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Abstract Non- l inear i n t e r a c t i o n s b e t w e e n smal l fluid e l e m e n t s , m a g n e t i z e d 
or o t h e r w i s e , in an e n e r g e t i c a l l y open nonlinear s y s t e m f a c i l i t a t e t h e 
f o r m a t i o n of large c o h e r e n t s tab l e s t r u c t u r e s . This is knwon a s s e l f - o r g a n i -
z a t i o n . We interpret solar granulat ion on al l s c a l e s and t h e format ion 
and e v o l u t i o n of s o m e s t r u c t u r e s in solar a c t i v e reg ions to be t h e result 
of s e l f - o r g a n i z a t i o n p r o c e s s e s occur ing in a turbulent m e d i u m . 

Introduction 

In an i so la ted turbulent m e d i u m , d e c a y of large e d d i e s into smal l e d d i e s 
is a c o m m o n o c c u r r e n c e . The c o n v e r s e i . e . smal l e d d i e s c o a l e s c i n g into 
large o n e s can be a c c o m p l i s h e d in an e n e r g e t i c a l l y o p e n s y s t e m wi th very 
spec ia l p r o p e r t i e s . Genera l ly , such a s y s t e m must be d i s s ipat ive and d e s c r i -
bable by a nonl inear part ia l d i f f erent ia l equat ion . In t h e a b s e n c e of d i s s ipa-
t i o n , t h e equat ion should have t w o or more quadrat ic or higher order 
c o n v e r s e d q u a n t i t i e s c a l l e d invar iants . On t h e inclus ion of d i s s ipat ion , 
t h e invar iants d e c a y d i f f e r e n t i a l l y . The nature of t h e nonl inear i n t e r a c t i o n 
b e t w e e n t h e fluid e l e m e n t s is such that t h e s low d e c a y i n g invariant ( sayB) 
c a s c a d e s towards large spat ia l s c a l e and t h e fas t d e c a y i n g invariant (say A) 
c a s c a d e s towards smal l spat ia l s c a l e s . The intial random f ie ld of v e l o c i t i e s 
and m a g n e t i c f i e l d s , c a n then be descr ibed through a variat ional principle 
in which t h e invariant A is m i n i m i z e d keep ing the invariant B c o n s t a n t 

i , e - 8 A - X 8 B = O 
w h e r e £ A , £ B are smal l var iat ions and A is the Lagrange mult ip l ier H a s e g a w a 
(1985) . Kraichnan (1967) found that in two-d imens iona l hydrodynamic 
t u r b u l e n c e , t h e energy invariant c a s c a d e s towards large spat ia l s c a l e s 
and t h e enstrophy invariant towards smal l spat ia l s c a l e s w h e r e it su f fers 
heavy d i s s ipat ion . It is th is property of s e l e c t i v e d e c a y that f a c i l i t a t e s 
t h e format ion of large s t r u c t u r e s . But can o n e use the resu l t s of 2 - D 
t u r b u l e n c e theory t o expla in phenomena on a real a t m o s p h e r e which is 
a 3 -D s y s t e m ? What o n e n e e d s is t h e p r o c e s s of inverse c a s c a d e t o occur 
in a 3 -D s y s t e m and Lev ich and Coworkers (Levich and T z v e t k o v 1985) 
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have shown such a poss ib i l i ty . We wil l use t h e ideas d e v e l o p e d in th is 
work t o c o n s t r u c t a mode l of solar granulat ion in i t s e n t i r e t y from granules 
t o g iant c e l l s . 

One can a l so study the d y n a m i c s of a turbulent m a g n e t o a c t i v e med ium 
cons i s t ing of smal l s c a l e s trongly m a g n e t i z e d e l e m e n t s e m b e d d e d in a 
large spat ia l s c a l e weakly m a g n e t i z e d a m b i e n t m e d i u m . It can be shown 
that a s t imula t ing d is turbance of the a m b i e n t m a g n e t i c f ie ld e n h a n c e s 
the nonlinear in terac t ion b e t w e e n the smal l e l e m e n t s and t h e c o m p l e t e 
s y s t e m is descr ibable by a Schrodinger t y p e equat ion that g i v e s a full 
spec trum of d i s c r e t e s t ruc tures depending on t h e ava i lab le f r e e e n e r g y . 
This approach will be used t o search sources of solar f l are s . 

