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Abstract

The origin of solar magnetic {leld and the flux tube nature of this field on the amall-
est ohserved scales ate Lwo koy problems In selar magnetohydrodynamics. Despite the
success af kinemallecal models based on the turbulent dynamo theory, continuation of

thinking on aslternative épproachas la Justified and may be sven necessary.

One such approach la based on consideration of nargy_trénsl’er in magnetogasdynami-
cal production of new magnetle flelds near the base of the gsolar canvection zone. It
turns put that the fleld produced by a substantial transfer aof eﬁarg;/ ftom the flows will
esgentially be in the form of stropg thin flux sheaths that may break into 'cluster of
flux tubes' silmHar to those ohserved on the sun. -Quantitative simltarity requires nonlinear
MHD Interagtlons al’_lrlowa with amplitudea -4[]4 cm sh1 on timescales ~1IJ3s. Such Interact-
fons may be provided by azimulhal magnetoacoustle waves at the lnngitt;das whare they
cross one another, The requlred wé\fﬂ amplitudes can bé provided by a small iractlon
of Lhe outward onergy flux which must be blocked ﬁaar the base of the convection zona.
The resulting phenumannl'g(;l'cal madel ‘of the magnetic rpycle provides for (1) two varleties
of sctivity with disteibutions and phasas simitar to the XBF and sunspot cyels, (Ii) polaward
migrations of large scaele [lelds, (1t} long lived coronal hole !!Ic.e magnetie structures during
dagline of the sunspot cycte and {lv) relatlions between the de.cllna of sach cycle and the
amplitude of the succouding 'cycle. The basle postulute of this modol ramaln-a to ho estab-
ilahed from solutions af MHD equetions. However li established, It will provide pramising

attarnative to Lhe turbulent dynamo modol.

I. Introduction

Solar magnetohydrodynamics can’ be said

to have begun with the discoveries of strong dynamo and solar activity cycle. and

magnetic fields and Cvérshed flows in sunspots.

The present scope of the solar NHD . covers photosphere and chromosphére,.  The bouhdary
problems  concerning the following - conditions used. in modelling of the first

phenomena (e.g. Priest 1982); (i) sunspots,  five phenomena are often based on an ad-hoc
quiescent prominences, (111) transient choice. of photosphere (or some other surface

like flares, active prominences and “like the - Alfvénic surface) ~ as. one -of_“the

coronal transients, (iv). coronal heating  boundaries..  Secondly the often observed

and coronal structures, (v)_-solar wind and
interplanetary ~magnetic field, .(vi}  solar

the small scale maghetic flux tubes in -the
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inhomogeneities and discontinuities in direce
" tions transverse to the field are fignored
in most of the models of these phenomena.
The progress in the modelling of these phenome-
“na will depend ultimately on the boundary
conditions at the "innermost boundaries"

of the magnetic structures (i.e. the depths

-at which the field lines originate) and also

upon the physical conditions and' processes
n - the individual flux tubes constituting

the magnetic structures. S
Thus, the solar dynamo : problem and

‘the problem -of thin magnetic flux tubes can
be considered  as
solar magnetohydrodynamics.

In this review, I shall briefly discuss
the various approaches to the solar dynamo

problem and present a somewhat detailed discu-

ssion of a new phenomenological approach :
which will bring- out a likely connection
between. dynamo prqblem and " the problem “of -

thin flux tubes.

2. Behaviour of the Solar Magnetic Fiejd on
Different Length Scales and Time Scales

Because of its key role in almost the'
whole of the solar MHD,. a model of the so]ar‘

dynamo: should be ultimately consistent with
the behaviour of solar magnetic
~ observed ' (or observationally
different length
"1 have '
properties of the solar magnetic field as
known from different  observations which are
relevant . to the present discussion. The

Anferred) on
scales and - time “scales.

purpose - of presénting this list - is. not to
- suggest any attempt to “explain all- these
phencmena with a. single theory, It -is only

to Tiiustrqte how vast. is the - amount of'obserL i

_vational information that‘Va “solar  dynamo
theory will have ultimately todeal ‘with.

