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KODAIKANAL OBSERVATORY

BULLETIN No CXXXVII

DISCUSSION OF THE RESULTS OF OBSERVATIONS OF SOLAR
PROMINENCES MADE AT KODAIKANAL FROM 1904 TO 1950

BY
R ANANTHAKRISHNAN AND P MADHAVAN NAYAR
1 Introduction

In Volume I Part 2 of the Memoirs of the Kodaikanal Observatory Mr and Mrs Evershed
(1917) have discussed the results of solar prominence observations made at Kodaikanal during the
years from 1904 to 1914 supplemented with Mr Evershed s own observations at Kenley mn Surrey
(England) during the period 1890 1904  Since then a large volume of observational data relating
to solar prommences has been accumulated at this observatory and several contributions re
lating to various aspects of the subject have appeared from time to time The object of the
present paper 18 to give & general review and discussion of the prominence data collected at
Kodaikanal during the first half of this century The period covered comprises four sunspat
cyoles The scope of the paper 18 restricted to promumences observed at the hmb A parallel
study of the absorption markimngs on the disc observed m the H alpha line 18 10 progress

At Kodaikanal systematic visual observations of prominences 1 the C line were commenced
n 1903 with a six mch Cooke Equatorial and a grating spectroscope mounted in the South
Dome of the observatory The gratng spectroscope was replaced by a three f)nsm Evershed
spectroscope towards the end of 1904 In October 1912 the Cooke equatorial and Evershed
spectroscope were removed from the south dome and a six inch Cooke photo visual telescope
with equatorial mounting recerved from the Takhta mghy1 Observatory at Poona was imstalled
mn this dome A good gratimg spectroscope also from the Poona Observatory was adapted for
use with the telescope for visual study of solar imb and disc features

Upto 1904 February 21 the solar hmb was scanned only with eight settings of the position
circle after that date the entire imb was scanned for prommences The daily observations
were entered on charts and the data comprising the hehographic coordinates extents heights and
descriptions of the prominences were published half yearly in the Bulletins of the Observatory
Abstracts giving mean heights mean frequency and mean heliographic latitudes of the promi
nences 1n each g.t\emlsphere for every month as well as quarterly and half yearly frequencies of
prominences 1n ten degree latitude zones for every year were also meluded in the Bulletns

In August 1904 a two prism spectroheliograph manufactured by the Cambridge Scientifio
Instruments 6o Ltd was mstalled at the observatory and daily photographing of the limb and
the dise 1 the H Ime of Ca+ was commenced from the end of that year The lmb
spectroheliograms were compared with the sketchings of prominences 1n H alpha at the
promunence spectroscope and a complete hst of all prommences recorded visually and/or
photographically was mcluded mn the Bulletins In about two years the H lme was disearded
1n favour of the K lme and since then the calcium spectroheliograms of the disc and the lmb
have always heen taken 1n the K lLne

Beginning from 1908 the half yearly prommence data publhished m the Bulletins ncluded
a diagram giving the zonal distribution of the mean daily profile area of prominences in the two
hemispheres The publication of the detailed list of prominences was discontinued from

1812  smoce that time only a summary of the promimence observations has been | ublished for
every half year
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In 1934 a Hale spectrohelioscope was mstalled and from that time visual examination of
the mb and the disc i the C lne at specified tumes with this instrument has also formed part
of the routine observaticna! programme of this observatory

Weather permitting the routine daily solar observations with the prominence spectroscope
and the spectroheliograph are made between 0730 and 1000 hrs I S T (0200 to 0430 hrs U T )
when the sky and seeing conditions are generally the best at Kodaikanal The results discussed
n the present paper are therefore largely based on daily prominence observations made during
this interval Upto 1929 the available data relate to Kodaikanal observations only In acoor
dance with the resolution of the International Astronomical Union at 1ts first meeting 1n Rome
n 1922 the Kodaikanal Observatory undertook the work of compilation and discussion of the
statistics derived from photographs of prominences and H alpha absorption markings Simce
then the Mt Wilson and Meudon Observatories have been cooperating with this observatory by
supplying copies of their photographs for those days when Kodaikanal records are imperfect
br wanting Consequently the number of days for which promimence data are available 13 some
what greater for the years subsequent to 1922 than for the previous years

2 Data for Analysis

The half yearly summares of prominence observations published mn the Bulletins of the
Observatory are based on detailed tabulations mantained in the registers These registers con
stitute the source of the data discussed in the present paper They contain a vast mass of pro
munence data derived from observations with the prommence spectroscope the gpectroheliograph
and the spactrohehoscope An account of the dats available m the registers 18 given below -

(a) Ewtent of Base Hehographic Coordinates and Heghts of Prominences —

Tabulations giving extent of base mean latitude and maximum height of all prominences
observed at the limb are available continuously from April 1904 onwards except for nterruptions
caused by unfavourable weather conditions Up to the end of 1911 these detailed data have also
been published i the Bulletins of the observatory

(b) Mean Daly Profile Areas of Prominences —

Tabulations of the mean daily area of prommences for every month for each five degree
latitude mterval in the NE NW SE and SW quadrants based on hmb spectroheliograms are
avalable from 1905 onwards

At Kodaikanal the promience areas are estimated visually by superposing on the spectro
hehograms a glass grid (Fig 1) The mner circle of this grid has the same diameter as the solar
dise 1n the spectroheliograms (260 mm) The diameter of the circle 18 equal to 100 grid divisions
Agsuming the mean geocentric semu angular diameter of the sun as 16 minutes of arc (this vames
from about 16 m 18 8 to 15 m 45 s) each small square on the measuring grid represents an area
of 1/10 square minute of arc of the celestial sphere with a sufficient degree of acouracy This
18 the umt of prominence srea employed m the measurements Areas are estimated correct to
one half of & small square on the grnd ~ The grid also contams & set of concentric circles so spaced
that the mterval between acjacent circles represents 30 seconds of arc on the scale employed
for the sun s diameter The heights of the prommences above the chromosphere are estimated
with reference to these circles

The mternational unit of prommence area employed by Arcetr: Zurich and some other
observatories 18 different from the Kodaikanal umt It 1s equal to the ares of & rectangle whose
height 18 one second of arc of the celestial sphere and whose base 15 one degree along the solar
hmb  From the old records of the Kodaikanal Observatory 1t 1s seen that this umt was tricd
here 1n 1907 but was subsequently given up m favour of the unit equal to one tenth square minute
of the celestial sphere  The prommence areas for 1907 available i the registers are i terms of the
area of & unit rectangle whose sides correspond to one degree along the solar mb and 10 seconds
of arc of the celestial sphere that 15 10 mternational units The areas for 1907 as tabulated m
the registers have therefore to be appropriately reduced in order to make them comparable with
the data for the precedng and succeedmg years

i
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Assummg the mean geocentric sem1 angular diameter of the sun as 16 munutes of arc we

see that 1 along the solar imb corresponds to 2’73;3  mmnutes as seen from the earth Hence

the area represented by a 1ectangle whose sides are 1 along the solar limb and 10 seconds of arc

-1
of the celestial sphere15046 x10 sq min  As this 15 & smaller unit than one tenth square
minute the areas for 1907 given in the registers have to be multiplied by 0 466 to make them
comparable with those for the remaining years It 1s readily seen that the Kodaikanal unit
of prominence area (one tenth square minute) 18 equal to 21 5 international units

In the registers the separate tabulations of prommence areas m 5 Ilatitude mbervals for
all the four quadrants are available only for 1905 1906 and for the period subsequent to August
1911 For the pertod January 1907 to July 1911 prommences on the east and west lmbs have
been combmed and the data are available separately only for the north and south hemispheres

(¢) Mean Danly Prominence Numbers —

For the period 1904 to 1911 the numbers of promimences observed m each ten degree latitude
zone m the two hemispheres have been published m the Observatory Bulletins for every month
every quarter half year and full year From July 1912 onwards the prommence numbers for
each five degree zone have been separately tabulated m the registers month by month for all the
four quadrants of the suns disc It has been the practice at Kodaikanal to group equatoral
Ppromincnces (prominences whose mean bases ie within one degree of the solar equatol) separately

