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A COMPARISON OF THE PERIODICITIES I N  PROMINENCES AND SUNSPOTS. 

BY T. ROYDS, TI 8c. 

I have aJreadyl clete~minod the amplitude of the i l  yoar period in l)rornii~enoes for comparison wit11 
the aiiiplitude~ of certsln short periods, notably one of 13+ months, which mere loouild to exist in the pro- 
nllnclico obscrvntions at ICotIallianal arid Cataiiia. When it was found f ~ l ~ t h e r ,  as wlll be dotailecl below, 
that ibo sllort periods in prominenoos had no couute~part 1x1 sunspots, it bocanie very desir;~ble to datorrniil~ 
whotller the woll-or tnhl~shod sunspot penod~cities othrr than that of 1 1 years, existed or not, in prominences. 
I therefore undcrtoolr thc investigation of periodicit~es up to I I years, by the  poriodogrorn methocl of 
Schuster%wtli tho best data, which weru ava~lablc for tho D U F ~ O S O .  

TIE data nsod a1.o thoso published in tho Memorlo della, Soc~cth degli Bpettroscopistl Italiam bnsod 
npou observations rnede by tile I t a l~ml  obsorvol-s of all proiwnencos oxcooding 30" in lleigl~t. 'I'hese 

observations extend Srom 1871 onwards, now embracing ovcr 3 eleven-year cycles, a i d  aro the I ~ O Y ~  

complete and un~forni sorios of prominonce obsorv;~tlous at presuut ava~lable for so long an inierval. !!.'boy 
are thorefore tho rnost suit,ablo lor tllo l ~ v e s t i g a t i ~ ~ ~  of long perlodicities. Tho qunrterly and halbgua~ly 
V ~ ~ U O S  of  tho mean daily freqnoncics as tabulnted in tho Momoyie clello SociotL (leg11 Spottrosool~isti i td ian i  
were used to iletermioe the nltol~siLie~ of peylods froln 2 to I :j& y oars. '1'110 worlr wals oal*rled o u t  nl  a 

mannor similay to that wllicli Schllntor l l a ~  oll12 ?lq)liod to the invast~gstion of sunspot ponodi- 
cities". Tho two Poorier co-eflioieuts  we^*^. firat iletcrlnincd Tor o:llcll perlor1 and its first, and sometimev tho 
second, sub-periods. 'llhe ordlilnte ol' tllu prriodogra,alll is tllon proportlollal to tho procluut of tho suln 01 
tho squares of the Foarior co-effioionts and the timd intorVal to which the ant~lysis 11s~ boo11 i~ppllod~. 
data were arranged t o  givo t h o  pliase s t  tho time of first datum of 1881, 8.e. e,t 1851*25 lor poriolis dctur- 
minod from the half-yearly valnos, or at 1881*125 for those dcterm~nod from the r1uartorl.y vihlues. The 

\ 
ordinates of tho perio,dogrmn ( rS ) ,  and thc phmoa (+I determined from hall-yc;wly vt~luas are givon in Table 
1 and from quarterly balub ill Tabla 11. T l l ~ - ~ h ~ s ~  is O0 when a period has its rnaxi~n~~rn. 

TADU I. 
Ob~dznales of the Periodogranc (8) and Phases (qh) at 188Im25. 

Period 111 yema. S cf 
6 , 5030 301' 
66 ... 1730 27T0 
Gf ,. 26'15 235' 
6% . 2560 256' 

Ordinates 01' the P c ~ i o d o g ~ a ~ %  (8) and Phnsss ($1 at 158 1.125 
Period 1b years* 8. d, 

2 . 808 114' 
3: ... 368 164' 
2+ ... 579 368' 
22 .., 44 162' 

26 ... 208 142' 
2-3 ... 1113 81° 
23 ... 539 299' 
25 ... 37 199' 
3 ... 172 203' 

Period. ill yeiws, 8. 4) 
12; ... 22200 43' 
13 , . 19830 32' 
135 ... 16350 28' 

? ... 8800 196' $$ . , 7510 1360 

Period in yaars S. 41 Porlod in years. 8. (1) 

-- *--- - ------- - - 
1 Royds, I<odailranal Obeervzttory Bulletin No. XXXIII. Schnsl~r,  Proc. Roy, Soo. A., Vol. '77, pago 136, 1906. 

