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AN APPARENT INFLUZNCE OF THE EARTH ON SOLAR PBOMINENCES 
BY J. EVERSHED, F.R.S., a i l~l  I?. R. CHIDd&fRXRh AYYhR, B.A.' 

111 llcr well-knolvil papri* on '' An Apparent Influence of tlle Emth on t,h: n~unber  ant1 area of Swsl~ots  
ill Glle Cycle 1889--l!)Ol," Mrs. Manncler gives evideilce ~vhich  " seeuis to show t,l.lat sl~ot,s teiicl to clinlinisll 
in aloe$ rat*ller thail to increase as they pass ~ulclcr the Earth, ancl that there is a cleciclecl tendencgr to clieek the 
generation of spot's on t'lle heinisl~here presente~l t'o the Eart,h."" 

111 I<oclaika~~al Rullet8in No. SXVII I  " On the Relative Nurnl~ers of P1*onii1lences ol,servecL on tlle E;tsteyn 
tkll(l wp~ter l l  Lilllbs," t'he vviclence given seeins to su l~ l~or t  the conclnsion that in the case of pronliilellces :~lso 
there is a t,endencg to a, cliillinutioil in numbers as they cross t ' l~e  visible disc. 

tllc othor haatl, Dr. Roycla and 8. Sitarailla Ayyar have sholvn by the perioclogralli metj~od of S c l ~ u s t , ~ ~  
tllat ally cij:cct tlue to 1)lalletary action, iiiclutliily the Earth, is imgrol~J)le, altllouyll "the ohserved ~ystelllatic 
cxcpss 011 the one liinl) 01' iLllY j)erio~licit~ies ill its mriatio~ls illust he associatetl with the Ea~t~h ' s  clirectioll."" 

11' it is ass~uine(l t11it.t tali? ICil~tll ten~ls to exting~~ish a proillillellce during its passage across the Sun's tlise, 
tllis action might be esl)ccttil t,o lrary between the izortheril cziltl ~out~llerii heirlisplieres l-iaring seine pt lation to 
tllal (linbctio~l of the ]':art11 or to tllc relative areas 13resent~il to the Ewtli. For inst1auce, I~etween Fehrnarp all([ 
Marc11 of cacll year t'he centre of the Suv's disc is in  7' sonth 1atit'~Xcle and t'lle total visible area of the sout,llclnl 
honligl~hcrc is greater than t'hat of the nort8hr.i*n hy about 28 per cent. In  hngnst a l ~ d  Septcillbel* tile llort,heyll 
Ilelllisl~llero p~e~luminatcs over the southern 1,s the pame amonnt. If t'lle~efore t'lx Earth really exerts an 
illilnv~lcc! on the 1)roininences, this rliffereuce in  nrca or tlie change in the clirection s1~0111~1 give yisc to a spllli- 
ibllll~li~l 1)e~iodicit~~ ill tilt! 11it~titerll rxckss SOP etzch helllial~llere. The Snu's synodic rotation ~~eriocl being rougllly 
2s (bc~ys, we call filltl the a m o ~ u ~ ~ t  of extiilctioll s u ~ ~ o s e c ~  to protluced 1.15' the Earth by cni~l])aril~g the 
~,l~nllljllcilcc~ 011 ~sily clay on the east linll) with tllose on t8he west liiilb fom*teen (lays later. Tlzns, if ,x. tilu 
pl~ol~illellc(t~ yecl~onetl ill uunil~ers oi* ascas obscrvecl on the east limb 011 the fii*st (Zag', p those ol),sellvecl 011 tilc. 
~ ~ 1 s t  lillll) 011 tllle 15th (lay, tlle cbxtinclion is .r - = 23, wllere E n~tty be exl~rrsse~l as n l)creriltiqo of ,r, nnll 
is ,,o,sitivc lvlicn j)rominencts ;trc+ rcbtlncetl in 11111nl)tlr or weit ,  negative I V ~ C ~ L  new lIl'oulilzeilces are a&]p41 
;Lrcas iiicl8ensc([. 