The convention which has been adopted for prominence numbers from the beginning of
this observatory 1s as follows The apparent mean latitude of each prominence 18 taken as the
average of the apparent latitudes of 1ts  two extremities From the apparent mean latitude
the true latitude 18 found by applymg a correction which varies with the heliographic latitude
of the centre of the disc (correction for the tilt of the plane of the solar equator to the plane of the
echiptic) If the corrected latitude thus obtained falls within a particular five degree interval 1t 15
reckoned as one prominence number for that mterval wrrespective of the size of the prommence
or 1ts total extent

The practice followed at the Zumch Observatory for reckoning prommence numbers 1s
somewhat different When a large prominence extends over several degrees along the solar
lmb each five degroe zone i which any part of the prommence lies gets a weightage of one for
prommence number (This 18 the practice followed at Kodaikanal for reckoning numbers of
H alpha datk markings in five degree latitude zones) On the other hand 1f there are two or
three tiny prommences withm the same five degree interval on the same day then 1t 18 the Zurich
practice to reckon these as only one number for that zone (W Brunner Hagger 1940)

The diagrams ilustrating the latitudinal distribution of prommence areas and prominence
numbers for the years 1986 to 1939 i the Zurich Asironomische Musterlungen reveal a close paTa
llehsm  On the other hand Mr and Mrs FEvershed found that the Kodaikanal prommence
number curve for the period 1905 to 1914 showed hittle valiation of activity from year to year
unhke the curve of promience areas for the same period which showed a cloge resemblance tg
the curve of sunspot activity They remarked that the flatness of the prommnence number curve
was due to the fact that at Kodaikanal all promimences down to the smallest visible are recorded
not only those of 30 and over as at Catania and other observatories and small prommences
are numerous at all times

It 18 well known that the Greenwich sunspot areas and the Zurich relative sunspot numbers
have 4 high degree of correlation and either of these can be employed as a representative mdex
of sunspot activity ~Bub prominence numbers reckoned according to the Kodaikanal practice
cannot obviously constitute a good mdex of prommence activity smce the same weightage 15
given to large and small promimences It 18 often not 1posmble to judge umiquely from the
appearance of a prominence at the limb whether 1t 1s single or 18 a superposition of more than one
prominence In some cases adjacent prommences which are apparently separated may be parts
of one and the same promimence For these reascns prorinence numbers cannot be regarded
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a8 ndicating unequivocally the number of mdividual prommences  Despite these limitations
the origmal practice has been continued at Kodaikanal for the sake of contimuity

Any procedure which assigns less weightage to small prommences and more weightage to
larger ones would result in better correlation betwen prominence areas and promimence numbers
The conventions followed by Zurich and Catania are steps 1, this direction

It appeared to be of mterest to examme the degree of correlation between promience
areas (A) and prommence numbers reckoned 1n two different ways (a) according to the existing
Kodaikanal practice explamed above (N)  (b) by giving a weightage of one to each five degree
zone on all days when prominences are observed in that zone (N) The years 1949 and 1950
were chosen for this study ~ Table T(a) (Appendix) gives the mean daily areas and the mean daily
numbers of prominences m the five degree zones for the north and south hemispheres  Table
1(b) (Appendix) gives the corresponding percentage frequencies We see from this table that the
latitudmal distribution of prommences as represented by mean daily areas shows more pronounced
maxima than when the activity is represented by numbers reckoned m the two different ways
It 18 also seen that the distribution given by the numbers N obtained by method (b) oorresponds
more nearly to the distribution given by prominence areas than that given by the numbers N
obtamed by method (a)

In Figs 20 and 2b the mean daily areas A for five degree zones for the years 1949 and 1950
are plotted aganst the mean daily numbers N and N respectively These diagrams at once
reveal that N'1s better correlated with A than N For comparatively small areas the relation

etween A and N 15 practically lmear For larger areas the trend ot the pomnts mdicates that
c%% 18 no longer constant but increases the correlation between A and N also decreases at
the same tume as 18 evident from the groater soatter of the pomnts

The decrease of prominence activity from 1949 to 1950 as estimated by A Nand N 1s given
below —

North rn hemidpk re Bouth rn hemmsph re
A 57/ 845/
1950
1049 N 603 821
N 632 5

Agam we see that N 18 a better index of prominence activity than N

The numbers N' as defined above are practrcally 1dentical with the Ziurich prommence
numbers  On acoount of the fairly good correlation between A and N 1t 1 possible to derive an
equation connecting these two quantities from a statistioal analysis of the corresponding data

for one solar oycle It would then be possible to durive the area distribution curve from the
dorresponding curve for N

On account of the unrepresentative nature of the Kodaikansal Prominence numbers as a
measure of prominence activity we have made little use of this data 1n the present study
(&) Metallue Promanences —

In the visual observations wrth the prominence spectroscope a special record 13 kept of
promnences which can be seen 1n the emission lines of sodrim magnesium 1on etc Such

prominences ‘which are comparatively rare are desgnated as metallic 1m the Kodaikanal
records

3 Mean Daily Profile Aréas of Promrnences

It 18 well kmown that the profile area of prommences 1s by far the best mdex of prommence
activity The Kodaikanal data m this respect constibute an unbroken sequence commencing
from 1905 Unfortunately the data mn the form available m the registers could not be directly
made use of for the purpose of the present mvestigation  The data for the entire period 1905 1950
were therefore retabulated month by month and year by year for each of thes four quadrants

or fiva degree mtervals oflatitude The mean daily area for each nterval was found by drviding
the total area by the effective number of days of observation m the year
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Table II (Appendix) gives the mean daily profile areas of prommences year by year sepa
rately for each of the four quadrants for five degree ntervals of latitude from the equator to the
poles The data for the two hemispheres north and south obtaned by adding the corresponding
areas for the eastern and western limbs are also given m the table In order to avoid decimals
the unit of prommence area for this and cther tables has been chosen as 10 square minute of

arc thatis = of the Kodaikanal prommence unit  (The figures 1n the table have to be divided
by 4 65 m order to express the areas in terms of the international prommence umt) For the
years 1907 to 1911 during which areas are not separately available for the four quadrants the
corresponding entries are absent in the table Thc effective number of days of observation for
each year 18 given i brackets under the year

Figs 3(a) and 3(b) 1llustrate the vamation of prominence activity in each five degree zone
for the northern and southern hemispheres during the period under study The zero of the
vertical scale has been approprately displaced to avold superposition of the ourves for the different
latitude zones The horizontal line against which the designation of a particular zone 1s written
corresponds to the zero of prominence activity for that zone The scale of promimence areas 18
indicated for the zone 0 5 at the bottom of each figure and 1s the same for all other zones
The curve of Zurich relative sunspot numbers 18 given at the top of each of the
diagrams

4 Four Zones of Prominence Activity

Systematic collection of prominence statistics by visual observations was organised by the
Itahan school of astronomers under the leadership of Respight Secchi and others from about
the seventies of the last century and the results have been discussed in a series of papers by Ricco
(1891 1914) Lockyer and Lockyer (1903) Bocchino (1933) and Barocas (1939) Smce the
mvention of the spectroheliograph 1t became possible to make more exact measurements of
prominence areas on hmb spectroheliograms and collection of such data was started at Koda
kanal by Evershed who had already commenced visual study of prommences at his private obser
vatory at Kenley m Surrey as early as 1890—seventeen years before he joined the Kodaikanal
Observatory The combined observational data for the period 1890 1914 have been discussed
by him and Mrs Evershed i the Memoir already oited

The main features of solar prommence activity brought out by these 1esearches are as
tollows There are four zones of prominence activity two in the northern and two in the southern
hemusphere The low latitude zones extend from the solar equator to about 40 on either side
while the high latitude zones extend from 40 to the poles Ihe manner in which prominence
actlvity manitests 1tself in the course of the sunspot cycle in the low and high latitude zones 1s
different Prominences always occur i the low latitude zones although the actryity 18 a mimimum
at the mmimum epoch of sunspot activity Prominence activity 1n the high latitude zones above
latitude 60 18 conspicuous only at and near the time of sunspot maximum The activity dies
down very rapidly thereafter These broad teatures are clearly brought out by the diagram re
produced 1n a note entitled Prominence Activity and the Sunspot Cycle by one of us (Anan
thalomishnan 1952) Figs 3(a) and (b) also illustrate these features We now proceed to a dis
gussion of the prominence data covered by the present study