_ _ . a fossil field,
two key problems in the

field as

listed in Appendix 1 as many observed -

‘ Semifpﬁenbmenqlogicalf

3. Solar Dynamo Problem as the Solar
Cycle Dynamo Problem

fié1ds would not have
posed any dynamo problem if ~the observed
large-scale field could be understood as
a manifestation of the remnant of a 'primordial
fle]d' which must have been trapped in the
‘ dur1ng _1ts format1on Theoreticai]y,
the‘ presence’ of such a foss1l field - cannot
be ruled out even though the sun must have
gone . through -4 fu]]y ‘state in

the past (P1dd1ngton, 1982) However, such
it present seems to pe loo_

weak to be detected in the no1se of the strong.
fields associated with the solar cycle = who
-5e surfa;e average near po]ar region does
11y or so. Thus, the solar
dynamo problem 1is essentially that of the
dynamo which provides the fields that manifest
as the solar cyc]e.' |

Salar  magnetic

convective

reverse every

4. Differeht Approaches to Theoretical -
Mode T}ing of the Phenomenon

A” theoret1ﬁa1 mode 1 of any phenomenon

'must u1t1mate1y satisfy the foTlowing primary
- and aux111ary cr1ter1a.‘ '

Cl’ Cons1stency with the bas1c laws of physics

o (pr1mary) o : _
sz Consistency with the relevant well estab-
' lished observations (primary), and

"€+ Consistency with wel) estab11shed theories

3
of other related phenomena_ (auxiliary).
Depending upon - the initial emphasis
. on C1 or C2 ythree kinds of alternative appro-

_ aches are possible,.
" Physical:

(Initial emphasis on "Cy) - Zero
order model. is  constructed -by selving
-as .many " equations _representing re levant
Jaws of physics as possible. -

“(Mixed initial emphas-.

4s) - - Zero order model is constructed
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by solving some simpler sub-set of basic
equations and replacing other equations by
plausibie postultates which provide consistency
with some important observations.

Phenomeno logicat: (Initial emphasis on C2)
- Zero order model is itself a minimal
set of plausible and mutually consistent
'postu1ates‘having'"provisions for consis-
tency" with as many observations as
possible,

5. Successes and Failures of Existing Solar
Dynamo Models Based on Such Approaches

The following solar cycle dynamo models
have  so far been attempted from thg above
approaches:

Phenomeno logicals
. Babcock's
{1971) model.

model (1961}, Pidd1ngton'é

Semi-phenomeno logical:

i) Oscillator models: {e.g, lLayzer et

al. 1979). In these, the equations

“of continuity, momentum, magnetic

. non-divergence are solved whereas
the energy equation {is fignored.

ii) Turbulent dynamo models: {e.g. Parker,
- 1963;. Stix, 1976; Yoshimura, 1979;
‘Krause and Radlier, 1980). In these

only the equations of magnetic induc-

~tion and non-divergence are solved
whereas equations for continuity,
momentum and energy are replaced

by assumptions about the .convective

flows and turbulence,

Physicals .

{Gi Iman and Miller, 1981).
MAD equations are solved, except that effects
of turbulence are parametrized.

" pertinent

Al] essentia1_

Naturally, the physical models have
the Jleast a-priori ‘provisien for consistency'
with the observed behaviour of the solar
magnetic field and plasma motions on different
scales. However, the importance of these
models 1lies in showing how difficul 1t is
to satisfy both the criteria, Cl and CZ’

and how far away the present'mode]1ing atempts
are from the ultimate goal of a satisfactory
model. The relaxation of criterion Cy {ignor~
ing the energy equation) in oscillator models
has not ytelded commensurate success in satis-
fying the ;riterion C, (cf. Cowling, 1981).
The turbulent dynamo models, which further
ignore the momentum equation also, are relati-
vely much more  syccessful, Unfortunately,
the turbulent dynamo models are open to several
doubts and difficulties (e.g. Piddington,
19813 Cowling, 1981) which are summarized
in Appendix II.

