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The prominence described by Dr. Slocum in the Astrophysicnl 
JournaE for September 1910 (32, I 25), and figured in Plate XlI, 
was photographed with the Kodaikinal spectroheliograph at  each 
successive appearance on the sun's limb. Our photographs arc 
very similar to those taken at  the Yerkes Obsematory, but, con- 
trary to Dr. Slocum'G experie%ce, our K, flocculi plates show the 
prominence also as an absorption marking on the disk of the sun 
at  three successive meridian transits. On the three days follow- 
ing March 22 the prominence is such a conspicuous and remarkable 
object on the disk that it is dlfficdt to understand Di. Slocum's 
failure to photograph it. 

Taking advantage of the exceptional opportunity afforded 
by the disk photographs for determining the speed of an,dar 
rotation of the prominence, I have made a series of measures of a 
well-defined portion of- the absorption mar&g, and the results of 
these measures, together with a spectrographic determination of 
rotation speed, are, I think, of s a c i e n t  interest to give in some 
detail. 

As the spring months at  Kodaik5nal are the most favorable 
for solar work, our series of photlrgrruphs is very complete, and 
they show that the prominence endured in a more or less compact 
form £or a t  least 82 days, and the region of longitude in which it 
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the locality of origin of the prominence rotates with the normal 
speed of the photosphere. 

If we take the interval of 82 days between February j and 
April 2 8  to represent th:ee synodical revelations of the prominence, 
we get a rotation speed of 1 3 3  per diem, or s sidereai speed, 
E=rq?z per  die^. This corresponds closely with the angular 
speed of s p t s  in Iatitude 13" to I;". The mean Iatitude of the 
prominence at its western apparitions is - 13'. 

The estimate of the time when a pror.linence is at the limb or 
go0 from the cen~ral meridian is very uncertain, however, and 
the whole interval may lie11 be subject to an error of *I day, 
so that the above vaIue may be over I per cent in error. 

A much more accurate estimate is obtained by measuring the 
absorption marking due to the prominence projected on the disk, 
and deducing the times of passing the central meridian at the suc- 
cessive transits. The marking was photographed on February 
25, 26, 27, and 2 8 ;  on March 22,  23, 24, and 25; and again less 
distinctly every day from April 16 to 2 6  inclusive. In the two 
earlier apparitions it is shown as a Sow-shxped dark streak, crossing 
the equator (see Plates I and 11), the center of the bow lying on the 
equator. During February the bow. was narrower than in March, 
and more sharply bent at the Znter, forming an obtuse angle; 
@is deftnite point, which was in latitude +o", was measured 
on the successive days, giving a good value of the daiIy motion, 
as we11 as :he time of meridian pasage. The three blates of 
March were simiIarIy measured, but in this case a point had to be 
chosen north of the equator, where the marking contracted to a 
narrow h e ,  nearly perpendicular to the equator. In April only 
the southen arm of the bow can be seen, highly inclined to the 
equator, and accurate measures of the daily motion are not pos- 
sible; but from measures of the western end of the marking in 
the plates of April 2 0 ,  2 2 ,  and 2 3  I have estimated the time of 
meridian passage of a point in Iatitude -3'. 

The times of meridian transit deduced from these measures are 

1910 February 25, gh lzm Greenwich Civil Time 
March 24, 7 zo Greenwich Civil Time 
April 2 0 , s  Greenwich Civil Time 



'i'lit. f ir-I  ii~tc.rt.al of ah .c)z days, representing s coinpletc synodical 
rt,:-iil~?t ii,n* i; crjual to a nlcan daily sidereal motion, t= 14?37; 
;iruj ! ; i t .  +c:contf intcrval of 26.84 days is equal to a mean motion 
t l i  t , ~ ? ; o .  ?'I.Ic iirst interval is not likely to be in error by an 
:?.nlr)rl:+it ~ ' x ~ * ~ ~ ' d i n g  one part in 400, but the second is less trust- 
vortiiy. 1'11t'ht: salu~'.; may be taken to represent the equatorial 
vvlol it!.: i~ottvithstantfing the fact that the measures for March 
rticr to a !mint in latitude +S". 