5 Comparison of the Northern and the Southern Hemispheres

For a comparative study of promimensa and sunspot activities in the northern and southern
hemispheres the mean daily profile areas of prominences for the two hemispheres and the mean
daily areas of sunspots extracted from the Greenwich Photo Helwographic Results are represented
graphically m Fig 4 Despite the general similarity of the two sets of ourves we see also
gome striking differences

1905 1913 —In the northern hemisphere sunspot activity reached 1ts maximum in 1905
after which there was a progressive decrease till the munimum 1 1912  For the southern hemis
phere spot maximum was reached only m 1907 although there was a temporary decrease 1
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activity from 1905 to 1906 The southern mmimum was reached m 1913 The maximum of
prominence activity for both the hemispheres was reached only m 1408 by which time a decline
1n spot activity had already set in = The prominence minima for the two hemispheres occurred
n the same years as the corresponding sunspot minima

1913 1923 —Sunspot activity 1n both the hemispheres attamed a maximum m 1917 TIn
conformity with the usual trend the fall was less steep than the rise and the mmimum for both
the hemispheres was reached mn 1923 During this cycle the behaviour of prommence activity
was somewhat abnormal  After a steep rise from 1913 to 1915 there was an appreciable decline
In activity m both the hemispheres during 1916 probably associated with the temporary dechne
1n sunspot activity in the southern hemisphere and the tempoiary slowing down of activity in the
northern hemisphere The prommence maximum for the northern hermsphere was reached 1n
1917 the same year as the sunspot maximum while the southern maximum which was attamned
In 1918 was less marked than tEe southern peak in 1915 There occurred two mimima of pro

minence activity i both the hemispheres the first 1n 1919 and the second m 1922 a year before
the spot minmimum

1923 1934 —There was a rapid rise n spot activity 1n the northern hemisphere which reached
& peak 1 1926 There was then an appreciable dechne during 1927 followed by a revival next
year when the maximum of the cycle was reached The southern maximum which was rather
flat ocourred 1n 1927  The spot minimum came six years after the maximum for both the hemus
pheres m 1933 for the south and m 1934 for the north The southern minimum was the feebler
of the two  The interesting feature of prommence activity for this cyele 1s the two peaked max1
mum for both the hemuispheres These two peaks occur 1 the same years as the two peaks m
the sunspot curve for the northern hemisphere However the maximum prominence activity
for the north was 1n 1926 and for the south 1n 1928 The prominence minimum for the northern
hemisphere occurred two years before the corresponding sunspot mmmum while for the
southern hemisphere the epochs of sunspot and prommence minima comncided

1934 1944 —In this cycle the northern maxmum for sunspots was reached m 1037 (three
years after the previous mimimum) while the southern maximum which was separated from the
previous mimimum by five years occurred in 1938  The fall of activity was steeper in the southern
hemusphere than in the north the mmima bemg reached n 1943 and 1944 respectively The
peak of promuinence activity for the northern hemisphere occurred a year after the sunspot max1
mum while for the southern hemisphere 1t occurred two years before sunspot maximum The
prominence activity however showed very little decrease m the southern hemisphere during the
next two years The northern mimimum for prominences came a year before and the southern
mmimum & year after the corresponding sunspot munima

1944 1950 —The published Greenwich sunspot areas are available only up to 1946 and hence
the sunspot curves do not extend beyond that year However according to Zurich relative sun
spot numbers the peak of spot activity taking both hemispheres together occurred mn 1947
The steep rise of activity from 1944 to 1947 surpassed the rate i the three previous cycles With
a shght fall the spot activity persisted at a high level during 1948 and 1949 after which a rapid
declne set m  For the southern hemisphere prommence maximum was reached m 1947 In

the northern hemisphere the activity remamed at a steady level durmg 1946 and 1947 after which
there was a fall followed by a rise to the maximum m 1949

Table III gives the mean daily areas of prommences and of sunspots for the northern and
southern hemispheres and also the excess north mmus south 1 each case From this table we
see that a northern excess or defect of sunspot acttvity 1s not always accompanied by a corres
ponding change of prommence activity Such a correspondence exists only i 27 years out ot
46 or . about 60 per cent cases The mntegrated activity for the entire period has been shghtly
more 1n the northern hemisphere than in the southern n respect of prominences as well as of sun

spots  The percentage northern excess 15 about 4 per cent for prominences and 12 per cent
for sunspots
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TABLE—III

Mean Daily Areas of Prominences and Sunspots in the Northern and
Southern Hemispheres

P mm S nsp ts
Y M daly A as) (M daly A as)
[a A = r —A- ~
N 8 N—8 N ] N—S
1905 2463 2149 -+ 314 750 440 + 310
06 2328 16567 + 671 5389 39 + 300
07 1945 2238 — 203 488 593 — 105
08 2496 3083 — 587 316 381 — 66
09 119 2058 + 61 209 393 — 04
10 05 2069 — 14 86 198 — 132
1911 1273 1636 — 363 17 47 — 30
12 0946 1607 — 561 1 37 — 36
13 1075 1098 -— 23 5 3 + 2
14 1603 1597 — 94 99 53 4 46
15 2610 681 — 71 399 318 + 81
16 2058 1702 - 3566 470 264 + 218
17 2893 2273 -+ 620 860 677 + 183
18 1824 2386 561 609 8509 -+ 100
19 17 7 1928 — 201 569 493 + @6
20 2045 2262 — 217 08 410 — 202
1921 1853 2282 — 429 261 109 + 102
22 1771 1461 - 310 161 91 + 70
23 2354 2009 + 345 33 22 + 1
24 2793 2051 -+ 742 232 45 + 187
26 3012 2600 + 412 517 313 F 204
26 4314 3234 -+ 1080 663 699 4+ 64
2% 3607 2998 - 509 379 679 — 300
28 3676 8444 + 281 29 863 + 64
29 2269 2682 — 418 656 586 + 70
30 2112 1945 + 67 286 230 + b6
1931 017 1022 + 95 200 78 + 126
32 1130 1020 -+ 110 123 40 + 83
33 1817 864 -+ 458 86 2 + 84
84 1832 1808 4+ 24 44 74 — 30
8b 2288 2569 — 281 206 419 — 214
36 8573 3463 + 110 463 678 — 218
37 3437 34562 — 15 1817 167 4 560
a8 4384 3305 -4 989 899 1120 — 221
39 2409 2421 — 12 649 931 — 282
40 2206 2363 — a7 489 540 — 41
1941 2198 15691 + 607 437 232 + 208
42 1425 1782 — 3857 252 171 + 8l
43 1089 1341 — 252 249 46 <+ 03
44 1154 1285 — 181 42 a3 — 41
45 1562 1739 — 177 121 309 — 188
46 2363 1805 -+ 458 1127 690 + 437
47 2363 3159 — 798
48 2034 1800 + 134
49 2633 1643 - 990
1960 1506 1071 + 435
Total (1905 1950) 102080 97722 +4308
Total (1905 1946) 93494 89049 3546 16313 14599 +1714

6 Life History of the Low and High Latitude Prominences

The manner m which promimence activity develops and progresses m the low and high
latitude zones has been discussed by several workers Although there 18 general agreement as
regards the high latitude zones there 18 some difference of opmion about the trend of activaty 1n
the low latitude or sunspot zones According to Evershed the high latitude prommence zonus
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begin to be active between 40 and 50 soon after sunspot mimmum With mereasmg sun
spot activity the centres of high latitude prominence activity gradually move polewards until
at the epoch of sunspot maximum there 15 a rapid Tush towards the poles The high latitude
prommence activity suddenly disappears soon after sunspot maximum The trend of activity
1 the low latitude zones 1s not so clear because of greater irregularities caused by the co existence
of several active centres From his observations Evershed concluded that i the sunspdt zones
promunence activity drifts more or less in phase with the sunspots from the higher towards lower
latibudes and dies out near the equator at the time of sunspot mmimum Lockyer and Lockyer
(1903) concluded from their study of the Itahan prominence data for the period 1872 to 1901
that the low latitude prominence zones are centred round +24 where they appear shortly after
Sunspot minimum wax m intensity with rismg sunspot activity and finally recede and merge
with the high latitude zones at about 440 before sunspot mmimum