In the solar dynamo problem, the pheno-
menological appreoach s most suitable since
the abundance of observational information
might be used to identify and isolate most
physical questions for further
Tnvestigation. Thus, Babcock's model did
provide for qualitative agreement with most
of the then known  behaviour of the solar
magnetic fields on length scales 5 R and

)
timescales ~1ly (e.g. the polarity ang orient-

ation laws of bipolar regions, migrations
of fields and butterfly diagrams). One great
drawback of the model, however, was that

the evolution of three dimensional topo Togy
of its magnetic flelds - as required to account

_for the reversal of the:giobal poloidal fiald

was extremely unsatisfactory, In the framework

of -its own phenomenology, the magnetic huoyancy
- invoked - ‘
‘to. the surface would wmore probably remove
411 the magnetic flux from the sun (e.g.

to - bring the toroidal flux ropes

Piddington, 1972),
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6. An Alternative Phenomena logical
Approach

An alternative phenamennlngical approach
which I have developed since last several
years (fGokhale, 1977, 1979a,b) is intanded
to retain the advantages of Babcock's model
and to eliminate the difficult situation
‘that the magnetic buoyancy might eventually
remove all the magnetic flux from the sun.
This difficulty will be
MHD process keeps new magnetic
fiux in the 511 y, at
an average rvate needed to balance the loss
due to magnet1c buoyancy.

remedied if some
producing
sun on timescales -

6.1. The Timescale of the Most Efficienct
MiD Generation of New Magnetic Flux

Magnetohydrodynamical generation of
a new magnetic flux implies transfer of energy
from ‘the plasma flow to the electromagnetic
field at a rate exceeding the ohmic dissipation.

"for a flow of velocity U transverse
to a magnet1c field of 1ntensity B the time-
_ scale T of such an energy transfer must satisfy

) A 1 2 o] ) 18]

1Iel

w1t 2 e el

where
magnitudes of the bracketed -quantities, o
is the electrical conductivity and p = the
density at the  place ‘of
s assumed here that there
electric field, jsd'
-~cuB l
itransfer would

is no external

that . the mean
The most efficient energy
1mp]y conversion of a substan
dn of ‘the flow energy and hence
‘eﬁppndlng ‘t1mescale“ ‘will. be given

:dens1ty 15

square brackets dehote the orders of

1htéraction.‘ It

current

'y__ £ 104 cm S‘;'

o1 (8] (17t & [0] LW (88
1 IEI

(1 = fo1™t 18172 [o] (1)

6.2. Generation of Magnetic Flux Sheaths
and the Resulting Clusters of Strong,
Thin Flux Tubes

near the . base of the
= 3 G and
imp 1ies:

For conditions
convection zone (o = 105 emu,
p o~ 1071 gm cm"a), equation (1)

T o= 103 3

5

For velocities u ~10% - 10° em g~ (comparab le

to the velocity of so0lar rotation), the mean
field intensity Bx in the resulting electromag-
netic structure will be = 104 - 1056 and
the thickness of the structure will be as
sma1l as = 107-108 cm. The other two dimensions
of the structure will be comparable to the
corresponding dimensions of the flow, which
will be generally »>8& . Hence, the newly
generated. structures will consist
of electric current sheaths and associated
magnetic flux sheaths. If the dimensions

H, L to both u and B, fs ~ 1010 cm (density
scale height near the base of the convection
zone), then the -total flux in each magnetic
f]ux sheath will be '

o =B, Hem 1021 1023 my

Each such magnetic flux sheath may be expected
to"crump1e' sooner or later, into a 'cluster
of flux tubes'. The. amount of magnetic flux
¢ in an individual Flux tube will bel :

¢ =8, 6%~ 10 1021 Mx

It s -quite, interesting to note that . for

the c]uster w111 have a tota]
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magnetic flux & =102} Mx, which is comparable
to the flux in a typical sunspot group, and
each flux tube in the cluster will have a
flux- ¢ = 1018 Mx which 1s comparable to the
flux in most of the individual flux
observed on the photosphere.

tubes

6.3.
velocities ~10% cm s~

What kind of MHD flows can attain
1 near the base of

of the convection zone?

