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A NOTE ON THE OBSERVATIONS OF SUNSPOTS RECORDED AT KODAT ‘
FROM 1903 TO 1950. A ATKANAL

BY
R ANANTHAKRISHNAN

ABSTRANT

A statwstical study of the sunspols observed at Kodikanal during the period 1908-60 has been made, ‘Tt is pomted out that the
scheme of gunspot classifieataon suggesied by Prof Waldmeier m 1947 is more snitabla tan Coxie’s.-olassifiehtion wiich has, uen
followed at Xodaikanal since 1003 “

1. Introduction.

The récords of the Kodaikanal Observatory show that regular solax observations were com-
menced at this station from 1901, March 14. Onc of the routine items of work was “daily ‘exa-
mination of the sun’s surface for spots”.  Tor over two years this examination appears to have heen
confined mostly to visnal ohservadions on a solar image of 8 inches diameter projected by the six-
inch Cooks telescope of this observatory mounted in the “South Dome” which 'at présert hotisés
the prommence spectroscope. Beginning (rom 1903, August 22, photoheliograms were taken ob 4
scale of 8 inghes to the sun’s diameter with a 4-inch Dallmeyer photoheliograph which' was houdéd
in what is at present known us the “iron shed”. The old reports indicate that the mounting of $his
instrument was not quite satisfactory, and that it was somewbat shaky especially during high
winds. This instrument was in use upto 1912, July 31. From that date the Lerebours and Secretan
equatorial remounted by Grubb which is installed in the *“North Dome” of the observatory has belm;x
in use for takmg sun photographs. The 6-inch lens of this instrument was replaced by a
Cooke photo-visual lens of the same aperture and the instrument was adapted for direct
solar photography A gwde telescope of 2} inches aperbure was used for projecting a solar image
of 8 mches diameter on a screen rigidly attached to the instrument for visual observations and
sketching of sunspots and faculac. ‘

Upto 1908 April 30, the charts on which sunspots and fadulae were sketched were blank dises
of 8 mches diameter on which only the N-S and K-W lines were marked. Beginning from 1908
May 1, the sun charts in use have solar Jatitude and longitude lines at 5° intervals printed on
them. These charts are prepared from the original large drawings made by Father R. de Beaure-
paire.

2. Classificatron of Sunspoés.

From the early days of sunspot observations at odaikanal the scheme of sunspot classifica-
tion originally proposed by Rev Father A L Cortic, S.J., has been followed at this observatory ().
This classification which is based essentially on the appearance of the spotgroups is according to
the scheme stated below :—

Type I A group of one or more small scattered spots.
Type II  The two spot formation.
IJa  In which the leader is the principal spot.
I1b  In which the following spot 1s {the principal spot.
IJe  Tn which both spots are more or less equal.
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Type TII A train of spots.
Ila  With well-defined principal spots.
IIb  Without well-defined spots, but consisting mostly of penumbral patches with
shattered irregular umbra,
Type IV Single spots.
IVa A single spot of round and regular outhne.
IVb A smgle spot of round and regular outhne with small companions.

1Ve A single spot of irregular outlme,
IVd A single spot of irregular outhne with a tram of smaller companions.
IVe A single spot of regular outhine with small companions not in a train.

Type V  Anrregular group of larger spots
Thg. 1 illustrates the various types.

Aceording to Cortie, the scheme of classification outlned above represents approxiniately the
ordinary process of spot formation and the hfe history of spotgroups. A new spotgroup first
makes its appearance as one or more small scattered dots surrounded by bright facalae. These
dots next coalesce into two principal spots—the type 1I stage During the next phase of evolution
a train of small spots appears between the two spots, the group thus passing over to Type IIT.
The small spots between the two princigal spots then disappear and this is followed in most cases by
the breaking up of the following spot During this stage whicl is represented by Type IV the group
generally consists of a single predommant spot The last stage in the life history of a spotgroup is
represented by a recurrence of Type I. Irregulax groups of larger spots .which do not fit into this
scheme are listed under Type V.

. At Kodaikanal, the spotgroups observed daily are assigned the appropriate type numbers
by the observer who sketches them on the sun charts, and they are subsequently listed in the sun-
spot register These records are available without mterruption—except for breaks due to un-
favourable weather conditions—for the period commencing from 1903 August 1 to date.

3. Analyss of Data.

From the original sunspot registers monthly and yearly frequency tables were prepared classi-
fying the observed spotgreups mto the various types listed i Cortie’s classification. Table A
gives the annual frequencies of the different sunspot types for the period 1904-1950. The total
number of spotuiuups observed on the sun 1n each year, the total number of days of observation and
the mean daily number of sunspot groups are also given n the table.