Lpt us snpl)osc that tlic. illcliliatinil of the Sml's axis, ~vhich wc. call l), is LL mnxinrn~n ill t,he ll(lrt11, o r  

D = + 7'. The11 .r, - ?/,, = 8, mill reprosnlt the extinct'ion in the llnrt1herll hemisl~llere, where .I.,, rel,~psents 
tlhp pl*ominc?nccks observi-rl on t'llc i ~ o ~ t h - e ~ s t  limh 011 ~LIIY (lay, tt11d fi, those observe(! on the nnrtll-svest lilrlb 
011 t;llc*fifi;eeutll thy.  Similarly ,x', - 1 ~ ,  = will rel3rescnt the extinction in tlie sonthe~n ll~l~lispllerc, ~~t 
$nee tile liortllerll hemisl~hert. is presentecl t,oxvnrcls XElrrth, Ra shonltl he greater tl~iln E*, lC7, - &# being positive. 

1 Mr. Chiclainbarn Ayynr wllo receiltly joiiied t l ~ e  st:~ff a t  Kodniknllnl has by great i n d u s t ~ ~ y  in  denling with the 
,ll:lAs of material coiltailled ill our proinineilce records discovered a iiew l'elati011 Iletrneen pro~ninellce frequellciea east :Llld 
wcsi of the sun's axis aucl the hcliogvnphic latitucle of the Earth. This, while atldiug weight to  the case for  all infiuellce of the 
E:lri,ll on sol:lr phcnonzena, is xppx'eutly opposer1 to the suggest~oii that the Enrtb t,elids to exting~iisli prornineuco in itK 
p;tss;lge across the visil,le clisc. Mr. Chiclnmbnra A y p r  is elltirely responsillle for  t,he method of treating the l+ecords 311Ll pol. 
t,lle fncts give11 in this paper, and is to be coi1gratulatec1 on the illtere~tillg nlld suggestive results of his research,-- J,E, 

2 Monthly Notices of the Royal Astrollolnic ~l Society, IJXVII, 374. 
3 T(0clnilrnnn1 Observatory Bullc1,in No. XXXV. 



In the &tine lvily, wlirn D is - 7', Ed ~llonld be greateia than Etd, If,! - E,, being ~icg~tive.  If t.11ei~efore our 
;~qs\~nil~tion is c011~~ct, tlw ~11111~ of E,, - E,, should every year be positive wlien D = + 7' iuntl negtitivc when 
D = - 74 or i ~ t  iuly r,lt1p tllt. vcilnw ~11onld ibine i111tl fill1 oonxi~tently with tlie chnngeu in 1). 

If nli the otlw 11ii11,l I&, -Xi  is ~ ~ ~ t e l l ~ t i c i \ l l p  ~ ~ g i i t i ~ e  wllen D = + 7', and positive .iirhm 1) = - To,  01' 
the virlne Sirllx fnr + io ;li~(l rifles for - 7: it wonLl secAiu that the Rnstli instead of extiitgnisliii~g pi~oininenccs 
tlen( Lr to ~ustnin or genrn~le t.11en1. 

Thix i)ri~~ciple l i i ~ ~  been nnl~lopctl i l l  px~\i~iioing tlie luge  nmo~ult o f  mt~te~rii~l snpl)lie(l by tlltl 1rnsninellcl+ 
recolstlw of tlir Kotlnilrtbl~nl 0 bservutor;y for the yenss- I!)( 14-192( 1. Precautions hive heen tr;lker~ to ensure 
tli*l1~t~w~tbp C O ~ I I I ] N W ~ H O ~ I R  of the eiu~t rmd mest liiubfl on pidre of cll lys a fortnight apart. l?ola exilluple, if 
piaol~~il~nroi.r, wive reeorrletl o11 R tilie 1111[11$ nild the recoiad for the fifteeiltl~ (lily \Viig impeiafect in k W  
1kTiv;lp, tllr C O I ~ ~ ~ L W ~ R O I I  wo~ulil N ~ O W  ill1 ~ ~ i ~ g g e ~ l ~ t e d  e~t~inetioii, b ~ i t  the extinctlion wonld be le~scuril if the 
-col~tlition# ex id~ t l  in t'ht! rrverw orrlei-. It IVW tIhereft~is~ necewuy t o  reject all pniir# of dnys on ~vhich cni1ipli.t~ 
rrcortl~ (lid not exist, or the pliotngri~l~lis were iiot ohtt~iiied nnder a4 fas m possible itleal contlitionfl. 

