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1. INTRODUCTION 

IN the field of prominence statistics the Kodaikanal Observatory has a large 
collection of uniformly worked out data commencing from 1905 till the 
present time. Since the Memoir published by Mr. and Mrs. Evershed (1917) 
in which they considered the Kodaikanal prominence data upio 1914, addi
tional data for four more decades have been accumulated. About the time 
that the Jubilee commemorating fifty years of work of the observatory was 
celebrated in 1951 j the present writer who was working as Assistant Director 
of the observatory till very recently felt that the time was opportune to under
take a general review and discussion of the prominence data collected since 
the inception of the observatory, and a detailed survey of the results of solar 
prominence observations made at Kodaikanal was, therefore, commenced. 
The material for the study was largely original data contained in a number 
of registers, (The half-yearly summaries of prominence observations pub
lished in the Bulletins of the Kodaikanal Observatory are based on the 
detailed tabulations maintained in these registers.) The scope of the study 
embraced both limb and disc prominences (dark markings), As the work 
progressed, ·it was felt convenient to deal with it in parts. The first part 
entitled Discussion of the Results of Observations of Solar Prominences made 
at Kodaikanal from 1904 to 1950 is under publication as Bulletin No. 137 
of the Kodaikanal Observatory. * This paper which deals only with limb' 
prominences gives an account of the methods of observation and evaluation 
and also incorporates detailed tables of the distribution of mean daily profile 
areas of prominences according to heliographic latitudes year by' year for 
the period 1905 to 1950. Various aspects of prominence activity during 
the period such as comparison of the northern and southern hemispheres, 
life-history of the low and high latitude prominences, the east~west distribuM 
tionof prominences, the distribution of '~metallic I' prominences, etc., are 
considered in the paper. 

* This will be ~ef~rre~ to tis Paper I in )Vh~t fgHQws1 
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In connection with the work referred to in the preceding paragraph, 
a set of charts of prominence activity were also prepared. t Unfortunately, 
these diagrams could not be incorporated in Paper 1. In the meanwhile, 
data for two more years became available so that the charts could be extended 
incorporating the data upto the end of 1952. It is felt that these diagrams 
which summarise quantitatively a vast mass of prominence data and bring 
out strikingly the salient features of prominence activity during the last four 
solar cycles might be of interest to workers in the field of solar physics and 
perhaps also of geophysics. They represent in three different ways the trend 
of prominence activity in relation to the sunspot cycle for the period 1905 
to 1952. The object of this paper is to present these charts and to give a 
brief discussion of some of the features brought out by them. 

2. DISTRIBUTION OF PROFILE AREAS OF PROMINENCES ACCORDING TO 

HELIOGRAPHIC LATITUDES 

At Kodaikanal, prominence activity has been reckoned from the very 
beginning both in terms of the numbers of individual prominences observed 
at the limb as well as in terms of the profile areas of the prominences. For 
details of the methods of evaluation reference may be made to Paper 1. For 
reasons discussed in that paper the Kodaikanal prominence numbers do not 
constitute a good index of prominence activity. The mean daily profile 
area of prominences, on the other hand, is a recognised representative index 
of prominence activity. The values of this quantity for five-degree intervals 
of latitude for the NE, NW, SE and SW limbs during the years 1905 
to 1950 are listed in Table I of Paper 1. Similar ~ata for the years 1951 and 
1952 are given in Table I of the present paper. The unit of prominence area 
for this table is 10-3 square minute of arc. (The figures in the table have 
to be divided by 4·65 in order to express the areas in terms of the international 
unit of prominence area which is the area of a rectangle whose height'is 1 
second of arc of the celestial sphere and whose base is 1 degree along the 
solar limb.) 

To give an idea of the representative nature of the prominence statistics 
of Kodaikanal for the period 1905 to 1952, the number of" effective" days 
of observation for the individual months as well as for the individual 
years is listed in Table II. The effective days are in general somewhat less 
than the total number of days of observations since spectroheliograms for 
days when the sky and seeing conditions are not good, are given a weightage 

t Some of these diagrams were shown at the Anl111!\l M~etin~ of t1-w Indian Aqademy of 
Sciences held .at Trivandrum in Decemoor, 19S?, 'f .' "" ,',' , " 



TABLE I 
Distribution of Mean Daily Prominence Areas according to Heliographic Latitudes 
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TABLE IT 
Elfective Number of Days oj Prominence Observations 

"- I 
"onth 

J. F. M. A. M. 1. J. A. s. 0.1 N. D. I II 

Year '" 