Modeling Solar Granulation 
e 

The ce l lu lar v e l o c i t y pa t t erns observed on the solar sur face a re beloved 
t o be m a n i f e s t a t i o n s of c o n v e c t i v e phenomenon occur ing in t h e s u b - p h o t o -
spheric l ayers . (Ant ia e t al (1984) Bogart e t al (1980) Brandt e t al (1988) 
Schwarzsch i ld (1975) and Simon and Le ighton (1964) . H e r e , w e e x p l o r e 
if t h e e x c i t a t i o n of random smal l s c a l e m o t i o n s can lead to large organ ized 
s t r u c t u r e s which are observed in the form of granules , m e s o g r a n u l e s , 
supergranules and g iant c e l l s . In this p ic ture , large he l i c i ty f luc tua t ions 
present in a turbulent medium play an e s sen t ia l role in the inverse c a s c a d i n g 
p r o c e s s . The he l i c i ty dens i ty "2f , ^ a measure of the k n o t t e d n e s s of t h e 
vor t i c i ty f ie ld is def ined as - y-lyxfiJ . It is found that the quant i ty I 
def ined asjT - J<irCx-) ^ x y ^ J ) ^ is a l so an invariant 
of an ideal 3 -D hydrodynamic s y s t e m in addit ion t o the t o t a l e n e r g y . 
Assuming a quasinormal distr ibut ion of h e l i c i t i e s , the invariant I can be 
e x p r e s s e d as : 

w h e r e C is a cons tant and E = / E ( k ) dk is the to ta l energy d e n s i t y . Using 
Ko lmogorov ic a r g u m e n t s one finds inertial range for energy invariant 
t o be: - 2 / 

and for T invariant to be: l_ £l) 

EC*)* ^ (3) 

w h e r e L(t) is the largest length s c a l e e x c i t e d at t i m e t Lev ich and T z v e t k o v 
(1985) . In analogy to the 2 - D c a s e (Hasegawa 1985) one e x p e c t s that 
in 3 -D the invarant T would c a s c a d e towards large spat ia l s c a l e s and 
the energy towards smal l spat ia l s c a l e s . The cascad ing of T t o w a r d s 
large spat ia l s c a l e s e s sen t ia l l y e n h a n c e s t h e corre la t ion length of h e l i c i t y 
f luc tua t ions , wi thout much i n c r e a s e in energy a s s o c i a t e d wi th i t , eq . (3 ) . 
We propose that th is r e g i m e of turbulence favours the format ion of solar 
granulat ion at t h e s m a l l e s t s c a l e s . One can ask if there is an upper l imi t 
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t o the s i z e of granules , the lower l imit of course is d e t e r m i n e d by d i s s ipat ion . 
We reca l l that al l a t m o s p h e r e s are r e s t r i c t e d in t h e v e r t i c a l d i rec t ion 
due t o g r a v i t y . The larges t d imens ion of fully 3 -D s t r u c t u r e s is given 
by t h e rat io I/E = L = L~ where is t h e c h a r a c t e r i s t i c v e r t i c a l s c a l e . 
We ident i fy th is s c a l e wi th t h e s i z e of the region wi th superadiabat ic 
t e m p e r a t u r e gradient , s ince this is t h e region that provides energy in 
t h e ver t i ca l v e l o c i t y f ie ld which then dr ives the hor izonta l f l ow . This 
l imi t (Ne l son and Musman 1978) of 1000 km puts t h e 3 -D granules right a t 

the top of the c o n v e c t i o n zone. When the corre la t ion length of h e l c i t y 
f l u c t u a t i o n s r e a c h e s the l imit L^ , it can only grow in the hor izonta l p lane . 
Another c o n s e q u e n c e of t h e growth of corre la t ion l ength is that the v e l o c i t y 
and vor t i c i ty g e t a l igned which reduces t h e nonlinear t e r m C*?* vv V -

