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The half-yearly data of prominences and Ha wmarkings prepared for the Kodaikanal Observatory
Bulletins lead one to suspect regular variations of short period in them. In order to investigate the matter
more fully 1t was resolved to construct the periodogram of prominences in the same way that Schuster has
done for sunspots.®

2 Any wvestigation of periodicities must be based on fairly complete and umform data. At
Kodaikanal visual observations have been mamtained on a uniform plan since February 22nd, 1904, and
the spectroheliograph has beon in continuous use from December 1904, since when both visual and photo-
graphic observations have been available. The observations from January 1905, may therefore be laken
as a sufficiently uniform series and have been used in this investigation. As for their completeness 1t may
e stated that since 1905, the average number of days in the year on which the prominences observations
have been made is 298, the lowest being 269 in 1906, and the highest 312 days in 1910.

3. The total prominence aveas lor cach month for the years 1905 to 1912, have been got out from the
observatory records, and the mean daily areus obtained by dividmg by the effoctive number of days of
observation m each month. This eflective number of days has been arrived at by marking a day on which

the conditions of observation were not good as #, § or } day according to the quality of the sky and definition
al the time of observation. The data are given in Table L.

Tasee I,
Total Prominence Areas 1n Square Minutes

Kodaikanal {Eﬂ‘ectwe number of days of Obsorvation for each 1aonth,
Mean daily Prominesce Aieas in Square Mmutes

Year, Jan, Teb. ‘ Mar April. \ May. ‘ June. July. Aug. Sept, QOct Nov. Dec,
1168 127'6 1677 108 4 123 0 811 1006 127-2 770 1118 79°9 1010
1905 243 24, 254 28} 25 0% 10¢ 20} 16 18 15% 24:¢
476 531 662 4046 486 410 5 16 621 481 602 523 4009
14404 167 4. 1404 1228 127 4 308 36'1 320 486 503 306 68'8
1906 26 25} 264 23% 264 12} 124 114 184 104 183 16}
555 6'50 b26 520 498 316 205 2 85 206 258 222 416
1493 1509 1816 1208 186 2 54 3 641 691 94r6 1076 58'8 1060
1907 27 26} 293 23} 28% 164 123 124 21 18% 1 25}
5'51 570 610 588 4'82 3 34 508 542 4 60 572 449 4'16
1687 1368 254 6 226 9 2038 108 6 58 8 1114 770 1072 1218 1013
1908 25% 213 25 274 283 164 11 21% 19% 17% 24} 211
661 €36 1620 833 710 637 5'83 5'25 400 G 20 4 95 470
1198 1382 1672 1242 1162 766 369 861 1004 890 90 e 101 4
1909 21y 24 28% 24 22 154 2} 16} 21 21} 213 283
557 570 | 556 518 529 501 388 5 56 479 414 416 426
. 70 1242 182°0 1104 1794 55'8 819 55'0 646 90 4 91 6 125 2
1310 22 23} 30 20 267 13} 133 13% 151 207, 17 30
440 529 606 381 670 421 5095 407 4:16 140 5'38 417
1911 72:8 860 752 1051 582 581 275 672 632 728 862 704
234 2531 28 24% 23 16} 9 20 191 19 164 16}
310 340 266 4'34 2'58 353 298 336 3'24 383 516 438
! 986 912 604 63'G 455 404 27 4 514 476 340 512 70°6
1912 27% 243 254 22 22 7% 8 12} 18 11} 14} 221
340 369 2:37 289 207 557 342 411 266 205 354 317

¥ Schuster, Phil Trans. Roy. Soc, A vol. 206, p, 69, 1906,
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4., The periodogram reproduced in Iig 1 onpage 30 was obtained from the mean daily areas for each month
from 1905 to 1912, by first calculating the Fourier coefficients of the periods of 12,18, .. ..up to 22
months, and the first, second, and 1 some cases the third sub-periods, The ordmate of the periodogram
is then proportional to the product of the sum of the squares of the Fourier coefficients and the time inter-
val to which the Fourier analysis has been applied.* As the interval 1905 to 1912 does not include more
than 5 complete periods of 19 months the curve was carried only so far beyond this pomnt as to show
whether the incipient rise was continned. The ordinates ol the perodogram, and the phases at 1905-04
are given in Table IT, the phase being 0° when tho period has its maximum.

Tarz IT.
Ordanates of the Perodogram (S) and Phases ¢
Period 1 months 8, ¢ Period 1n months 8, ¢
34 30 1° 8 748 1°
4 249 158° 8} 228 286°
4 0 205° 9 174 53°
4 82 28° 1 36 1970
4'8 182 u31° 10 23 16°
5 44 14° 10} 406 209°
5% 166 106° 11 2130 37°
5} A 3140 12 2806 61°
54 122 178° 18 37490 5°
¢ 588 104° 1b 8331 205°
G4 2150 £9° 15 1012 212°
6. 716 318° 16 182 380
6% 108 289° 17 30 245°
7 248 2638° 18 368 1°
) 1343 108° 10 799 141°
73 1675 57° 20 435 249°
73 1060 22° 1 200 500

1t is seen that the prominence periodogram ﬁho‘ws the presence of three periods of largo intensity, two
nearly homogeneous, of 6% and 74 months and a third, which 18 provisionally fixed at 134 months as heing
probably the highest point of the baud.

The timos of maxima are as given below in Table I'11.