1905 .. 15Q 134 

06 .. 150 103 

07 .. 165 13i 

08 .. 158 140 
09 .. 159 137 

10 .. 164 141:-

1911 .. 157 1291 
12 .. 14 19 23 18 16 24 159 114 

13 .. 23 25 30 28 26 21 18 23 26 22 18 22 153 129 

14 .. 28 27 29 29 26 19 11 20 22 16 24 20 158 113 

15 .. 27 27 I 30 30 30 19 15 21 20 26 19 21 163 122 

16 .. 31 27 30 27 28 16 28 27 22 23 26 26 159 152 

17 " 22 25 28 27 29 17 20 22 20 21 19 27 148 129 

18 .. 25 26 30 27 19 24 23 ]9 24 25 12 19 151 122 

19 .. 29 28 30 26 25 21 15 22 15 22 17 24 159 115 

20 .. 25 211 30 27 28 20 18 23 25 21 13 29 159 129 

1921 .. 22 26 31 29 30 23 16 24 22 21 24 .25 161 132 

22 .. 28 22 31 27 23 22 15 22 22 19 16 29 153 123 
23 .. 26 28 27 28 29 23 15 19 21 17 25 17 161 114 

24 .. 27 27 29 28 27 24 27 27 27 27 27 26 162 161 

25 .. .29 28 29 27 27 23 24 23 28 27 23 27 163 152 
26 .. 31 28 31 30 29 27 29 27 27 29 25 30 176 167 
27 .. 29 27 28 . 29 28 24 24 23 26 27 26 30 165 156 
28 .. 24 28 29 26 30 26 26 25 28 26 18 26 163 149 
29 .. 30 25 31 27 27 21 25 29 29 28 26 28 161 165 

30 •• 29 28 27 29 2\). 26 124 26 27 26 26 28 168 157 

.l - - ...... ~,.... ,. '."- ~. . ....... -~' .. -. -.,,'~." ,. .... .... ~ .... 1. . .' ... ' .... ,. ,.t ,;r' ••••. , .",_. -", "" ••• _n. "'.,"_ " .~ 
., .. .... ," 

75 
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298 

296 
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286 

273 

282 

271 

285 

311 

277 

273 

274 

288 

293 

276 

275 

323 

315 

343 

321 

312 

326 
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TABLE H-(Contd.) 

""="1 - I i 

I J 
A.I s. 

I i 

M·I ]. 
I i 

"'- J. 1, • M. \ A. O'l N. \ 
D. I II Total 

Year '\ 
i 

" I ! I 

29\25\20 

I 
I 

1931 28 28 31! 28 28 29 28 29 29 172 160 332 

30 129 
I 

i74 •• 339 32 .. 30 27 29 29 29 28 29 28 26 ! 25 165 
I 

25129 33 .. 28 27 30 ' 27 27 27 28 28 27 24 166 161 ., 327 
I 

34 .. 27 28 30 28 29 25 25 25 28 23 24124 167 149 · 316 

35 26 ,,- 29 26 29 27 24 24 27 25 23 i 24 164 147 · 311 .. ~I 

36 " 29 28 28 29 I 27 24 23 23 27 28 25 126 165 152 317 
I 

37 .. 26 27 30 28 30 26 25 28 28 28 24 I 29 167 162 · 329 

28 I 
146 314 3S .. 30 25 29 30 26 23 25 24 25 26

1
23 168 

39 .. 27 27 31 24 28 22 16 22 26 23 26 i 28 15) 141 300 

40 .. 29 28 29 29 31 30 28 29 26 26 21 128 176 158 334 

1941 .. 26 25 26 27 25 23 28 27 27 24, 21 26 154 1fJ3 307 
I 

42 .. 29 27 28 28 28 22 27 29 28 28 28 27 162 167 329 

43 .. 27 24 29 26 25 24 23 25 25 25 23 21 155 I 142 297 

44 .. 26 22 19 26 28 26 26 29 28 28 19 22 147 152 299 

45 .. 23 19 25 22 24 24 27 27 26 26 26 24 137 156 293 

46 .. 30 26 30 29 26 25 25 28 25 24 19 20 166 141 307 

47 .. 26 24 29 26 28 26 26 25 27 27 27 25 159 157 316 

48 .. 29 24 30 27 28 30 25 28 28 27 25 25 168 158 326 

49 .. 27 26 29 27 25 28 28 31 29 29 29 29 162 175 337 

50 .. 27 27 29 28 29 29 28 28 26 27 28 30 169 167 336 

1951 .. 29 27 I 30 28 '31 27 27 31 29 29 22 28 172 166 :138 

52 .. 27 27 29 29 28 29 27 27 31 30 31 27 169 173 342 ---1------Total .. I 7743 6974 114717 
I - I 

(For the period prior to July 1912, the number of effective days for the individual months 
is not available in the Kodaikanal records,) 

of ~ or t only depending upon the quality. In general, the observing condi
tiop.s for solar work are better at Kcdailanal durinS' the fil'st jJ.alf 9f thf; 
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year than during the second half when the station comes under the infiuenc-; 
of the south-west and north-east monsoons. 