^ VX$xtyoi the N a v i e r - S t o k e s equat ion and thus re tards t h e f low of energy 
t o smal l spat ia l s c a l e s . With the g r o w t h of corre la t ion l ength only in 
the hor izonta l p lane , t h e s y s t e m b e c o m e s more and more an i so trop ic . 
Under t h e s e c i r c u m s t a n c e s , the v e r t i c a l c o m p o n e n t of v e l o c i t y b e c o m e s 
independent of (x ,y ,z ) and t h e hor izonta l c o m p o n e n t s V and V independent 
of Z, leading t o W = (VXV) x,y = 0. The invariant I b ^ c o m e s ^ 

and from I = JUmMk, one finds IC/<J A " ^ (5) 

Here L is the largest l ength s c a l e in the horizontal p lane . Thus I(k) spec trum 
c o i n c i d e s w i th the energy spec trum of 2 - D turbulence £CK)O<k'^/Correspon-
ding t o the inverse c a s c a d e . One e x p e c t s that an increas ing f rac t ion 
of energy is transferred t o large spat ia l s c a l e s as t h e anisotropy in the 
s y s t e m i n c r e a s e s . We propose this part of the turbulence s p e c t r u m to 
be c o n d u c i v e to the format ion of supergranules which appear predominant ly 
on large hor izonta l s c a l e s wi th energy spec trum g iven by eq. (^) . The 
i n t e r m e d i a t e region where a 3 -D s y s t e m is deve lop ing a n i s o t r o p y , the 
energy spec trum being g iven by eq.(3) can be ident i f i ed wi th mesogranula t ion 
or t h e gap b e t w e e n granulat ion and supergranulat ion . One can aga in ask 
if t h e r e is a l imit t o the s i z e of supergranules . The growth of large s t r u c -
t u r e s in a highly an i so trop ic turbulence can again be interrupted as a 
resul t of s y m m e t r y breaking caused by t h e Coriol i s f o r c e . The length 
scale L where the nonlinear t erm of N a v i e r - S t o k e s equat ion b e c o m e s 
comparaSle t o the cor io l i s f o r c e , can be d e t e r m i n e d from 

w h e r e &~ is the angular v e l o c i t y . Given suf f i c i ent energy , s t ruc tures 
of s i z e L must form. At t h e s e large spat ia l s c a l e s , the s y s t e m s i m u l a t e s 
2 - D behaviour and enstrophy c o n s e r v a t i o n begins t o play i t s ro l e . One 
may cons ider s c a l e s L ^ L c a s a source of vor t i c i ty inject ion into t h e 
s y s t e m . The enstrophy then c a s c a d e s towards smal l s c a l e s wi th a power 
law s p e c t r u m g iven by 
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ECkJe< J<~3 a>^ £cK /-Z (7) 

Thus t h e r e is a break in t h ^ # |nergy spec trum a s energy ^nust c a s c a d e 
t o larger spat ia l s c a l e s a s L and t o smal l s c a l e s a s L • Therefore 
the e n e r g y must a c c u m u l a t e a t L ^ L and eventua l ly pass on t o t h e highest 
poss ib le s c a l e s of t h e genera l c i rcu la t ion of the a t m o s p h e r e . It is t e m p t i n g 
t o ident i fy th i s reg ion of turbulence wi th t h e e x c i t a t i o n of g iant c e l l s . 
This perhaps is t h e c o m p l e t e s tory of the energy s p e c t r u m , Figure (1) 
in t h e turbulent medium of the solar a t m o s p h e r e . 

Energetics 

According to the p ic ture (Lev ich and T z v e t k o v 1985) p r e s e n t e d h e r e , 
the e n e r g y in the larger s t ruc tures has been inverse c a s c a d e d from the 
smal ler s t r u c t u r e s , if so , then t h e energy dens i ty per unit gram E(L) in 
t h e large s c a l e L shoulcLynot e x c e e d that in t h e smal l s c a l e (1) . From 
the energy spec trum l iVL , it fo l lows that 