The latitude of separation between the low and high latitude prommence zones 18 not quite
clear cut Bocchino and Barocas have taken this imit as 4+-40 —the boundaries of the sunspot
zone M and M®™ D Azambuja (1948) have remarked that while this lumit 18 nearly correct on
the mean 1t varies with the phase of the sunspot cycle From their study of mdividual H alpha
dark markings they found that at the begmning of the sunspot cycle the majorty of the important
prominences of the equatorial zones whose low latitude extremities were at 30 extended without
discontinuity upto 55 At the end of the sunspot cycle the extreme latitudes of such promi
nences lay between 10 and 35  They have therefore ascribed a varymg hmt of demarcation
rangmng from 35 to 55 between the low and high latitude prommence zones dependmg upon
the phase of the sunspot cycle For the discussion m the present paper we have taken a fixed
limit of 440 between the two zones

An mportant finding of M and M®™ D Azambuja from measurements made on long hived
H alpha dark markings over the period 1919 to 1930 1s that on the average all prommences have
a slow pole ward drift m both the hemispheres The mean values for the pole ward dnift (A @)
per solar rotation demved by them are —

Lat zone 0 10 11 20 21 30 31 40 41 50 51 69
Ao 23 16 13 12 09 08

The 1ate of pole ward drift was found to be at least twice as rapid 1n the ascendimng phase of the
sunspot cycle than i the descending phase particularly m the high latitude zone

Based on the above findings M and M™ D Azambuja have advanced the view that all
prominences origmate m the sunspot zone and migrate towards higher latitudes Durmg the
ascending phase of the sunspot cycle the centres of activity at which prominences originate are
assumed to be round about 4-30 and the rate of pole ward drift 1 high  For both these reasons
prommences are able to reach high latitudes right up to the poles During the dechning phase
of the cycle the centres of formation are assumed to be round about =15 and the velocity of
pole ward migration 1s less Hence prominence activity does not reach much beyond 4-50
(Attention has however been drawn by the French astronomers to the fact that m the majority
of cases there 18 no direct correspondence between the manifestations of prominence activity in
the low and high latitude zones ) M and Mm D Azambuja have emphagised that the observed
general movement of prommences towards the poles at all latitudes indicates the probable

existence of a mendional cireulation on the sun which 1s postulated by certam
solar theories

While the results and conclusions of the French astronomers briefly outhned above are
laxgely based on the study of long hved hydrogen absorption markings (which are prommences
seen m Projection agamst the back ground of the solar disc) 1t 1s Interesting to see how far these
are confitmed by the statistical study of hmb prominences which 1s the scope of the present
mmvestigation  For this purpose the mean latitudes of the prominences of the low and high laty
tud ones were worked out 1n the following manner If Al A, A are the mean daily

ude z
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areas of the prommences for the five degree zones 0 5 5 10 10 15 then
the mean latibudes of prommence activity for the two zones are —

(#) Sunspot zone (0 40 )

_ A4+34A 454+ + 154
‘Ps-( A+AFE T ¥ )X25
(b) High latitude zone (40 90 )
_ 17A + 19A + + 354
on = ( A FA ¥ T A ) x25

The values of ¢z and ¢y thus obtamed are given m Table IV which also contams the mean. daily
prominence areas for the two zones The mean daily sunspot areas and the mean heliographic

latitudes of the spots extracted from the (Greenwich Photohehographic Results are also given
m this table

TABLE IV

Mean Latitudes and Areas of Low and High Latitude
Preminences and of Sunspots

NORTH SOUTH
S pt P m Pm S nsp ts P m P m en

(0 40) (40 90) (0 40) (40 90 )
Y —— — N ——— e —— ——
M Man M M M M Mea M Mean M Me M an
A Lt Ar Ly A Lt A Lt A Lt Are Lt
1905 760 1166 18 206 045 6590 440 15 T 1434 1990 716 606
06 539 1308 1621 225 807 608 239 1401 1042 193 615 618
0? 488 1012 1810 213 626 58 2 698 1377 1328 208 910 617
08 316 1042 1878 1886 618 629 381 1034 2136 195 947 566
09 200 0 4r 1432 0 687 5l 6 393 992 1607 199 451 510
10 66 875 1267 196 788 63 6 198 1118 1385 191 674 613
1811 17 780 870 226 394, 622 47 699 063 284 678 405
12 1 2063 6ar 23 2 321 516 37 778 830 42 877 408
13 5 2481 73 24 4 o 617 3 2008 697 256 501 407
14 20 111 847 237 856 50 4 63 2306 816 248 781 40 2
16 370 179r 1466 216 1144 5% 4 318 1075 1502 206 1179 508
18 470 I 14 1070 4 088 601 264 1706 004 20 4 798 671
17 860 1382 1529 0 13064 a3 7 677 1546 13156 107 0568 622
18 600 1197 1201 16 ¢ 593 64 5 500 1369 1411 216 974 680
19 569 08 1446 191 281 400 493 1170 1111 208 217 480
20 208 1131 17IT 203 334 49 2 410 998 1898 199 864 48 b
1921 261 727 1849 218 504 46 7 160 892 1503 210 779 b1 4
22 161 882  106r 209 7068 490 01 662 875 236 686 478
238 33 1388 1037 218 1317 613 22 1782 040 226 1069 400
24 28 2 19 1242 230 1501 623 46 2554 916 281 1136 6158
25 817 2070 1700 203 1312 66 4 313 1037  136r 211 1235 526
26 663 1927 2118 11 21.J6 6290 690 1708 1808 210 1426 615
27 3 177 1870 202 1837 6217 679 18354 1601 196 1897 870
28 727 1108 2156 207 1519 620 663 1623 2208 205 1146 56 8
29 656 1073 1684 218 680 540 686 1027 1907 106 776 b4 8
80 286 1060 1582 218 530 497 230 898 1706 191 39 50 6
1931 200 701 1417 218 600 48 8 75 039 1342 208 580 481
82 123 822 770 219 360 48 4 40 862 626 226 304 47¢
33 %6 1060 083 247 334 470 2 8 36 472 26 4 182 482
84 44 1845 1114 244 718 420 74 2809 1056 246 752 494
36 206 2242 1300 210 979 48 6 419 2372 1501 218 1068 508
36 463 1938 2002 190 1571 53 6 678 2102 2184 1894 1329 574
37 1817 1763 1rm 197 1660 6235 767 1506 18563 104 1499 A 8

38 809 1655 2478 210 1908 661 1120 1417 2304 199 1001 61
39 649 1464 1891 2186 518 481 981 1287 2087 201 384 404
40 499 1165 177 208 589 487 b40 1072 1941 211 422 49
18 pa [B53 2
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TABLE IV—contd
Mean Latitudes and Areas of Low and High Latitude
Prominences and of Sunspots—conid

NORTH SOUTH
Sunsp ts Prom nence P mm Snspt P mmnes
(0 -40 ) (40 90 ) © 40) (40 90 )
Y ar —P ——A | — —r—— —
Mea, M M an Mea Mn M Mean Man Man Mean Man M n
Ar Lt Ar Lt Are Lt A Lt Are Lt Ar Lt
1941 437 1113 1730 212 448 506 232 8 67 1376 199 216 479
42 2562 932 1267 2086 168 50 2 171 845 1397 212 385 473
43 249 901 909 240 180 476 46 15 87 838 206 503 49 2
44 42 1900 768 280 306 461 83 22 81 ass 236 597 48 6
45 121 2013 867 219 696 495 309 20 26 034 221 805 510
46 1127 20174 1332 216 1031 526 690 1879 1120 210 785 523
47 1330 209 1033 59 2 1677 211 1582 686
48 1033 197 1001 641 1088 209 862 655
49 1656 216 978 576 1268 201 375 495
1950 1198 218 808 b1 7 898 202 178 500
Tatal (1905 1950) 63562 38478 62501 85221
Total (1905 1946) | 16313 58336 85158 14599 57725 32224