Upto 1923 the prominence data of Kodaikanal are based on the 
observations made at this observatory only. Thereafter the Kodaikanal 
data have been supplemented with data derived from photographs obtained 
from the Mt. Wilson and Meudon Observatories for the day:> on which 
Kodaikanal photographs were either of inferior quality or not available, 
on account of unfavourable weather conditions. This accounts for the 
generally greater number of effective days of observation per year since 
1923. Comparison of the figures in the columns headed I and II in Table II 
for the years before and after 1923 shows that the number of foreign photo
graphs required to supplement the Kodaikanal data is more during the 
second half of the year than during the :first half. 

The charts in Fig. 1 give a pictorial representation of the distribution 
of mean daily prominence areas round the limb of the sun year by year from 
1905 to 1952. For the years 1907 to 1911 the data for the east and west 
limbs are not separately available in the Kodaikanal records for the north 
and south hemispheres. Hence, for these years the total areas for the five
degee zones have been divided by2 and depicted symmetrically on the east 
and west limbs so that the diagrams for these years may have a uniform 
appearance with those for the remaining years. The original diagrams were 
drawn on a scale of 1 inch to the solar radius; also 1 inch was taken to 
represent 1/10 square minute of prominence area. The prominence area 
fo~ each five-degree zone is represented by a radial line of appropriate length 
originating from the centre of the zone. A3 all the diagrams are drawn 
to the same scale and as a uniform practice has been followed at Kodaikanal 
for evaluation of prominence areas, the diagrams for the different years are 
mutually comparable quantitatively. 

3. ISOPLETHS OF MEAN DAILY PROMINENCE AREAS 

To bring out strikingly the manner in which prominence activity varies 
in the course of the sunspot cycle, the mean daily profile a.reas for five
degree latitude zones in the two hemispheres were entered on graph paper 
with the years a'; abscissae and heliographic latitudes as ordinates. The 
profile area corresponding to a particular five-degree interval of latitude was 
entered against the mean latitude of the zone. Contour lines were then 
drawn at intervals of 50 x 10-3 square minute of prominence area using 
linear interpolation between adjacent plotted values. The resulting diagram 
is reproduced as Fig. 2 in which the intervals corresponding to the different 
degrees of prom· nence activity are clearly demarcated. The curve of ZUrich 
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relative sunspot numbers for the period covered by the prominence observa
tions is given at the top of the diagram. A similar diagram was contained 
in a note entitled "Prominence Activity and the Sunspot Cycle" published 
some time back (Ananthakrishnan, 1952). 

4. ZONAL VARIATION OF PRQJ:\,UNENCE ACTIVITY 

Figures 3 (a) and 3 (b) illustrate the variation of prominence activity 
in each five-degree zone for the northern and southern hemispheres during 
the period 1905 to 1952. The zero of the vertical scale has been appropriately 
displaced to avoid superposition of the curves for the different latitude zones. 
The horizontal line against which the designation ofaparticular zone is 
written corresponds to the zero of prominence activity for that zone. The 
scale of prominence areas is indicated for the zone 0-5° at the bottom of the 
diagram and is the same for all the other zones. As in the case of the iso
pleth diagram, the curve of Zurich relative sunspot numbers is given at tbe 
top of each of the diagrams. The broken curve which runs close to the 
sunspot curve in the two diagrams represents the mean daily sunspot areas 
for the two hemispheres, the values of v\,'hicb were obtained from the 
GreenWich Photoheliograph Results. 

5, -PROMINENCE ACTIVITY AND THS SUNSPOT CYCLE 

It is well known that sunspot activity is confined to two fairly well 
defined zones extending from the solar equator to about 40° latitude in either 
hemisphere. The commencement of a new solar cycle is heralded by the 
appearance of spots near about latitude ± 40°. As the cycle .advances 
the centre of spot activity shifts progressively towards lower latitudes until 
towards the close of the cycle the spot activity wanes off near the solar 
equator while spots of the new cycle· begin to appear at higher latitudes. 

As contrasted with sunspots, prominences occur at all latitudes on the 
sun. However, in respect of the manner in which. prominence activity mani
fests itself, we can divide each solar hemisphere into two zones, viz., (i) a 
low latitude zone extending from the equator to about 40° and therefore 
practically coinciding with the sunspot zone, and (if) a high latitude zone 
extending from 40° to the poles. 

