
BULLETTN No. XCIII. 

nOT~lTlON O F  Ha DAnIi MAIiIiINGS NEAR THE EQUATOR 
COMPARDD WITH OTHER DISC PHBNOMENA. 

dbst~*tct.--In Kodailrnnal Observatory Rullctm No S!), Dr Royds has investigated tlie rotation of RE 
dark rnarkmgs, from the spcctrohchogmms of tlw years 1926-1929 Owing to the paucity of markings npay 
i,he eq11aiol8 during tlxat parlod xnucl~ weight caniiol bc attached to the values olstainecl for latitudes less 
than 15'. 111 ordcrr to obtain reliable (lala lor the rotation of markings near the equator, the Ha spectrohello- 
grams for the eigl~t years 1918-1925 llavo irow been examinec2 

Tho resultfl slzow tlzai thr speeds of rott~iion o f  IIa rnarklngs near the equator are in close agreement 
with ihe valuer; of rotation of wets aud tlmt they a r ~ !  lower than those obtained from Doppler displacements 
of tho I3a lina by Adalus. TJ!l~o 11olur i*etnrdation ill Lllc case of Ha dark marklngs is smaller than for 
stznsl~ots. These rusulta m a  I n  agreainent wit11 thoso of D7Azam)suja for I', filaments 

Dr. Hayds' valuca of haiglxts of Hfc dark markings near the equator have to be slightly modified 111 
consequence of ihe morc accuraie d~t;ernn~zatlon of: rotation now available. A revlsed table is appended. 

Dr. Roycls lzea rccsi~tly c1starminc:cl tllc ~1yac~2 of rottxtzon of Ha absorptioiz marlringa by ineasurements 
new the ceiztrul meridian COP successiv~ robations of tho sams mai*lriizg, basing his results on the Kodaikanal 
IlCn apectrollcliogramfii for the yeam 1!)2(i--192!1.' Not many measures were possible iiz the belt between 0' 
tint2 15' owing to the yuuclty of rnaulcings of long cluration there. N1~1ch we~glzt could not therefore be 
attachod to tho values obtained in tihi# belt; as baa bPon indicateci by dottecl llnes 111 Flg. 1, Bullet111 No. 89. 

,Wu,to)*zaZ and ~n el71od. 

With a view to*  obtain more accurtxte data for this region the Ha ~pectrobeliograms for the perrod 
1'318-3-925 vero axamined. The 11te of each marking was traced in the aolar charts of the Kodaikanal 
Observatory for at least a revolution and a halt, from the time it first appeared on the eastern limb to its 
second disappearance at the westarn lmib. A few could be followed for two or three rotations and more. 
1 - -- 

a Biadmkan~l Obaerwtory Bulletnn ?To RO The rotation of hydrogen abw~ption marhnga and the11 helghtabov~ the 
snrfttcs of  the auo. 



O t t  of 117 marlnngs diacnssed 90 marhngs could be traced £01 one rotatlon only 10 persirrted for two 
rohhons 1 for three and another for four rotahons Each reculrent geriea of r n a r k l l ~ ~  was then ex&d 
from the onmnal photog~aphs when they were near the central mendian Meamres were made on the 
western edge of the absorption markings and the longitudes of the points on the marlnng at 5 interah of 
latitude were noted In very many cases the photographs of two mccesaive days were measured and the 
mean of the resnlts laken 

The times of actually crossing the central meridlan were deduced for mntervale of 5 of latitude 
sssurmng the approlnmate value of 13 per day for EIJ nodic rotetion to reduce the positlone near the oentral 
meriban to the actual. time of crossing it The synodic periods of each marking at the ~everal po& were 
thus obhned from which the synodic duly angnlar mobon were easily calculated Adhng to thls the daily 
angular mohon of the sun in longitude at the time of the year the sidereal dally angnlar motion at the 
several polnta is abtanek 

Results 

The mean of all wch veloches at vanom latitudee for the several years and for the whole pdod ir 
given in Table I The reaulta for 1926-1929 are taken from Dr Roydq measurements The numbers in 
the brackets indicate the number of mark~ngs used to obteln the m a n  L he results do not vary 
$om marlung to m85k1ng in the aame lahtades nor from year to year The d ~ f f  erence m the hern leph~~  
i d  not a180 mark& 

Tastm I-DART ANGULAR S I D ~ B A L   MOT^ IN DIBBBRHlhJ! LATITUDFDB ACUORDING TO 
HEMIBPHBRRI AND YBAR 

..- 

b l l h  we duoedtod a m d  f d y k mgfrom 8hIBT 



273 

Table 11 gives the mean values for tihe whole period at 5' intervals of latitude near the equator of the 
synodic period, dally synodic angular motion and daily sidereal angular motlon, !llhe motion is here 
assumed t o  be symmetrical with respect to the solar equator. 