11. is irsiuntect, of course, that the marking ])l~cr~ogr,tr;l~cd in 
f'c41ni:ir!~ is identical with those obtained in March and April; 
i his is prol~ably true only in the same sense that the prominence 
phologr;ipheti on the west limb on February j is identical with 
thtfh:: photugraphed on Iater dates; that is to say, the angular 
vciuc-ity obtziined is the velocity of the origin of the marking, not 
th;it ui the ntmrbing gas itself. I t  is in quite remarkable agree- 
rncnt with the equatorial speed of the photosphere as determined 
frcjrn qicsts. 

TIlc measures of angular motion from day to day give quite 
a iiiiicrcnt result, as the foliowing determinations of longitude 
mc;lsurcr.i from the central meridian clearly indicate. 

Ude ! G.C.T. j Langitude - -- !------I 
1 

iu io  F ~ J ,  i j ,  . . . . . . . .  i +@" 308 &st 1 

I-,. 2. ) .  ........ 
........... 

1j0m 

Frb.2: 1 2 4 5  zq.qn7est 15.12 

Fib. :S. ........ . j  g or 38.7 West 14.14 15. I4 
t 

3imu daily sidered motion==1~0ag 

If. ' i l lY MI)TIOS IN I13SC;L'TL: UE OF ABSORPTION MARKING SITUATED 
IN L.\TITZiDE +EP 

U e w  daily siderrst motion= r6kcg 
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As a check on these results T measured at the same time a 
srnalI bright flocculus, .which could be identified in. successive 
pIates during four days; the results are as fol1o.r~~: 

DAILY MOTION LX' LONGITUDE OF A-C.ILCIU31 F~OCCULUS SITU,ZTED 
IN L.4TITUDE -8' 

Date 1 G.C.T. / ~ a ~ p i l v d e  1~oti-m in 4 80. I I 
i i 

rgro March 23. .  . . . . . . 1  2h3rm qrD2 East 1 
March 24 . .  . . . . . . !  2 1 2  28.2 East I 1209 
Marchaj ........ / 2 2 1  14:3East 1 1 13.3 March 26 . .  . . . . . . , 2 24 1 1 .0  East 14.3 

Mean daily sidereal motion= 14043 

The above result, although somewhat rough, is in substantial 
agreement with Hale's determination of mean motion of the 
flocculi,' and shows that the absorption marking was drifting 
westward with resFect to the flocculus. 

I t  appears, then, that the dark mass of calcium vapor (and 
hydrogen) near the equator had an angular rotation speed 5 per 
cent greater than ihe general surface of the photosphere during the 
February apparition, m d  as much as 11 per cent greater during 
the March apparition. ,Also that .the two apparitions realty 
represent two distinct masses of absorbing gas, emanating from a 
common origin approximately in solar longitude 75'. AIthough 
tde February marking could be traced nearly to the western limb 
on March 3, it must have become dissipated suhsequentlj, as i t  
was not shown near the east limb on some excellent plates taken 
on March 19 and 20. On March 21 it reappears as a vague and 
ill-defined dark mass, extending across the equator, and same dis- 
tance wit hi^ the east limb. On the following day the bow-shape 
became evident. 

The intermittent character of the milding is also shown in its 
later phases. On March 2 j it had attained its greatest apparent 
development, extending for a distance of at  least 36' of solar Iati- 
tude, or 250,000 miles (qoo,m km). The northern arm can indeed 
be faintly traced fora much greater distance in a vast circular sweep 
toward the eastern limb, which it .nearly reaches. 'Notwithstand- 



in2 i ? l l .  iv"'iifiious Icn$tli of this Inass of relatively cool gas, the 
i ~ h i ~ f t '  ~ ~ l l j ~ ; ~ ' f  11tf~1'1~ ~:inished during the nest 24 hours. The 
p l ; i t c *  c t T  .\i:\rch a 6  is of the best quality. and shows two small 
~ ~ r ~ ~ n t i n c : ~ ~ c c s  ns ('lark m:lrking.i on the disk, yet not a trace can 
ibc st!cn of the lnrgc nxtrking. nor is it shown-on the of the 
z j 111 or 2St11. A portion of the southern branch is seen again 
o n  ~ h c  ar)th,  but in a more easteriy position on the disk; this 
iil~l'arvnf-ly rc:lppcars on the east limb on April 16, and continues 
visible until nc:lr the west limb on the 26th of the month. 

