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Distribution of Sunspots in Longitude 

Absimb --A study of the btrrbut;lon of m ot eotmty m 10np;ltude hatj been mede for mix molar oyolea covewing the period 
1888 - IPM. Oorreotlon for d~fYsrentid rotat~on for 11~&~1"dPud groups has been made The s b d y  hPr r e d  that (a) rpot aotimig in& 
gr&d over a complete ayde shows uer~droliel etruoture (b) the a e n k  of spot aotivity show oodontdly w e t i o n  in longftude; but thie 
rmgretlon 1s nather re- nor dwa-ya m the a w e  direot~on. 

Attempts in the past to study the hstnbution of aunspota in longitude wme mainly direoted tow& hdlng ou0 
mne law of perio&city analogous f o the well known relations representmg changes in the latitudss of spots during at 
eleven year cycles. The moat comprehem~ve of them was that of Loah (1938) who h a  a h  given a good s-q 
of oarller work in the field. Basing her work on the data in the Gree~iwiah photoheliographic resulta for the years 1916 
-1934, Losh concluded that there are strong indiaat~ons of legions of maximum and minimum a o h  dviv h- 
ferred from a study of both the Wolf m b c r s  gro~zpcd according to synodic solar rotatlnns anci the &stribution 
of sunspots in heliographic longtude. She also noticed tillat the regions of maximurn and minimum activity do not 
necessarily appear m the same longit~~des in the northorn and southern homisphcroa but show n atrong tendency 
to ahpear in regom apprommntely 180' apart perhaps a t  the opposlte extremities of a d~meter  of the sun. 

Tho present investigaixon was undertaken with a vicw to check the rather inconolu&2ve rasults of Lo&, &o 
the study has been extended to cover a longer penod (1889-1964) The precision of the am1y19k haa been improved 
by applying corrections to the observed longltuclos of every mdimdual epot group taking Into account differmtial 
rotation of the sun. The apparent drift in longitude tbat my spot group will show wsg ad~ubtcd  from C a m o n ' s  
~opmula [=14O. 37-2'. 60 Sin24 where 4 is thelatitude and E the angular velocity of the surface layer (in 
degrges per day). 

Drift corrections apphed to the obrserved longtudes of spot gmUp8 (baaed on a oonatant solar rotation period 
of 26 38 daya) yield longtudss referred to eolar rotatlon 780 b e g m g  on January 18.42, 1912. T b  would mem 
that the corrected vdues of the longitude0 would be mth  reference to the oommencemont of rotation 780, for rigid 
sun. 

The corrected loqptudes asd the mean areas of sunapot p u p 8  (correoted for foreshortening) were tabnlsted for 
all the yeara under ~t-11dy for the eight latitude belts 0-lo0, 10-20°, 20-30' and greater than 30" north and sonth 
in 36 longitude zones of. 10' each. Graphs were drawn between the longitude and the total spot area for 4 
for the eight latitude zones aepar~btely and then 00mbirYng all latitudes for eachhemisphere sepamtely. &apb 
abo drawn between longitude and total area for complete eleven year oycles for latitude internla (0-20°) and 
(&so0) north and south. 

The curves showmg the dutrlbution m longitude of spot activity for eaah year separately did not reveel any 
striking regulamty. No zone of mximum activity w s  found to be common to all yeax, nor was there a prominent 
propwave change m the lon$~tudinal zones ahowing m u m  acfivity. However some of the c'nrves h w n  for I&- 
tude interval 0--900 for each hemphere ahowed the zone of maximum activity around 0' (or 360') in the wlim 
part of the cycle and near 180' towards the end, there bemg m e  suggestion of a migration of the zone of 
activity towards middle longitudes a0 the cycle progressed 

The o m e s  repreirenting dbhibuhon m longitude of apot aotivity for complete eleven year cyolaa ahowed some 
strihng regularities. !L'here was very dose d m i t y  between the curve0 for latitude interval (0-20') and for the 
latitude interval (0-90') for any cycle in either hemisphere. Of course tha is partly due to the fact h t  the major 
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part of the spot actlvlty m e cycle is confined to the latitude belt (0-20'). Blso the omvee for the northern and 
southern hemispheres for any cycle resembled each other. This nrmlarity wae found to be very close in the cycle com- 
menclng in 1923. T h s  would mean that there is no reason to belleve that the cliatnbutlon m longtode of e m p o t  
~otlVltg 1n the northern hemisphere la d~fferent from the southern as has been found by earller workers m this fiold 
Figure 1 (a-f) represents the hstnbution of sunspot activity m longitude for complete eleven year crrles for the lat~tudo 
interval (0-90') for the northern and eouthern hempheres. 