Schnster, Phll. Trans. Boy. Soc , Vol. 206, page 69, 1906. 

12 ... 29250 Ed0 

7k ... 8895 156' 
8 ... 9870 128' 
81 . 3(;6'7 113' 
9 . 4860 133' 

Psriod in years, S. cf, 
fi$ . ,  3090 269' 
6+ ... 2840 255' 
6% . 8500 221" 
7 . 7906 196' 
74 ... 8900 178' 
71k .. 9240 l(i6" 
72 ... 10400 14B0 
8 ... 10650 133" 
83 '1165 Ll(jO 

Torlod li years. 8. (15 

38 . .  !I70 138' 
34 1640 81' 
.3d .. 784 35' 
31. ... 230 lo0 
36 . 440 10° 
4 . 383 338' 
44 ,., 1060 345O 
4a . 1145 203O 

. 44 ... 554 143' 

10 ... 12070 128' 
10; . 21900 122' 
11. ... 28500 95' 
114 . 32200 '1'7' 

Period~n years. 5. (I, 
4$ 2235 13410 
43 . 1127 84' 
43 ... 1680 119' 
47, . .  1988 l i 5 O  
5 ... 2505 9G0 
5+ . 39'35 59' 

5k . .  3@45 21" 
53 . 4363 346' 
6 ... 3645 308" 



The periodogram is plotted in Figs. 1 and ?; below. Fig. 1 is the part from 5 t o  134 years and Fig. 2 
shows the portion below 68 years on ail enlarged scale. 

2. The pradominant feature of the periodogram is, of course, the 11 gear period, of which the first sub- 
period (5.56 years) but not the second, is well marked. Other features are the truncated peak from 6% t o  
84 years, which i s  probably composed of several periodicities, and small peaks at 44 and a!, pears. 

1'ERIODOGRAM O F  PROMINENCES 
I I _ _ I _ _ _ PERIODOGRAM OF SUNSPOTS [SC:HUSTEB'~. 



I n  mder to facilitate comparison of the periodogratns of prominences and sunspotls I have added to 
Figs 1 and 2, on a convenient scale, the sunspot periodogram as given by Sohusterl for the years 1826-1900. 

a ions This spot periodogram relates to a, longer time interval than that f o r  wliich prominence observ t' 
are available, but thls curve wlll serve for a general comparison. I t  is a t  once seen that the peaks oC t,he 
11 yea,r period and its first sub-period are more polnteci ~u t'he sunspot curve. This is of course due to the 
increase in what corresponds, i n  the optical analogy of the penodogra~n, to the resolving power brought 
about ny tho loiiqer time interval and the greater reliability of spot data I$ shorlld here be mcntloned 
that the slight drp at  53 years In the band of the prominence periodogmm due to t l ~ o  first sub-porlod of the 
11 year period has 110 real significancr. When so short a tlme interval as the present is b a n g  analysed, 
fictibious d~scontiuuit~es are likely to be introduced in the presence of liomogeneoos periods, by the 
relatively large variations of the time interval Into which t h e  intensity is multiplied t o  give the ordinato 
of the periodogram. 

