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In Koda~kanal Bullotin No. XXVIII, Mr. Evershed has shown that during the yews 1904-1912 
a larger number of l~rolninences has been observed on the eastern limb of the sun than on tllc western, accord- 
ing to the observntlons made at  JCoda~kanal as well as those made a t  Catanla and ICenley. This led t o  the 
supposlt,lon that) the earth exerts an extinguishing influence during the transit of prolnlneuces acxosa the 
disc thus producing an ui~eqnnl distnlutlon at the two limbs, and siinilar effects were looked for in  the ewes 
of. the other plslnsts. Mr. Bvmslied co.ncluded, that there was slight, evldenco of planetary ectlon slinilar i n  
effect to that of the earth m tho case'of ~ e n n s  only among the inajor pluncts. 

2. It seemed to us that tho  poriodogram lnoCnod of Scliustst,er * would asford a ineans of decid~ng d e f i n ~ t e l ~  
and oonclusively for, 6r againat, plan~tnry influence For, if any planet oxarts an appreciable influence on 
the relative numbers on tho east alnd W Q S ~  limbs, thore will not only be n well rnarltod per i~d lc i t ,~  ooincldont 
with the synodic perlocl of revolution of the planet but also a second cr~terion will be aflordcd, namely, the  
phase of the period must bear solno intoGlnotfible oonneotlon with t h o  relative posltlous of the earth, san and 
planet. 

3. The periodograln w11.ich is ropxoduced in. Pig. 1 an page 38 was co~zstructcd from the ICoda,.~kaanl 
obexv&lons of the number of puominelzoos seen on tho eastera limb, expressed as a percentage of the total, 
for each month of the years 1904-1913, June. Tho two Fourier 00-efficients were calculated for periods of 
12, 13, 14, . . . , up to  24 mol l th~  and of tho first and second sab-pcriods of each. The ordinate 
of the periodograln i e  then proportional to tho product of the sun1 of the squares o f  the F o ~ ~ r i c r  co-eficlonts 
and the time interval to whloh the analys~s 1las been applied." The ordlnatea of the pox~adogram and  the 
phases at  19004 January 15 ( O U  a t  maximum) are given m Table I 

O~dinates  of Peliodogram (8) arid Phases (+) at 1904-04. 
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The perlodogyaln (B1ig. 1) showa rnaxuna at 13, (second sub-period of 13 months), Y$, 6 ,  and about 214 
months. Of these, the 13 months yerrod is possibly the only real one. 

-- - PERIODOGRAM PI? PERCENTAGE OF EARTERN PROMINENCES 
------- PERIODOGRAM OF TOTAL PROMINENCES 

The synodic period of revolution of several planets are marked in the figure find a t  these points there 
would be a, peak in the curve i f  the corresponding planet exerts any influence on the relative number of 
prolninences on tlie east and west limbs. 

It is seen that the ordinate of the periodogram is large near the periods of Jupiter (13-11 montl;s) and 
of Mercury (3*81 months). The more distant planets Saturn, Uranus and Neptune have their synodic perlod 
slightly larger than 12 months, wlulst the inflnence of the earth, if variable, would give rise to an annual  
period. The effeat, if nny, of the planets Raturn, Uranus, Neptune and Earth is therefore superposed in 
the band whose highest point is at 13 months. 

Mr. Evershed obtained evidence of a ellght ~ndicetion of an-influence axerted by Venus, but the evidence 
of the penodogram is entirely a'galnst it. f o r  a t  19 19 montha, the synodic period of Venus, there is no  
suggestion whatever of a rise in the curve. This contradiction requires some expla,nation which probably 
lies in the fact that Mr. Bvershed considered only the tlilies near superior and inferior cc njunctions whereas 



the method of harmonic analysis Includes the whole rcvolutlon. In fact, n gradual extension of the l~lnlts 

between wllicb the values are taken very soon  reduce^ the apparenr, effect of Tenus The following table, 

shows that when the prommence numbers for tlines between 560 on ench side of the positions of conjunction 
are taken the apparent effect of Venus la  practically zero. 
___.- -_ _I_ _ _ --I___----- --. - 

It is, however, not inconsistent with those hc t s  that  the combined oBect of Venus and lilsrth becomes 
appremable only when their d iEe r t~~ce  in longitude is very small ophen a rapld increase ol elfect might take 
place, qmckly d y m g  away again as the planets separate. We have therefore constructed E'ig. 2, giving the 
average number of eastern promnenaos during tlie revolution of Venus, to show tha,t such an o h c t  cannot 
be large. 