ECL) < ^ o U ) ) ^ l_2/3 ~ * . a ) (8) 

w h e r e 2 is t h e t i m e for which energy in jec t ion must o c c u r . If w e t a k e 
£*to be t h e l i f e t i m e of t£e larger s t ruc ture then for £"~20 hrs for supergra-
nules and £0C£) — (0.5) km / S e c for energy d e n s i t y / g m in the granules , 
o n e g e t s L ̂  ^ 5 0 ^ 36000 Km which is t h e typ ica l s i z e of a supergranule . 
The jSize of a g iant c e l l c a n be d e t e r m i n e d from eq.(6) for -&--{a/i/2r) 
day" and assuming V -~ 0 .3 K m / S e c for supergranular v e l o c i t y ( s ince t h e y 
provide t h e st irring f o r c e for turbulenc^ that o r g a n i z e s i t s e l f into g iant 
ce l l s ) o n e g e t s L = L~c ^ 1.17 x 10 Km. Again t h e e n e r g y c o n t e n t 
of g iant c e l l s should n o r e x c e e d that of supergranules . Using e q u a t i o n 
(7) for t h e energy spec trum in th is reg ion , one g e t s : 

e a c < ( t C z) 2 / 3 L \ c 6 t (lsc) ( 9 ) 

w h e r e (jzLi-sc)IiS t n e enstrophy inject ion r a t e . For L G ( ^ 10^ K m , -
£ = ^0 d a p = l i f e t i m e of g iant c e l l , ~ 30 ,000 Km, ancf — (0.3) 

Km / S e c . One finds that eqJ 9 ) can De barely s a t i s f i e d . F u r t h e r m o r e , 
in t h e p r e s e n c e of cor io l i s f o r c e , t h e pressure ba lance cond i t ion b e c o m e s : 

J L J $p/^ Vz/U +ti - * d o ) 

^ ' j ~** i 2 
in c o n t r a s t t o the c a s e wi th no cor io l i s f o r c e where j p / ^ 7 / - V / L - . Thus 
o n e c o n c l u d e s that larger energy dens i ty is required to mainta in s t r u c t u r e s 
at s c a l e L p . This may be the reason for their rare observab i l i ty . The 
a p p e a r a n c e of s t r u c t u r e s a t Lc must be a c c o m p a n i e d by a corresponding 
i n c r e a s e in the c o n v e c t i v e flux and t h e r e f o r e probably of to ta l solar f lux . 
Total solar luminos i ty c h a n g e s of 1% have b e e n o b s e r v e d . If w e a t t r i b u t e 
al l of th is 1% to i n c r e a s e in t h e c o n v e c t i v e f lux, equat ion (10) c a n be 
sa t i s f i ed and s t ruc tures of s i z e Lc can be e x c i t e d . The d i f f erent ia l ro ta t ion 
of t h e sun favours t h e format ion of larger s t r u c t u r e s a t t h e polar reg ions 
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in c o m p a r i s o n t o t h e equator ia l reg ions . This is further subs tant ia ted 
by t h e f a c t that t h e dominant ly o p e n m a g n e t i c f i e lds in polar reg ions 
do not inhibit f low of c o n v e c t i v e f lux. Thus o n e may look for probable 
c o r r e l a t i o n b e t w e e n polar phenomena and solar luminos i ty e n h a n c e m e n t s 
w i t h t h e a p p e a r a n c e of g iant c e l l s . A very s t e e p s p e c t r u m eq.(7) prac t i ca l ly 
forbids further organ iza t ion of turbulence into s t r u c t u r e s larger than Lc . 
The s i m u l t a n e o u s organ iza t ion of the v e l o c i t y and m a g n e t i c f ie ld is d i scussed 
e l s e w h e r e in t h e s e p r o c e e d i n g s . 

Energy injection in solar active regions 

The observat ions show that m a g n e t i c f ie ld var iat ions in the f larine a c t i v e 
reg ions e i ther are of the s a m e order a s wi thout f lares , or have a revers ib le 
c h a r a c t e r . Therefore the currents a s s o c i a t e d wi th the evo lut ionary c h a n g e s 
in the a c t i v e reg ions though play an a c t i v e role ( l ike a c c e l e r a t i n g the 
par t i c l e s ) in t h e f lare p r o c e s s are not t h e primary s o u r c e s of f lare e n e r g y . 
It is proposed here that t h e current c h a n g e s that* are induced by t h e e x t e r n a l 
s t irr ing provided by the a c t i v e region subphotospheric z o n e in t h e form 
of non- l inear impulses , a r e respons ible for the f laring of the p l a s m a . 