In Table 111 lias been collected, for purposes af camparison, the epeedrj of rotatlon of the sun at different 
latitudes as obtained from various disc phenornenzl. The values given are (a) for the sunspots those derived 
from Greenwich observationli of socurrent sunspots (M.N. 85, April 1925) , ( B )  for the faculae, those derlved 
from Greenwich moarjures o f  recurrent Eaculae a$ given by formula 11 which is more in accord with the 
observed data (M.N. 84, April 1924) ; ( c )  for the Calcium filaments, the values obtained from the formula 
aerived by D'Azambuja from recurront ICs filments (C.R. 176, p 950,1923) ; (d) for spectroscopic results of 
the reversing layer 'and the Ha line, the mean existing value@ (Handbuhh-der Astrophysik, B.D. IT, oh. 2, 
oiph. 16, p. 169) ; and (e) for Ca prominence$, tho values obtained by Evershed (M.N. 89, January 1929). 
Tho speeds for the 5" aoncry have been computed, when nacessarg, as the mean of the speeds at the 

' Latitude 

Number of marhngs 

Synodic period .. , . 
Daily angular velocity 

aynodic 

Daily angular veloolty 
sidereal. 

boundaries of the zone. 

T A B L ~  III.-VNEILOC~IT];B~~ OF SOLAR ROTATION DlllRIVBlD DJnON VARIOUS ~ O L Q R  PHENOMENA. 
-- -- - 

0" 1 h 1 l O 0 1  *IS 1 ' 2 ~  1 *25" 1 %O. 1 *3Ei0 *(U/ Measures lilo of ti11 

See Handbuch-dei* Aairophysik, B,D. IV, oh, 2, ciph, 10, p. 105, 
This includes perhaps the reaulta of Abetti snd Novokova at the mean epoch 1928 8 , Bee Bulletin de 1% Societk 

Astronornique do France, Toms XLIV, 1930, p. 554 
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Facu18e* 
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14 46 
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filaments. 

14 45 
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14 40 
14 87 
1432 
14 26 
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H@ line 

15 00 
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14 94 
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14 GO 
14 48 
1 4  36 
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H prommencea. 
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&cdv~ WIIM wb ~%@!e$bbWd gni~hdlf ih pig 1 ft will be hetitied that the epbed r~&bn of 
&$h &3&0 iil mt;l.C8lly the W b  ad #at of Ndn8@df8 1h the kqhdtBHhl regions b&6 iB &&t6f $ 

hgher hhtudeg The Merence near the equatop ib P~uhdally a b ~ b  dad id about 0 &I'' ger $a9 ifl 
25°-300 From the oloseness of the valuee of the speeds of rotation of sumpots and Ha dark 
,B, the equator it is to be inferred that these m83:Inngs in the eqnatorlal reglong are anchored to the 
snnspob It would appear that thia is not true in hgher latitodm where the epeed of rotahon of Ha & 
mar-@ is hgher than that of eunepote in corresponhng latitude8 

h i a a d a r k l n a r ~  D m e  
B Sunsgots~ 1 Clalo~w Necme~t~~ 
0 Ho h e  ItP ~ v ~ #  lqen 

fh3t t&k&&he f i V t ~ h ~ ~ @  dP ~ a i ~ b r h l  Wi66ikibe W-8 *15W&fik! l&rW, * 
markmge, Ei dark marhngg, fmdae, Ha Ime, and Cla prormnencea lf, aa 18 generally ~ m e d ,  



lnarkilkings are pl*o~ections of t l ~  ~rominellloes on the sun's disc then since Evershed has shown the volocltles 
illcreage .wltll levels, it appcar.l's that an absorption marking moves slower than the gases constituting the 
prominel~ce *1ch exliibits itself as illat marking. 

Fig, 2 sllows graphically the law of the polar retardation corresponding to the various solar phenomena. 
A difference in tbc rate of change of ~ l ~ g u l a r  velocity with latitude is indicated by a lack of parallehsm in 

curves. To show this more clearly the values have all been reduced to a common origin (14*50°), by the 
of some constant quantities to the results. The spots and the faculae give values which are practi- 

cally throughout. Illterrnediate between these and the Ha dark markings are the E8 filaments. 
The 13a dark m~rcings and the Ha line are also nearly identical and show notably less equatorial accelera- 
tion, The H and It lines of tho oa Pr~m~nences, as far ns the results could be relied on, show the least 
polar retar daiion. 

Setters indicate same 
curves as in Fig. 1. 

Heights of Ha absorption niurkings. 

The values of 11, and h, obtained by Dr. Royds require slight modification in view of the more 
reliable values now available for equatorial reg.lonfi, The daily synodic rotation has been Interpolated 
from Table 11 and i s  t h ~ n c e  obtained. The values of ($ have been taken as the means of the 
intervals and the heights deduced from the formula 2h = a cosa cos' $ (a = 960"). The revised 



values are @ v e ~  wz Table IV The Memnee ia b 0  values of h Ir u not vely appr olable rwd 
them 151 ~ ~ Q t l e B I i y  w o h a s  t&e mean vdqes The difference between h and h i s  alffio nnaltered and ~ s l  

the maln argument8 of the paper conhnue to hold 

fi m Tab1 2 Bull t ~ n  N 89 
tCorr po h g t  th w ghtedm nsl f s 4 

--- - --- 

In conoluslon I mah to express my thanks to IJr Roy& Director for permitting me to work in tho 
Obrrervatory for settmg me on to work at this problem and for h s  valuable guidance and many suggeshona 
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