~ From energy flux
velocities ~104 om s”

for convective

considerations alone,
cannot be ruled out
flows near the base of the
convection zone. However, the corresponding
mass flux wiil imply too high velocities
( ~ 107 cm s'l) near the surface, which are
. never observed, Hence, convective

may not have velocities ~10% en s near
the base of the convection zone, unless their
mass circulation is somehow closed much below
the observable layers, which is rather unlikely.

f Tows

Let ‘us, therefore, consider oscillatory

flows like those associated with
waves, Out of the three types of waves
with U L B , the slow and Alfvén modes are
too slow to yleld energy transfer on. time-
scales »-'103 §, .0On the other hand, the fast
(1.e. magnetoacoustic modes with wavekngth
~Ry do have timescales ~10° s.  Among

such modes the radially propagating modes

cannot have amp litude ~10% om 57t near the
base of the convection zone, since. the
corresponding radial energy flux would be
"four orders of magnitudes larger
than the total epergy flux at the surface.
Since the background. field is peloidal, the
only remaining kind of magnetoacoustic

mode U . B, are the azimuthal ones, and there -

seems no reason why .these cannot attain
amp11tudes,~104 cm 71, '

6.4. Mechanism for Energizing the Magneto -
acoustic Modes Near the Base of the
Convection Zone

Near the base of the convection zone,
there will be a layer of finite thickness
where the temperature gradientlis superadiaba-
tic but the superadiabaticity 1s below the
critical value required for large-scale canvec-
tive instability. In such a layer, the minute
fraction of the outward energy flux which
cannot be carried further either by radiation
or by convection will be "blocked". This blocked
flux must go in energizing various waves
including the azimuthal magnetoacoustic waves.

6.5. Amount of Energy Required for Wave
pp lification Upto 10% cm 571

For 'building up- wave amplitudes 4

=~ 10
cm s"l the required average value of the
b Tocked energy flux will be "only’ .~108 erg
cn? s'l f.e. only = 0.1 - 1% of the total

radia} energy flux (also comparable to the

"méan value of the non-radiative flux deposited

above the photosphere).
6.6. Locations of Interactions

Conservation of angular momentum requires
that the azimuthal MHD modes be generated

in pairs of oppositely propagating waves.

which keep on repeatedly crossing. each other

at a finite number of longitudes, where the
steepest gradients of velocity and magnetic
fields would develop. Therefore, it is in
the neighbourhood of such Jong1tudés that

the non-Tlinear interactions satisfying equation

-41) may be localized.

6,7. A Tentative Postulate

On the basis of the foregoing discussion
we arrive at the following tentative phenomeno-
logical postulate:
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Near the base of the convection zone
a minute fraction of the outgoing energy
generates ana amplifies oppositely propagating
azimuthal magnetoacoustic waves and these
waves produce strong, then, electric current
sheaths and magnetic flux sheaths through
non tinear dinteractions near the meridians

where they cross one another, The foregoing
postulate remains to be verified by detailed
magnatogasdynamical calculations, However,
let ‘us assume its validity for the present
and proceed 1o see how one could develop
from it a phenomenotogical model with provi-

sions for agreement with several important

observed ~characteristics of the solar cycle,

A schematic dlagram of the phepamenn-
logical modal. Thiek lines represent
ona ol the several newly created magnetic
"fhux  rolis". Thin {lnes fepresent the
background magnetle f(feld "S". . This
hackground fiald (§) and the frant porlions
{R) of the newly created "Flux ralls"
emerge above the photosphere providing
twa varlelins of actlvity with slimllar
pularities bul differlng In phase, surface
dlatribution and magnetle fux per aclive

Fig-1.

