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Abstract—In Kodaikanal Observatory Bulletin No 89, Dr Royds has investigated the rotation of He
(ark markings, from the spectrohehograms of the years 1026—1929 Owing to the paucity of markings near
the equalor during that permod much weight cannot be attached to the values obtained for latitudes less
than 15° TIn order to obtaimn reliable dala for the rotation of markings near the equator, the Ha spectrohelio-
grams for the eight years 1918—1925 have now been examined

The results show that the speeds of rotation of He markings near the equator are m close agreement
with the values of rotation of spots and that they are lower than those obtamned from Doppler displacements
of the He line by Adams. The polar retardation in the cage of Ha dark markings iz smaller than for
sungpots. These resulls are 1n agreement witl those of D’Azambuja for K filaments

Dr. Royds’ values of heights of Hr dark markings near the equator have to be slightly modified i
consequence of the more accurate determunation of rotation now available. A revised table is appended.

Indroduction.

Dr. Royds hag recently determined the speed of rotation of Hea absorption markings by imeasurements
near the central meridian (or guccessive rotations of the same marking, basing his results on the Kodaikanal
Il spectroheliograms for the years 1926—1929. Not many meagures were possible in the belt between 0°
and 15° owing to the paucity of markings of long duration there. Much weight could not therefore be
attached to the values obtained in thig belt ag has been mndicated by dotted lines in Fig, 1, Bulletin No. 89.

Matermal and method.

With a view tor obtain more accurate data for this region the Ha spectroheliograms for the perrod
1918—1925 were examined. The life of each marking was traced 1n the solar charts of the Kodaikanal
Observatory for at least a revolution and a half, from the time 1t first appeared on the eastern limb to 1ts
gecond digappearance at the western Limib., A few could be followed for two or three rotations and more.

* Kodmkanal Observatory Bulletin No 8) The rotation of hydrogen absorption markings and then height above the
surface of the sun.
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0%t of 117 markings discussed 90 markings could be traced for one rotation only 10 persisted for two
rotationg 1 for three and another for four rotations FEach recuirent series of markings was then examined
from the ormginal photogiaphs when they were near the central memdian Measures were made on the
western edge of the absorption markings and the longitudes of the points on the marking at 5 intervals of

latitude were noted In very many cases the photographs of two successive days were measured and the
mean of the results taken

The times of actually crossing the central merdian were deduced for intervals of 5 of latitude
agsuming the approximate value of 13 per day for synodic rotation to reduce the positions near the central
meridian to the actual time of crossing 1t The synodic periods of each marking at the several ponts were
thus obtained from which the synodie daily angular motion were easily calculated Adding to this the daly
angular motion of the sun in longitude at the time of the year the sidereal daily angnlar motion at the
several polnts 18 obtained,

Results

The mean of all such velocities at varions latitudes for the several years and for the whole period {§
given 1n Table I The results for 1926—1929 are taken from Dr Royds measurements The numbers in
the brackets indicate the number of markings used to obtain the mean Lhe results do not vary gréatly
from marlang to marking in the ssme latitudes nor from year to year The difference in the hemigpheres
18 not also marked

