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PROMINENCE PERIODTCITSES. 

BY T ROYDS, D.So. 

Tho half-yearly data of prouliinences and Ha -mnrlrlngs prepared for tho ICodailranal Observatory 
Bulletins lead one to suspect regular va,na,tlons of short period in them. In  order t o  ~nvestlgato iha m a t t e ~  
more fully 1t was ro801vcd to construct tlla perlodogram of pi-omlnences in the same way thd .  Gchuster has 
done Eor sunspots." 

2 Any mves t~ge t~on  of per~odic~hea must be based on fairly cotnplete nud uu~follm data. At 
Koda,llranal visual obsevvatlolis have been mamtained on a u u i f o ~ m  p1:ru slnoe February 22nd,  1904, and 
the speotrolehograpli has boon in oontint~ouu use from December 1904, since when both v~sual and photo- 
graphic o t~servstions have been a,vailsblc. T ~ I  o observatlone from Jtmuai*~ I 905, may htbo~~eforo bo ta,ken 
as a sufficiently uniform serias and have been used in this investlgntion. As for their completel~ess it n1;y 
ba stated theti ~ 1 1 1 ~ 0  1905, tLe average nuluber of cinys 1x1 xlle year on which tlze promxnences observatinns 
have been made is 298, the lowest beu??g 260 in 1006, ancl the  highest 312 days in 1910. 

3. The total prominence aroas for  oach montll for the year8 1905 to 1912, liavct been got out from, tho 
observatory records, and the rnoan daily arei~s o b t m e d  by divxdlng by the effuotive number ol: c1a.y~ of 
obssrvation 111 each inonth. This effecllvt? number of clays has beec arrived a t  by ~ v a r k i ~ l g  a day on w h x h  
the cox~ditions of observation were ilot good as $, 4 or clay according to  the quality of the sky and delinition 
ah the tlrrie of observation. Tlio dabs are glvou ~n l'able I. 
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4. The periodogram reproduced in Pig I on page 30 was obtalned from the mean daily areas for each month 
from 1905 to  1912, by first calculating the Pour ie~~ coefficirnts of the periods of 13, 13,. . . ..up to 22 
uonths, and the first, second, and in some cases the tlilrd hub-peuodn. The ordmnto ot tile poriocIogram 

is then proportioni~l to the p~oduct of the suln of the sqnares o f  the B1ourier coefficients n . n d  tlie Lime i~ltei.- 
va1 to which tho Fourier analysis hna been a.ppl~od." Aa the interval 1905 to 1912 does not include more 

than R complete periods of 10 months tile curve was carricd only SO far beyond thls polnt as i,o sllow 
whether the inclpienk rise wits continned. The ordlnaben 01 the penodogmm, and tlio phnsos at  1905.04 

are given in Table 11, the phaso being O0 when tho period liss its maxlmom. 

Perlocl in months IS, (1: 8. (1) I Pprlod In n ~ o ~ t h s  

It is seen that the prornlneuco pcriodogram shows tile presence of three periods of largo in{,ellsi~y, two 
noa~ly  homogeneous, 6f G& and '7h months and tl~illd, whloh i s  provisionnlly fixed a t  IS+ rnonills ;LH hoing 
probi~bly tilie highest point of the baud. 

Tho tlrrlos of maxima are as g ~ v o n  below In Table ILT. 

Period. T ~ m e s  of Moxirnn. 
0 

lR+month~ ... ... , 1912 October 4 3. n 13+ rnonthu. 
7$ ,, ... . ... 1912 August 22 + n, 76  month^. 
G i  ,, . . . ... 1912 June 21 5 D. 6% months. 