3. We now turn to a discussioli of the indivldusl periods whlch have been established for sunspots.-- 
(a) 11 yeaT p e ~ i o d  -The interval of j: cycles is not sufficient to determine a s  accui*ately as may be 

dcsil.ed the exact period in t h e  neigllbourhood of 11 years, but  there can be little doubt that the t roe  pe~iod  
in lwominences 1s ccltlcldent witlll that of sunspots which gchustey Bas fixed at 11.125 yoavs. Before 
proceeding to discuss the phases of the 11 year period jt ]nay be mentioned hem that liicci) has recently2 
~~ubl ishod n discuseion of the same data, on which the periodograln I have oo~~stnmtect is based. He finds, 
i9rbor nlia, that the maxima, of prominences occur 2 years later than sunspots in two cases and one year 
previously in the third. l l o w  far t l l i ~  is due to a dolay in tho 11 year maximula can now bo determinod 
from tile pllase o f  tho 1 1 year penod. Assurniug the true period to be 11.125 years, we deduce from the 
phases given in Tableu I and II tho following tilnes 01 m a ~ l l ~ ~ r t  for t l ~ a t  l~oriod and its first sub-poriod. The 
phases for bunspots according t o  ~chust jor  are given for comllpilnson :- 

Per~od. Dales of Rfoxima in Ilntos of 3laurnta lu 

Promincncch. Bunspotb. 

11.125 years ... . . . . 1 9 0 6 * 3 ~  n. 11-125 ... ... .., ... 1905*31 $- 1r. 1 7  a 1 2 5  
5.56 ,, ... ,.. .. 1903*6- / -u  5.56 ,.. . . ... 1903*75 4 n. 5.56 - 

CURVES O F  QROWTH AND DECAY DUltlN<: 1 1 YIcAlt 
It is seen that the 11 yoar period has CY (2 1113 

h P l t o h l  1 N14Nc:lCS 1 H80--191% 
its maxima about one yoax later in promi- I3 RLJNSIJ~TS 1#7!1-1!)1 1 
nences than m sunspots whllst the maxiina I 
of first sub-periods aro p~aotically coincl- 1 

*dent. Of course, it must be remembered 
that the 1 1 y oar periodicity ln promruellces 
i s  based on 3 cycles only and may tl~arefore 
he  considerably in error, but tho phrtsos 
are deduccd froin scvcral noighbouring 
polnts in  the band. 

The effect of the greoher rotardation of 
the main period relative to Iho first sub- 
period is to flatten out the inasiinuru of 
the 11 year cycle tllns extencling the 
duration of great actlv~ty of 11romincncas. 
This retardahion 01 the main period. end 
the flatteniiig out of the mti,ximuuz is seon 
from F I ~ .  3, which shows the average 

I 

I growth and decay of l~rominences during t 

*.- : -. .l '.--j tho 11 year cycle, compared with tho curve 
for Greeriwich sunspot areas, on a conveni- I I I I I I 

0 2 4 (i K 1 C) 12 
ent scale, for the same trlne interval. Y E.211S 

FIC~ .  3. 
------ P -- ,. -- 

I P c h n ~ t ~ r ,  Phil. Trans. "06. 69 1906. Table I V ,  column I V, and Tablo V. 

"icci,, Xorll. Spctt. It,., Sex T T .  V O ~ .  11, PWe 147, 1913. 



( b )  Periods of 4.80, 8 46, 438 ye(~rs.-None oE these periods establishe 1 for sunspots Fan be identi- 
fied with certainty in the prominence perlodogram. This is due in the more important cescs to their being 
hidden, if  present s t  all, in the broad bands due to other periods. The most persistent spot penod, 4.80 
years, for instancq would be hidden i n  the band tit 54, and the 8.86 period in  the  band frorn 6% to 8$ years. 
The less certain spot period of 4.38 years, inay be identical with the peak at  4+ yeara in the prornin~nce 
ponodogram. If tqhis is really so, the maxima in prominences occur at 1896.4 + n. 4.38, rather earl~er than 
in sunspots, where they are at 1597*00 +_ n. 4.38 years. This comparison of phase is however hardly 
warranted in view of the uncertainty of the assumed identity of the periods i n  spots and prornineuces. 

