3848 8958 110 49:56
Totals, and averago
percontage cast. 10722 10261 + 461 51-10

—— ——

At Kenley an estimate was made of the magnitudes of the prominences, and, although the figures cannot
be converted into square minutes of are, thuy represont profilo areas and are useful for comparison with the
:above. I give below the Kenley magnitndes for the twelve years 1894-1905 :—

Yoar. Tast, Wont, n—w.
1894 .., w7198 7292 - 99
18056 ... .. 5894 54056 - 11
1896 ... ves . ... 2089 2625 — bB6
1897 ... v 4443 4082 + 411
1898 ... ... 3819 3998 - 379
1899 ... oo " <. 8086 2815 + 21
1900 ... . .. 1460 1669 — 208
1901 ... w2020 1987 o+ 39
1902 ... res w2220 1866 + 354
1903 ... ‘o .. 8781 30066 + 716
1904 ... - ... 0875 6266 + 310
1905 ... «. 93748 3747 + 1

Total ... 45684 44767 + 817
Percentago east 50:46.
From the foregoing results it appoars that areas are much less subject to the law of eastern excess than
numbers ; also that muoh greater irregularities occur in the annual results, the excess being often in favour
of the west limb. A small average excess of prominence area for the east lib is nevertheless indicated.

The effect of Heliograpkic Latitude on the eastern cocess.

It oconrred to me that the eastern exoess might be in some way conneoted with the velecity of rotation
of the son. It might for instanoce be assumed that owing to frictional resistance by matter outside the sun
vand not partaking, in tho solar rotation, the * preceding *’ sides of the prominences facing in the direotion of
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rotation, might be hotter and brighter than the ¢ following * sides; so that on the west limb we seo the fainter
back sides so to speak, and on the east limb the brighter front sides. This would in effect cause an apparent
preponderance of numbers or areas at the east limb because many prominences otherwise so faint as to be at
the lumit of visihility would be seen at the east limb and not at the west.

This hypothesis has the recommendation that it obviates the necessity for assuming an influence due to
the earth on masses of gas many times grenter in volume than the earth itself. If there is any truth 1n it we
should expect to find a marked diminution in the eastern excess on passing from the equatonal region where
the rotation velocity is greatest, to the polar zones where 1t is least As it 1s essential 1 a case of this kind
to deal with the largest possible numbers, I have divided the whole number of prominences observed in the
five yoars 1907—1911 into two portions, viz.. those observed in the equatorial regions up to latitude 305,
and those found 1n higher latitudes. This is equivalent to selecting prominences having velocities of rotation
lying between 2 and 165 knlometers per second, and between 1'65 and 0 kilometers per second. The results
sre given below :—

East. West. Pe“’;;‘(f;‘f:ezi::_”‘e" n
Low latitudes—0° to 30°5 ... 7855 6568 5275
High latitudes—30° 5 to 90° . . 9196 8151 5300

This result is uncempromisingly against the above hypothesis since it shows a greater eastern excess for
the high latitude prominences than for those in low latitudes.

Influence of the Planels.

1f the earth has a marked effect in changing the distribution of prominences on the sun, similar effects:
may be looked for in the case of the other planets. It appears very improbable that the insignificant tide-
raising forces of the planets could be in any way offective : if such were the ecase Jupiter would have the
grealest influence, the tidal force at the sun’s surface due to this planet being 2% times that of the earth.
The Venus tide is nearly as greaf, the foree being about double that of the earth, whilst for Mercury it
would be slightly less than that of the eaxth. The effeots of the remaining planets would be negligible.

If the effect were proportional to mass and inversely proportional to the distance squared Jupiter
would of eourse have a greatly preponderating influence nearly twelve times greater than that of the ecarth.
The Jupiter effect would produce an alternate excess of prominences on the east and west limbs with a period
of thirteen months, corresponding with his synodical period.

On plotting the percentages of eastern prominences over the whole period of 8% years, taking quarterly
averages, an regular curve is obtained which is reproduced in the accompanying diagram. It is obvious from
this that no alternation between east and west exists, and, excepting during the first quarter of 1904 and the
second quarter of 1907, the excess has been continuously on the eastside. Hvidently mass is notan important
factor, and the question remains as to whether any planet other than Jupiter affects the percentages.

In seeking to find evidenoe of planetary influence I assume that the greatest postive effeot (that 18 eastern
exoess)|would occur for the outer planets when at opposition ; and the greatest negative effect when in con-
junction with the sun ; for the inner planets when at inferior and superior conjunctions respectively. At inter-
mediate positions the cosine funotion of the angle al the sun between planet and earth, or the difference of
heliocentrio longitudes, might be taken to represent the effect. In the diagram the broken line represents-
the eosine ourve for Venus, the only planet, excepling possibly Saturn, which appears to influence the promi-
nence curve in the slightest degree. It will be seen that there is a distinct tendenoy for smaller values of the
eastern excess when this planet is near superior conjunction with the sun and larger values when in inferior
conjunotion.

1f the prominence numbers are suramed up for 'all the periods when the difference of heliocentric longi-
tude of Venus and the Earth was 30° or less, and also for the periods when it was between 150° and 180° ; im
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.other words when Venus was near inferior and near superior conjunctions respectively, the following results
are obtained :

Hast. West,  ercentage
east.

Venus near inferior conjunctions ... 3014 3348 5390
Venus near superior conjunctions .. . 3980 8592 5256

The difference 1n the percentages is small and perhaps of no real significance. It favours a slight action
.of Venus similar in effect to that of the earth.