CURVli: O F  PERCENTAGE 03' EASTXIEN Pl3OMINENCES DURING SYNODIC REVOLUTION O F  VENUS 

The remaining results deduced by Mr. Everslled axe interpreted by the periodogra~~l as follows :- 
(a) 'rho absence of any "efCeot duo Lo Jupiter is due to the fact that tho 13 month period bas its zero 

values about the times of conjllnctions of Jupiter (its maxlma ocournng about the timos of quadrature oe 

determined below). 
( 4 )  The apparent effect nf Saturn is duo to ita period (12.4 ~nontbs) falling wlthin the 13 rrlontll bana, 

as adso does the annual period. 

- 

* Given by Evershed, Kodsikanal 0bsarvat;ory Bulletin, No, XXVIIL,! 
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4. Considerations of phase will now give some indication of the probability of the apparent e f f e c t  of 
Jupi te r  and Mercury being real. 

The phase of the Jupiter perlod (13.11 months) can be calculated from the phase of the triad periods near 
it, and is, at the date of 1904 January 15, about 165O. Consequently the maxima occur a t  the times 1904 J n l y  
I + n x 13-11 months. If there is a real effect of Jupiter similar t o  that supposed to be exerted by tho 
earth, we  should expect t h e  dates of maxima, to he  near the  times of the oppositions of Jupiter. T h o  
oppositions occur, however, a t  1904 October 19 _f n x 13-11 months. So large a lag as tbls, 260° or 9.5 
montl~s, does not sceln probable. The times of maxima are, indeed, nearly coincidentl with. t,hs E L ~ ~ ~ E J  ol' 

wcetern quadrature of Jupl ter  and it is difficult to suppose a real influence of Jupiter such t ha t  tl;r plfinot 
would exert its rnnxiinum efE~ct i n  this position. 

The phase oC the 3-81 mouth period of Mercury can be determined less accurately than that of Jupi t ,ox  
but would bo at tho came date 1904 January 15, about 617 the maxima occurring, therefore, a t  1904 J?obrua,ley 
1 3. x 3.81 months. The maximum effect of .,Mercury would be expected at  the times of inferior con- 
junction, 1904 J(1nusry l i  k n x 3.81 months wh~cll represents a lag of 4y0, or  15 days. It 1s not likely, 
therelore, that there is a real eEect due to either Juplter or Mercury. 

Further, if the effbct of a planet. 1s proportional dlrectly to its mass and inversely t o  solne powel- of 
its clistanoe from t h e  sun (as for mstmce a tldal effect), then smLa the supposed effect of Mercury  is 
( ~ o ~ J - ~ E L ~ s L ~ ~ F !  with that of Jupiter, the eflect cannot dnninish more rapidly than as the  inverse thirtl 
powor of tho distanao, and consecluetltly we should expect the eflect of Venus also to be appreciable. T h i x  
i s  soen frqom 'Pa,blo 11 The absence, bowever, of any eflect due t o  Venus as indlcatecl above, points again~t, 
Che soal~ty of y1anstar:y influence. 

TABI~E 11. 

Reliiiue EDct o j  Planets." 

L'lanoi,~~ I3ffrot K m/c1, Effect q rnld (Tidal force ) 
-- ---- -- -- 

Wo have concluded from this evidence that it is D O ~  hlrely that  any of the planets ]lave an mjjllr3nco 

on tila number of prominences on the eastern and western hmbs, and that therefore an ink111 unto 

e x s r t ~ ~ l  by the eerth IS improbable. 
5, ~h~ band in  the periodogram from 10 to 14 month8 at once reminded us of the smldar ball ti ill 

