
OX THE STI<UCTURE AKD THE DEVELOP,\IENT 01' THE 
SUNSPOT GROLPS 

Ab_"ract. i"n attempt hot; !>.en made to explain wme ob,erved c,'olmional cha­
ucteri.ti<, of the ,unspo[ groups by the convective model of , upcrgrallular 
jj)otilln. 

I~'TRODUCTION 

Although since the first t<k,copi" nh,c""orion, nf ,un<poIs ha' pa" more 
then thr"e .nd " half centu'y, wc "ill d" not h,ve the mmpl~re theury of 
sunspot tn include .11 oh,en'cd phenmn.,u. The ,itllli[ion ;, even mo,e com­
plicated when we ,earch for a ,heory l)f [he sunspo[ evolution or the develo­
pment of sun'l"lt group,_ There "re m·,ny """um for a ,ueh situa[i"". One 
of 'hem i" lack (lf 15",d, reliable ,erie, of sun.pm pictures with high resoluti ­
on, (btu,", than 15,), to rover the whok life of sunspot group'_ A, 0 m.tter 
of focr, we do not hove any intormation fmm the depth of ,umpot formation . 
That is why in some ""_'CS ob",rvation. "nd ni.ring them}' are in contraJiclion. 

In thi, paper v;;e should like to emph .. ilo two ro,u!!s from the cO~Il-i· 

butiun ilwnba e[ al (1973), an,[ to di,piay present bas;e idcos tor a !""., ihle 
theory of sunspots, hoaving in mind p,pe,": Wi l,on (i~b&), \'Iie"rt (1970) and 
Kubi",lo (1973). 

Studying tll .. goometry of . uns!,," group, during their wh(l le life, Ilumha 
et ,1· (19D) came to these result" 

a) In many groups the di'toll<cs hem'een the leading "nd the ful10wing part' 
"re "quamizcd" appruximately at 30000 km by the first and second day after 
their binh. 



b) The pore and the sPO'" in the . u!c'pOt groups ,how a cnu:lcterL"ic elli pti_ 
c,l form which Can be ob,erved in !lIty pha.e of evolution of the group •. 

Some very convincing examples, "" we con .ee in Fig 1, 2 and J , sbow 
elliptica l di,tribution of , un'pot groups. 

These picture, aro ,elected fmm g()od ob,ervaIion.l material made by 
Ua,k refr.ctor (205/2830 nun) al Ondrejov oboervaIOry, Abour 50 _,unspot gro­
uP' w<re pholOgrophed in .bout 200 (0) pictures by metallic interference filter 
produced by VEB C. 7.ei" Jcna, with J.. max .round 5900 A in combination 
wilh Gevaort Dup lo Pan filr" "nd wi,h Agfa - Gev.ert Copex Pan film, Resol­
ution al 'he best quality negaIive, woo practic.lly equal to the Ihe theoretic.l 
v.lues of ot;"-x:tive ,e,olmions, 1. e_ to 0,5' . 

Fell t len' 12, I%l, {16' JJ~ 

At figure 4 'he dnowing i. gi,-en pre,.enting the SU~.llpO{ group. in ,erie, 
from June 11 {ill June 14, 1963 formation and desintegration of ellip,ic.l 
strUctUre is obvious_ 

~,\SlC mL~S FOR THE STRl'CTURI: O¥ SLJNSKlTS 

All th~ moo;krn th~o,ie, of , un,po' " r~Ctute .re b",~cl. on Biermann', 
_,uggesuon ,hot m'~nC"tic fi.lds inhibil lhe deep convective t:anspon of h • ., 
But none of t hem pw,idc • dear piclUre of {he ,unspot develOjlm<nf from it> 
birth as • pore, throughout the whole life, Many oUlSiandir.g oose,,'ed facto' 
, ti ll ,em.in as unresolved prool<ms. 



w~ are going ", "art wilh main rosult> of Wilson 's ( 1968) mode) bec.use 
in it tk,c i< nn nth,.,- r~"ulJ(e conccrniag the magnetic field "_,"cpt ll"h"oc~'s 
( 1961) ,u.g~'Mion 01 "'()n ~ly [wi"od buoyant nU.~ lUbes. 

