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A NOTE ON THE OBSERVATIONS OF SUNSPOTS RECORDED AT KODAIqA,MAL 
FROM 1903 TO 1950, 

A stat~titionl study of the ~unspots ol~scrvt~d a t  ICld lilc+tn<~l du~~ilig iho prr~ud IW3-80 hi's brcn mndo. 'IL is ~olntod out rho 
sohomo or aunspo t olnus~licnla~n huggr~it od by I'abl' F \ ' a ld~~l l  m 1947 ti mbto t ld~nbh i l r a i ~  ,Corblds .dos~i$bhtion n Mc11 hss,.bu& 
Pollowad at I~oduikt~nc~l sincu 1903 

T h  ~6eords oS the Roclniksut~1 ( )ric1lhvatolby silo w that regular solac obs~rvatlong welt olrk- 
menced at this station from L90J , Maroll 1 4. Onc ol' $110 routimo i t e m s  of work wa{ f"&a,,i$ a ll. 

llllnation of the sun's aurfaoeifor spoic~". I7ts.r over two yc;uss t lh  cxmnination appear8 t o  h u , ~  heen 
confined ~nostly t o  v id11 nl cd~sc~rvt$ioions 031 n ~olar  image! of 8 incfios iliameter p~ojoct~d by tlza &xi- 
inoh Coolte telescope of t h i ~  observatory il~o~lntccl in tho "Rou.bh I?0me7' wlaioblati $r6s&t hi~ubdd 
$he pro~nenck spectroscop~?. Ucgiuning flnorn 1903, Augast 22, photohdiogcarns w6re t d i e ~ l  'oli'5 
,&gja]~ of 8 inc.hei to the'sun's clinnlotrr with k~ 4-inch Dsllrnbyer photol~oliwiph ~hibioh'~y$ * r , ho&%& I*'.dh ,+ r" 

in what is at preaont known as tllc "ilson slw 1". Tll c old report8 iqdilcabc that fibe; haunbigg, of +bP 
i l d  ilu nlml t was not quite ~nt,is[t~~c:to~*y, ~ L I I ( ~  t l l ~ f  it W ~ S  tiolncwbat shaky* espeoially dqinp; higll 
kinds. This instrument was in. urro ~vp to  191 2, July 31. ITrorn that dbt;to the Lcreb~um' drid'f!edl:etan 
gquatorial rewountcd by Crubl, wl~ich is instnlllcd in tho "Notth I")qrnc" oP the observatdry 49s bt&&~ 
in, us0 for taking ~ u n  pl~otogmq,hs. 'rim 6-indl lens of this in8,trunen.t ww rqpla'c;$ f$,i 
Cooke photo-visual lens 01 tho salnc npcrtnrc and the instrument was adapted for &ecb 
solax photography A guidc tc le~col~e  of 23 incl~cs nperture was used for projecting a solar image 
of 8 lnohes diameter on a scroen rigiclly i r t~~ahod to the instrument for visual +observati~G and 
slcebcl~~ng of s~xnspots and facul ao. 

Upto 1908 April 30, tlxc cllnrts 011 wll~cll  atulb~pots and fadulao wore s1;ebchcd were blt+nk 68.5:k 
of 8 inolios diameter on whlrll olnly tho  N78 and X-W hnes were marked. Beginnilig from 19@8 
May 1, the sun charts in usc have soln~ lntrtuile and longitude lines at 5' intervals printed on 
them. These charts are prepared from the original large drawmgs made by Father R. de Beaure- 
paired 

From the early days of s~mspot obsorv~%ions at ICodaikanal the scheme of sunspot classifica- 
bion originally proposcd by Rev Pathor A L Cortio, 8. J., has been foUowcd at this observatory (I). 
This classification which is based essentially on tb8 appearance of the spotgroups ie acoording t o  
the sol~eme stated pelow :- 

Type I A group of one or more small sca6tered ispots. 
'Type I1 The two spot formation. 