Thr cnlnl,~u.irnn~ l ~ i i v ~  been rnntle in the fiiwt iulctnnce at epochs when the vnlne; of 1) renche~ 7' or ~ V W ,  

1101~tll bi~lll xuntli, which liinits the m~uil)rr of days in rwoh genr to 30  pair^ between E'el~mi~sy ant1 hli~rcll tbnd 
l)i\ii8a bet~vtvc!o~ Angnrrt niul Helrteml~er, mil since a pi~)gort.ion of tliese htw to  be rpjectrtl, tlie miltcvinl fola 

thlrcali iniliviilul~l yeltiq b rco~nes  too alentler to iuiliwtte t\1q7 very tr~~st~vort l iy resnlt. I t  is indeed ~urprisiilg thitt 
the nllnnal resalb collie out ae coilsi~teiitly nr they do. 

Tnble I gives the re~alts of exrwniuing in this way tlle proluil~eace ~iu~inholafi for the entirc' period of 
I 

I f !  yews 1!)04--1!)?I). Owing to the mocli nore favoarnl~le conditions in February iuid hIiwc11 ooiiipued with 
Angwt' ~tlld Xcpteml)eia, wlien cloudy iuoilsool~ weather prevttilg, tlie tuinntrl nwnbert; foY D r= -- 7' nl.0 11~11cli 
larger dllil tllerefo~e give   no re trnstworthg lueilll values than those for D = + 7'. 

It will be seen that the percentage of extiilctioii on the weat l iml~ varies very iriaegultwly, n~ is to be cxpec- 
ted in clenling with sucli relatively small numl~ers for each yenl1. Yet there is sem to bc? m-~re  oftell a gain 
than a low of pominences on the we& limb in tht  l~emisphere which i~ tuned  toww~Is Eutli, ~~111 wll~il  me 
compare the v a l ~ t e ~  BIZ - R8 for D = +7' with those for D = - 7' tliere re~nlts  a s ~ . ~ t ~ ~ i l t ~ t ~ i c  tliff erellce, wvliich 
i~ readily upprecintecl wheu tile vnlaae we plotted m we have cloi~e in ililitlgrxn No. I. Hme it irc mitle~lt tliirt 
wliil~t tlw values rise aucl fall with i*e,sl~ect to the eeyo line of 110 differeace in es?,iiictin~i, yet thi? higlicr pointq 
use collgi~tently at -- 7' ~11d tliw lower nt 4- 7' for every gear nutil 1916 or 1917, w11e11 ik cI11mg~ oecunr, mil 
from 1917 oi~werda the re~~erse is tlhe case, thetvalnes of D coi~espoildiug mith thc grei~tltcr ~xtiltinction i11 
the uorth. It is to be noted tht this c'lmge occusfl i ~ t  lta t'i~ln when the gened tli~tritril~~~tion of l>ronii~iaenct~~ 
between emt nild w e ~ t  unilenveit a- mnarkecl elian'ge. T h u ~  f r o m  the begilliiing of our records i11 1905 nntil 
the end of 1!)16 emh yetm h~ ~lmwn a numerical excess of enstern prominei~ces, ~ s c r p t ~ i ~ ~ g  1.914, when 
there was a very slight'weatern exceas. The proportion of eastern prominences averaged 52'7 per cent of the 
whole nuinber from 1905 to 1911 inclneive, ant1 in the five years 1912-1916, it  WM 5Wr) per C B U ~  oilly. 
Bet-ween l!U6 and 1917 it fell from 503 to 49'5 per cent, and in the four yea19 1917-1930 the rnetul is 48'2 
pels centc 