In " p\a,m., <leer und<r th.o phnt", phcf~, m'gnctic field f lux arc essent ­
ially 11Ofizonlal and mOre or le," homC>gcncous, 

F'II_ 1 Jul,. 11, 1%), (13' 4) -
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which .olution in a force - fr"" fiel d i" 
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C,ing .he above relation, we may find the diffCrcnce in density Qutside 

and L".side the magnetic .ube; 

B' 

'" 
,'I 



This magnetic pu,h is tho "nward mOlion 0; magnetic tuhe, Whether the amo ­
unt uf 4., i, sutficicn\ enough for such ",,,,,iun it Je~"nds .Imost oniy on the 
strength of magne!;c f ield. 

Although gas pres'''re and temrerature cncrea,e with dcpt:, these two 
r"rameten; are of minor influence, a, wO can scc from cxtrupola,ing Allen ', 
uble, (Alien, 1963, p. 163) 

depUl ~ in km; "mp',,-lU" (' K) , den" 'Y (g:cm') 

31tH) 2,7 , ,. , , 10-' ,- J,.I , ,. , , ,~ ,- p , ,. , , 
'" .= ,,' , ,. • , .~, 

Ac,,,,Jing to ,elation 0) : 

2,5 X lO-l\B' < D.p < 1,8 X lO-"B' " I 

, , 
• . ,. 

I, i, a gencra:ly occcptcd opinion, up to nov:, that 'U".,~ut arrear at ,he 
dep,h of about 3i)()km. Chafocttristi" of thi, layer ore (Allen 1963, p. 164): 
~""" _ 1; T ~ 636(fK; P = Ll x It' dyn:'cm'; ; _ 2,7 x 10-' g.'cm', It is 
ob\'io~s from .~ch consideration thot 'Un"p'>t must be formed m~"h deeper 
,omewhere in com",ctivc "one, '" the fidel "rengm of 100 G i, no, suffici<nt 
for ~~Wl,d mo""men: of magnetic flux tube. 



Acceptin~ the ;! " mcchan i,m of c (c. ,hot, ,unspot ncr~y tr'n'~rt " " dc-.:p nh yv , may well " cnomcnon explain deform " con;-ectLon .: 
JUon of ~_ mlgnetic 
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rub<s, and formation of pore at the _'urfaL'''_ A""otding to Wilwn's ;1968) mood 
un upward, con\'ecti\'e mo,'emenl Crrute " _"DQI cOnC of pla,ma with the "nmg 
magnetiC field which inhibi' the transport of energy, Om,ide the mne, the 
magnetic hold i, e .. ,en!i"lly "frozen - in" to the matedal, bm inside the cone 
tC.O Hold may partly leak through tne rla,ma. In such a way magnetic tu""" 
in the cone become "",ng .nd doformed and in a form of .n arch app""" 
at th~ surf.ce a, " por~_ At th.t spot the ,' isib~e granule, were CLlt Qff from 
their main 'Durce of thermal e~erg)'. Magneric fi~ld inside .nd om,i<ie the 
,001 c"nC is given by: 

dB 
(~' xB) + 

c 
\j' B I') 

C, in~ Allen ~19{)J) and S.hri>ter (1966) d,,~ at u~it optical depth ou"iJe the 
~"D~~ ~a - 7,; X 10", t' _ 2 X ll}l cm,:.) 'he field i, definitely "fm,en in", 
but imide the COn. (a _ 5 X 10' , l} _ 2 X I Cl' cm 's) m'gllelic dil"j'll.,ion pl,y, 
an im;xlltant ~"rt in t 'le ".m port of the field _ -rhi, i, in well "~~romom with 
Wilson ', ITKXId, 

Althought thi, model giv~, a good e~plallation for encr~y deficit in umbrn, 
a5 well", ""me ",hor nh<e"""j offect" the m. in rroblem' rCITlllin, th~ m"gnctic 
field profile R (~), ,md the mechani,m for twisting the magnetic tub<._ 

SChW"TCSh il d' •• nd Raylci~h" conditio n, ,ho'" ~lll y that In convcctiv~ 

zone doftr.itcly ,,' '';u,-, convective transport of cncr~y, According to l.crioux ~1' 

.1 ( 1%1) j(a)'ki~h numhe, fo, Solar convcctiyc zone !" 