ITa ,  Za which the leader is* t hc  princ;igal spot. 
I lb  In which the following sp& 1s ilie ps$olpal spot. 
Jlc Tn which both spots are mqre or lesd equal. 



A $win of sp t s .  
With well-defined pancipal spots. 
Witllout well-definetl spots, but consistii~g n~ostly of peuunlbral patches pi th 

shattered irregular umbra. 
Single apots. 
A single spot of round and regular outlii~e. 
A angle  pot of round and regular outline with sn~all cou~paniol~s. 
A single spot of irregular outhne. 
A single spot of irregular outline with a tram of smaller companions. 
A single spot of rrregular outline wrth small cornpaillons not in a traxn. 
An zmgdar p u p  of larger spots 

Rig. 1 illusLrah8 tihe various types. 

kwdin,g to Cortie, 'tle scl~erne of clai.sification outlined above represeilts approxin~ately the 
ordinary pxrocms of spot formation and the life ]&tory of spotgroups. A new dp&group first 
makes its appearance as one or more small eaattered dots surrounded by bright Eaculao. These 
dots next coalesce into two principal sp u t  s--the type 11 stage During the next phaso of evolutioh 
a hain of small apots appears between the two spots, the group thus passing ovm to Type 1x1. 
Tibe small spots, betwgen the two princi ,a1 spots then disappear and t h i ~  i followccl in most cases by f the breaking up of the following spot J umng this stage whic;l L is represented by Type IV the goup 
gmeirally oons~sts of a single predominant spot The last g t a g ~  in tlie life ilistory of a spotgroup i~ 
repreat3nted by a recurrence of Type I. Irregular group3 of larger spots .which do not fit in to  this 
~cheme am l&~d  under Type V. 

At Rodaihnal, the spotgroupa observed daily are asslgned the appropriate type numbera 
by the observer who sketches them on the sun cliarts, and they are subsegucntl-y listed ill the sun- 
spot r ister These records are available w~thout interruption-except for breaks duo to un- 
fnoura, @'% le weather cohditiions-for the period commencing From 1903 August 1 t o  date. 

From the onginal sunspot registers monthly and yearly frequency tables were propaxed ~Iassi- 
fying the observed spotgraups into the vanous types listed in Cortle's olassifioation. Table A 
gives the annual frequenmes of tllc different sunsl~ot types for tho period l!l04-1950. The total 
nuher  of q'1blc1 U I I  observed on the sun 111 each year, the total i~unlbcr of days of observation and 
the mean daily num bcr of sunspot groups are also given 111 the table. 
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Sunspot maxima are mnd~cated 1n bold type and minima in ~talics. The tab1.e also gives the o b s ~ -  
ed numbers of spot-free days and the Zunch relative sunspot numbers for the respective years (3. 
Fig. 2 gives a grapl~~cal represei~ttatlon of sunspot activity during the period in question based on, 
the data given 111 Table A 

The percentage frequencies of the various types for the individual yeam have been %+orlred 
out and are given in Table B. Fig. 3 gives a dot diagram based on these frequencies. 

TABLE B 

Percentage Ereguejzczes- 



4, Discussion. 

Cortle's scheme of classification is based on the visual impression which the observer gets 
f i 8 ~ 1 1 1  the appearance of the spotgroups. Spotgro~~ps present such a diversity in their structure that 
it is sometimes possible to assign more than one type number to the same group. The "personal 

of the observer, therefore, enters in some measure in the classification. T h i ~  fact has 
t o  be borne in mlnd when we consider the data in Tables A and B above. 

The most striking fact brought out by tables A and B and by Fig. 3 is that generally about 60% 
of the spotgroups fall under Type I. The next in order of l'repency is Type IV, which comprises 
about 30% of the total. Types 111, II and V then follow in the order of decreasing frequency. 
  he period 1946-60, however, shows a departure from the above trend. It will be seen that during 
this period there has been a systematic fall in the percentage frequency of Type I and a corres- 
ponding rise in the case of Type 11. During 1949 and 1950 these two types which /$ogetherlcomprise 
r-early 60% of the total number of observed spotgroups, are found to have occurred with almost 
e ~ l  fre@encies This feature is in striking contrast with the observations of the past 40 years. 

