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OX THE STRUCTURE AND THE DEVELOPMENT (F 'THE
SUNSPOT GROUPS

F. Ruanzinger and M. Vukiderié-Korghin

Abstrace. An artempt has been made to explain some observed evolurional cha-
ructeristics of the sunspor proups by the convective model of supergranular
matinon,

INTRODUCTION

Although since the first telescopic obscrvations of sunspots hus past more
then three and a halt cenrury, we atill do mee have the complere theory of
sunspot to include all observed phenomena. The sitwarion is even more com-
plicated when we search for a theory of the sunspor evoluton or the develo-
pment of sunspot groups. There are muny reisons for a such sitwation. One
of them 1 luck of good, reliable series of sunspor pictures with high resoluti-
ons (better than 1.5, o cover the whole life of sunspot groups. As a martter
of fact, we do not have any information from the depth of sunspot {ormation.
That is why in some cascs abservations and existing theory are in contradiction.

In this paper we should like to emphasize two results from the conti-
bution Bumba et al (1973 and to display present basic ideas for a possible
theory of sunspats, heaving in mind papers: Wilson (1968), Weurt (1970} and
Kubicela (19731,

OBESERVATIONAL MATERIAL

Studying the geometry of sunspot groups during their whaole life, Bumba
et al (1973 came to these results:
ai In muany groups the distances between the leading and the following parts
are ,quantized approximately at 30 00 km by the lirst and second day after
their hirh,



k) The porc and the spots in the sunspot groups show a characteristic ellipei-
cal form which can be observed in any phase of evolution of the groups.

Some very convincing examples, as we can see in Fig 1, 2 and 3, show
elliptical distribution of sunspot groups.

These picturcs are selected from good observational material made by
Clark refractor (2052830 mm) at Ondrejov obssevatory, Abour 50 sunspor gro-
ups were phomgraphed in abour 2000000 pictures by metallic tnrerference filer
produced by VEB O Zeiss Jena, with & omax around 5900A in combination
with Gevaere Duplo Pan filne and with Apfa — Goevaert Copex Pan film, Resol-
ution at the best quality negarives was practically equal to the the theocetical
valuas of objoctive resolutions, 1. e w 0,5

Frig. t: June 12, 1963, 064 31~

At figure 4 the drawing is given presenting the sunspot groups in series
from Jume 11 tll June 14, 1963, Formatien and desiontegration of elliprical
structure iz obvious.

EASIC TDEAS FOR THE STRUCTURE OF SUNSFOTS

All the modern theories of sunspor structure are based on Biermann's
suppestion that magnetic fields inhibit the deep convective transport of hear.
But neae of them provide a clear picture of the sunspot development from iry
birth as a porc, throughour the whele life. Many outstanding observed  facrs
stili remain as wnresolved problems.
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We oare going toostare with main cosults of Wilson's ([968) model because
in it there s no other posielare concerning the magnetic field cxecpr Babeock's

19610 suggustion of strongly nwisted buoyant tlux wubes,

In a plasma, deep under the photosphere, magnetic ficld flux are cssent-

ially horizontal and more or less homogencous,

Fig. 2: July 31, 1953, D34 43™

The ecquationn of momentum of such plasma i

grad p = Jory % B — PE
in
which solution in o force — free field is:
BE
Paar = P - o
kp T
o

where o — is hydrostatic predasute,

Using the above relations we mav find the difference in density

and inside the magnetic he;
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This magnetic pash is the unward moton of magnetic tubes. Whether the amo-
unt of A5 is sufficicnt enough for such motion it depends almost only on the
strength of magnezic Tield.

Although gas pressure and temperature cnecrease with depth these two
purameters are of minor influence, as we can see from cxtrapolating Allen's
tables (Allen, 1963, p. 163)

depth fin ke | temperature (°K) ! densiiiy (g'em?®)
ERILE LT x 14 o= E
D) i 5.5 % L# _ 9 x 10~
ZOUHHY 3.7 % I | 2 x lo-t
33000 ‘ 1,6 = 108 4 = 20

Acearding to relation (3):
2,5 % 10U B o Ap o 1,8 % 10-10 B2 (4)

T 30 Augast 4, 19635, DO° 400

It is a generally accepted opinion, up to now, that sunspot appear at the
depth of about 3iMkm. Characteristics of this laver are [Allen [963, p. 1641
Toans = 13 T = 03 K; p = 11 = 1A dynfem?®; 3 = 27 < 107 giem®, It is
abvipus from such consideration that sunspor tmust be formed much deeper
somewhere in convective zong, as the field strength of 100 G i not suificient

for upward movemens of magnetic flux tube.
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Accepting the ides that a sunspot (s a decp phenomenon, convection as
a mechanism of cnergy transport, may well explain deformation of magnetic