The mean latitudes of high and low latitude prommences and of the sunspots for the two
hemuspheres are graphically represented m Fig 5 Fig 6 represents the mean daily prommence
areas for the low and high latitude zones and also the mean daily sunspot areas for the two hem
spheres In Fig 7 the peaks of prommence activity m the various five degree zones have been
plotted agamst the years The primary peaks are mdicated by black dots and the secondary

peaks by open circles The history of prommence activity m the low and high latitude zones 1s
clearly brought out by Figs 3 5 6 and 7

Prommence activity 1s comparatively short hived above latitude 60  In the polar zones

from 75 t0 90 1ts maximum phage 18 praclically comeident with the epoch of sunspot maximum
The corresponding years of prommence and sunspot maximsa are —

P m maxim m I N 1006 191718 1028 27 1938 1948
(78 90 ) L 8 1007 1918 1927 1937 1948

N 1905 1817 1928 1937
Sun p t maxmum 1047

8 1907 1917 1927 1938

The high latitude prominence activity can be traced back to latitude 40 45 (mde Figs 8 and 7)
where 1t begms to manifest 1tself about two years before sunspot mimmum and becomes quite
conspicuous immediately after the mmimum of spot activity 1s reached Tig 7 mdicates a pro

gressive march of the peak of high latitude prommence activity from 40 45 latitude belt to
the poles durmg the ascendng phase of the sunspot cycle From the trend of these peaks we
may calculate the mean rate of pole ward drift of the prommences of the high latitude zone A
period of 3 to 4 years elapses between the first appearance of high latitude prommence activity
near latitude 45 and the appearance of prominence activity at the poles Assuming a uniform
rate of poleward drift we get a mean latitudinal movement of 11 to 15 per year or about 0 8
to1 1 persolar rotation —a value m fair agreement with that found by Mand Mm D Azambuja
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A pole ward drift of about 1 m 30 days was also found by Moss (1946) for high latitude pro
minences from a study of the Kodaikanal prommence data for the period 1905 to 1928

A more critical exammation of Figs 3 and 7 indicates that the march of prominence activity
from 70 to the poles 1s somewhat more rapid than the progress from 45 to 70 There 1s hardly
an mtervil of 1 year between the prommence maximum 1n the zone 65 70 and the maximum
activity in all the higher five degree zones up to the poles  The progress of activity from 4. 70
takes about 2 to 8 years We therefore get a mean pole waid drift of 8 12 per year (or 0 6
t0 0 9 per solar rotation) from 4. 70 and 20 per year (or 1 5 per solar rotation) f};om 70 90
This mdicates an accelerated pole ward drift on approaching the poles The sudden appearance

of prominence activity at the poles practically simultaneous with the epoch of sunspot maximum
was designated by HEvershed as  dash to the poles  of prommences

In the low latitude or sunspot zone (0 40 ) no direct evidence for the pole ward drift of the
prommences can be adduced from the present study based on annual means Some mmteresting
features are however brought out by Fig 5 which depicts the vamation in the mean latitudes of
low and high latitude prominences and of sunspots  As 18 well known the mean latitude of sun
spots 18 lowest just before the mmimum of the cycle At the mmimum epoch spots of the new
cycle already begin to appear at the higher latibudes between 30 and 40 so that there 1s a steep
mncrease in the mean latitude of the spots the maximum bemng reached shortly after the epoch of
sunspot mmimum  The mean latitude of sunspots ranges from about 7 to 28  The interval
from minimum to maximum 1s seen to valy from 1 to 3 years while the corresponding mterval

from maximum to mmimum vazies from 8 to 9 years during the sunspot vycles covered by the
present study

When we consider the manner in which the mean latibude of tho prominences of the sun
8pot zone varies we find that the range of vatiation 18 much less than that of sunspots  The
mean latitude of low latitude prommences varies trom 19 to 26 which 1s only about & third of
the range for sunspots  For most of the time the mean prominence activity 18 centred round about
20 which 18 the mean latitude of the sunspot zone The maximum mean latitude for low latitude
prominences 18 reached generally about a yeir ahead of that for gunspots that 1s almost simul
taneous with sunspot mumimum The mean latitude of low latitude prominences attams a
minmum at or near the epoch of sunspot maximum  In this connection 1t 1s Interesting to see
how the prommencc activity i the five degree belts of the low latitude zone varies 1n. the course
of the sunspot cycles T'xammation of 11gs 3¢ and 3b shows that the variations are generally
in phase with the sunspot cycle but the amplibude of vamaton becomes less as we approach the
lemats of the sunspot zone  Lhis accounts for the highest mean latitude of low latitude prominence
activity at the time of sunspot mmmimum

M and Mm D Asambuja explamn the lack of prominence activity beyond latitude 4-50
at the declming phase of the sunspot cycle by assummg the centre of origm of prommences at
about latitude 4-15 and showing by rough caloulation that the pole ward duift in about 2% years
will not take such prominences beyond 90  We should however consider the fact that the
origin of the prominences m the sunspot zone and thur pole ward migration take place con
tmuously throughout the sunspot cycle m such a way that promanence actvnty s always goresent
at the boundares of the sunspot zone where 1t undergoes the least varation wn the course of the sun
spot cycle  'Why then should there be no activity beyond 55 at the dechning phase of the sun
spot cycle a fact so clearly brought out by Figs 3a and 35 If we assume with M and Mm
D Azambuja that the high latitude prommences are transported from the sunspot zone by a mer
dional circulation then the vilocity of this crrculation probably decreases 1apidly beyond the
sunspot zone and hecomes vanshingly small at latitude 455 That 15 the merndional circuls
tion undergoes a cyclic vamation m phase with the sunspot cycle The work of the French
astronomers has already furnished some evidence m this duection but as thev have remarked
16 18 necessary to undertake new measurements on the pole ward drift of prominences in the
sunspot and high latitude zones to confirm their results and establish them more precisely
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The mean latitude of high latitude prommences varies from about 42 to 68 It resches
the lowest value approximately when the low latitude prominences have their highest mean lata
tude that1s at the epoch of sunspot mmmimum The highest mean latitude of high latitude pro
minences 18 reached almost simultaneous with the epoch of sunspot maximum The maximum
mean latitude of sunspots and the corresponding latitude of high latitude prominences are separat
ed by about 40 and a time interval of 3 to 4 years from which again we may calculate a mean

pole ward dnft of 10 to 13 per year or about 1 per solar rotation for prominences of the high
latitude zone 1f they have their origin m the sunspot zone

The comparison of the prommence areas for the low and high latitude zones with the sun
spot areas (Fig 6) brings out some mteresting features For the sunspot zones the minimum
of prommence activity occurs m the same year or a year before the minimum of spot activity
The prominence maxima are characterised by multiple peaks i both the hemispheres the peaks
being generally double and at times triple mdicating two or three outbursts of prommence activity
The low latitude prommence activity corresponding to the sunspot cycle of 1913 23 presents some
extraordmary features The northern hemisphere shows three peaks and the southern two
The highest prominence activity m both the hemispheres occurred m 1920 three years after the
sunspot maximum-—by which trme the high latitude prommences had already attained & mimni
mum  For the next three cycles the low latitude prominence maxima occurred erther simul
taneously with or a year after the sunspot maxima A retardation of prominences over sun
spots 18 thus indicated If we now consider the high latitude prominences we find that the mini
mum 18 reached 1 to 4 years before the mmimum of sunspot activity while the maximum 1s reached
In the same year as the sunspot maximum or one to two years before 1t  Thus generally speak
ing the indications are that in the sunspot zone prominence activity slightly lags behind spot
activity while mn the high latitude zone prominence activity leads over the spot activity

M and M= D Azambuja (1948) have Investigated the correlation between prominences
and sunspots Their researches have revealed that an mmpulse  of spot activity 1s generally
followed by an impulse of prommence activity in the sunspot zone after 3 or 4 solar rotations
A correlation of this nature should be brought out by a comparative study of the monthly means
of promimnence and sunspot areas It 1s hdped to go mnto this question at a future date