4. Theye are other perlo& in the promlnoncs periodogretn wh~ch have no  counterpal*t i n  8cllust8er's 
curve for sunspots. Tlie most important are those periods which are not  distiilctly resolved 111 tho band 
from 6$ to 8 t  years. The intensities of these periods are too large to be accidental, being indeed, af ter  
the 11 year period the rnost marked feature of the periodogram. Although the 8 year period may be 

affected by the spot penod of 8.30 years tho rest of the band is totally ebsenb from the snnspot periodo- 
gram. It seems therefore, as though there was here a real difference 1n the periodicities in sunspots and 
in prominences. This conclusion is not warranted, however, until these periods are shown t o  be nbscnt 
from sunspots in the time interval 1880-1 912 for which the prominences are snalysed ; lor i t  is possible 
that they might have been present in spots also for so short an interval but absent a t  other times, thus 
giving n, small average intensity over the long interval 1826-1900 to wltich tlle spot periodogram rolatos. 
I have therefore determined the intensity of the periods of '7, 74, and 8 years from the yearly values OF 
the Greenwich daily sunspot areas from 1880-1911, and the relative intensities are givon below, the points 
being marked thus 0 in Fig. 1,011 a scale to show their true importanoo compared wibh the 11 year period. 
The values are given below together with those for prominences for comparison :- 

Prom the tablo we see that there can be no doubt in consideration of the  agreement of pbavos (which, 
since they refer to the same time interval, are strictly comparable whatever the true periods may bbo) that  
identical periodicities exist in both sunspots and prominences, although their relative intensities sro 
doubled in prominences. 

It is seen therefore that there are within the region 7 to 8 yeaw periods of considerable intensity 
n suiispots for the time interval 1880-1911, but sinoe their avorage inkensity during the interval 
1826-1900 is small we must conclude that these perlods are not permanently active. So far  than as t h e  
periods between 68 and 8i are concerned there is no marked real difference between the sunspot, and 
prominence periodogran~s, sizce i f  the spots and prominences are analysed for the samo time interval, 
the same periodioities are found in each. 

'l'he ~ e r i o d  of 83 years which is also absent from the spot periodogram cannot, in view of its small 
intensity, be regarded as certa~n. We mnst conclude therefore that all the poriodicities which can be 
established in prominences are present also in sunspots. 

Period. 

5. It 1s very evident from an inspection of spot and prominence data, t h a t  at the tirnea of minimum 
activity, the activity of spotls sinks much lower than that of prominences. In the folloRing table are 

given the relative amplitudes of the periods which have been found, expressed as a percentage of the averitge 
value of the daily prominence frequency over the whole time interval, and compared with the corresponding 
data, for spots '- 

Phesee in spot8 at 
188P125, 

11 years 

8 ,, 
7* ,, 

5' 12 

Phaeea in prominoncee 
at 1881'126. 

Relative intens~ty, 

... 
135' 

149' 

21r0 

In apote. 

133' 

165" 

196" 

1 

0'19 

0.12 

0.16 

I n  prominences. 

1 

0'38 

0 32 

0.28 



(Average daily frequency 
3.73 .) 

A h L I I ~ A L U  ILUV S 1 Y  OlJYUPa 

(Average daily a1'0a 562.) 

8hol.t Periods. 