reglon. Meanwhlle the hack portions
ol the [ux rolls, represented by dashed
lnes, diffuse aver all lalitudes. and

longitudgs Lo provide the reversed back-
ground (jeld for the pnext cycle, )
S04 For convenlence of < iliustration
‘only- one newly created flux 1ol [a shown,
and na attempt fs made lo show elfenls
.ol differentlal rotation. o )

‘the  central
of a few preferred

6.8. Consequences

6.8.1. Reversal of the Global Field

The newly produced magnetic structures

must necessarily. be topologically  closed.
Thus the t1lux sheaths must be 'flux ralls!'
and the  flux tubes must be 'flux Joops'.

Therefora, the reversal of the globatl field
on an 11 y time scale can he achieved 1if:
(i) the background field B0 and the similarly
oriented front portions of the newly created
flux Toops rise upto and above the photosphere
gradually on a timescale of 1l y and simultan-
eously; (11) the back portions of these f lux
loops diffuse - in the base
a background ofield
{Figure 1).

layer to provide
-~(-BO) for the next cycle

6.8.2. The Two Varieties of Activity

The global figld reversal in the above
manner would imply that during any 11 y cycle
the activity at and above the photosphere
will come from segment-by-segment emergence
of the following two varieties of flux Ltubes

(segments from both varieties having similar

polarities): (1) The thin, frayed flux tubes
of  the background field which are “present
at all Jatitudes and all 10ngﬁtudes and whose
current system and field. lines are confined
to the outer parts of convection zone and

the outer space, and (2) The front portions

- of the newly produced thick clusters of flux

tubes which . are present

latitudes

predominently in
and - neighbourhoods
longitudes, and whose
current system and figld lines are ¢ losed
near the base of the convection zone. - The
first variety of* segments will, in general

_emerge earlier than the latter.

.. Thus, the model of the field reversa
automatically provides“ two .varieties of solar



Solar Dynamo Problam al

activity with the surface distributions and
relative phases similar to the x-ray bright
point and sunspot vrelated solar activity.
Schiissler (1980) presented a moded
on a similar modulation of the thickness
of flux tubes responsible for the activity
without entering 1into the question of how
the magnetic flux tubes are produced. However,
in his model thicker flux tubes rise earlier
which seems to contradict the fact that each
new cycle starts with appearance of the small-
est spot groups {e.g.
1982)

Gokhale and Sivaraman,

6.8.3.  The Background Magnetic Flux and the

Activity Related Magnetic Flux

Since the ‘magnetoacoustic waves of
amp11tudes'~10 an s are expected to produce
magnetic flux rolls of ~ 1021 Mx each, the
maintenance of the magnitude
of the magnetic flux requires
that such a production occurs only once during
each ~ 11 y or so, (e.g.

order of
background

in association with

some: catastrophic transformation of the _wave)-

if the azimuthal wave number of the wave
is 2. 10, In such a case ('catastrophic
model') each flux roll will have to emerge
in _~102 - 103 segments in order to account

for the ratio of that order hetween the acti-

v{ty related  flux and the background flux.
If the required amplification is provided
by the differential rotation a in the Babcock's
model, then it will also account for the
potlarity orientations as 1n that mode t.

_A1ternat1veJy, if . the -magnetic f]ux
rolls are produced during each wave period
('persistent production model') then the
amount in the flux rolls and the rate of
their - emergence must -vary: during the- 11 ¥
cycle in such a-way that the order “of magni-
tude of the background . flux is
and the  number of segments give the

ma1nta1ned
r1ght

based

amount of the activity related f1u&.

These detalls are yet to be worked

out.

6.8.4, Migrations of Large-scale Fields

The emeﬁgence of the 'front'
and the diffusion of the ‘'back® wportions
of the newly created fields will 1tead to
poleward migration of the foltowing poiarities
in the photospheric field along with the
neutral lines these polarities
from the background field (e.g. Howard, 1974;
Makarov, et al. 1982;

portions

separating

Makarov and Sivaraman,

1983).