TABLE A

Type of Sunspot Total | No of Spotless Observed] R

Year ' . No of | days of IN/D=G| days | 100d/D Rel. e

T II It | v V| Spots  |Ohsn (D) (d) Sunspot G

! (N) No. (R)
1904 457 134 238 | 408 10 1247 343 3 64 o 0 ”“42 0 11-8
05 652 158 207 482 14 1513 346 4 37 0 0 63 5 14-5
L}

06 700 121 163 444 22 1450 339 4 27 2 06 53-8 12-6
07 784 56 145 499 36 1520 353 4 30 0 0 62:0 14-4
08 . 694 50 93 438 19 1294 344 376 4 1-2 48 5 12 9
09 .. 622 | 45 82 440 6 1195 347 3 44 3 0-9 43 9 12-7
0 . 399 I 27 13 177 l 14 630 353 1.78 87 16+2 18:8 10-4
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TABLE A-—conid.

S U
Year "ype of Sonspot YI[\;(:)‘::L(]:[ (jl\flf‘:;u(:ff N/b- G SK;\);J: - 1004,D Gb‘ff;lved R_
I 1x 11X v v Spots | Obsn, (d) Sunspot G
B N U I No (R)

1911 128 3 7 90 5 239 337 { 0 700 160 47 5 57| s1
12 53 9 6 26 0 04 380 ] 0 285 239 "5 36l 126
13 44 0 3 7 0 54 330 0 016 289 84 3 14| s
4 18¢° 30 13 58 0 290 347 | 0-835 156 45 0 06| 1145
15 592 40 85 291 22| 1030 336 308 12 36| 474] 154

1916 828 44 48 275 61 1196 336 | 356 6 18| s554| 155
17 1284 102 177 540 7] 2120 331 | 6.40 0 0f 1039| 162
18 1174 51 136 384 8| 1787 343 | 612 O 0| soef 157
39 764 &4 72 A4T | 11| 1848 341 | 396 0 0| 636| 1682
20 532 15 51| 260 2] seo| 38| 2462 9 28| 376| 144

1621 361 10 | 28 210 0 609 0 | 179 47 138 21| 14-6
22 217 8 26 95 1 347 2] 106 120 36 6| 142 134
23 116 2 7 41 0 166 37| 052 175 55 2 581 12
24 258 6 13 124 0 401 334 | 1.20 114 32| 167]| 189
25 737 7 187 139 11| 1081 382 | 3.1 31 94| 443| 142

1926 1082 14 166 289 15| 1516 Jod | 4-28 3 09 639] 149
a7 1003 1 158 393 17 1578 335 ] 470 0 0] 690} 147
28 938 9 266 373 65| 1651 335 | 4-83 0 0| 718[ 161
29 871 10 140 374 59 1464 344 «3-23 0 0 65 0 15-2
30 613 2 99 238 | 0 052 320 | 289 7 21] 87| 123

1831 386 0 45 100 0 g40 | s8] 1ewr 52 159 212 127
32 168 10 29 110 3 318 330 | 0-94 126 73] 11| 18
33 72 11 19 37 0 159 398 | 0424 232 69-7 57 13-4
34 148 5 12 86 0 226 317 | 0712 154 48 5 871 122
35 538 8 67 225 1 434 CTE D) 18 57] 361 133

1436 1040 151, 98 389 32 1574 318 &0 0 0 804} 162
37 1363 38 150 559 74| 2182 326| 671 0 0} 44| 17-0
Bofoem| ) oHs) s os] el om|oow| 8| 8] 8| i
40 822 12 137 444 ol 1424 331 4 30 0 ‘o, 678| 158

2041 529 i | a5 n| 07| sn| 82 1 08 475 145
42 352 6 109 | 281 2 700 393 9. 17 24, 7 4 30 6 141
B W% %) cn| s m| o] ) 5| ) e
45 498 5b 14 81 9 800 308 1.95. 85 11 4 33 2 17:0

1946 T4 264 58 | 475 26| 1567 | 283 | o554 0 o 926 167
4 887 | 541 | 71| 584| 146| 2200 | 28| 724 0 0| 151-6| 209
T T NI 1 e A e
&0 s8] 5! 13| as|  e| me| swe| 4ol sf 1l 3% T
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Sunspot maxima are mdicated 1n bold type and minima in 1talics, The table also gives the observ-
ed numbers of spot-free days and the Zurich relative sunspot numbers for the respective years (2).