LONGITUDE 

VICIUI~IE 1 /a-f :-Tot01 s ~ t  M. plotted S ~ U I S ~ I  heli3graphio longitude for all lstitudm (0-90') for the S ~ X  eleven year 
ooamenoing from 1580 and enhug in 1864. 

The above facts lead to the conolumon that spot achvity i n b p t e d  over a complete cycle shows merldional st;ru~- 
tmre. 

In order to examino more carefully the migration m long~tude of oentrea of strong spot aoh~ty, graph8 were &m 
representing the principal centres of spot activity m longitude for eaoh yyesr for the entlre latitude internal (0-wO) 
for eaoh hemisphere separately. It was not &fficult to identlfg the pnnc~pd  wnbea, as distinat l o ~ t u d i n a l  zones 
ahowed actrvity far more than other zones. %?hen the pmciptd centrea of aotiviv e x t b d e d  fo 60 or three adjwent 
 ones the weighted centre of the activity was found and the zone m which 6h.u s a t r e  hy was taken to be the aotive 
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zone. Figure 2 ~epresenta the distribution m longitude of the principal centres of spot achvity m the northem and 
southern hemisphere respectively. From the iigure one can we that there is a tendency for rmgmtion in longrtude of 
tho centres of activity with time on some ocoasions. In such csaes the mgration is regular and conspicuow whercas 
a t  other times the mlgratlon, it' at  all, there is nerther d o r m  nor in the ssme dnection Wherem the nngration of 
a&ve s m p o t  zones is qillte apparent m the first four cycles (1889-1934) their &stributlon ~n longltudc remains 
pracbcally tho same in the last two cy~lca (1934-1964) and the mlgrat~on la qwte mconspicuous Thus it would u y ; ~  lu' 

that norther nre there d~stmct zones of spot activity fixed on the hypothetloal rigd sun for all the time nor 10 thoro 
evidenoe to show that there la dways o rqqclar migration in longitude of the centres of activity w ~ t h  the advanca of time 

LONGITUDE 

R~wm 2 (a&b) --Dmtribntlon of pnnc~pal oentres of sunspot eotlnty in longtado for the perlod 1889 to 1984 for northern 
hamqhere ( ) and southeru hemuqhere ( A ) respeobvely 

If we proceed on the assumption that there are fixed oentres of activity on B n@& sphere in the interior and that 
the layers above have the angular velocities obsorved on the sudaae, the reduction of the obeerved positions of spot 
groups to a angle system of coordinates fixed 011 the hypotheticaUy rigd sun na we have done ahodd give n con~ta~, t  
distnbutzon of spot activity independent of time Smce this is not tho case and ~iace spots are not likely t o  be caused 
by a:gencles above the photosphere we are led to conclude that the centres of activiQ on the sun are not co&l0d to 
any drstinct l o n g ~ t u b l  zonw. 

A statistical analyas of the results also revealed that the diatnbution of spot aobviQ m lon~ltudo d u ~  ing the six 
qcles a n d p d ,  is random. For convenience the whole aurface waa &vided into lowtude zones each ot 60- and 
the ~a10ulated coefficient of aesooiation between the vanom sunspot oyoles and the oocurrence of spot activity i l l  

zones ylelded the low value of 0 14. 
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The rehtlon between the random drift of the centres of activity mth the probable slow torsiod oaadlations of the 
egn~torial belt of the awn is not easy to decide. We bebeve, however, that a detedd dud9 of the drift m longitude of 
~ 0 0 h d  regione of magnetic field observed over a m~l~ldemble period may throw some llght on the problem. 

We aisb to record here the vslusble discueeions we bad on the problem with l.te Dr. A. K. Das, fomm Deputy 
Director General of this obserwhry. Our th~nkks are a180 due to  Dr. M. K, Vainn Bappu, Dhctor of this Obsenra- 
tory, who kindly went through the paper and offered valuable mggmbons. 

Kodaiksn J Observatory, 
lrebruary 1962. 
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