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The Relnlioc I'nriaiiotis i r ~  t i le Extarits of Bases and i n  t l ~ c  Ilcigiils of 
P~o~iii~le,ices acco~tzpaayi?tg Vario~ior~s in Llieir Areas. By P. R. 
Chidambara Iyer, 33.A. 

The profile areas of promine~rces on tlle sun's limb, their heiglits above 
the chro~nosplicre, and the  extents of tlieir bases on the  clirornosphere 
are being systematically measured a t  I<odaikanJ, and data  of tile Incall 
daily areas, mean heiglits, and mean exterlts are available for each half- 
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pear fro111 1905 to 1928. Tliese data are publishctl regiilarly in the 
1i:~lf-yearly bulletins of promine~ice sumniaries issueil fro111 Kocinikannl. 
From the year 1923, undcr the auspices of the I r l ter~ia t io~i ,~l  ilstro- 
~loniical Union, ICodaikanal has been incorporating statistics tlcrived 
from photographs of foreign observatories also, and,  accordingly, the 
z~hstract for each half-year published in Table I. in tlle ])ro~ni~-tence 
Lulletius from tha t  year onwards contains the mealis derived fro111 the 
data of all the co-operating observatories. For the  sake of uniiorrnity, 
liowever, the figures used in this investigntion are tllose fro111 the 
Jiodaikansl records only. 

The method of derivation of the data tliscussecl l ~ c r c  may be briefly 
sunirnarised. The daily prominence photogr:~phs arc csal~lillecl for 
tlieir quality and. corrections :Ire a~)plied t o  inco~rij)lcte or i1111)crfect 
records, sucls that  the total number of days in a half-year on which 
~~liotographs were secured get counted ns n sltlnller nunher  of effective 
days. The meall daily areas are derived by dividing tlie totnl profile 
areas in each Iialf-year by the  ~uprop- ia te  ~lulnber of effective days, 
while the surn of the greatest ]leigilts renchcd by inclividu:il ~,ro~lliilences 
:1!1(1 the suln of the lcngtlis of their bases divided by tlie totnl riu~nber of 
prominences observed' give the mean height and the Inearl extent 
respectively. 

I t  occurred to  me tha t  a parallel study of the chn~lges in tlie e s t e ~ l t s  
of the bases and in the heights, accorripa~iyi~lg changes in arcns, niight 
yield fruitful results, by revealing the nature arid magnitude of some of 
the forces tha t  come irlto play in the Muctuatiorls of solar activity as 
reflected in the prornine~lces. Por i~lstance, if, as the solar cycle ad- 
vhnces, we get  taller and taller pro~ninerices, Ire C i l l l  legiti~iintely infer 
that  there is an  increasing force or thrust :~cting out\\-ards fro111 the sun. 
The bases of prorninences increasing in esterit migllt,, on the othcr hand, 
indicate tha t  an  increasing force is acting tangentially to  tlie surface of 
tlie sun, or in other 11-ords, tha t  the phcnon~enol~ of i1icre:isc i l l  solar 
activity is esseritially one of spread, its magnitude i l l  tlie direction of 
longitudes being revealed by the iricreased extellt in  the proniinence 
bases. 

The bases are  usually expressed in degrees on t l ~ c  circul~lfcrcnce of 
the sun, whereas the heights arc measured by the angles which tliey 
'subtend a t  the earth. In order to nlal<c tlie bases cornparable I\-ith the 
heights, tlie former were colzverted into equivalent apparelit angles, 
on the basis of the ~ 1 1 1 1 ' ~  a p ~ ) : i r e ~ ~ t  S C I ~ I ~ ( ~ ~ : L J I I C ~ C ~  ))ei~lg t:lkell as I G  
minutes of arc. Tlie followilig tnble contains tllc 1lle;zli daily nrciis i l l  

square n ~ i r ~ u t e s  and the 111eau bases and nican heights i11 rliinutes of arc 
from 1905 to I 928. 



Years, 

1905 I. half 
11. I ,  

1906 I. ,, 
11. ,, 

1907 I: I ,  

11. I 1  

1908 I. ,, 

11. 9 ,  

1909 I. ,, 
11. , I  

I910 I. ,, 
11. 9 ,  

191x1. ,, 
11. $ 9  

1912 I. ,, 
11. 9 ,  

1913 1. ,, 
11. 9 ,  

I914 1. 9, 

11. 9 ,  

'9'5 I. I ,  

11. 9 ,  

1916 I. ,, 
11. ,, 

19x7 1. ,, 
11. $ 9  

1918 I. ,, 
11. I ,  

19191. 9 ,  

11.. ,, 
1920 I. ,, 

11. 9 ,  

1921 I. ,, 
11. ., 

1922 I. ,, 
11. ,, 

1923 1. ,, 
11. 9 ,  

hicnn Dnlly 
Arens of 
Yronll- 
uences, 
sq. mln. 