TABLE I —DAILY ANGULAR SIDBRBAL MOTION IN DIFFERENI' LATITUDES ACCORDING TO
HEMIRPHERE AND YBAR

- —_ e
b 10 18 !
Y or 0 R
N 8 N 8 N B o
1918 1437 (9) 1438 (11) | 1451 (2) 1437(10) | 1448 (1) 1484 (9)
1919 1451 (6) 14 49 (8) 14 51 (5) 14 36 (8) 14 40 (3) 1498 (4) 1428 (1y
1920 14 99 (6) 1440 (6) 1433 (1) 14 34 (8) 1489 (7) 14 28 (8) 1480 (1)
1921 1435 (5) 1431 2) 14 83 (9) 1427 (4) 14 29 (11) 14 24 (5) 1480 (16)
1922 1430 (5) 14 35 (5) 1433 (2) 14 40 (2) 14 38 (3) 14 55 (1) 14 46 {0
1923 14 84 (3) 14 28 (8) 14 26 (3) g |
1924 1415 (1) 14284t
1926 1441 (1) 1430 (3) 14 24 (4) 14 14 ()
1926 1441 (1) 1482 (1) 1445 ) 14 24 (6)
1927 1448 (1) 14 65 (1) 1459 (1) 14 87(7) 1446 (2) 1426 (9)
1928 1450 (1) 14 40 (2) 1447 (1) 1428 (1) 1444 (2) 1423 (3)
1929 1466 (1) 14 51 (4) 1440 (4) 14 08 (1) 1429 (7)
M an 1440 (86) |  1440(46) | 1489(27) | 1485(33) | 1484 (50) 14 28 (60)

All tim we  ducedtod omal f dy k mngfrom ShIST



273

Table TT gives the mean values for the whole period at 5° intervals of latitude near the equator of the
gynodic period, daily synodic angular motion and daily sidereal angular motion. The motion is here
agsumed to be symmetrical with respect to the solar equator.

TABLE II.—MEAN ROTATION OF Ha ABSORPTION MARKINGS.

Latibude o B 100 | ws | Rt | ove | s | wgp | ey | Measuresofall
Number of markings .| 35 73 83 93 47 40 30 23 6
Synodic period .. . .| 2683 | 2685 | 2695 | 2705 | 2722 | 2738 | 2754 | 2781 | 2786 2711
Daily angular velocity | 1342 | 1341 | 1336 | 1333 | 1322 | 1314 | 1307 | 12204 | 1201 13+29
gynodic
D:iilgrereixigu]ar velootty | 1440 | 1440 | 1434 | (430 | 1421 | 1413 | 1406 | 1393 | 1390 1427

+ From Table 1, Bulletin No 89,

In Table III has been collected, for purposes of comparigon, the gpeeds of rotation of the sun at different
latitudes as obtained from various disc phenomena. The values given are (a) for the sunspots thoge derived
from Greenwich obgervationg of recurrent sunspots (M.N. 85, April 1925) , () for the faculae, those derived
from Greenwich meagures of recurrent faculae ag given by formula II which 18 more in accord with the
observed data (M.N. 84, April 1924); (¢) ® for the Calcium filaments, the values obtained from the formula
derived by D'Azambuja from recurrent Ks Alaments (C.R. 176, p 950, 1923) ; (d) for spectroscopic results of
the reversing layer “and the Ha line, the mean existing values (Handbuch-der Astrophysik, B.D. IV, ch. 2,
ciph. 16, p. 169) ; and () for Ca prominences, the values obtained by Evershed (M.N. 89, January 1929).
The gpeeds for the 5° zones have been computed, when necessary, ag the mean of the speeds at the
boundaries of the zone.

TABLE III.—VELOCITIES OF SOLAR ROTATION DERIVED FROM VARIOUS SOLAR PHENOMENA.

D Mg O%iiggreal M dark Oulei Spectroscopic determimations,
o dar alcivm
marking Sunspots. Faculae. filaments. -
Zone of latitude. Reiz;z?ng Ha line K prominences.
0 4+ 5 w 1440 1439 14 49 1445 1427 1500
5 L 10 . 1437 14 83 14 46 14 42 14:26 1498 1719
10 i 15 . 14:32 14:25 1440 14:36 14 16 14 94
15 20 .. 1426 1413 14:30 1428 1402 1488 171 (189
20 J25 . 1417 1401 1416 1417 13'83 14:80 .
26 430 .. 1410 18-85 13'96 14 04 1360 1470 202 (25
i 30 &3 . 1400 1371 18:89 13 85 1460
£ 35 440 .. 13:39 1375 1%:07 1448 16 6 (357
L 40 £ 4 .. . “ 13 02 1359 1279 14 36 173 (61°)