" 6.8.5. Variations of the Sizes and Locations

of the Long Lived Coronal Holes and Relations

Between the Decline of One Solar Cycle and the
Amplitude of the Next Cycle '

During the declining years of the sunspot
cycle the photospheric intersections of the
new magnetic ' structures witl provide "deep

rooted, manopolar, open field structures
at middle * Tatitudes which might account
for the occurrence of long lived coronal

holes at such latitudes during ‘the dec11n1ng
phase of the solar cyc]e

towards the ‘end Cof  the
these structuhes will yield
of the reversed polarity

UTt1mqte1y,
so'lar ~ cycle,
monopo lar  regions
near the poles. -

6.8.6. The Values of the Period

The perdod of ‘the solar cycle in such
a model will be ultimately determined by
the timescale. of modu lation ‘of the rate of &
enerqy trapp1ng near the base of the convection
zone. ~ As an A1lustration it has been shown

earlier (Gokhaje, 19?7) that a value of
~11 ‘y_ can be’ obtained (for- a 'catastrophic
;:mOdeT ) by assum1ng a turbulent viscosity
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6:8.7. Modulation of the Amplitude of the
' Cycle

Under 'normal' circumstances a relatively
- steady cycle may be maintained by an approxi-
mate baiance among the rates of the fOIIOW1ng
processes: (i) production of ‘magnetic f ux

near- the ‘base. of the convect1on zone, . (11)

the rise of flux tubes across the convection
zone, (i11) migration and diffusion of magnetic
flux across the surface and (iv) the removal
of magnetic f]ux by magnet1c busyancy, reconne—
ctions and ' salar wind, Excursions to and
from 'abnormal! condit1ons Tike Maunder minima
might be gaused by some non- T1near coup]1ngs
between these processes,

7. Conclusions

I may conclyde by saying that the theory’
‘salar dynamn. is far from “the f1na1

of the
sp]qtion of -the prob]enu a1though the‘ semi-
phenomenological turbylent dynamo madels

and the fully phenbmene]ogicél 'new approach .

descrihgg here continue to be the most promi-
sing approaches.

The new phenomenology based on the

pastulated production of thin electromagnetic, ‘

_ structures hy loca]]y non_]inear.1nteractiqn5
of magnetogasdynamical modes';hrovides_,for
agreements with many observed 'features..qf
~the. solar cycle on - timesca]es <22 y._
Vit cannot he’ cons1dered as - an. estab11shed
'_model t11] the - ba51c pustuiate is ver1f1ed
by mathematicai solution of. the re]evant
Vmagnetogesdynamical eguations,
. meters of . the soJumionj are shown to vary
on t1mescales : 22 ¥ 1n;;a way cons1stent
'with the observati natly : er1ved behaV1our
‘ mesca]es. - The

) needs.

,7._'Pwoperties of ﬁhe‘

8. Per1od1c1ty in

Howéver;-

and - the para—f-

continuous
to  be”

Appendix I

OBSERVATTONAL CONSTRAINTS

Magnetic. Cycle (Timescales < 22 y)
1. Reversal of poloidal ( ~10% Mx) and toroi-

dal fields after about every ~11 v oor
50,

2, Phase of - the reversa] ««1 2 y after Sunspot

© maximum, _ : _ L

3. Poleward m1grations of 'fF‘.pOIaritieS"

and ma?net1c neutral  Tines = (filament

_ehanne1s
Sunspot Activity Cycle (Timescales < 11 y)e
4, Periodicity in sunspot abundance with’
a period ~ 11 y (Historically the first
~ “'snlar cycle -phenomenon' discovered).
5. Tata) flux: ~102% - 10%%mx.