The solar c o n v e c t i o n z o n e can be regarded a s a k i n e t i c a c t i v e medium 
where, turbulent dynamo^ g e n e r a t e s mos t probably, smal l s c a l e ( cross s e c t i o n 

lQj c m ; l ength 10 c m ) m a g n e t o p l a s m a e l e m e n t s w i th a l i f e t i m e of 
10 s e c a m a g n e t i c f ie ld s t rength of 2 - 3 KG (Parker 1979). If t h e e n e r g y 

supply is su f f i c i en t , t h e c o n c e n t r a t i o n of t h e s e m a g n e t i c e l e m e n t s r e a c h e s 
a threshold (and then e x c e e d s ) va lue at which pairwise non- l inear i n t e r a c t i o n s 
b e c o m e e f f e c t i v e . This is b e c a u s e e a c h m a g n e t i c e l e m e n t absorbs energy 
from t h e surrounding turbulent medium of t h e c o n v e c t i o n z o n e and e m i t s 
sound w a v e s in t h e nearby z o n e , which primari ly resu l t s in a c l o s e coupl ing 
b e t w e e n m a g n e t i c e l e m e n t s . Such a p r o c e s s of non- l inear w a v e i n t e r a c t i o n 
r e p e a t e d more than o n c e in e l e m e n t pairs and o ther c o m b i n a t i o n s l eads 
t o t h e format ion of large s c a l e s t r u c t u r e s such as pores , sunspots , a r c h e s , 
e t c . This is an equ iva lent descr ip t ion of the inverse c a s c a d e of energy 
w h e r e it t ends t o a c c u m u l a t e a t t h e larges t s c a l e s . A d i spers ive d i s turbance 
propagat ing in such a non- l inear medium can d e v e l o p into a so l i ton which 
re ta ins i t s c h a r a c t e r i s t i c s over long d i s t a n c e s of propagat ion . We propose 
that th is is the form in which f lare energy is transported from subphoto -
spher ic layers to the f laring r e g i o n , Mogilevskij (1984) . 

The c o m m o n o c c u r r e n c e of he l i ca l s t ruc tures in a f lare a c t i v e reg ion 
is e v i d e n c e of the p r e s e n c e of he l i c i ty in t h e m a g n e t i c and v e l o c i t y f ie lds 
a t t h e photospher ic and subphotospheric layers . As d i scussed in S e c . 
Ill, t h e format ion of large s t ruc tures is favoured in a medium possess ing 
large c o r r e l a t e d he l i c i ty f l u c t u a t i o n s . The he l i c i ty dens i ty h of m a g n e t i c 
f ie ld B is de f ined as ^ff.§ %0{$x8) w h e r e A is 

t h e v e c t o r po tent ia l such that v * / f • The inverse c a s c a d e of energy 
t o large s c a l e s fo l lows the increase in t h e corre la t ion l ength of the he l i c i ty 
f l u c t u a t i o n s , which happens in a G r o m e k o - B e l t r a m y f low g iven by 
V x / - < * l 7 • Analogous t o this s i tuat ion , t h e m a g n e t i c f ie ld is a l so e x p e c t e d 
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t o a t t a i n th is form s i n c e t h e increase of m a g n e t i c h e l i c i t y l eads t o t h e 
a l ignment^ of t h e m a g n e t i c f ie ld b . a n d t h e v e c t o r p o t e n t i a l "X such 
t h a t V * / J = <X/? and yxB - where ex is a c o n s t a n t . If w e 
t a k e t h e mode l of c o n v e c t i o n z o n e s u g g e s t e d by Spruit (1978) , then for 
subphotospher ic layers -[£jci*.j/£jti^ V^f In th is c a s e , t h e k i n e m a t i c s of 
m a g n e t o p l a s m a in t h e a c t i v e reg ion w i n be c o m b i n e d wi th G r o m e k o - B e l t r a m y 
m o t i o n i . e . ^ x i ? - j ~V*<P&0 > P< l/s where V g is t h e sound 
s p e e d . Under t h e s e c i r c u m s t a n c e s t h e m a g n e t i c and v e l o c i t y f i e lds a r e 
transported such that ^ 

and VX C V'V)B - * L y (11) 