5. Before proceeding to  d~scuss thir perioclog~ am, it is necessary to consider whetlior the periods 
indicated above heva not boon introduced into the data in deriving the mean daily nlooas. I t  is oloar that  

the days O F  incomplete observation llav,va been exactly allowed for, a periodicity in tho numbor of 
days of observation wul cause the same periodicity in the atlily areas, of an i n  tenshy depending on the 
exactness with w h l ~ h  the a l l o ~ ~ n c e  can be estimated. It was consequently foresoon that thero might 
appear in tho daily areas from thih cause, at least one period, namely 12 months owlng to the annually 

reourring mpnsoons. In order $0 remove all doubts as to what periodicities might be intl*oducod in this 
way, I hkvve cens~ructed the whole periodogram of the effective number of days of observation. This curve, 
which,is also given in Fig. 1, has a peak at 12 months, which shows that unless the allowanoe for partial day8 

has been strictly exact, the prominence periodogranl ought to be raised or lowered 21,t this pomt. The curve 
of effective days of observation also shows pet~lrs as s~~bperiods of the annual period, n a ~ o l y  a t  6.0 months 
and 4.0 months, but these are inconsiderable. 

* Sobustar Proc. Roy, Soe. A. V O ~ ,  77, p 136, 1906. 



I have shown therefore t l~i t t  the periods in the  mean daily prominence arlens of 64-, 7: n l ~ d  131, 1ui)nLhs 
are not due to perlodloit~es m the nulliurr of days of observation. Conseclueutly i t  is of no lmmerllato 
importanou to est~mtl.te the effcct of  a possible under- or over-allowance for tlio days of inco~~ipleto observa.- 
tsons, but wllother tho ~aYowanco h t~~s  beet1 under- or over-ostlruated call bo tested Ly considol irig t h ~  plltibes 
of tho period in tho nl~rnber of days of observation i~lld of the 9 e s ~ ~ l t l ~ ~ g  p e ~ i o d  111 t l l ~  dally areas. For, 
during poor observ~ng lrionths wllon the number of dw2ys of obsurvatiou IS sm;.~lI, the effective nulnl~or of 
days is too large lf the allown,nco for palrtial days is nuder-estlme'ted and ~unsequently tho daily areas too 
small. That is, the aroas aye too su~fill when the nur~iber of days of obbervatiou 1s snit-rll, or in otller ~vords  
the pllasos aro cuiiiclderlt. Similarly, wllcn tlie allowt~llco is over-cstlmetcd tho phascs aro ol)posita. For  
mstance, i f  I under-estimete bhu effoct of partial days by making no i~llowt~rnco a t  ;dl, tlle pllasc of tllo annual 
period i n  prorninonces 1s 5G0, nearly c~incldont  wltli 53Q for  thc number of days ol ob,setvat~on, whel.eas 
after making the osbiinn,tad allowance i~ is 61'. I t  suolxis therefore t,hat the allowance triay st111 Lo undcr- 
ost,i~n;~,ted. 

I t  should Lo pointed out t h i~ t  tllo scalo 01 the psrlodogrslr~ of efloctlvo number ol days of 011,sorviltion 
in Pig. 1 1s an a,rbitrsry ono 

G 'I1llo best proof of tlie roality of the periods which llnve beon fo~lnd i11 tllo Kodalkannl iltnly areas i s  

their preseilce in  the proa~~ncnce  dtiba of othul* olservatorioa. The 'c Mamoxie ilella Soo~uth degll Spec~ros- 

not illcluding prornlnei~ces less thiln 30" high, oxtend for many years btlck. Tho men.n clmly froqooilc~os 
for eaoh mouth from 1881 to 1912, (lo(lucod i'r.0133 observatiio~~s at Pt~lorrno and Catallu, have beuu a n a l j ~ e d  
and the resultnl g por~orlo~m~rn sl~oms distinot peaks at tll o rs:Lrue y onlts as the Kudaikalslal cul ve, RH S ~ O W U  XU 

Fig. 1. Althongh the ordinates %re munh smalllor tlit~tl in tho Xod:~~k;~,nnl carve, mcllci~tlng that the 
period~cities Itlay not have Itocn aot,lve tlnririg tlie wholo lnt~rvi~rl 1881-1912, and altltough other peaks (uot 
shown in  tho figure) alrc pinesent, Lhox r7esalts strongly cun[irm thoso detluced from iihcr I<od:~alranul ob~erva-  
tions. In further contirmn.t~o)l we lli~.ve tllo l';~ct that the pllases :t,greo as well as ooald be expected for owl\ 
of L11e t hvee per~ods. 'L11lis is show11 1x1 Tablo TV. 