11'125 year8 

5.56 ,, 

4 J,  

69 t o  84 ,, 

cervations 6. Periodicities between 4 and 1 9  months have already been investigated in the prominence ob, 
made a t  Kodaikanal duying the years 1905 to 1912l. It is convenient here to summavise our knowledge 0.f 

the existence of short periods in prominences. In the Kodaikanal observations was found a period of 13) 
months with an  amphtude about -j, that of Lhe 11 year period its well a s  two others, less certain, of '74 and 
6+ of amplitudes each abont &. Tho 69 inout11 period map be partly due to the sub-period of 19i months. 
If we take the Catanla prorninenca observat~ons for the same loterval, we find that the lirsl two periods 
have amplitudes of about & of the 11 year poriod, but the 6+ month period is absent. The phases are not 
in good agreement, but the Catanla observatiolls are not so complete as those made at  ICodo,ikanal where 
prormnences below 30" are talcen lnto account. When we consider the longer interval of 1tali.m obsor- 
vations 1880-1912, the average amplitudes are then small allhough the phases agree well wltll those derivoil 
from Kodaikanal observations. I t  appears, thorofore, that the short periods menhoned aro not permanent, 
but aro in evidence only a, comparativoly short C~rne. 

SUNSPOT PERIODOGRAMS. 

C--- * 

44% of average f~equsnoy. 

18% ,, v 

13% ,, 9 9  

28% 9 ,  13  

1N MON'J'IXS, 

'73% of avorage ares. 

17% 9 ,  53 

I I.. 

33% of average area. 

7. For the purpose of comparing these periodicities with those in sunspots, Mr. A. A. Narayana, Ayyar, 
n.a., of this Observatory, has snalyspd, sunspot data for short period~oities. The Greenwich data for uaoh 
rotation of the sun were divided into intervalls of about 12 years, the last of which, 1899-19 10 includes the 
interval for wliioh Iiodaikanal prominence observations have been analysed. The periodogrmn for 1899 
to 1910 was constructed first, and it was found that the 13 month period of proininsncos was entirely 
absent but a new one of just over 8 months was intense, having an average amplitude during those thixteon 
years of about 4 that of the 11 year period. On passing to the previous twelve years 1887-1898 however 
the intensity of the 8 months period was practically zero and also small during the interval 18741-1886. 
The periodopr~srns of the two first mentioned intervals are given in Pig. 4 above. It was found on closer 

-- _- 1-._1__5_-1 .-___-_- _ _ -  ----- -I - - -- 
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investigation that this perlod of about 8& months was present from 1892-1896 and reappeared agrtia 
from 1908 to 1910 with the same phase as before. Proiu the years 1874 to 1892 its appearance in propelw 
phsse has not been detected. 

With regard to existence of the 13 nontll period in spots even when the Interval 1905 to 1911 was 
analysed separately its amplitude was still not large. CVe see then that so far as thesc sllort penoils are 
eoncerxied, they are not simultaneously present in both spot a ~ l d  proinlnences ; they appear in ench for a 

short t ~ m o  only and then disappear and perhaps reappear again. 

SUMMARY. 

1. Tho prominence periodogram is very simllar t o  that  of spots for the snlnu time iutervci,l. 
Betwoen 2 years and 11 years thore are no periorlioities present in pron~illonoes wllich can bo proved l o  be 
als~ent from sunspots, and vicc ve~sd. 

2. The 11 year poriod is the predominant f ea tu~e  of tho prominence periodogram, and its nrusimii 
occur about one year later than in nunspots. The maxima of its first sub-period, 5.56 years, are not 
delayed in prominences. 

3. Penods between 7 and 8 years of considerable intensity in prominences have been shown to 1x1 
present dso  in spots, bnt they are not permanently active. 

13.-8~roarll PEEIO us. 

1. A period of 13 months in prominolloos from 1905-1912 is not present in spots anil one O C  8$ 
months in su~ispot,s is absent from prominenoen. T h ~ s e  perioclic~tios are not peri-nanout 1)nb lllr spot l~erlocl 
of 84 months has been shown to disappear for a time and reappear agaln later. 

I wish to express my obligations to Mr. A. A. Narayi~ns Ayyar, LA., Third Assist:mt of this 
Obsarvatory for his careful dotermination of short periodicities in sunspot data. 

KODAIKANAL OBSERVATO~Y, 
November 13Ei5, 1913. T. RQYDS, 

Assistant . l l i~~rctor.  



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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