Fig. 4: Drawings of spat gocls Inosanapar sroups of Jaoe L — 14, 1963
4
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tubes, and formation of pore at the surfuce. According to Wilson's [1968) model
un upwards convective moverment creats a conl cone of plasma with the strong
magnetic tield which imhibic the transport of energy. Outside the cone, the
magretic tield is essentially ,.frozeén — in® to the material. bur inside the cone
the field may partly leuk through the plasma. In such a way magnetic tubes
in the conc become strong eénd deformed and in a form of an arch appears
at the surface as a pore. At that spot the visible granules were cut off from
their main source of thermal energy. Mapgneric field inside and ourside the
conl cone i3 given by:

—E =rmt (rx B+ & Ww'H
i L v}

—
th
-

Trsing Allen (1963 and Schriter {1966) date ut unit optical deprh ourside he
cone (7 — T3 w0 10M, 0 == 2w 103 cmis) the [eeld s definitely | frosen o in,
bt inside the cone (o =5 x 108, v — 2 » IR em's] magnetic diltusion plays
an impartant part in the wransport of the field. This s in well aggremant with
Wilson's model,

Althoughe this model gives a good explanation for energy deficit in umbra,
gs well as some other ohserved effects, the main problems remain: the mugnetic
field prafile B {7), and the mechanism for twisting the magnetic tubes.

Schwarcshild’s and Rayleigh's conditions show anly that n convective
zeme definitely ocours convective transport of cnergy. According to Ledoux or
al 719610 Rayleigh number for Selar convective zone is:

R BV s oy

which is fur preaster then nececery to start the convection.

LISCLESI0N

The fine structurs of Solar magneric fizlds being strong  in certain small
regions 5 well known churacteriscie found by many observers even inside the
sunspot ambra Severny (19591, Livingston and Harvey (19690 and Sheeley
fT9AY) guve some quantitative tesults aboat this fine structure: in o region of
1500 kene the field strenglt is about 1530 G Weart (1970) shows, by a simple
calewlativn, that the sopergranular convection may prodoce twisted tubes ol
magnetic field ebserved sizc and strenght,

W wonld like to use the some convective model of superpranular cell
Fig 8 in the wim w explain observed fearures of sunspor groups: ,.quanfi-
cating®™ and ellipricul forms, Starting with two assumptions: that a latitudinal
subsurface Field exists, and thar superprunular convective velocity decreases with
depth, an obwvions consequence 15 that field lines will be twisted by convection.

Mapneric energy of a flux tube of uniform field strenght B = R, lenght
. und circular cross-section of radius B oas:

gifsidv.-.-.siﬁi}zﬂﬂ, o7y
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A pas in simple awrcular motion would rwist the field lines inta spirals. Tt waill
create an azimural field component:

Bo=. i 8

thar inersdase the energy for:

BiEk L
L g o B v v s (9)
B B

a 0 1]

To produce w pairs of such twists, a5 a convective cell must, it requires
the energy:

R e S T
Eﬂ . Bt et K I:lﬂ:l
I8
As the motion in supergranulasr cell is rapid only near the surface lux
tube will be flamencd with elliptical cross-sectinn ws shown in g 5. The
energy af twisting # pairs of such profile s

= v
It [ b
e

£y o= L
n I3 ) L)

where o 15 tho scmimajor axis and & 15 the semiminor axis.
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Fig. 5: Velooiy Field 1o the upper part of supergracular cell
If its racio is:

T 12
i’ (12)

the result s correct to about 237 A& wvolume of gas P, density p, and plasma
velocity o will have the kinetic enerpy:

I'\'l
=

d
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Br= rolfaw
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If one part of this convective cnergy, say K = 10% will go into twisting
the field, we shall have:

1 [ R
K. pop=BaTX "'[E) (14)
a
So, putting V¥ — 4 L b, we are putting for the semimajor axis:
37 [T
W [ (15

i 2
=t gowt

If we mke v — 03km 57, and accepr the life time of supergranolar flow
as 0.5 day we obtuin d — 2.0 = [04km, Using the values: - =3 = 107 gem-3;
By — 10067, K— 10% n— 1 and for L — L6 = I3 Em (about a half of supcr-
pranular dimension: we have obtained:

i ae 1300 km

When the tube emerges to the photosphere it will tend to take a circular

et
cross-seciion. Comparing (10) and (11) we muy replace a b with R If for
@

b we uccept one scale height, fe 200 km, R — 800km 1e for [uill diametee of
magnetic tube;
2R = 1600 km

what is in good agreement with observed data of magnetic ficld fine structure
It is impottant to emphasize that caleulated values for 2R is not very sensitive
on some changes in aceeptod amount for K or B, The convective energy which
is enough to produce twisting of flux tube could push them towards the edges
of supergranular cells.

The configuration of sunspot groups, and irs dimensions (Fig. 1, 2, 3, 4.3
together wilth above obrained results for supergrasular convedtion, lead us to a
suggestion of their possibly deep murual connection, In the seme time, we are
well aware of the face that supergranular convection is definitely more compli-
cated than it is shown here. Nevertheless, we are under the impression that
one complex, and may be ,open®, supergranular medel would help us in a
better understanding of sunspot groups.

*

This work is a part of the Fesearch project supported by the Fund for
Scientitic Research of the 5. R of Serbia.
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