Y'A 13 I ~ I Q  IT. 
Phnso dl 1905 04 

Period r--- A-- ,, 7 
Kod:~ikani~l Pnlarmo-Oatania, 

13; uo~lths  ... ... ... ... ... ... ... 340' 1 2 O  
... ... ... 7$ 7,  ... . .  ... ... 5 T o  138O 

... ... .a. ... , 3 ,  .." - * .  . .  ... 29' 5g0 

7. It is dosirablo to givo an idoa of the amplitudos of the  three poriods whiol~ hnvo beet1 found in tlls 
I<odailranel obuervations. The avern,go of tlii? mean dillly prormncnce areas for the whole inte~*val is 4.64 
square mltlutes and the ainplitltdes ara the Pollowing percentsgos of this average, tho range being double ihe 
arlclplrtuda :- 

Po r ~ o d  Arnplit~zde as poroentage 
of avorngu of mom 

drnly areas. 

18$ months ... ... ... ... . . . . ... . . 13 6 % 
... ... 79 J, ... ... ... . .  ... 9.1 % 

... ... s+ ,, ... ... ... . " .  ... . . 10.1 % 
We can obtaln some idea, of tlia ratio of these amplitudes to that of the 11 year period in prominences. 

T'he I'alerrno-Catania, series extend over a, sufficiently long interval t,o give an approximate value at least, 01 
the amplitude of the 11 year period, and by a oomparison of Kodaikanal and  Catania observations during 
the years 1905 to 1912, it is seen that the 11 year period has a slightly smaller amplitude in Rodaikanltl 
ayeas than 1n Catania f~eqepueficies. The amplitude of the 139 month period in the I(odaikana1 data is, a s  
a redult of this Comparison, about & that  of the 11 year poriod and the  amplitudes of the 6& month and the 
74 month periods are eaoh about ;5. 

8. Two of the periods found are near pls,netary periods of revolution. The sidereal period of Venus is 

7-38 months and the synodic period of Jupiter 13.1 1 months ; the synodic period of Venus is 19-19 months, 
but the s l~gh t  rise of the periodogram a t  this point has probably no r ed  significance. Considerations of 



phaso s h o ~ ,  however, that tliede coineldences are probably accidental. 'I'he ruaximn ol' tthe por~od of 7-:;S 
months occur wbon Venus is about its ascending node, and the mamma of tlie 13.11 moilth poriod, i v  l l c ? ~ ~  
Jupiter is i n  eesterri quedraturs. 1E the comoldencer, are real, the causnl connection must be obsouro 0 1 1 0  

In vlew of these facts. 
9. I have shown that three periodlc~tlos namely of 13$, i&  and 6f rnontlls exivt in tllo ~ ~ r o m i n c ~ ~ l c * ~ ~  

areas as  observed a, t  ICoda~kaual from 1905 t o  19 J 2 and have obtilllled some confirmation of t hr in fro11 1 l~l k ~3 

long ~o r i e s  of I t d l a ~ ~  observations, Other lndnpondeut prornmonco dnta, W ~ I I C ~  are sntticiontly ~o l l lp lo to  :&rl(l 
oontiunons are, however, highly deslrablbla in to establish firmly the reality of those praiods. 

TKB 0 ns rr~vn~~onrr, K~DAIICANAL, '1'. ROYDS, 
A z ~ g z ~ s t  1 Sth, 19 13. Asst. DiPcctor, ICodaikan~il and I l f ad~~aa  OLne~rvator krs . 
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