7 Mean Daily Heights Extents and Numbers of Prommences

At Kodaikanal the height of a prominence 1s reckoned as the elevation above the chromo
sphere of the highest pomt of the prommence The extent of a prominence 18 reckoned as the
number of degrees along the solar limb for which the prominence appears continuous All
promuinences observed daily are tabulated in this manner and the mean heights and extents are
worked out for each month each quarter and each half year T'he mean height (in seconds of
arc) and the mean extent (in degrees along the solar imb) of the prominences for the period 1915
to 1950* are Listed m Table V and represented diagrammatically m Fig 8 In this figure the
mean extent of base 18 represented along the abscissa and the height along the ordinate The
mterval between the marks corresponding to adjacent years represents an extent of base of 10
Thus the horizontal extent or thickness of each rectangular block 1s proportional to the extent
of base while 1ts vertical extent 1s proportional to the mean height of the prominences for the
corresponding year Both these parameters undergo variations generally 1 unison with the sun
spot cycle  The mean extent of base varies from 3 to 7 while the mean height vares between
30 and 50 seconds It will be seen from Fig 8 that the mean height 15 & maximum for the latest

sunspot ¢ycle while the mean extent of base 18 & maximum for the cycle just previous to 1t The

reason for the lower prominence activity during the latest cycle (v1de Section 10) 18 to be attribut

ed to the smaller number of prommences during this cycle as compared with the two previous
cycles The mean daily promumence numbers from the Kodaikanal records which are also given
in Table V indicate that this wag actually the case For reasons explamned in Section 2 these
numbers do not however constibute a relable mndex of prominence activity

I th Kduk al d mean hights f p mm Uabl f m 190%
A cutiny fth dat hw e hws tht th dt p t

Hon th se ha tb tkenmt nsd rat

dm t tsf mI1012 wad

1916 ar nt q ¢ mp bl wth th sub q 4 dat
th present dis uss n
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TABLE—V
Mean Daily Heights Extents and Numbers of Prominences

- H ght Dxt t N mb H ight Ext t N mb
Y
€ 1 ¢ @Og ) 8 d f (g )
A A )

1816 368 3 50 18 68 1933 303 4 47 872
16 3 38 2 04 18 97 34 344 443 12 06
17 381 366 19 3 36 37 5861 13 58
18 332 352 17 06 36 4 4 741 150
19 317 314 1 48 87 4290 702 16 37
20 3138 319 14 55 38 437 780 14 84

39 389 634 13 06

1921 318 3 52 14 09 40 37 b 77 13 52
22 3390 302 10 70
23 3317 37 1 26 1941 337 471 1 64
24 365 424 14 74 42 344 416 10 88
26 371 4 65 16 44 43 3r4 300 898
26 408 560 17 84 44 415 b 54 740
27 371 3o 1919 45 48 b 6 6 961
28 4 6 8 35 18 35 46 5117 6178 10 74
29 369 630 1375 47 480 549 12 40
30 3 8 5177 11 67 48 43 4 4 5b 12 09

49 4 3 474 10 23

1931 318 oo 12 91

32 322 376 0 b8 1950 403 308 7 64

8 Metallic Prominences

Hydrogen helum and singly 1omsed caloium are the main constituents of the majomty
of solar promiences and prominence spectra mvariably exhibit the emission lines belonging to
the Balmer series of hydrogen the D line of hehum and the H and K lines of Ca* In fact
hydrogen and Cat are so closely mnterlinked n prominences that spectroheliograms taken 1n the
H alpha and K hnes indicate that quescent prominences have no essential differences in form
1n these two elements as has been shown by Dr Royds (1932) and others Dr Royds also found
that even 1n the case of eruptive prominences the similarity of form persists and both the ele
ments partake equally in the motion

It 18 well known from observations of flash spectra that the three elements which are most
abundant 1n prominences are also those which rise to greater heights in the chromosphere com
pared with other elements According to Mitchell (1935) the H and K limes of Ca™ can be traced
upto a height of 14 000 km 1 the chromosphere the H alpha line upto 12 000 kms H beta upto
8 500 kms and H gamma and H delta upto 8 000 kms Next in order of height come helium
(7 500 kms ) Mg (7 000 kms ) Tat Set Sr+ (6 000 kms ) neutral Ca (5 000 kms) Al (2000 kms)
and Fe T1 V Cr 8r N1 Co Mn (1 500 to 3 000 kms) Several lines belonging to the low lying
elements neutral or 10nsed are found in the spectra of prominences during total eclipses but
are ordmarily not observed Occasionally prominences do appear i which emission lmes of one
or more of the elements Mg Na Fe Fet Cr etc appear conspicuously even outside an eclipse
Such prommences are generally small intense very active and short lived and hence they form
a class by themselves In the Kodaikanal records they are classified and tabulated under the
heading Metallic Prommences The emussion Lnes which are generally gbserved in such
prominences 1 visual observations with the prominence spectroscope are given in the following
table —

A Elom & A Elem &
+

4923 92 % 5275 99 F tor
5015 68 N 5316 61 _
5018 43 F 5352 80 T+
bbb b +
5284 62 Vg 7 ¥ 6678 10 N
5275 28 % 7065 20 HHF
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In the great majority of them the D lnes of sodium the b lines of magnesium and the enhanced
lines of 1ron appear prommently

Table VI (Appendix) gives the frequency dstribution m five degree zones of all metallic
prominences observed at Kcdaikanal durmg the period 1904 to 1950 It 18 based on visual
observations of the solar mb made with the prommence spectroscope generally between 8 A M
and 10 AM on all clear days A casual exammation of the frequency table reveals the close
connection between metallic prominences and sunspots They are most abundant in the sun
spot zone and the frequency pattern resembles the well known butterfly diagram of Maunder
The maximum frequency of metallic prommences 1 both the hemispheres occurs i the latitude
belt 10 20  Such promnences are often observed m the viemity of active sunspots when they

are Just appearing at the east limb or disappearmg at the west mb Some of them at least
may be manifestations of flares occurring at the hmb

Are metallic prominences exclusively confined to the sunspot zone ? We see from Table
VI that this 13 not the case although their frequency of occurrence falls off very rapidly outside
the confines of the sunspot zone In this respect we find that the observations of the earlior years
from 1904 to 1920 mdicate a somewhat greater frequency m the higher latitudes as compared
with the subsequent period Hardly any metallic prominences have been recorded above latitude
60 since 1920 while we find that prior to this year such prommences have been observed upto
latitude 85  Evershed analysed the metalhc prommences observed at Kodaikanal during the
period 1904 to 1914 and found that about 15 per cent of them occurred above latitude 40  From
the percentage frequencies for difterent five degree zones given at the end of Table VI we see that

about 95 per cent of metallic prommences were observed within the sunspot zone during the
period 1904 to 1950

9 Comparison of Prominence Activity on the East and West Limbs

Since the pubhcation of Mrs Maunder s well known paper (1907) m which she showed that
there 15 & well marked and steady preponderance of the eastern half of the suns disc over the
western half both as regaids the areas of the spots and as to the numbers of the separate groups
several mvestigators have sought to find 1f there 1s a similar asymmetry 1n the case of other solar
phenomena Towards the end of her paper Mrs Maunder showed that the unexpected asymmetry
revealed by her analysis of sunspots for the period 1889 1901 exsted also 1 the case of promi
nences  She found that the Itahan prominence observations for the period 1882 to 1904 showed a
steady eastern excess of prominences for all the years The eastern excess of sunspots and pro

minences was interpreted as an apparent extingmshing effect of the earth on these two forms of
solar phenomena

At Kodaikanal Evershed (1912) examimed the distribution of prominences on the east and
west hmbs for the period 1894 to 1912 and found that there was a systematic eastern preponde
rance of prommence numbers In the case of prommence areas the excess was loss marked than
for numbers and was often m favour of the west lmb  Following a different method of analysis
Evershed and Chidambara Iyer (1921) were led to a conclusion apparently opposed to the

suggestion that the earth tends to extmgwsh a prominence n 1its passage across the
vistble disc