Fig. 2 gives a graphical representation of sunspot activity during the period in question based on
the data given m Table A

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

TABLE B

Percentage Frequencres-

Typc of Sunspot Type of Sunspot
Y%:E EN YGﬂ:I' * v *
‘ ) :
v S T i 11T v v I Im | ;mry o oIw v
. L
1904 66| 107 191 328 0-8 1931 70 4 16 g2l 197 0
05 30| we] 137] s8]l o9 32 522! 31| 91] 346| o009
,1906 48 3 841 1121 306 13 33 518 791 137! 256 o
07 316 37 95| 828 94 34 63+3 22 53| 292 0
08 33 6 39, T2 8] |15 35 646 04 80| 210 0-1
09 52 0 38 69 368 05 , '
1936 661 [~ 09 62 247 2.0
10 033 43 21| 280 29 ‘
v 87 62 4 16, 60| 256 34
1911 33 6 13 2910, 400 91
, ~ 38 58-6:] 08 11-7| 264 %
12 . 56 4 9 6 64| 216|% 0
39 548 06 105 33:0 1-2
13 81 5 0 55| 130 0
40 577 08 96| B81-2 06
14 652 103 45] 20 0
15 573( 89 82| 282 21 1941 52 0 11| 109( 349 I-L
1918 88 8 37 40| 230 0-5 42 50 2 08| 156| 330 0-3
17 60 6 I 84| 255 0-8 43 477 27 6:7| 425 05
18 66 8 33 77 21 8 038 44 865 49 15 78 0
19 56 0 47 54| 832 0-8 45 83+0 92 23 52 0+
20 61 § 17 59| 302 02
1946 75| 168Y 37| 308 16
1921 59 4 16 16| 345 0
47 398 243 39| 289 55
29 62 6 2 3 75 974 031
‘ 48 4281 945 29| 239 67
23 70 0 12 {2 250 0
49 28-2 | 811 731 31.2 208
24 64 3 15 32 3810 0
_ I 50 88| 271 561 3390 4.7
26 ST 0T 1ss) 85| 11 -
1926 | 681 09) 110 191 1-0 |
27 |66y 04} 1ol 29| i1] ‘
i i f 1
28 7. 05| 11| 2286 3.9
29 i 160 0 07 96 258 40 L
30 645 02| 10.4] 250 0
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4, Discussion.

Cortie’s scheme of classification 13 based on the visual impression which the observer gets
from the appearance of the spotgroups. ~Spotgroups 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
equation” of the observer, therefore, enters in some measure in the classification. This fact has
to be borne in mind 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 [requency is Type IV, which comprises
about 809, of the total. Types III, IT and V then follow in the order of decreasing frequency.
The period 1946-50, 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 IT. During 1949 and 1950 these two types which jtogether'comprise
rearly 60%, of the total number of observed spotgroups, are found to have occurred with almost
equal freqiiencies  This feature 1s in striking contrast with the observations of the past 40 ycars.

To seek on explanation for this, the sunspot registers in which the type numbers of the spot-
groups observed daily are entered have been compared with the sun charts in which the spotgroups
have been sketched by projection. It is seen that the “personal equation” of the observer has been
largely responsible for the observed discrepancy. There has been a distinct bias on the pari of
recent observers in favour of the bipolar spotgroup—type II of Cortie’s classification. The bias of
the previous observers would appear to have been to avuid type II as much as possible. Several
spotgroups with the recent observers have classified as type II would have been grouped by the
p;evious observers under one or other of the types I, IIT or IV. ’

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

Examination of the last five columns of Table A and also of Fig 2 shows that during the period
under consideration sunspot gotivity has passed through four cycles with maxima during the vears
1905, 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 relative sunspot numbers published by the Zurich Observatory for the period commencing from
1749 to date it is seen that the latest sunspot maximum has been exceeded only 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 surpassed only by the minimum of 1810.

The dotted curve at the top of Fig. 2 shows the percentage of spot-free days in each year during
the period under consideration. The sunspot minima stand out conspicuously. The other two
curves in Fig. 2 bring out the close parallelism between the mean daily number of sunspot grougs
observed at Kodaikanal and the Ziirich relative sunspot numbers. In a recent paper from the
Urited States Naval Observatory, Markowitz(®) has examined the relation between sunspot aress
measured at Washington and Zarich relative sunspot numbers, and found a high degree of correla-

tion between these quantities.
H33P0OKodarkanal
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Examination of Fig. 3 suggests that the percentage frequencies of sunspot types III and 1V

fluctuate 1n such a way that type III 1s more frequent near the maximum epoch while type IV is
more frequent near the mmimum epoch.

