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Abstract.—Qbservations of sunspots made at Kodutkanal during the years 1909 to 1929 have been utilized to study the
oceurrence of spots in difterent longitudes over the sun It 13 found that there 1s a zone of apparent mhibition between
longitudes 30° and 50° on either sade of the central meridian  Spots of short duration tend o avoid the zones, while the long-
lived ones show a duminution 1n areas whon passing through them

Although observations of sunspots al Kodaikanal began in the year 1903, a new system of registering the
obgervations wag introduced m 1909, grving the serial number of each sunspot, or group of spots as the case
may De, 1ts heliogiaphie latitude and longitude, the dates from and to which 1t was visible on the sun and the
longitude, cast oo west of the sun’s contral memdian, where 1t was when first observed At the end of 1929
there was a mass of material accumulated dwing 21 yearg and available 1n a convenient form The nature
of the distmbution of sunspots in latitnde was well-known, but no examination of ther distribution n
longitude had been made by anyone. Allhough, under ordinary circumstances, no peculiarity could be
expected to exist in such distribution, ag spots have an equal chance to oceur in all longitudes on a rotating
globe like the sun, 1t appeared desirable that the matter should be placed beyond doubt by venturing an
actual nvesgtigation. Accordingly the Kodmkanal data were made uge of for the purpose and the results
are set forth 1n thig paper.

Dstributron of 1-day Spots.

2. The investigation began Arst wilh spots of the shortest duration, namely those which were seen on
gmgle days only and disappeared bofore the nexi day’s observation. The second and third columns in the
Kodaikanal spot register are headed “ Tatitude N.” and “ Latitude 8 ” and the last column “ Longitude from
Central Meridian whoen First Scen”  The positions of 1-day spots as defined by the register were plotted on
squared paper in their proper longitndes and latitudes east and west of a central vertical hne repre-
genting the central meoricdhan and north and gouth of a central horizontal line representing the equator, of the
gun. There were 857 gpots of thig class. As the plotting progressed, a remarkable and hitherto unsuspected
feature began to manifest itself on thn charl. The gpots showed a distinct tendency to fall in three separate
regions and tended to avoul two longitudinal zones, one on either smde of and some distance away from
the central mermdian The chart finally showed three concentrations of spot positions, one at the
middle of the dige and one at either end, with an attenuation in the region between 30° and 50° of longitude
east and west of the central merdian. The number of spots falling inside each zone of 5° of longitude
were then totalled up and a curve drawn. to represent the arrangement of these totals in the different zones.
Tt was found that the curve roge to a maximum in the region of the central meridian, fell off from 30°
reaching a minimum 1n the zone 35° to 40° 1n the eastern hemsphere and 40° to 45° in the western hemi-
sphere, and then roge to a secondary maximum near 60° and fell off again.

3 At the suggestion nf Dy Royds, the Director, the data pubhshed in the “ @Greenwich Photoheliographic
Results ” were algo examined for a sitnilar effect for all the past years ag far back as the data would carry us.
There was material available for 39 years from 1874 to 1912 and there were 1,767 spots geen only on one day.
The data regarding the spots are arranged 1 the form of “ Ledgers”, which give information regarding each
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mdividual group for each day of observation, the latitudes and longitudes being given to a tenth of a degree
From the ledgers the positions of 1-day spots were plotted in the same way as was done for the Kodakanal
data, and a curve drawn to represent the totals n each zone of 5° ag before The same phenomenon, a8 was
revealed by the Kodaikanal material, was seen in this case also There was, however, a glight difference in
that the two zones of minimum concentration were locsted about 5° nearer the central memdian  All the
game, there was no longer any doubt as to the reality of the existence of the two zones of inhibition and thiee
digtanet regions of activity on the solar surface Asfarasl day spots are concerned the central region on
the golar disc appears to be the most actave and the two regions on either side, beyond the gaps of inhibition,
comparatively weaker

4 The numbers east and west of the central meridian are combined and means derived The upper
curve 1 diagram 1 shows the means so derived for the Greenwich data and the lower curve shows the same
for Kodaikanal The broken hines are the smoothed curves for the two clasges of data They show to bebter

advantage the existence of the zones of comparatively smaller activity between 30° and 50° of longrtude 1n
both. the eastern and western hemispheres