If we take mens iu~tead oi nnml~ers the m e  change is exhibited, both in the genelaill clistl~il~ution 
between east aud west and in the periodical relatlion between the northern and sou then1 heinisphel8ea 
corresponding to the extreme  value^ of D plas ancl minas. But the fiy~ree for pron~illence areas s l ~ o ~ v  
-amalley depwtnree froin eqnality Between east ant1 west than do n~mbers. The lnean eastern proportion for 
the Rye yemg 1912-1!)16 for weas is 50'2 per cent instead of 50'5 per cent for nnml~era, ai1c1 for the four 
years 1917--19% it if3 49'0 per cent illstead of 48'2 per cent. 

We have tabdated in the m e  way as for uumbers tlie areas of promiuencea lor the epochs when D has 
the e m m e  values of * 7" and -7', but in this case we start with 1910, since estilmtea of area me not 
available before that h i e .  The remlts are rihown in Table 11, the unit in this case i~ a tenth of sl square 
minute of arc. The m e  apparently unsy~tematic irregularities are even Inore marked than in the me of 



~unmhers, ).tit ~01ill)itri~011 01 t ' h ~  values g,,-1C8 f o r  D = -I- 7' and D= -7" s l l ~ q - ~  tile sallle l,erindical flnctu~i- 
tioils, in l ~ ~ h i c b  plus vtllnes ~rc[~rei.;ent~iii~ ;L great'er cxt'inctioll ill the nortlrerll ~lel l l is l~~~ere)  higher 
point1s ill the cmve orclur when JJ = - 7'. There is ;llso the same cllilnge of sign l , e t ~ ~ - e ~ , ~  tile 191(; ilnli 
1917, tifiler 1~1iich t8hr bigllei* points corresl~onil to = -k 7'. Tile results are plottpclin diitgram No. 11. 

So far we Iliire t;~lce~i 110 : lcro~~nt  of thr  i~it~erlne~liate ~;llnes of 1). I11 oycIer to i~~trl*lllille wllethrr tllr 
valnc IC,, - rose ant1 fell in tile l~egtit~ivr tlire~t~ioix cr~ncnrrentlj- ~vitli the incretts? 1 (lPcrease ill D, :ult 1 
vice versa, it l l r l l S  Ilc~ceSSUy to es:tlllillc. t,llc ~ ~ ~ 0 1 ~ l i l l ~ n c e ~  of evelay tiity from ille first \yeek in ,Julie 19()4 to 
the lirst ~veelc in .Jrli~r 1!1?0, tl~rongl~ont ~ s c h  of the )-ears, enil ta1,nlate tllr nnlnbers piist west hS tllr 
luctIhotl ~~lrcl:tt()- ~Lescribctl. 'rllis was a 1110st lnl~oriol~s nntlertttki~ig, but the 1*t1snlts obtailwtl ]l;lvr, think, 
,jnst.i tietl ilxe ltil~oul* slwilt nl1011 it. 

'l'hr clliinge in  1) \\.iks iliri~letl intco ;I series of sttiups as Eo1lowr.s :-0' to f ,  2° to 4". 4' to (;4 1;" ti) yC, iO, 
)-r 0 r to I;" ;111tI SO 011 in the iarrrrse order. Thr estiirction x7\-as then c;~lculattrtl 011 tllaee l,yomillellces i ~ , ; ~ t  
start,ctl £i80ill tlle past liuil) tlluring thc~ ~)cb~*io(l that Il was cl~illlging from O0 to 2 O ,  f r o u ~  2' t o  -1.'. SO O I ~ ,  