I:roni the whole inquiry it seems definitely established that there 
was a regiun on the sun. narrowly defined in longitude, and par- 
tirking of the normal rotation speed of the photospkiere, which was 
somewhat intermittently giving rise to prominences, and that 
these prx-ninences drifted westward with about the angular speed 
oi the hytlrogcn of the chromosphere. The remarkable bow-shape 
of tht! ahsorption marking, with the center over the equator, is 
\?cry suggcstivc of a wave surging westward over the photosphere, 
with a greater speed near the equator than in higher latitudes: 
Yet the velocity obtained in latitude +go in March'is distinctly 
greater thxn that observed on the equator a month earlier. The 
marking is unfortunately too indefinite in higher latitudes for 
measures of longitude to be made. It is perhaps more probable 
that thc how-shape is really due to the original disposition of the 
~~romincnc.e-forming orifices. 

'She mean level of the absorbing calcium vapor is difficult to 
det-crmine. If the whole prominence is effective in producing 
absoq,tion it may be roughly estimated a t  some 30" above the 
phot.oaphcrc, but there is reason for supposing that only portions 
of the prominence are cooled sufficiently to be effective, and these 
portions may he in the, lower and denser region not extending 
much &ove the chromospl~ere. When these dark markings are 
wen extending to the sun's limb they are focnd almost invariably 
to in a prominence, but the latter in many cases are somewhat 
insignificant in height. On the other hand, many large promi- 
nmces, the majority of them, seem to produce no absorp- 
tion un the disk. 

The rotational movement of the higher regions of a '"quiet" 
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prominence can be ascertained by spectrographic measures, and 
this method of investigation has for some time past been on o w  
program of research. Only a few plates have as yet been 
obtained, but these fortunately include the prominence of March 
when on the east limb. With a radial sIit placed across the limb 
at the sun's equator the Ha line was photographed in this promi- 
nence on March 17 and 18. I t  apljcars as a sharply dehed  bright 
line, about o. j mrn wide outside the limb, and as an absorption 
l i e  I mm wide within the hmb, the scale of the plates being I mm 
= I .  2 A. I have measured the displacement of the bright line 
with respect to the dark line, and the result distinctly confirms the 
westward movement of the prominence. In  measuring the plates 
a single straight thread was used,' placed parallel to the spectrum 
lines, and the error in parallelism which might seriously affect 
the result was carefully determined and al!owed for. The mear 
results obtained, with the red end of the spectrum to  the right and 
left respectively, are as follows: 

Date Height above a 
Photosphere i 1 hm per 

rgxo March 17. .  . :," -o.&,!, 1 +0.68 
March 18. . . 

lo j -o.oxi A +0.68 

.The absorption line may be taken to represent the norma1 
chror~osphere line; with a vdocity of approach of about 2 lim 
per, second. The excess velocity of the a t  a consider- 
able height abovc the chromosphere amounts therefore to as much 
as 34 per cent. The consistence of the measures with the red 
end of the spectrum to right and left, and the undistorted charac- 
ter of the emission line lead me to believe that this relatively 
hig6 velocity is real and permanent. - I t  would be unsafe, however, 
to infer from a single instance that the law of increase in angular 
speed with height discovered by Adams is continued outside the 
limits of the chromosphere, but this may Le taken as'a suggestion 
only. 

SOLAR OBSER~ATOBY 
K O D ~ A N A L ,  Somi L m r ~  

November 29, rg~o 
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