Tapre [T1.
Period, Times of Maxima,
135 months ... .. .. 1912 October 4 4 n 13% months.
%, w1912 August 22 4+ n. 74 months.
65 1912 June 21 + n. 6} months.

5. Before proceeding to discuss this periodogiam, it is necessary to consider whether the periods
indicated above have not been introduced into the data in deriving the mean daily arcas. It is cloar that
unless the days of incomplete observation have been exactly allowed for, a periodicity in tho number of
days of observation wul cause the same periodicity in the daily areas, of an intensity depending on the
exactness with which the allowance can be cstimated. It was consequently foreseen that therc might
appear in the daily areas from this cause, at least one period, namely 12 months owmg to the annually
recurring monsoons. In order to remove all doubts as to what periodicities might be introduced in this
way, I have consiructed 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 anless the allowance for partial days
has been strictly exact, the prominence periodogram ought to be raised or lowered at this pomnt. The curve

of effective days of observation also shows peaks as subperiods of the annual period, namoly at 6'0 months
and 4'0 months, but these are inconsiderable,

* Schuster Proc. Roy, Soe. A. vol, 77, p 136, 1906.
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I have shown thereforc that the periods m the mean daily prominence areas of 64, 73 and 13} months
are not due to periodicities m the numver of days of observation. Consequently it 1s of no 1mmediate
importance to estimate the effcct of a possible under- or over-allowance for the days ot 1ncowmplete observa-
tions, but whether the allowance has been under- or over-ostimated can bo tested by considoiing the phases
of the period 1 the number of days of observation and of the resultsng period m the daly areas. For,
during poor observing months when the number of days of observation 1s small, the effective number of
days 18 too large 1l the allowance for parfial days 18 under-estimased and consequently tho daily arcas too
small. That 18, the arcas are too small when the number of days of observation 1s small, or 1 other words
the phases arc comeident.  Similarly, whon the allowance 18 over-estimated the phascs are opposite. For
mstance, 1f I under-estimate the effect of partial days by making no allowance at all, the phase of the annual
period 1 prominonces 18 56°, nearly comeidont with 53° for the number of days of obseivation, whereas
after making the estimated allowance 1618 61°. It seoms therefore that the allowance may still be under-
estimated.

It should be pointed out that the scale of the periodogram of eficctive number of days of obscrvation
i Thg. 1 18 an arbitrary onc

6 The best proof of the reality of the periods which have beon found in the Kodaikanal daily arens 1s
thew presence in the prommence data of othor observatorics. The “ Memorie della Sociotd degl Spectros-
copistt Ttaliani > contan promimmence data which, although dependent on less [roquent observations and
not including prommences less than 30” high, cxtend for many years back. The mean daly froquencies
for each month from 1881 to 1912, deduced from observations at Palermo and Catania, have beeu analysed
and the resulting poriodogram shows distinet peaks at the same pomts as the Kodaikanal cuive, as shown m
Fig, 1. Although the ordinates are much smaller than in the Kodaikanal eurve, mdicating that the
periodicities may not have boen active during the wholo mterval 1881—1912, and although other peaks (not
shown in the fignre) arc present, those results strongly confirm those deduced from the Kodaikanal observa-

tions. In further confivmation we have the fuct that the phases agrec as well as could be expecled for each
of the three periods. This is shown m Table IV.

PTapn IV.
Phasge atl 1905 04

Period - —_
Koedakanal Palermo-Catania,
13} mounths . 340° 120
%, . 57° 138°
63 29° 59°

7. It 1s desirable to give an 1dea of the amplitudes of the three periods which have been found in the
Kodaikanal observations. The averago of the mean daly prommence areas for the whole interval is 4+64

square minutes and the amplitudes are the following percentagos of this average, the range being double the
amphtude :—

Period Amplitude as percentage

of average of mean
dn1ly areas.

134 months . - 136 %

%, 91 %
6'.]3“ » “es ves cos e e cen 10‘10/0
We can obtain some idea of tho ratio of these amplitudes to that of the 11 year period in prominences.
The Palermo-Catania series extend over a sufficiently long interval to give an approximate value at least, oL
the amplitude of the 11 year period, and by a comparison of Kodaikanal and Catania observations during
the years 1905 to 1912, it is seen that the 11 year period has a slightly smaller amphtude in Kodaikanal
areas than m Catania frequencies. The amplitude of the 184 month period in the Kodaikanal data is, as
a Tesult of this comparison, about  that of the 11 year period and the amplitudes of the 64 month and the
7% month periods are each about .
8. Two of the periods found are near planetary periods of revolution. The sidereal period of Venus is
738 months and the synodic period of Jupiter 18:11 months ; the synodic period of Venus is 19-19 months,
but the slight rise of the periodogram at this point has probably mno real significance. Considerations of
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phase show, however, that these coincidences are probably accidental. The maxima of the poriod of 7-38
months oceur whon Venus 1s about its ascending node, and the maxima of the 18:11 month period, whon
Jupiter is 1o eastern quadrature. 1f the concidences are real, the causal connection mnust be an obscure one
m view of these facts.

9. I have shown that three periodicities namely of 184, 73 and 61 months exist in the prominenece
areas as observed at Kodakanal from 1905 to 1912 and have obtamed some confirmation of them from the
long sories of Italan observations. Other mdependent prominence data which are sufficiontly complote and
continuous are, however, highly desirable in order to establish firmly the realty of these periods.

Tae OpskRVATORY, KODAIKANAL, T. ROYDS,
August 18¢th, 1918, Asst. Director, Kodaskanul and Madras Observatories .
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