Dragram 1 —Dstrbutron of 1-2any Spoks wn Songatnde
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5 The intereshiug results obtained m the case of 1-day spots natmrally led to the question whether the
same Tand of inhibition eould aleo be observed in the case of gpots of greater duration The case of 2 day
spote Was therefor?»takep up ‘épotsa ol greater and greater duration naturally made the problem less and leéss

o, and trém the data furmehed by the Kodakanal register, only the first appearances of each class of
@&ﬁ%ﬂéﬁsﬁuﬁbﬁ. As the sun’s dise 18 darly examined for spots, any new spots observed on & partictilaf
da§ #uidé Bave come Into bemg some time between that day’s and the previous day’s observations  Of ‘cofri¥es
g «,;. amﬁ(&;’s Feen on the east imb of the sun may all, or most of them, come round from the oth&F
A ﬁ%m; Barring these, all other spots must have had theh; origin gomewhere near and to the éast of
§t :r‘hteh f.hey were first noticed An examination of these longitudes, therefore, ghould'] %

pion gsﬁo the places of origin of th}e spots  On plotting the first appearances (1 e, the 16ﬁgf¥%1€fe§
o) of 2 day spots, 389 In nlmber, 1n the same ‘way as'the 1-day spots were treated, ft Wi
¢ ptmber of first appearances was minmiutgeg the sones of inhibition revealed by the 1-day spots,
Hie eantral concentratton became less eongplctiond than the two lateral oneg
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Other Classes of Spots
6. The same examination was extended to spots of greater duration, but 1t appeared unnecessary to plot
the first appearances in their actual positions 1 latitude and longitude, as 1n the previous cases  So columns
were opened representing each 5° zone of longitude and the first appearances of each clasg from 3-day spots
to0 8-day spots were separately entered in the respective zones in which they fell according to the longi-
tude given by the register The total numbers of each class of spots were, 270, 240, 187, 159, 148 and 124
regpectavely. The number of each class m individual zones were then totalled up The distribution
of each class 18 represented by a curve mn diagram 2, along with the curves for 1-day and 2-day spots.
Diagram 2.
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The picture presented by the curves 18 very interesting Excepting 1n the case of 1 day spots the central con

centration occupies a subordinate position and the two lateral concentrations become the stronger Bemdes while
the peak on the east 18 more or less permanent 1n postion that on the west ghifts more and more eastwards
according to the duration of the spot go much 0 that the western peak in the curve of 4 day spots 1§ found
over the region of imhibition in the west and the western peak in the curve of 8 day spots lies over the
mhib t on zone 1n the east This no doubt militates against the 1dea of two permanent zones of comparative
mactivity on the solar surface but we have to remember that these spots represented by the peaks in the
west are thoss of which we had two three four five etc obgervationg ac ording to the clasg to which they
belonged and that the lagt observations of them were near the west imb of the sun  Hence we cannot 88y
whether they die out at the limb or disappear from view on the mnvisible hemigphere They must therefore
be considered as gpots having a duration longer than two days three days or four days ete asthecase may be

The peaks have therefore to be regarded as spurious to some extent ag the number of real 2 day 3 day 4 day

ete spots must be much smaller there But 1n spite of the exceptional behaviour of the 4 day and 8 day spots
the totals as well a8 the means of all the columns unmistakably record a fall 1o the regions where the two zones
are expected to be as can be seen from the cur o at the bottom of diagram 2 The means for east and west
for 2 day spote and for the average of all the classes up to the 8 day ones are shown by the two curves in
diagram 3 The tronghs in the two curves at the seat of the zones 18 qmite evident

Dragram 3 —Dustbulron of 2-day Spols wn Songatmde

(IMean of Gast and AWest)
2~
A

é Longriude Gast or West of Contral NMerrdram

1 Dustubutron of AL Classes dpols up to 8 day ones
= | (%mof@mﬁm@%%t) *
i
5 -

T T LI "SR R " M o R S e )

o Longriude Bast or est of Comtrat Mendran

Areas of Sunspots

' y to seo whether and, 1f so 1n what way these zones affect the lon
Ridhe- e Zones amd cros over to the wegt in their transit across the sun § dise

WoCAT

g Lived gpots whish
Of course, the ofly
st $hig 1 to Watch thefr heheviour from-day to day or thyough suoqpserTe Rtagess in

solar dige. ‘We can, for examplo mvestigate 1f their areas undergo any change W

 pms, it the probists 1 1ot gpe Wh@w 8pots of less duratuon than thirteen days,
bggdes wnthin fherr poxnbie s 55 and.are gbierved on Buegessive"aays wherever they 'happgn to‘be