Royds and Sitarama Ayyar (1913) applied the periodogram method of Schuster for mterpret-
Ing the eastern excess of prominences for the years 1904 1912 discussed by Evershed They
were led to the conclusion that the excess cannot be wnterpreted as due to planetary influences
and that an effect due to the earth 15 mmprobable Das and Narayan (1940) made a statistical
study of solar prommences observed at Kodaikanal durimg the period 1913 37 They found
that the maximum mean daily area of prommences occurred m January and the mmnimum m
July This was mierpreted as evidence of the existence of a tide raasing wnfiuence of the earth on
the sun  Recently a number of papers on Solar Asymmetry and ° Planetary Influences on
the Sun have appeared 1n the Bulletun of the Central Astronomacal Institute of Czechoslovakua by
Lk and his co workers (1951 1952 and 1953) Tn view of the long standing nature of this
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problem we have felt 1t worthwhile to consider 1 some detail the Bast West distribution of promi
nences durmg the period covered by the present study

Table VII gives the mean daily promimence areas for the east and west limbs year by year
from 1905 to 1950 The last column of this table gives the eastern excess E mmus W We see
that there has been an eastern excess of prommences only 1 11 years out of 41  Out of the 20
years from 1931 to 1950 prominence activity has been more pronounced on the west imb d
18 years For the entire period of 41 years prominence activity on the west hmb has been 3 5
per cent greater than that on the east imb For the period 1931 to 1950 the corresponding value
18 55 per cent The largest western excess of 17 2 per cent occurred in 1950 For the years 1920
1926 1931 1942 1945 and 1949 the western excess amounted to over 14 per cent We thus see
that prominence activity judged by profile area of prominences has been more at the west lmb of
the sun  The western excess 18 more pronounced smce 1920 than m previous years

TABLE—VII
East West Distribution of Prominence Areas

Y Tast Wt BE-W Y T & Wt E—W
1905 2380 922 + 168
08 026 1959 + 87 1981 1837 2102 —266
07 32 1018 1132 —114
08 33 1082 1149 —117
09 34 1919 1721 4198
10 35 2318 2539 —221
36 3500 3536 — 368
1911 3y 3502 3387 +115
12 1187 1266 —9 38 3871 3908 — 87
13 1116 1067 + 59 39 2371 2459 — 88
14 1604 1506 + 88 40 2822 2337 — 15
15 2508 2603 — 95
16 1889 1871 + 18 1941 1858 1031 — 73
17 565 2601 — 36 42 1563 1844 — 81
18 2081 2128 — 47 43 1130 1300 —170
19 1851 1804 + 47 44 1175 1264 — 89
20 2005 2302 —207 45 1642 1769 —217
46 2047 2991 —174
1921 2064 2081 —_27 I 2668 2864 —206
22 1600 16 3 — 14 48 1018 2016 — 98
28 096 2268 —178 49 1975 2301 —326
24 490 2354, -+136
25 2727 885 —158 1950 1184 1393 —209
26 3514 4084 —b520
2y 3178 8327 —149
28 3598 3521 + 77
29 2440 2511 — 17 Total 87858 80922 —3064
30 2111 1946 +165

For a closer study of the east west asymmetry of promimence areas we consider the northern
and southern hemispheres separately Tables VIII () and (b) give the east-west distribution of mean

TABLE—VIII(a)
East West Distribution of Prominence Areas (North Hemisphere)

NE w NE—NW
e A—. - — A— ) r A )
Y ar b = +b b = b
0 40 40 90 0 90 0 40 40 90 0 90 bb
1906 794 462 1256 724 483 1207 -+ 70 —21 + 49
06 787 433 1220 734 374 1108 -+ 58 +89 4112
1912 283 158 438 34 166 508 — 89 —I11 — 70
18 203 2567 560 280 245 526 + 13 +12 + 26
14 487 336 823 360 320 880 +127 +16 +143
15 767 540 1307 609 804 1303 + 68 —~04: 4+ 4
16 483 519 1002 587 489 1056 —104 +50 — B4
17 796 846 1442 738 718 1461 + 6 —72 —_ 9
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East West Distribution of prominence Areas (North Hemisphere)—conid

NE NW NE—NW
A A A
— — r L f
Y
040 40 90 080 040 4090 0 90 a—  b—b  o—0
1918 650 208 948 641 35 876 + 9 + 63 + 72
19 818 143 762 827 138 965 —208 + b —203
20 791 181 972 920 153 1073 —129 + 28 —101
1021 680 250 930 689 251 923 + 11 — 4 + 7
22 524 854 878 541 362 893 — 17 + 2 — 15
23 437 669 1106 800 648 1248 —163 + 21 —142
24 669 789 1458 573 762 1336 + 96 + 27 +123
25 716 671 1386 986 641 16 6 —270 + 30 —.40
26 932 1082 2014 1186 1114 2300 —254 — 32 —286
27 824 899 1723 840 938 1784 — 22 — 39 — 61
28 lo61 745 1806 1096 774 1869 — 34 — 29 — 63
29 840 278 1118 844 307 1151 — 4 — 29 — 33
30 779 286 1046 803 264 1067 — 24 + 2 — 22
1931 600 208 808 817 302 1119 —217 — 4 —221
82 847 188 6530 423 177 600 — 76 + 6 — 170
33 420 179 608 554 166 709 —126 + 24 —101
34 583 371 954 531 347 878 + b2 + 24 + 76
85 622 499 1121 687 480 1167 — 86 + 19 — 48
86 061 791 17562 1041 780 1821 — 80 + 11 — 69
a7 798 844 1642 979 816 1795 —181 + 28 —163
38 1227 933 2160 1251 973 2224 — 24 — 40 — 64
39 880 264 1134 1011 264 1275 —131 — 10 —I141
40 808 276 1084 949 263 1212 —141 + 13 —128
1941 800 227 1027 930 241 1171 —130 —14 @ —l44
42 822 61 683 645 97 742 —28  —3 —60
43 418 04 512 491 86 677 — 78 + 8 — 65
44 376 162 637 383 234 617 — 8 — 72 — 80
45 3717 808 685 400 3817 877 —113 — 79 —19
a6 839 471 1110 693 560 1253 —54 —8  —l43
47 648 566 1204 681 478 1159 — 32 + 77 + 45
48 494 522 1016 639 479 1018 — 4b + 43 — 2
19 717 437 1154 038 541 1479 —221  —104  —825
1950 536 186 722 662 122 784 —128 + 64 — 62
Total 27003 17624 44717 20684 17741 47425 —2891 117 —2708
TABLE VIII(b)
East West Distribution of Prominence Areas (South Hemisphere)
SE ) SE—SW
r A n) ~ ~A- = ~— e )
Y b =a+b & b = +b
040 4000 0 9 04 4000 0 90 — bbb oo
1905 760 874 1134 674 341 1015 +8 433 4119
06 527 279 806 516 336 851 + 12 — b7 — 45
1912 421 328 749 409 349 768 + 12 — 21 — 9
13 307 259 566 260 242 5632 =+ 17 + 17 -+ 34
14 888 383 7 428 398 86 — 40 — 15 — B8
15 756 835 1291 746 644 1890 —+ 10 —109 — 99
16 481 406 887 423 392 815 -+ 58 + 14 + 72
17 849 474 1123 0r8 484 1150 —17 -1 —2
18 718 420 1133 (i 6564 1262 + 16 —134 —119
19 063 126 1089 748 91 839 +2156 + 35 -4-250
20 856 177 1033 1042 187 1229 —186 — 10 —196
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TABLE VIII(b)—conid
East West Distribution of Prominence Areas (South Hemisphere)— contd

SE sW SE—SW
r A~ ) r A~ ™ r —A Y
b = +b b = +b
b —Il
0 40 40 90 0 920 0 90 40 00 0 90