TO seek on e~planation~for this, the sunspot registers in which the type numbers of the spot- 
groups observed daily are entered have been oompared with the sun charts in whioh the spotgroups 
have been sketched by projection. It is seen that the "personal equation" of the obssrver bas been 
largely responsible for the observed diacrspancy. There has been a distinct bia,s on the part of' 
recent ohservers in favour of the bipolar spotgroup-type II of  Cortie's olassifioation. The bias of 
$he previous observers would appear to have been to avdd type I1 as muoh as possible. Several 
s$tgroupq with the recent observers have classified as type II would have been grouped by the 
previous observers under one or other of the types I, III or IV. 

b 

I 

If all sunspot groups follow the life history contemplated in Cortie's scheme, we might expect 
to find 811 types occurring with comparable frequencies. The prsdominrtnco of type I indicates 
that tho majority of sunspots d ~ e  out before they pass through all the stages of evolution. 

Examination of the last five columns of  Table A and also of Pig.2 shows that during the period 
under consideration A ~ ~ B P O ~  qotivity has passed through four oyoles with maxima during the years 
190~,1917,1928,1937 and 1947 and minima during the years 1913,1923,1933 and 1944. It is well 
known that the sunspot maximum of 1947 is the highest on record in recent times. From the table 
of relatrve sunspot numbers published by the Zurich Observatory for the period commencing from 
1749 to date it1 is seen that the latest sunspot maximum has been exceeded bnly once-by the 
sunspot maximum of 1778. It may be, of interest to note that the sunspot minimum of 1913 is 
one of the lowest on record, being surpas~ed only by the minimum of 1810. 

The dotted curve at the top of pig. 2 shows the percentage of $pot-free dayg in each year during 
the period under oonsideration. The sunspot minims stand out conspicuously. The other two 
curves in Fig. 2 bring out the close parallelism between the mean daily number of sunspot group 
observed a t  Kodaikanal and the %.t~i~h relative sunspot numbers. In a recent paper from the 
Ucited States Naval Observatory, mark ow it^(^) has examined the relation between sunspot arem 
measured a t  Washington apd Zbrioh relative sunspot numbers, and found a high degree 'of correla- 
tion between these qpantities. 
R3 SP OKoda~kanal 



Examination of Pig. 3 suggests that the percentage frequencies of sunspot types 111 and I V  
fluctuate in such a way that type 111 is more frequent near the maxlmumepoch while typ. I V  is 
more frequent near the rmnimum epoch. 

The last column of Table A gives the ratio between the relatlve sunspot numbers and the mian 
daily numbers of sunspot groups for the various years. It is seen that these figures also show a 
variation more or less parallel with the trend of sunspot act,~vity. According to the convention 
adopted by Wolf, the relative sunspot number (1.) is obtained from the formula : 

r=k (lOg+f) 
where g is the total number of groups of spots visible on the sun's disc and f is the individual number 
of spots that can be counted in all these groups lc is a coefficient depending upon the instrument 
used and the observer. This was taken. as unity by Wolf for his observations at Zurich with a 
telescope of 10 ems aperture and a power of 64 We then have : 

rig = I@ + f/g 
f/g is the average number of individual spots in a group. The sequence of the figures in the last 
column of Table A therefore mdicates that during maximum periods the spot groups contain more 
mndlvidual spots than dur~ng the minimum periods. It is ea~ily seen that the minimum possible 
value of rig is 11. The fact that in one or two cases this value is less than 11 in the last column of 
Table A 1s because the relative sunspot numbers and the mean dally number of sunspots are 
not based on the same observational data. It is interesting to note that the value of r/g is highegt 
for the lakest sunspot maximum. 