R~2 >c 1O" :6; 

DISCUSSIO)oI 

The fine "ru~tu", nf Solar magnet;c field, being strong in omain small 
regiom .. "ell known charaeteri"ic found by maIlY obse,,'cr.; even imide ' he 
,un' r ot umhr,j Se"ern), (1959), Livingston ' n,\ Ha""y (1969) and Shee!e)" 
(1969) gave ,ome qU.1mitatiw result' .bo~t th i, fine '''ucm''': in " region 01 
1500km rho field Hrcnght j, about 150 G_ \X'cor! (InO) .• h"" . , by a ,imric 
caku!aIiun, that the '''pergranuhr cQn,-cction may pmduce twi".d tul.." or 
m.lgnelic field ob,erved ,izc ""d ,{,cllght, 

Wc would like to me the some com'ecrive model of ,urer~r.nu!a, cell 
(Fig S) in t~ aim to explain ub,erYed feature, of- suo'pot groups: "quanti­
zatinn" .mJ elliptical form', S,aning with 'wo u"umptiom: that a latitud inal 
'uh,urfK~ fi~lc! ~xi"" onc! th., ,u!",rg,"nular cunvoctive wlocity decre."" with 
dorth, a~ oh, ion' c<>""'quenr:e i, tiM fje~d lir.es ",ill b< Ni'ted by cotlv'-'Ctiun, 

MagnoIic en~'Tg)' of a flll.~ tubo of uni torm field ","ll~ht B = R" knght 
L, anc! circular crLlss-,,,,,,ion of radius R is: 

_1 B;R'"L 

'" 
(7) 



A g"-' in simp le circul .. m()tiOll woukl twist rhe field line, into spir.I,_ It will 
ere"," .n ., imuml field component: 

R " L 

, !B'9 dV -~! ffB'9rdrdl'd" 
SF. 8 " 

To produce" pairs of .uen tw"!S, ., , con,-eeti,'o edl mu«, i[ requito, 
the energy 

( 10) 

A, [ho mo,ion in ,up<:rw"n~br cell" T"rid only ne" tne '~rr"CC flux 
tube will b< fkeened with elliptic,1 "",,·,ectinn "' ,hown in I'ig 5_ The 
energy of '''is!in!: n p"i" of ,~cn pmfil. " 

,',. '1'1 E'. ~ v, rr r."Q " 

L \ a , 
( I I) 

where" is 'he ,cmim,jor oxi.' and b IS the semlminor OX,"_ 

(I 2) 

lh~ r",u it i, c~rreet to about 2j-'-; ." VOLume ~,- g., I', d."",) p, and pl •• m" 
"oiociry " will ha,'" the ~ i notic cne rp': 

(I JJ 



If one pan of this conyective energy, say K _ lD~'; will go intl> tW;<l ing 
the f ield, w< sholl h.ve: 

( 14) 

So, putting V ~ d L b, we .re puning for ' he sernimojo, axi,: 

If we t"dke v _ Q,5 km s-', and """"P' the life time of , upergranui3c flow 
",0,\ dJY we obtain d - 2.1 X IO'km, U, ing th<; .. "Iu", : i = 3 X 10' g cm-'; 
iJ, _ 100G; K_ 10' , t/_ I . nu for L ~ 1.6 x II}'~m (. IXlUt a h,lfof supcr· 
B,muiJr dim<.,uion;, wc have ottaincd: 

a""J3.ookm 

When , J;e lUte .,nec1~ '0 th. I'hot"" l'hcce it will tend 10 take a circular 

cross·section. ("~'mpocing (10) and (1 1) we may cepl"~e" + wi,h R. If for V
-

b we accer' one ,,,le heigh t, ic 200 ~m, R - 800 km ie for f~11 diameter of 
magnetic t~hc : 

2R _ I(j()()km 

what is in good 'g=ment with observed dam of magnctic field fine ""uCt"re 
It is important to emphasize tha, calculated values for 2R i, not vory ,onsiti,·" 
on some changes in ocL,<,ptod amount for K or B, The con,"~~i,·e energy "hich 
is enough to produce twisting of flux tube could push them toward, the ed~~ 
of ,upergranular cells. 

Th, confi~ur.J lion nf ,un,!"" group", .nd i" dimensions (Fig. 1,2, 3, 4,), 
tngtti>er wil h "oo,·c ob<JincJ , ,",ul,, [oc ,uForgr.nul or coo''C<"f ion, I",d ,,"' to a 
' u~~~"ion of thei r ",ss ibl}" doop mutual connection, In the s"m' t im~, w~ are 
woll aw"ce of the foet that supcrgranu i.r convectio n i , definitely ,mce compl i­
cated th'n it is ,howll her~. Nc."·crthd",,, we a'" under ,h. im p,""ion that 
onc complex, .Jld may L'<' "open", 'UI"",gr"nulac m(xiel would h. lp us in a 
better und"rst.1nJ ing of SUO'1'01 groups. 

* 
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