Tlle valnes of XI:,, -E$ FOI* c~iiel~ s-uvll st;igc ancl. for all t'he yrars is girni in Tal~lr-. 111. Tile 11le;ill yalnes f ,  )l- 

t'he l ( i  years llikve l~een l~lottctl in cliagralll No. 111. 'I'llis result' is 11lost striking, the c.nyTe 1,eing a fail. al,l,yr,si- 
nlat1iorl t,o t'llc. itleal sine c11r1-c5 tllitt, we irlight e~1,er.t~ to get wwre the conditions 1)erfcct. TIley~. is a slight 
cliff'e~ence in ])haw in that' the tlr:illsitiou fro111 ~~os i t i re  to negxtire tlirectiou, allcl negat i~e to positive, cines not 
tnlce 1)l;~ce esactly at t;he l~oiut where LI = 0°, n~ztl tlit~ nlasinimn oi  the curve f o r  the negative T-aluca of L, 

tloes irnt nconr vs:~cLly ;it I )  = - 7'. 'l'l~is is possibly tlne to the inherent i~regul;\rities in the nlwteriitls 
rune (lealing ~vit~li. It : l l ~ l ) t~ i~~s  to us tliab t l l c~  general trentl of the  curve sho~vs that there is :t close c.orrelatic,n 
l)t~t-wccil t,lic. -ir:\viatiolls ill t l ~ c  l)~*ol)ortitnl of eastr~il ancl wester11 l~roniin~nces tint\ the helio,~:1';tphi~ littitnde 
01' hl~e ICttrtll. 

r l ' l i ~  rt'latioil (1 ocs ~ltrt,, 11 OITE'VPY, i t ~ l  ) t ' i l~  1 o l)r: a permaiiei~t olle ant1 al)plies only to the pe~ic~tl l!~O4-l9lli 
illalnsive. 11' mTc. titkc. tll? J.e:urs 1)oj'ore ant1 aftw tlle changt* which took place in l!)lt;-1!)1i tint 1 1)lot the 
 result,^ ill t8hc siunc3 wiy w e  gt~t' the curves I ant1 11 i11 cliag~izn No. IT. Here cuyve 1 is for the years 1904-191tt 
inclnsivp ;~1-1(1 cllrve I1 for the Sour* j-e:uias 1917-1920. It will be seen that -cr.hiIst, curl-e I u11prosiniates to the 
sille curve given in  I)~*oli-en lines, curve 11 sllows no relation at all to the ~alnes  of U.  

Fini~lly xrc. have investig;itetl tmlita rclt~ti~cl frequencies between the ~iorthern nncl southern hemispheres 
to  sclo ~~rhctlier any rcltition cttli I)P ~lincle out l~etween t'lie tmtal activit,~ of the he~llisplie~e turilect to~vards 
EIlllth conll)arc.tl wi t11 t 1~1t  turnibtl i iww 5- froni 14:arth. Taliing as X~efore the el~aclis when D has the ~nasi-mnnl 

valncis + 7" :in11 -7' nrth fincl tmllitt t,l~el.c~ is no such relation as is shc.~w~-n 7)s the figures for the relative extinction 
bptwppn llortnll i~nll south. 

011 tllc wllolc iluriilg the 1)ci~iotl 1!)04-11120 there is s11o11-11 ;1 general preponclera~lce of soutll o~-ei& 

nt)rtll tllc nortll ~11~11 I ) Y O I I I ~ I I P ~ I  ccs Iwillg 48.1 ~ W I *  ~.cmt of the whole uluubrr ~1.11nl 1) = + i0 and 48.9 per cent 
lvllen D = - 7". If we l i r d  the ~,eriorl to l!)04-1!111; t l ~ e  f ig~~res  are 48'1 ant1 4S.2 ller cent resj1ectire1~-- 
We can sca~*cel~- t~tt:tcli : K I I ~  siguificalzc.cl 1-0 so small t~ tliff'ert1nce ns is heye intlicatetl. 
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