303

at the titme of obgervation 'I'he trouble 1 reducing their areas to any fixed standard positions 18 enormous.
The smplest case and at the same time one that would offer a crucial test appeared to be that of 13- or
14-day spots which start from the eastern end of the dise and travel to the western end, passing through
both the zones of inhabition on thewr way Heie too there were some difficulties  For mstance, the succes-
sive observations of two 13-day spot groups Nog 954 and 987, as given in the Greenwich Photohelio-
graphic Results, weie at longitudes —75° 6, —(5°5, —59°9, —36°4, —22°1, - 8°6, +4°0, +12°7, +26°.1,
+43°8, +32°7, +70°8, +79°0, and —-80°1, —65°0, —37°2, —25°2, -12°2, +1°3, +10°4, +29°4»
+40°5, +54°3, +68°7, +80° 4, respectively, east being reckoned negative and west positive It 15 evident
that the comparison of the areas of a large number of spots observed at such varied longitndes cannot be
undertaken before they are determuned for all groups for some stated longitudes The following method wag
adopted for thig purpose On a large sheet of squared paper every 3° of longitude was marked along the
abscissa up to 80° on either sude of a central vertical line representing the central meriian of the sun,

the ordinates being made to represent the areas of spots From the Greenwich Photoheliographic Regults the
areas for each 13- or l4-day spot-group at the lorgitudes of observation were taken and plotted on
the squared paper and the powmts were joined by stiaight imes  From the curves so obtamned the values of
the areas ab 80° 75° 70°, 65°, etc., on the cast and west up to the central meridian were 1ead off and entered
in tabular form In this way were reduced all the 13- and l4-day spots given 1n the Greenwich
Photoheliographic Results for the years 1874 Lo 1885, excepting a very few which displayed most extravagans
changes or whoge areas could not be confined within the limits of the squared paper. There were 113 spot-
groups studied 1n this way. TIt1g true Lhat, strictly considered, the areas so derived for the adopted standard
longitudes are not quite accurate, for during the interval between any two observations the areas might have
undergone wregular changes, whereas the method of reduction adopled agsumes that the change during the
interval hag been uniform It 18 believed, however, thatl the error due to this agsumption will not be large.
It may be mentioned that the same assumplion has been made m order to fill wider gaps 1 the Greenwich
Photohelio Regults, when there were no photographs available for certain days The data obtained by the
method degeribed above give the areas of spot-groups for every 5° of longitude from 80° east to 80° west

Curve T 1n diagram 4 repregents the mean of the areas of 113 groups, and I (@) by the side of it the mean
of east and west combined  Although tho curve shows a general deterioralion 1n areas, as groups transit the
gun’s dige, there are perceplible dents in 1t on either side of the ceniral meridian at the stages where the
zones of inhibition ave sitnated  In the course of plotting and tabulation 1t was noticed that the majority of
gpot-groups underwent many kindg of vicigstudes during their life on the visible dise, such as blazing up m
area, acquiring or dropping out companions, sphtting up into gmaller spots or Joining with others to foam a
compact one  The areas were reduced regardless of these changes, go that 1f the imnfluence of the zones could
be detected even under the most adverse conditions, the existence of the zones could be established beyond
any doubt During the final stages of reduction, all spols which were described as “Regular ” 1n the Green-
wich ledger and which did not exhibit any pronounced changes were noted. There were 33 spot-groups so

marked, and these were totalled and averaged separatcly Thig 18 represented by curve IT mn diagram 4

Curve IT (@) by 118 sude shows the mean for easl and west It 18 clearly seen that when the changes due to
extraneous causes are removed, the influence of the zones 18 seen to hetter advantage, but even in the cages
described as ““ Regular ” the conditions were not idcal There are indeed very few spots which are quiescent
and show absolutely no chanzes, If we were to confine ourselves to such 1deally quiescent groups only, the
material for discussion will be very meagre, but 1l 18 likely that an assemblage of data given by a large
number of such groups would bring out the existence of the iwo zones most clearly, as can be seen from
curve IIT i diagram 4 It 15 the curve of the area of a single spot-group, No 765, which 1s described
in the Greenwich ledger as “ A Regular Spot with a Small Companion” As all changes seen during the
life-higtory of every group are briefly noted at the head of the table pertaining to each, the absence of any
mention of changes shows that the group selected was a quiegcent one which simply transited the sun’s dige,
undergoing only the general deterioration which, as already noticed, affects all spots  This group may there-
fore be taken ag free from outside influences and may be expected to behave mn an almost 1deal faghion when



304

passing throu,h the zones of inhibition and that 18 what 1t hag done as 1t8 curve and the mean curve IIT (&)
clearly ghow

Dragram 4
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Oonclusions
L "Phere are two zohes on the sun's dusc between 30 and 50 of solar lomgitnde east and west which
tXercise an apparert inhibitory influence on sunspots
2. The short-lived spots tend to averd the two zones and the areas of long hived ones are reduced to #GHLE
extent while passitig through them.

3 In the esse of gpot-groups passing the sun s dise from end to end a general deteroration 1n aress ld
Boticed  This'requires explanat on

4 Tt s mgnificant that the two zones of inhibition occupy a permanent place with respect to the gum#
central meridian whose position on the sun 15, as is obvious relative to the earth The ortgin and the physis
&4l niatere of the two zones have naturally to be explamed with due regard to ths fact
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