Prominences always occur in the low latitude zones ctlthough the activity 
is a minimum at the minimum epoch of the sunspot cyCle. Prominence 
activity in the high latitude zones above latitude 60° is conspicuous only 
at and near the time of sunspot maximum. The activity dies down very 
rapidly thereafter. These broad features of prominence acti~ity first estab
lished through the pioneering researches of Secchi and Respighi and sub-
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sequently corroborated by the investigations of Ricco (1891, 1914), Lockyer 
(1903), Evershed (1917), Bocchino (1933), Baroccas (1939), Moss (1946) 
and D'Azambuja (1948), are clearly brought out by the diagrams which 
illustrate the present paper for each of the four cycles of solar activity covered 
by the period under study. 

The manner in which prominence activity develops and progresses in 
the low and high latitude zones has been discussed by several workers. 
Although there is general agreement as regards the high latitude zones there 
is not such a consensus of opinion about the trend of activity in the low 
latitude or sunspot zones. According to Evershed, prominence activity 
begins to develop in the high latitude zones between 40° and 50° soon after 
sunspot minimum. With increasing sunspot activity the centres of high 
latitude prominence activity gradually move polewards until near the epoch 
of sunspot maximum there is a rapid rush towards the poles. The high 
latitude prominence activity suddenly disappears soon after sunspot maxi
mum. These features are clearly illustrated by the figures which accompany 
the present paper. 

The trend of activity in the low latitude zone is not so clearly defined 
because of irregularities caused by the co-existence of several active centres. 
From his observations Evershed concluded that in the sunspot zones promi
nence activity drifts more or less in phase with the sunspots from higher 
latitudes towards the equator and dies out near the lowest latitude reached 
by sunspots at the time of sunspot minimum. Lockyer and Lockyer (1903) 
concluded from their study of the Italian prominence data for the period 
1872 to 1901 that the low latitude prominence activity is centred round 
latitude ± 240 where the activity begins to manifest itself shortly after sun
spot minimum. With the ascending phase of the sunspot cycle there is a 
corresponding rise in prominence activity in the sunspot zone without 
appreciable shift of the centre of activity. Finally the centres of prominence 
activity recede and merge with the high latitude zones at about ± 40° before 
sunspot minimum. Thus it will be seen that the conclusions of Evershed 
and those of Locyker and Lockyer are rather divergent in respect of the 
growth and progress of prominence activity in the sunspot zones. 

To get a better insight into the nature 0: latitudinal migration of pro
minences M and Mme D' Azimbuja made a large number of measurements 
on long-lived H-alpha dark markings (prominences seen in projection on 
the disc) over the elven-year period 1919 to 1930 which covered both the 
ascending and descending phases of the sunspot cycle. Their measurements 
led them to conclude that <In the average ~n prominences pave a slow pol~-: 
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ward drift in both the hemispheres. The rate of pole-ward drift was found 
to be about 2° per solar rotation near the equator and decreased progres
sively to about I ° per solar rotation near latitude 50°. It was also found 
that the rate of pole-ward drift was at least twice as rapid in the ascending 
phase of the sunspot cycle than in the descending phase particularly in the 
high latitude zones., Based on these findings, M and Mme D'Azambuja 
have advanced the view that all prominences originate in the sunspot zones 
and migrate towards higher latitudes, thus indicating the existence of a 
meridional circulation on the sun which is postulated by certain solar theories. 

While the meridional movement of high latitude prominences at the 
rate of about 1 ° per solar rotation is clearly brought out by the diagrams 
reproduced here, the statistical study of prominences fails to give direct 
evidence about the pole-ward migration of prominences in the low latitude 
zones. From an examination of Figs. 3 (a) and 3 (b) it will, however, be seen 
that the amplitude of variation of prominence activity in the five-degree inter
vals of the sunspot zones decreases with increasing latitude and is least at 
the outer boundaries of the zones. It will also be seen that in the high 
latitude zones the progress of prominence activity from 70° to the poles is 
more rapid than the progress from 45° to 70°. For a fuller discussion of 
the significance of these features reference may be made to Paper 1. 