5. Waldmezer 's Scheme of Classificatcor, of Sunspot-group8 . 
In the quarterly Bulletin on Solar Activity for 1947 Waldmeier (*) has given a scheme of  classi- 

fication of sunspot groups which is more objective than Cortie's scheme. Nine separate classes are 
recopsed which represent the "normal stages of evolution of a large sunspot group". These arc . 

A. An isolated spot or group of spots without penumbra or bipolar structure. 

B. Group of spots in blpolar configuration, penumbra lacking. 

C Bipolar spotgroup, only one of  the principal spots (the P- or the F-spot) being sur- 
rounded by penumbra. 

D. Bipolar spotgroup, both groups showing penuplbrae ; at least one of the spots should 
possess a slmple structure. Length usually <lo0. 

E. Large bipolar sunspot group, both principal spots havlng penumbrae, usually of compli- 
cated structure. Intermediate region occupied by small sunspots. Total length o f  
the group at least 10". 

F. Very large bipolar or complex sunspot g rop ,  length at least 15'. 

C. Large bipolar group wlthout intermediate spots. Length at least lo", 

H. Urnpolar sunspot surrounded by a penumbra. Diameter >a0 5.  

J. Umpolar sunspot surrounded by a penumbra. Diameter <2" 5.  



Fig. 4 gives a dlagramatlc representation of Waldmeier's classification. 

Comparison of Wr,ldme~er's scheme with Cortle7s shows that : 

(z) A and B correspond to type I. 
(iz) D, 33, G correspond to type 11. 
(221,) F corresponds to type 111. 
(iv) C, H, J correspond to type IV. 
(v) Some cases 01 F correspond t o  type V 

Waldmeier's classification recognises the bipolar configuration in one or other of its vari JUJ 

rnanilcstations as tho most pseva.lent type of' ~unspot. This is in conformity wlt l~ the large mass of 
~bservat~ional data whlcli bas been collccte~l sinoc the discovery of eunspot magnetis111 by I'rof. 
Hale in 1908. Although Cortie's clsssificntlon was lormulated before this date, 1le has also drawn 
attention to the importance of the bipolar type m tho following remark : "The chief type, how- 
ever, of which the above mentioned are m rriost, possibly in all, cases but phases is the double spot 
formation, with a train of smaller spots between the two principal spots of the group, the wliolc 
drifting into more or less parallelism with the solar equator". What is then the reason for the small 
percentages of the "two spot formation" (type 11) during the years 1904 to 19461 This is partly 
$ue to the fact that the line of demarcation between the various types is not unambiguous. Exa- 
mination of the origlnal records shows that  when the individual spots are small, t l ~ o  general prsc- 
tice has been to classify the group as type I even when there is clear indication of a bipolar structure. 
Again, it is seen that some spotgroups which have been classified under one or other of the types 
111 and IV could also have been classified under type 11. The spotgroups which illustrate Cortie's 
paper do not furnish an adequate sqfesence chart for .an nnambiguous olassification of tho spot 
groups observed day by day. In the circumstances, the "judgement" of the observer plays a 
large part. This is clearly illustrated by the change in trend since 1945 Go which reference has 
already been made. All this would omphasise the necessity for the adoption of a scheme of classifi- 
cation of sunspotgroups which is more objective than Coxt i~~s  soheme. 

According to the Mount Wilson classification which is based on magnetic polarity, spots are 
divided into three main categonos, viz., (i) unipolar spots (a), (ii) bipolar spots (P) and (iii) 
multipolar spots (y). The results of the classification show that over 00% of the observed spotgroups 
are bipolar, about 330/;, are unipolar whlle the rest are multipolar. (6). 

In  the absence of the necessary arrangements for routine daily observatioli~ of the magnetic 
polarity of sun~pots, wo have t o  adopt a scheme 01 visual classification which covers all the type8 
met with in day to day observations, which conforms td the usually 01)sexved life cycle of the 
mnjorrty of sun8pot groups and which can be used as far as possible uhambig~~ously in daily work. 
The author is of opinion that Waldrneier's classification satisfies these requjreme~lts better than 
Cortie's classification. 
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