1921 79 306 1124 774 384 1178 — 4 + 11 — 84
22 307 334 731 478 52 730 -— 81 + 8 + 1
23 454 ix'n 089 486 534 10 0 — 3 4 1 — 31
24 4re 16 103 459 560 1019 — 3 + 18 + 13
25 60 721 1341 746 hl4 1259 —~15 + 06 + 82
26 840 651 1500 9560 776 1734 —110 —14 — 34
27 ar 660 1456 806 737 1643 — 11 -7 — 88
28 1198 594 1792 1100 5r 16r 4 8 + 4 +140
29 044 378 1329 983 307 1360 — 19 — 19 — 38
30 96 114 1066 754 126 879 198 — 11 187
1981 834 305 939 708 278 963 — 74 + 30 — 44
32 84 04 488 342 180 53 — 78 + 14 — 44
33 333 oL 424: 330 101 440 — @6 — 10 — 16
34 543 42 065 513 330 843 -4 30 + 0 412
36 751 446 1197 760 822 137 + 1 —176 =1
86 1084 664: 1748 1060 665 1710 + 34 — 1 F 93
87 1022 838 1860 031 661 1592 + 91 +177 + 68
38 111 590 1711 1183 501 1684 — 62 + 80 -+ 7
39 10 3 14 1237 1014 170 1184 4+ 9 + 44 - 63
40 1036 20 1238 gor 220 1156 +131 — 18 +113
1941 718 118 831 06 98 760 + 1 + 0 + 71
42 604 186 880 709 109 902 - — 13 — 22
43 41 200 618 420 207 723 — 14 — 01 —10F
44 30 318 638 368 279 647 — 48 -+ 39 — 0
45 448 400 87 486 306 882 — 38 + 13 — b
48 87 400 937 83 386 968 — 40 + 15 - 31
47 743 671 14r'4 794 011 1706 — 11 — 40 251
48 16 386 90 b 476 008 — 8 — 90 — 06
49 608 213 81 860 168 822 — b + 51 — 1
1950 406 67 462 488 11 609 — 83 — 64 —147
Total 27482 15659 43141 27590 16907 43497 —108 —248 —3566

daily prommnence areas for the two hemishperes The data are given separately for the sunspot
7ones and for the high latitude zones An exammation of these tables reveals the following facts —
(@) Sunspot zome (0 —40 )

(1) For the entire period of 41 years prominence activity at the east hmb has been shghtly
more 1n the southern hemisphere than in the north the magmtude of the excess ;S%N being
1 44 per cent At the west hmb however prominence activity has been appreciably less in the
southern hemisphere compared with the north the deficit s% being 7 056 per cent

(1) There has been western excess of prominences 1n both the hemspheres the magnitude
of the excessv-Y;—E being 9 56 per cent for the north hemisphere and 0 39 per cent for the south Thus
the hemisphere with smaller total promimence area at the east imb shows larger western excess

(1) There has been western excess of prommence activity for 31 years m the northern
hemmsphere and for 24 vears m the southern hemisphere during the total perod of 41 years

(b) Hugh Latwtude Zone (40 —90 )
(1) On the whole prowinen e activity at the east and west limbs has been le s in the southern

hermishpere the deficit -Fi;lj bemng 11 14 per cent and 10 33 per cent respectively for the two
Limbs
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(u) There has been westein excess of prominence activity m both the hemiwspheres the
magnitude of ED:E being 0 66 per cent for the north and 158 per cent for the south Again

we find that the hemisphere with smaller total prommence area at the east imb shows larger
western excess

(1) Theie has been western excess of prominence activity for 18 years in the northern hems
phere and for 20 years in the southern hemisphere during the total period of 41 years

Judged by profile areas the aggregate prommnence activity for the hgh latitude zones has
been 60 per cent of that for the sunspot zones

The man featwre brought out by the above analysis 1s that duving the period covered by the
present study the east west asymmetry has been more conspicuous foi the sunspot sone than for
the high latitude zone The asymmetry has been most pronounced for the sunspot zone
of the northein hemspheie despite the fact that the total prominence area at the east imb of this
zone has been less compared with the southern hemisphere

Indeed over 8. per cent of the total observed western eacess for the sun as a whole amses
from the sunspot zone of the noithern hemispheie Smce neither the observational techmque
nor the method of evaluation of prominence areas from the photographs gives a preferential bias
to ether hemisphore the observed asymmetiy between the two hemispheie as brought
out by the east west distribution of prominence areas appears to be an mtrinsic feature of
prominence activity during the period under consideration It does not seem possible to explain
the observed facts on the basis of teirestiial or planctary mfluences on the sun

In this connection a 1ecent study of the eastein excess of sunspots by Romana and Torroja
(1948) appears to be of mterest From one of the tables presented 1n their paper 1t 1s seen that the
eastern excess of sunspots has been much less conspicuous since 1930 than during the half centur
prior to this year As a matter of fact the integrated spot aclivity for the period 1930 to 194
shows a western excess It 1s also seen that the eastern excess of sunspots was particularly well
marked m the solar cycle investigated by Mrs Maunder This change i trend has been 1nter
preted by them as a slow periodic vanation of the mchnation of the axes of sunspots with an
amphtude of 3 around a mean posttion of 1 15 {owairds the west From a rhort note by
M Hotinh (1952) m the Publications of the Istanbul Unwversuty Observatory 1t1s seen that during
each of the years 1948 1949 and 19.0 more spots weie observed on the western half of the sun s
disc than on 1ts eastern half the western excess bemg about 6 to 7 per cent

10 Solar Activity during the Latest Sunspot Cycle

It 18 well known that judged by spot activity the latest solar cycle which attamed 1ts max;
mum m 1947 18 one of the most active on record This cycle has also the unique distinction of
having been characterised by some of the biggest spot groups ever observed But even a cagual
exarmnation of Figs 3 and 4 which 1illustrate this paper shows that promimence activity has been
less pronounced during the latest solar cycle as compared with the two previous ones with maxima
durmg 1937 and 1928 In this connection 1t 18 worth recalling that Behr and Sidentopf (1952)
and Kleczek (1953} have found from their analyses of solar flare au a that flare activity has also
been less during the latest cycle as compared with the previous one  These facts tend to confirm
the result which 1s repeatedly brought home by solar researches that the broad correlation between

unspots and other solar phenomena does not, mean that there 1s one to one correspondence among
them and that no single factor can furmsh an adequate measure of solar activity
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SUMMARY

The paper contamns v discussion of the 1csults of solw prommn nece observations made at
Kodaikanal during the fust half of this century The fiust two sections give an account of the
observational procedure and the nitwic of the available data on wlich the 1est of the paper 18
based The dwstribution of mcan daily profile aieas of prommences according to hehographic
latibude for the period 190 1950 1s given m Table IT (Appendia) The vaiiation of prommenco
activity i the couse of the sunspot cycle for the northern and southern hcmispheres 1s 1llug
trated by Figs 3(a) and 3(b) Comparison of pronunence and sunspot activities m the {wo hems
pheres shows that a northcin excess of spot activity 1s not always accompamned by a corrcsponding
excess of prominence activity The hife history of the low and high latitude promimence zones 1s
considered A mean poleward duft of about 1 pcr solar rotation has been found for the prom:
nences of the lugh latitude zone in tur agieement with the valuc found by Mand M D Azam
buja by measurements made on long hived H alpha daik markings Ihete 1s some evidence
of an accelerated polcward diift as the promincnces approach the poles Ihe mewn hehogiaphe
latitudes and the mean daily areas have been worked out for the prominences of the sunspot and
high latitude zones and compaied with the mean latitudes and mcan duly sieas of sunspots
Generally speal ing promimence activity 1 the sunspot sone attuns 1ts highost mean latibude
(about 26 ) at the time ot sunspot mmimum and the loswet mcan latitude (about 19 ) at the time
of spot maximum High lwitude promincnces on the other hand attamn thar lowest mean
latitude (about 42 ) 2t sunspot mmumum and highcst mean latibude (vbout 68 ) neir spot maxa
mum  lrominence aclivity undugoos the least vatntion at the boundarics of the sunspot zone
(440 ) dunng the course of the solar cycle lLhe highost prommence activity oceurs neir L0
durning the ascending phase of the sunspot cycle

The mean duly heights extents and numbas of prominences undeigo varations moie or
less m umson with the sunspot cycle  The frequency of metallic prominence dming 1904 to
1950 indicates then close assoc1ition with sunspots 9 per cent of yucl promincnces were observed
within the sunspot zone Comparison of prommence activity on the east and west imbs mdicates
a western preponderance the western excess being most pronounced 1n the sunspot zone of the
northern hemispheie It 1s found that the aggregate prommcnee activity has becn less duning the
latest solar cycle as compured with the previous two cyecles despite the fact that judged by spot
activity the latest ¢ycle 15 one of the highest on record
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