The termC^'VJy^ d e s c r i b e s v e l o c i t y transport a t t h e m a g n e t i c f ie ld gradient • 
and t h e t e r m C l/» J o d e s c r i b e s m a g n e t i c f ie ld transport a t t h e v e l o c i t y 
grad ient . Then operator rotor over t h e s e c o n v e c t i o n t e r m s wi l l de f ine 
the c u r r e n t s and E q s . ( l l ) wi l l represent t h e f o r c e f r e e c h a r a c t e r of t h e s e 
c u r r e n t s . This is t h e e n e r g y s t a t e to which an a c t i v e region wil l e v o l v e 
under t h e a b s e n c e of e x t e r n a l d i s turbances . V̂ 'e shall cons ider t h e problem 
of a large w a v e l e n g t h d i s turbance ( A - > ^ 1 0 c m ) propagat ing v e r t i c a l l y 
a c r o s s t h e m a g n e t i c f ie ld near the neutral l ine (at B = 0) a t t h e photospher i c 
l e v e l . The origin of th i s d i s turbance could be graced t o t h e r e s t r i c t e d 
z o n e s of enhanced e n e r g y r e l e a s e ( e . g . due t o He abundance) a t t h e c o r e 
c o n v e c t i o n z o n e boundary. This energy could be transported t o w a r d s 
t h e photosphere e f f i c i e n t l y in t h e form of long non- l inear w a v e s in a 
med ium of d e c r e a s i n g pressure and dens i ty . These upward propagat ing 
w a v e s in a d i spers ive medium l ike t h e c o n v e c t i o n z o n e may d e v e l o p in to 
s o l i t o n s . The non- l inear E q s . ( l l ) in a d i spers ive medium can be shown 
t o a t t a i n the form 

w h e r e U represent s t h e v e l o c i t y or m a g n e t i c f ie ld d i s turbance . If propagat ion 
t a k e s p l a c e in a non- l inear med ium wi th a dispersion(a}/t)y-i:J =A</£//where 
& ^ OoC^ is t h e dispersion l e n g t h , t h e int ial d i s turbance <j= ^ ^ ^ ' ^ " ^ 

is t rans formed in a c c o r d a n c e w i t h Eq.(12) into an MHD sol i ton of t h e 
t y p e o i ; / 

' (13) 

For such a d i s turbance , the energy c o n s e r v a t i o n law may be w r i t t e n a s 

Av/A ^ C&vStav't , X JL < S 

w h e r e N ~ is t h e energy in a unit w a v e l e n g t h of the d i s turbance A . 
The t o t a l energy tha t r e a c h e s t h e photosphere in o n e MHD-so l i ton p r o p a g a -
t ing a t speed y > , t h e Al fven speed can be e s t i m a t e d as 
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w h e r e er/w- is t h e a v e r a g e m a g n e t i c energy dens i ty in t h e so l i ton , 
t is t h e J i f e t i m e of t h e so l i ton at t h e photospher ic l e v e l . If w e a s s u m e 

b *s k x 10 Gauss , 6 x 10 c m / s e c , / = 7 x 10 c m and t = 6 x l O 
s e c , then E ~ s 10 ^ e r g s . Thus e i ther a s e r i e s of s u c c e s s i v e so l i tons 
or a dis tr ibut ion of so l i tons in the v ic in i ty of the neutral l ine may a c c o u n t 
for the t o t a l energy of a large f l are . In f a c t it can be shown tha t a 
s ingle large so l i ton can be formed from the many in terac t ing so l i tons 
through s e l f - o r g a n i z a t i o n p r o c e s s e s , H a s e g a w a (1985) . D i s s ipat ion les s 
KDV equat ion has an inf in i te number of c o n s e r v e d quant i t i e s ; i t s so lut ion 
p e r m i t s n so l i tons and d ispers ive w a v e for arbitrary ini t ia l c o n d i t i o n s . 
In t h e p r e s e n c e of d i ss ipat ion , the d i f f erent ia l d iss ipat ion of the c o n s e r v e d 
q u a n t i t i e s l eads t o an inverse c a s c a d e in the w a v e number s p e c t r u m 
and t h e so l i ton gas is e x p e c t e d t o c o n d e n s e into o n e big so l i ton , H a s e g a w a 
e t a l . (1981) . S ince t h e c o n s e r v e d quant i t i e s of KDV equat ions are of 
order higher than quandrat ic , the organ ized s t a t e obta ined from var iat ional 
principle is non- l inear l o c a l i z e d s t a t e . 