the 170riodogranl of the total prolllin@nce ar@&g8"r In order facditate compari8on, the p e r o d o g r n ~ ~ ~  
t h e  total prominence ~hr%bB has been added t o  f ig-  1, on s, suitable scale. There is a fitrlking s l ~ n i l u f i t ~  
betweon the t w o  perlodogrt.ims in that the feature of each. is n band at  13 months. The sob-pc l*iufl 
(dg i u  absgnt frog the total prommences but tho peak near 6 months is reproducad. Let us now 

the phase of t h e  periods common to the two perlodograms. Slnce they both relate to a,llllc )Ht 
exactly tho same time l ~ ~ l e r v a l  the phas(3~ of ihe trial periods are stnctly comparable whatevcl t l lo  
trua periods may be. The phases of the periods of eastern l~ronilnenoes have been reduced lo the aljoall 
1905 January 15, for  comparison with those of the total pmninences taken from Table I 03 
I<'daxlcanal Bulletin No. XXXII1. The dxfferences of the phase are given below m Table III for the 1:: 
month 8;nd Table I Y  for the 6 month period. 

- -- - 
* A similar table la  glvsn by Sohuster, Sroc. Roy. 800. A-85, 309, 1011. 
.I. Rord;l, Koclaikanal Observatory J3ulletln No. XXXIII. 
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Phases o j  Period near 13 months. 
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For xhe 13 month penod, which 1s tlxc'n~ost cort,n~.n in both penodoyrame, the phases differ by approxi- 
mately 180°, but tlns is not so Lor t h o  (i month period though LLe valuos me in $hi; case lesa trustwortl~y. 

Total promlnances - 10 J D  - -  I- ---I-.. -_- I - _ . . . _ _ _ - .  

Diirerenoe ol ylliase . . ., 1 2'7P 

This fact  doe^ however, pomt to lJhe oxistonce of n real connection botwoen the two penodograms. 
If thc 13 lnonth period i n  tJha relativt: nurnbcr of eastern prominences is  due to  Jupiter, wo sl!oblcl expect 

that it would he permanantlly sotjive, wllilsl one of us has shown* illat tho 13 month perlod in total numbers 
has a small averogo lntanfiily ovor a long interval from 1881-1912 according to  the Italian data. Conae- 

28' - ----I_ - - - _ _  
243' 

quently wo can ttoat whetller the connoctl~on between the two porlods i s  n real one by examining wli~tller the 
period in castern proininences idso d~sappoars during thz long interval. The Italian data axe llot so cmm- 
pleto as may bo desired for the purpose, givine Crequelltly very 1a~g.l.g.o or very small ~alulucsfo~ tho percentago 
at the east~crn limb, but tlio ovid o11ou doos 1)oxnt to the duappearance of the 1 3 month p~r lod  sin00 the 
average intensity over the years 1881-101 2 is only + o f  that over the years 1904-191 2. 

6. It is perlieps necessary to r,,;~.lto oleax that t,ho silnilarity of tho two perloaograms in Fig. 1 cannot be 
due to acciclental vvar~atlons in ths numbor of onstern prorninoncas. Whon there 1s tho largest n n m b ~ r  of 

prominences, i.e., i ~ t  tilo tlmas of ~naxima of illlo 13 month period, tho number of eastern prommencw wonlcI, 11 
thoir varintious wcra acoidontal, t ~ n d  to approach their average value. At the tinlea of minima of prominellce 
a;tivity, bowever, tho oastorn prolnin~noes would tend to have thoir ltlrge and small values ilnil llot 
ayslomat,icnLly 0110 or tho other. Consorlucotly the avorage ~ntensity of the 13 molltll poriocl duo to accidental 
variations would bo small. 

The prosonce of tlio 13 month -perioJ in @astorn l~rorninences, opposite in phase to t L n t  in tho t,o&~l, 
means that the 13 month poriorl is more lntenao in western promino~~oos thnu m onstern. Tile ,unplitnde 

1n western prolninoncos is not, snfI?cient &lono t o  oitune $lie observed a~nplitude in tho tot t~l  l~rominences 
whlch a~nounts to 13.6 per cent. of the avorego v:rdue. 