6. PROMINENCE ACTIVITY AND THJ SOLAR CORONA 

In a series of papers Dr. Lockyer (1903, 1922, 1931) has shown that 
there is an intimate connection between the distribution of prominences 
round the sola.. limb and the forms of the corona. He has classified the 
different forms of the corona into three main types, viz., (i) "polar" or 
maximum type; (ii) .. equatorial" or minimum type; and (iii) the .. inter
mediate" type. In the ploar type, the coronal streamers are found all 
round the solar disc and the polar rifts are absent. It is usually known 
as the maximum sunspot type. In the equatorial type of corona the streamers 
are restricted to low solar latitudes and the polar rifts are conspicuous. This 
type which occurs at the time of minimum sunspot activity is also called 
the "wind-vane" or "fish-tail" form of corona. ;\.S its name suggests, 
the intermediate corona forms a transition between the polar and the equa
torial types. In it the streamers occur at mid-solar latitudes and the rifts 
though present are less extensive and the equatorial extensions less pro
nounced as compared with the minimum type. 

From his study of the coronal drawings and photographs obtained 
~urin~ tHe t<?~l solar eylipses for tlle :perioQ. ~87Q t<? 1930, Dr~ ~ockyer fOUlld 
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that the polar type corona occurs only when prominence activity is pro
nounced at high latitudes in one or both the hemisphers of the sun. As we 
have already seen this occurs only at or near the epoch of sunspot maximum. 
The equatorial forms of the corona occur when the prominence activity is 
confined to the lowest latitudes which occurs near the epoch of minimum 
sunspot activity. Lockyer distinguishes between two types of intermediate 
coronal forms, "intermediate up " and " intermediate down" corresponding 
to the waxing and waning phases of the sunspot cycle. 

An examination of the charts showing the distribution of prominences 
according to heliographic latitudes reproduced in Fig. 1 bears out the rather 
striking similarity between the prominence distribution round the solar limb 
and the coronal forms considered above. A question which naturally arises 
is, whether the coronal forms are to be correlated more directly with sunspot 
activity or with prominence activity. There is some difference of opinion 
on this point. Ludendorff (1928) and Mitchell (1929) have suggested that 
the coronal form is governed by sunspot action while Lockyer (1931) and 
Bergstrand (1930) incline to the view that there is more direct connection 
between prominence distribution on the sun and the forms of the corona. 
In this connection an observation of Evershed which has been quoted by 
Lockyer is of interest. In the Memoir on " Results of Prominence Observa
tions ", Evershed examined the connection between the distribution of 
prominences with the types of corona and found that Lockyer's theory 
generally agreed with observations except in the case of the corona of 1908 
January 3. As we see from Fig. 1, prominence activity in the southern 
hemisphere enveloped the pole during 1907 and 1908, but in the northern 
hemisphere the activity practically stopped beyond 65°. According to 
Lockyer's theory the coronal streamers should be more pronounced over 
the south polar region than over the north. However, from the illustration 
of the corona given in McClean's Report it appeared that streamers were 
developed almost all round the disc except at the south pole. Evershed 
remarked that" if Mr. McClean's corona is correctly oriented, therefore, 
the distribution of streamers in the polar regions does not agree with the 
distribution of prominences at that time". At a later date Evershed dis~ 
covered that the north and south poles had been interchanged in the picture 
of the corona; the apparent contradiction with Lockyer's theory, therefore, 
disappeared. 

Although various forms of solar activity closely follow the sunspot cycle 
the exact nature of the causal relationships between them are at present only 
very imperfectly known. Nevertheless, it would appear that the coronal forms 
~ry ~ore directly related to t1J.e distribl,l.tion of prop:Unellces tpan Qf sunspots, 
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7. SOLAR ACTIVITY DURING THE LATE~T CYCLE 

Judged by sunspot activity the latest solar cycle which attained a maxi
mum in 1947 is one of the most active. This cycle has also the unique dis
tinction of having been characterised by some of the biggest spot groups on 
record. But examination of Figs. 1, 2 and 3 reveals that prominence activity 
has been less pronounced during this cycle as compared with the two pre
vious ones in which spot activity reached the peak in 1937 and 1928. In this 
connection it is significant that Behr and Siedentoff (1952) and Kleczek 
(1953) found that solar flare activity has' also been less during the latest cycle 
as compared with the previous one. The trend of geomagnetic activity 
during the maximum epochs of the last four solar cycles indicates that the 
latest cycle has been geomagnetic ally the least active (Ananthakrishnan, 1953). 
Tn fact a preliminary examination suggests that during the maximum phase 
of the sunspot cycle geomagnetic activity shows a better correlation with 
proTinences than with sunspots. 
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SUMMARY 

The paper illustrates with a series of diagrams the variation of promi
nence activity during the period 1905 to 1952 based on the prominence 
statistics collected at the Kodaikal1al Observatory. The main features of 
prominence aCtivity brought out by these diagrams are briefly discussed. 
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