¥ S8eo Handbuch-der Astrophysik, B.D. IV, ¢h. 2, ciph. 10, p. 105, ) .
¢ Thig includes perhaps the results of Abetti and Novokova at the mean epoch 19288 . See Bulletin de la Societé
Astronomique de France, Tome XLIV, 1930, p. 554

2



274

The abve Valusy afé Fopresbnted graphically in Fig 1 It will be hotided that the speed of ritifton of
the He dark marldags 1§ praotcally the saiio a§ that of Ningpots ih the equattrial regions but 1 Breités It
higher latitudes The difference near the equatol 1 practically zérd dnd 18 about 0 25° fer day ih thé wims
95°—30° From the closeness of the values of the speeds of rotation of sunspots and He dark markings
near the equator 1t is to be inferred that these marlangs n the equatorial regiong are anchored to the
gunspots It would appear that this 18 not true in higher latitudes where the speed of rotation of Ha dark
marlangs 18 higher than that of sunspots in corresponding latitudes

Fig 1
Comparison of speeds of rotation
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markings are projections of the prominences on the sun’s disc then since Evershed has shown the velocities
increase with levels, it appears that an absorption marking moves slower than the gases constituting the
prominence which exhibits itself ag that marking.

Fig. 2 shows graphically the law of the polar retardation corresponding to the various golar phenomena.
A, difference in the rate of change of angular velocity with latitude is indicated by a lack of parallelsm 1n
the curves. To show this more clearly the values have all been reduced to a common origin (14'50°), by the
addition of some constant quantities to the results. The spots and the faculae give values which are practi-
cally 1dentical throughout. Intermediate between these and the Ha dark markings are the K, filaments.
The Ho dark markings and the Ha line are also nearly identical and show notably less equatorial accelera-
tion. The H and K lines of the Ca prominences, as far as the results could be relied on, show the least
polar retardation.

Frae. 2.

Comparison of polar retardations,

14 80

1*=—4 cm.

ek =

1 cm. =10° Letters indicate same
curves as in Fig, 1.

Heights of Ha absorption markings.

The values of b, and h, obtained by Dr. Royds require slight modification in view of the more
reliable values now available for equatorial regioms, The daily synodic rotation has been interpolated
from Table II and A ig thence obtained. The values of ¢ have been taken as the means of the
intervals and the heights deduced from the formula 2h = a cos®} cos’ ¢ (a = 960"). The revised
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valges are given 1@ Table IV  The dufferenee in the values of h and h 18 not very appr ciabls and
there 18 practieally no change w, the mean values The difference between h and h 1% also unaltered and go
the maimn arguments of the paper continue to hold

TABLE IV~—QUADRANTAL TIMES FOR Ha ABRORPLION MARKINGS AND THFIR
CORBESPONDING HEIGHTS

Edg n 1th lmb Edg farthe f om th Limb
Number
Lahinde | £ meak T
g dr tal Hght | Q d ta]time H 1ght

Qa' (ayg"m § A " T (d ys) ¢ A i
0~ 5 6 45 13 42 31 456 547 1842 !4 391
6—10 1 530 13 38 04 504 542 13 38 725 426
11—1b 19 559 13 34 46 321 b4 13 84 766 245
16—20 29 554 1326 B8 850 B(6 18 26 1 287
21—25 26 562 13 17 740 312 576 1317 759 238
26—80 3b 548 13 08 7 872 b 62 1308 85 805
31—3b 38 5587 1300 725 805 569 1300 740 8
36—40 7 560 1292 724 23 567 1292 733 247
41—45 15 b 48 1284 704 289 ? 551 1284 707 284

W ght dm W ght d m ans
+973 5 b 334 b 660 279

Fr m Tabl 2 Bull tn N 89
tCorr po dingt th w ghtedm ns f & ¢

In conclusion I wigh to express my thanks to Dr Royds Director for permitting me to work in the
Observatory for setting me on to work at this preblem and for lus valuable gmidance and many suggestions

G V KRISHNASWAMI
5th July 1931 Reader wn Mathematis Annamalar University
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