Conclusion 

F o r m a t i o n of large c o h e r e n t s t ruc tures in an o t h e r w i s e turbulent medium 
o c c u r s if it is in j ec t ed wi th enough e n e r g y . A N a v i e r - S t o k e s s y s t e m 
has been i n v e s t i g a t e d t o exp lore the poss ibi l i ty of organiz ing energy 
a s s o c i a t e d wi th solar granules into supergranules and giant c e l l s . The 
s u g g e s t e d corre la t ion b e t w e e n the solar luminos i ty i n c r e a s e s and t h e 
a p p e a r a n c e of the g iant c e l l s should be looked for . In addi t ion , w i th 
t h e ava i lab i l i ty of e x t r e m e l y high reso lut ion observa t ions of t h e p h o t o -
spheric v e l o c i t y f i e lds (Brandt e t a l . 1988) it should be poss ib le to e s t i m a t e 
t h e quant i ty T a t various he ights on the photosphere . The genera l 
overa l l spec trum e x c e p t a t the breaks is the w e l l - k n o w n Kolmogorov 
law K-***-

In the second e x a m p l e trying t o understand t h e nature of t h e init ia l 
source of f lare energy , i t is found that a m a g n e t o a c t i v e medium possess ing 

h e l i c i t y wil l submit i t se l f to the format ion of so l i tons which t h e m s e l v e s 
could be organized s t a t e of a non- l inear medium descr ibable by KDV 
e q u a t i o n . A gas c o m p o s e d of many so l i tons can g e t further organ ized 
into one big so l i ton which would carry energy enough for a big f lare . 
Observat iona l ly , this phenomenon could be ident i f i ed w i th m a g n e t i c 
t r a n s i e n t s , mul t ip le f lares and mul t ip le e l e c t r o n b e a m s a c c e l e r a t e d during 
t h e co l l i s ion of this so l i ton wi th the p r e - e x i s t i n g current carrying p la sma . 
In f a c t , o n e could equal ly we l l g i v e a 'sol i ton in terpre ta t ion ' for t h e 
supergranular and t h e g iant c e l l s . We hope to a c c o m p l i s h th i s in the 
near fu ture . 
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Fig. 1. Turbulent energy spectrum. L z = s c a l e o f t h e first break due 

to anisotropy, L c = scale of the second break due to the Coriolis 

force, G - granule, M G - mesogranule, SG = supergranule and 

G C = giant cell. 
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D I S C U S S I O N 

CHTTRE: I am just curious to know how the energy content in granulation compares with 
that in super-granulation in your inverse-cascade picture. 

KRISHAN: Since the energy in the larger structures has been inverse-cascaded from 
smaller structures, the energy density per unit gram E(L) in the large scale (L) should not 
exceed that in the small scale (4 ). This consideration determines the sizes of super-granules 
and giant cells if the energy injection at small scales takes place at least as long as the lifetime 
of the larger structure. 

WEISS: Recent high-resolution observations at La Palma and the Pic du Midi suggest that 
granules emerge at die centres of meso-granules and move outwards. Some large granules 
explode, generating rapid outward motion and it is not clear how much of the meso-granular 
flow is produced by these exploding granules. Is this mechanistic description compatible 
with your statistical model? 

KRISHAN: In my statistical model, meso- and super-granules originate from a 
reorganization of the energy contained in granules. In this sense, it may be compatible with 
the observations that link meso- and super-granules with the agglomeration and explosion of 
granules. More can be said only after the dynamics of these structures has built up. 
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