4.80 

hlrnri 
Extcut of 

Bnse, 
min. 

I'crccn tnge 
Dcpnrture 

over 
Previous 

Unli-Sear. 

sc. 5, 

over 
Previous 

EaIf-Tear. 
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Yean. 

1925 I. half 

11. 9 %  

1 9 2 6  I. ,, 
11. 2 ,  

1927 1. 9 ,  

11. 9 ,  

1928 I. ,, 
11. ,, 

l l cnn  1)nily 
Arc% of 
I'ron~i- 
nences, 
~ q .  min. 

5'2 4 
6.88 
3.13 

7.6 j 

7 ' 7 3  

5'50 

7'30 

7'13 

I'crcclit ngc 
Dcpar t~ l r e  

oTer 
I'rerious 

ITalf-Tear. 
- 5.8 

+ 30'3 
i- 18.9 

- 6.5 

+ 1.0 

-28.3 

+32'7 

- 2.3 

llcnli  
Extcut of 
Base, 
nliu. 

1.138 

1.470 
1.61 j 

I ' j J O  

1.744 
1'297 

1.947 
1.763 

1'crccuL:lgo 
J ) c ~ ~ a r t l ~ r e  

over 
Previous 

JInIf-Tear. 
- I 0.3 

+ 23'2 

+ 3'9 
- 4.6 

+ I 3.2 

- * -.6 - 3 

+ 50. I 
- 9 '5  

l'rcccntngc 
1)cjrnrtllrc 

over 
I'rerious 

IIalf-Te,u. 

- 3.6 

+12.G 

+ 6.2 

- 6.j 
+ 1 '2  

- I 0.8 

-t 13.0 

- 1'0 

r l  I lie progress of tlie values of the lilcan daily areas, lileall bascs, and 
mean heights is represented i11 fig. I ,  in ivhicli the ordinates on tlie left 
give square r~iinutes for areas and tllose on tlic riglit give i~linutes of 
arc for the ineali bases anrl mean hciglits of ~)romirlcliccs. 'l'hc hc:~vy 
line relrrcseiits the  rncall daily areas, the thin l i~ ic  thc niean bascs, and 
the broken line tlie lllearl Iieights. Tlic dingralli slioxrs t h a t ,  wllile l~ot l i  
bases and heights esliibit sensitiveness to  tlie c h ~ ~ n g e s  in areas, tho 
response made by heights is nlucil less than the  response rilsde by tlie 
bases. To show t'liis to better advantage, the  1)ercelltage dcparturcs of 
the three quantities for each lislf-year over the previous lialf-year bavc 
bee11 n-orked out  ancl given in  columns 3, 5 ,  and 7 of the forcgoi~lg tablc 
and also representecl in fig. 2 .  The depart~ires i l l  :ireas, l):~scs, ant1 
heights are shoxvn by  t t ~ c  heavy, t l i i i i ,  and broke11 lines respectively. 
I t  is seen a t  once tha t ,  ~vllile the points 011 the curve for tlie departures 
in lieiglits keep comparatively close to the  S axis, those on tlie dc- 
p r t u r e  curve of the  bases are in general farther above and belolr the 
?i axis. 

T I )  orclcr to discovcr tlic csnct degree of rclntio~lslii~) l~ctwccn the 
tlirec series of data  discussed here, tlic metliod of correlation rrau 
ay)plied. T l~ere  \\-ere 48 pairs of colnpar iso~~ i l l  c:~cli illstatice. Tlie 
cocfficicilt of correlntioli 1 .  obtnillcd for nrcas n11(1 bases was f - - 7S t ,  wit11 
a probable error of f.037, a n d  tlie coclliciellt I.' for :ireas : ~ t l c l  licigl~ts war 
+.746, XI-it11 a probable error of i-eot3. This indicates a Iiigll d c g e e  of 
relationship of both bases and lleiglits to areas, bu t  slightly less i n  tlie 
case of lieiglits. The devintiolis y nild y' fro111 tlic avcrilgc of tlie lllenli 
bascs arid mean heights respectively sccorn~~anyi l~(r  n cleviatiori x fro111 