6. Distribution: .
a) central latitudes (< 40°)
Ereferred longitudes (1)

utterfly diagrams

_ ‘unit'  of activity
(viz, a spotgroup): Lo o
a) poiarity laws

b orientatian lawsal

typical flux ~10

~ EAR.and XBP Activity Cycle (Timescale 5 11 ¥)s

Eph1mera1
(EARs) and X-ray Bright
~ With periods ~ - 1ly.
9. Phase: .
.2} similar to ‘sunspot
b) oppos1te for ABPs-

Active Reg1ons
Points (XBPs)_

cche for-”EARsi‘

10, Total F1ux

10%5 -2 1926

':111"_D1str1butionvl

a11 Tatitydes. (pole-to-pole)
b;' “preferred-. .Tongitudes {except
the tendancy. to-. avoid thqse occupied_‘
by * spot. act1v1ty) "

12, PrOperties of -the “unit.of activity (EAR/XBP) f

~poldarity. random but often. turning .
. to norma] for: EARs - .
“b) typica] Flux - 1018 + 10y

'Magnetic field \behaviour-fon-fsmellest ‘and -
- medium scales length.scales < “R: '
13, 'flux . tubes with B_.»lO“G; flux
~1017 . 1018y .
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14, Clustering 1in active regions {upto
~1022 Mxj typical 1031 Mx }

18, 'Down flows' {7?) total mass supply
1026'5 gms per cycle.

Goronal HBehaviour on Timescale

16, Vardation of the shape and size of the
corona with sunspot cycle.

17. Variation in abundance, Tocation and
sizes of coronal holes (e,g, From geomag.
data)

Flows and Differential Rotat1on ( length-scale

< RO)

18. Two varieties of differential
of magnetic structures.

19, Variation bhetween the two with the phase
of the cycle.

20. Torsional oscillations in the photospheric
plasma rotation,

rotation

Timescale £ 22 y:

21. Relations between (N)th & (N+1)th cycle
(e.g. from geomag. data) '

22, Rise amplitude relations.

Timescale 2 22 ¥:

- 23. Modulation on timescales ~ 88 y.

24. Maunder minima and resurrection there
from, :

Long Term Behaviour:

26, Long time scaile. stability upto ~ . 700

millioniums ago.

Appendix If

TURBULENT DYNAMO MODELS HAVE ACHIEVED AGREEMENT

WITH MANY OBSERVATIONS. THEN  WHY
DYNAMO PROBLEM STILL UNSOLVED?

IS THE

observations are not
from a single set of input parameters.

2. First order -smopthening approximation
requires |B' | < |B]|. But observed thin
strong flux tubes dmply [B' | = [B| if
the. tubes are densely packed (in which
case  Lorentz-forces cannot be neglected)
and |B] > |B' | otherwise.

_.ensemble average and - B'
part of the field.

1. Agreements with

is the random

~ Here ‘B, 15 the

3. Another basic assumption s> <v> ¢ 15 not
vallid for the obsarved turbulence (Here
L 1s correlation length, <vs 15 raum.s,
z?lo§1ty of turbulence, < 1s correlation

ma} .

4, No way of removing the small scale fields
produced at the boundaries of the eddies,

[+

» Requires dw/dr ¢ 0. True near top of
convection zone, But buoyancy removes
the field completely (if at the base.
of convection zone where dw/dt > 0 for
stability, then o effect is < 0), (Here
wis angular velocity of rotation).

6. When the dynamics 1is introduced, the
field either grows indefinitely or contra-
dicts wmigrations ({(butterfly diagrams)
and the differential vrotation (Gilman
and #iller, 1981).

TURBULENT DYNAMO THEORY CANNOT BE SAID
TO HAVE SOLVED THE DYNAMO PROBLEM. CONTI-
NUATION OF THINKING ON ALTERNATIVE APPRO-
ACHES IS JUSTIFIED AND MAY EVEN BE NECESS-
-ARY .
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DISCUSS1ON:
GOPALSWAMY:  Knowing the set of observations
and the parameters to be introduced, can

one do an optimization?

GOKHALE:  So far even the set of parameters
has not been uniquely identified, and hence

the question of the optimization of values
does not arise, Turbulerit dynamo -experts
must be working towards the final choice,