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

r=k (10g-+f)
where g 15 the total number of groups of spots visible on the sun’s disc and f1s the mdividual number
of spots that can be counted 1n all these groups % is a coefficient depending upon the instrument

used and the observer. This was taken as unity by Wolf for his observations at Zumch with a
telescope of 10 cms  aperture and a power of 64 We then have :

rlg =10 + flg
flg is the average number of individual spotsin a group. The sequence of the figures in the last
column of Table A therefore indicates that during maximum periods the spot groups contain more
1ndividual spots than during the minimum periods. It is easily seen that the minimum possible
value of /g1 11. The fact that in one or two cases this value 1s less than 11 in the last column of

Table A 1s because the relative sunspot numbers and the mean daily number of sunspots are

not based on the same observational data. It 1s interesting to note that the value of #/g is highest
for the latest sunspot maximum.

5. Waldmeer's Scheme of Classification of Sunspot-groups.

In the quarterly Bulletin on Solar Activity for 1947 Waldmeier (4) has given a scheme of classi-
fication of sunspot groups which is more objective than Cortie’s scheme. Nine separate classes are
recognised which represent the ‘“normal stages of evolution of a large sunspot group”. These are .

A. An 1solated spot or group of spots without penumbra or bipolar structure.
B. Group of spots in bipolar 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 penumbrae ; at least one of the spots should
possess a simple structure. Length usually <10°.

E. Large bipolar sunspot group, both prmecipal spots having penumbrae, usually of compli-

cated structure. Intermediate region occupied by small sunspets. Total length of
the group at least 10°.

F. Very large bipolar or complex sunspot group, length at least 15°.

G. Large bipolar group without mtermediate spots. Length at least 10°,
H. Unipolar sunspot surrounded by a penumbra. Diameter>>2°-5.
J. Umpolar sunspot surrounded by a penumbra. Diameter <2°-5.
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Iig. 4 gives a diagramatic representation of Waldmeier’s classification.
Comparison of Weldmeier’s scheme with Cortie’s shows that :

(v) A and B correspond to type I.

(#) D, B, G correspond to type II.

(we) T corresponds to type III.

(w) C, H, J correspond to type IV.

(v) Some cases of F correspond to type V

6. Conclusions.

Waldmeier’s classification recogmses the bipolar configuration in one or other of 1ts various
manifestations as the most prevalent type of sunspot. This 18 in conformity with the large mass of
observational data which has been collected since the discovery of sunspot magnetism by Prof.
Hale in 1908. Although Cortie’s classification was formulated before this date, he has also drawn
attention to the importance of the bipolar type m the followmng remark : “The chiefl type, how-
ever, of which the above mentioned are 1n most, possibly in all, cases but phasesis the double spot
formation, with a train of smaller spots between the two principal spots of the group, the whole
dufting mnto more or less parallehsm with the solar equator””. "What 1s then the reason for the small
percentages of the “two spot formation” (type IT) during the years 1904 to 1945? This is partly
due to the fact that the hine of demarcation between the various types is not unambiguous. Exa-
mination of the original records shows that when the individual spots are small, the general prac-
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
IIT and IV could also have been classified under type II. The spotgroups which illustrate Cortie’s
paper do not furnish an adequate reference chart for.an unambiguous classification of the spot
groups observed day by day. In the circumstances, the “judgement” of the observer plays a
large part. This 1s clearly illustrated by the change in trend since 1945 to which reference has
already been made. All this would emphasise the necessity for the adoption of a scheme of classifi-
cation of sunspotgroups which 1s more objective than Cortie’s scheme.

According to the Mount Wilson classification which is based on magnetic polarity, spots are
divided nto three main categomes, viz., (i) unipolar spots («), (ii) bipolar spots () and (iii)
multipolar spots (). The results of the classification show that over 60%, of the observed spotgroups
are bipolar, about 389, are unipolar while the rest are multipolar. (5).

In the absence of the necessary arrangements for routme daily observatious of the magnetic
polarity of sunspots, we have to adopt a scheme of visual classification which covers all the types
met with in day to day observations, which conforms t8 the usually observed hife cycle of the
majority of sunspot groups and which can be used as far as possible uhambigcously in daily work.
The author 15 of opmion that Waldmeier’s classification satisfies these requirements better than
Cortie’s classification.
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