0 
the average of rllean daily areas were then determined, ant1 the results 
:j = .2294x and y' = -0379s were oltniliecl. Pro111 this \vc iirid tliat y 
1s 6 0 5  tinics y' ; t h a t  is to  sa?, any cleviatioli i n  the  height of prorilinences 
is on the average acconlpa~llecl by 6-05 tillits :M ~ n u c h  dcviatiori i l l  tlieir 
bascs. 

lire have here a n  interesting result, \vl~icli gives 11s ail ilisight into a t  
least sollie of the features charnctcristic of tlie cyclcs of solar activity. 
I t  is well known t h a t  correspo~lding to  tlie pcrioclicity i l l  su~ispotu tllcrc 
is also a periodicity esliibited by the  profile ,zrens of 1)ronlinences. The 
high coefficierit of correlatio~l bet\veen t,hc'average lleiglits :ind the rneen 
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daily areas of pronlineiicev points t o  a si~iiilar in  the  average 
heights t o  ~rllicli prominence matter is heaved up above the chromo- 
sphere. Tlie natural inference seems to  be tha t  an  increasing force 
directed outwards, wliose coriiponent radiirl t o  tlie sun we are e~iableti 
to  detect, ejects ~rlat ter  from the sun to  greater and greater heights until 
the maximuin activity is reached, when i t  begins to drop gradually to a 
minimum, as is evidenced by tlie decreasing heights of the  pronli~lences. 
Simultaneously with this outward projection, and with the  same regular 
periodicity, there is also taking place, tangentially to the solar surface, 
a movement of matter with a force whose comporient along solar 
longitudes exhibits fluctuations which amount to six times the Auctua- 
tioris in tlie heights of prominences. Tlie fact tliat " proi~~inence  
activity nioves fro111 low to liigli latitudes n ~ i d  dies out a t  the  1)oles " * 
is probably also a n  indicatio~l ns to the  direction of the spreading move- 
ment, naniely, fro111 low latitudes towards the  poles. 

The itlea of a 1)ulsstion naturally suggests itself to  us, but a pulsatioli 
embracing two simultaneous phases. There is the heaving u p  and 
subsidence of material belonginq to  tlie outcrrilost layers of the sun, atid 
there is also :L wavelike sprc:~ding and i l y i ~ ~ g  out, tllc latter being the 
nlore proniilient feature of tllc t ~ o .  If, as is sugges ted ,~  the sun is 
really a varinble star wit11 a vcry lolig periorl and a sninll range in briglit- 
ness, t h e  kind of p u l s a t i o ~ ~  of \vliich we Imve direct evidence here seeIils 
to be the  inevital~le espla~ixtion for its variability. If tllis is so, we 
l iare secured a valuable Itep to tlie general question of stellar variability. 
The chances appear to be tlint pulsation, as I'rofessor Eddington mniri- 
tgins, is the mcclianisnl illvolved iri certain classes of ~ a r i a b l c  stars, 
but  a slightly nlodifcd pulsation ~rliich also brings into play forces 
tangential to  tlic ste1l:~r surface. From tlie curves in fig. r ,  it would 
appear a s  though c:lch of these pulsations in  tlie suri corisists of tl series 
of secolidnry j)ulsntio~\q. 

11 glance a t  fig. I \?ill s l l o~ r  tliat, ~vliilc tlic curve for the lileali 1,:lscu 
rises and  falls corrcspondi~igly to the phases of tlie solar cycle, the  mean 
height steadily increises. To n less es ten t  this iu also the case rvitl~ thc 
other two curves. I t  looks ns tliough pro~i~i~ierlces ollce gelierntcd in a 
cycle (to not  (lie out co~~il) lctcly ; t,li;it is, ~ n n t t c r  cjccted dnr i~ l?  n cycle 
is no t  coni~)letely rc;tbsort)ed illto the  body of tlie suii or lost 111 space, 
but  n considerable residue is left behind xvllich is being built ul,on during 
the riext cyclc, a process of gradual accunlulation of proini~~erices being 
thus indicated. IVhetller this is ])art of tlie evolutionary processes 
goirig on in  the  sun or is bu t  a temporary s ta te  of things time alone can 
clecitle with certainty, but  a separate investigation may throw some 
useful light 011 t.lie question. 

In  corlclr~sion lily t1iar1ks arc due to Dr. 1'. Royds, tlie Director, for 
the kind encourageinent and valuable suggestiolis given to  me during 

B 1011. t h e  investig t' 
* J. Eversi~cd, liodaikanal Olsermlory Jlc?xoirs, 1, l)t. 2 ,  11. 64,  r 91 7 .  
7 Genernl Astrononty, l ~ y  S1)cncer Jones, p. 338. 

h 'odn ika~~ul  : 
I 9 2 9  Deceuibcr S. 
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