7. Some light i s  thrown upnu tho subjoot b y  studying tho relative ilumbcrs of prominences north and 
south of the equator, i:or iu t h ~ s  case also there is t i ,  tiy~tomt~tio excess onthe on0 side, namely, on ihs  sot~lheru 
where there :qqmir an average oC 51.78 por cent. of the totill number. The periodogram of tho percentnge 
number OH the norhh of the equ~ator rrL both limbs was oonatruoted exactly similibxly to *that of tho ~ i i ~ t c r n  

prominences. The pnriodogram is shown m Fig. 3 bolow. It 1s at once obvious that therc are no deliniLo 

perlodicitles in tlrc relative numbers north and south of the equator alld that therefore the variations ape 
chiefly accidental. This shows clearly, if proof wore needed, thai accidental variations in the numbsx 

-- - -- 
a Roydfi, Kodaikenal Observatory Bullet~n No. XXXlII. 



of the o.l.stern prominences, which would not be greater than ,n the nur~~bsr of the northern prorniilenues, 
could not produce the similarity of its perlodogram w ~ t h  that oE the total uumbers. 

PERTODOGRAM O F  PERCENTAGE O F  NORTHERN PROMINENCES 

To what,, then, is the southera excess due ? Clearly not to plallotary influence Hlnce tllerc are 
poriodloit~es of less than i 9  months prosant The cause may lie! wlthln tile sun ~tself a.nd inny possibly 
due t o  the maxima of long poriod varit~tlons occurring during the t i rn~  interval considered ( I  908--1913 J l l n u )  

but whose ultimate cause IS strll undetermxned, 

8. Relating to the excess of prommences on the eastern limb w e  1lavt. now the following facts :uwait,iiig 
explanation - 

(a) Au averago ooxcess on the enstorn limb for the years 1904-1 91 2 discovered and di~anssod by 
Mr Nvers3hed.JF 

(7)) A periodicity of 13 months in the varlatiotl of the onsterli excess, probably. ident~oicl wibIl {ilr 
13 rnclnth period in the total number of promlnciloon but opposite in phaye. Periods of .la rnollths (st.c~~lld 
wb-period of 13 months) and 34 luonths are also prese~lt but less impo~ataut. 

Altilough we hnvo concluded that  these perlodlcitles are not due to phnnets, ~ n d  conserlucl~tl~? i l i ~ t  ~$11 

k&eot due to the narth is improb;iblt> the ohaerzred s ~ t e m e t l c  excess on the  one limb, or any poriodiclry in 
~ t s  vnislntions, must be assoclnted w ~ t h  tile esl:thJs direction. In  the ahnence of any l n f l ~ l r ~ ~ e  sxortcd 
thu  we are clr~vev t o  tho concluuou Chat the effects observed are produced by the rotation of tho slln 

(anl\ be observed ft.0111 whatoveP direction the sun were viewed) although Mr. Evrrdlccl deducud 
ovidrnoe on oertaill assumptions wLlcli polntea to the opposit,e conclusion. If the rotation ok tile sun is 
the  true cause we (10 not sea any obvious explanation of thc: 13 month  penod~citg and, although long perirld 
variations may be also present whose xnaxima occur during the mterval conwdered, ~0 should expect tho 
ear;teriz excoes clue to this cause to  be permanent. 

FOF the further study of thess problems there is a lack of sufficiently conlplste prominence data iclr 3 
long interval of time. 11 is grently to be desired that not only should observations be made  as frequently 
as poss~ble, but that promlnenoes below 30" In he~ght should be recorded in order to obtain valnns for tllo 
prominence activity of the sun as nea.i*l~ true as possible. 

--- --- _ _  _- - _ -- 
* Evershed, loc. cat 



9. The similarity of the two perlodograms seems to us to confir111 the reality of the ch~ef features of 
the penodogrum m the total areas of prominences, for we h o w  of no a p~iori  reason exaopt that stated in 
the second paragraph of section 6, why the percentage number on one limb should be dependent on the 
total. The confirmation is the more remarliable since the total prominence area per day depends on tbe  
number of days of observation, which introduces an element of u~lcertainty from whmh the percentage 
observed in the eastern limb is free, as the number of days of observation does not in this case come into 

cons~derat~on . 
T. EOYDS, 

dssistan f Dip ector. 

S. SlTAKAMA AYYXR, 
First Assistant. 
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