In the oase of Jupiter the prominemce numbers near oppositions and near conjunctions, with the same
limiting heliocentric angles, yield a negative result as follows *

East. Wast. Pex:::;t&ge
Jupiter near oppositions . : .o 4112 8679 5278

Jupitor near conjunctions with the sun . 4069 3609 5300

Here the oastern proponderance is slightly greater when the planet is on the opposite side of the sun to
tho carth than when it is on the same side as the earth, but the difference is too small to bs considered
significant.

For Merocury the synodical period of 116 days is too short for comparison with the quarterly prominence
averages. There i no apparent connection betweon the promincnce curve and the cosine curve for Mars.

As the numerdion of prominences is a somewhat arbitrary proceeding and there must often be consider-
able uncertainty asto whether a prominence should be ontercd as one or sevorsl, I find 1t diffioult to believe
that the variations & the curve have muoh real significance; stillfhere seems no roason why the numeration
should differ as betwen east and west even if tho habit of the observer changes in course of time. Each
point on the curve rpresents on the average a fotal of 725 easlern and 651 western prominences.

There is besidetthe Venus effect, an apparent coincidonoo belween the points of maximum in the curve
and the oppositions f Saturn. As this planct’s synodical period is very little greater than a year this may
be merely an indicabn of an annual periodicity. In order to show how the eastorn excess varies throughout
tho year I have tulm the average of all the porcontage values obtained for each month of the year The
accompanying diegra oxhibits the rather siriking annual variation which results, There are woll marked

maxima in Januarywnd Augnst, and miniiaa in April and November. Apparently the greatest eastern
exocus ocours when th carth is nearest to and fucthest from the sun.

The prominence umbers for the months December and January have been added for the entire period
of 8} years and comprod with those for the months June and July. The percontage of eastern prominences
is found to be nearly e same and above the average for all the months, the figures are:

Tost. Weost, Perz::::?ge
January;nd December (Perihelion) .., e 4175 3061 53'28
June an July (Aphelion) 2678 2270 58'18

The smaller numlrs observed near aphelion are probably due to the less favourable observing condi-
tions during the monsor months.

Summary.

(1) The Kodaikar, observations show that for the period 1904-—1911 inclusive the eastern promi-
nences numerically exceled tho western for each of the eight years, and that the proportion of the eastern
.excess was nearly oonstaj over this period. The average percentage of eastern prominences including the
first half of 1912 was 520.

(2) The observationat Kenley and at Catania during the period 1894—1905 inclusive show a numerical
excess of eastern promineles, these averaged 50°8 per cent. of the whole number recorded. The Catania obser-
vations for the pariod 19+-1911 inclusive show a larger excess of eastern prominences which averaged 54'26
sper cent. of the whole nuber,
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(8) The larger prominences recorded at Kodaikanal during the seven yeax [905—1911 inclusive show g
much smaller eastern excess than the smaller prominences, the percentage of eastern prominences being 51:16
for the former and 53+60 for the latter.

\4) The mean profile areas of prominences observed at Kenley during the period 1894—1905 inclusive,
and at Kodaikanal for the years 1905 and 1911—1912 show a small average excess of eastern areas. "The
eastorn exoess is much smaller than for the numbers, and in several years the west limb area ex-2eceds that of
the east limb,

(6) It is shown that there is no appreciable difference as regards numerical eastern preponderance for
prominences ocvvrring in the equatorial regions up to latitude 8C°:6 and those ocourring in higher latitudes.

(6) There is slight evidence of plauetary action similar in effect to that of the earth in the case of Venus
only among the major planets.

(7) There appeaxs to be an annual periodicity in the eastern preponderance with maxima in January and.
August and minima in April and November.

In conclusion I have pleasure in acknowledging the very effective assistance rendered by Mr, 8. Sitarama
Aiyar in the heavy work of numeration and tabulation of the results.

KoDarganarL, J. EVERSHED,
2nd October 1912. Drrector, Kodatkanal and Madras Observaiories.

SUPPLEMENTARY NOTE.

(a) The ¢ metallio” prominences observed during the whole period since 1904 show a much greater
preponderance of east over west than is indicated in Table I which includes all classes of prominences.

In the nine years 1904—1912 inclusive 424 metallio prominences were recorded, and of these 264 or 599
per cent. were on the east limb.

As the great majority of these prominences were associated with sunspots it mey he inferred that spot
disturbances are more active on the east limb than on the west as regards eruptions of metallic vapouxrs.

(b) Prominences showing displacements of the hydrogen lines also show a much greater eastern preponde-
ranoe than is shown in Table I. These disturbances oocur 1n all latitudes up to the poles and the majority are
not assooiated with spot disturbances. The total number recorded in the nine years ending Docember 1912 is
559, of which 819 or 57 per cent. were on the east limb. Hastern prommences therefore appear to be more.
liable to violent movement than western.

The displacements are probably due in most cases to motion in the line of sight and if is of interest to note
that displacements towards the red end of the spectrum indicating recession from the earth preponderate over
displacements towards the blue. Of the whole numbers recorded 61 per cent. were 1n the direction of
increased wave-length.

It may be remarked that the excess of esstern metallic prominences, and of prominences showing
movements in the lme of sight, results from observations made at the telescope, ay photographs of these
phenomena have not hitherto been attempted. There remains the possibility therefore of bias in favour of
the east limb as mentioned on page 510.

As regaxds the preponderance of displacements towards the red it is possible that pressure shifts may play
gome part in these disturbances, although this appears improbable in cases where the lines are shifted bodily and
not diffused towards the red.

KODAIRANAL, J. EVERSHED.

28vd December 1912,

—rh
MADRAS . PRINTED BY THR SUPERINTENDENT, GOVERSMENT pn'l?:ul-—lﬂﬁ.;
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