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A B S T R A C T . The magnetic field of the sun is created by a magnetohydrodynamic 

dynamo under conditions bearing some qualitative similarities to the apparent gen-

eration of the galactic field in the gaseous disk of the galaxy. There is a similarity, 

too, in the extension of bipolar lobes of the solar field above the surface of the sun 

and the extension of bipolar lobes of the galactic field outward from both sides of 

the disk. Hence one can learn a lot about the expected origin and activity of the 

galactic field by studying the behavior of the magnetic field of the sun. In particular, 

the mysteries associated with the "simple" circumstances of the origin of the solar 

magnetic field far below the surface are no less than the mysteries in the theoretical 

origin of the galactic field, where there is so little direct observation of the small 

scale motions and magnetic fields. There is reason to think that the activity of the 

magnetic field of the sun, producing prominences, flares and X-ray corona, a solar 

wind, and coronal mass ejection may all have counter parts in the activity of the 

galactic field above the surface of the gaseous disk. 

A review of the magnetic fields of the sun at an I A U Symposium on galactic and 

intergalactic fields has two obvious purposes. One is to demonstrate the complexity 

and mystery of magnetic behavior in a convecting rotating body like the sun, which 

suggest the comparable complexity and mystery of the magnetic behavior of the 

galaxy. Second, the similarity of some of the general conditions in the sun and in 

the galaxy suggests the specific character of some aspects of the magnetic activity 

of a galaxy. The scale of galactic fields is, of course, different from the scale of 

the magnetic fields of the sun. However the comparison is based not on the scales 

but on the large magnitude of the magnetic Reynolds number in both cases and 

on the rough equality of the turbulent pressure and magnetic pressure throughout 

the dynamo region. In particular, the effective magnetic Reynolds number (taking 

account of turbulent diffusion and neutral point reconnection) is essentially the same 

in both cases. The primary magnetohydrodynamic differences between the sun and 

the galaxy are the long time scale of the galactic activity, so that observations 
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provide only a single snapshot, and the powerful flow of radiation through the 

enormous optical depth of the sun in contrast with the transparency of the galaxy. 

T o begin, it is believed that the magnetic field of the sun is produced by a magne-

tohydrodynamic dynamo, combining cyclonic convection (the α-effect) with nonuni-

form rotation (the ω-effect) (Parker, 1955, 1957a, 1979a; Moffatt, 1978; Krause and 

Rädler, 1980). A similar scheme is believed to be the cause of the present magnetic 

field of the galaxy (Parker, 1971a,b, 1979a; Stix, 1975; White , 1978; Soward, 1978; 

Ruzmaikin, Shukurov, and Sokoloff, 1988). It should be noted, then, that recent 

advances in precision observations of the oscillations at the visible surface of the 

sun raise questions concerning the nature and location of the solar dynamo. To be 

precise, helioseismology shows only a slow decrease of angular velocity Ω downward 

through the convective zone (Duvall, et al. 1984), in contrast to the previously 

conjectured downward increase. The slow downward decrease of Ω combined with 

the converging flow at the base of a rising convective column provides a 2 m/sec 

equatorward migration of the bands of azimuthal field (just as a downward increase 

of angular velocity combined with the expansion of a rising column of fluid provides 

equatorward migration) in accord with the equatorward migration of the two bands 

of magnetic activity observed at the surface of the sun. On the other hand, the 

phase of the poloidal fields, deduced from such a dynamo model does not agree 

entirely with the observed phase of the polar fields of the sun. What is more, the 

recent work of Choudhuri and Gilman (1987) raises questions as to whether the 

surface activity on the sun tracks the magnetic field at depth. Their calculations 

indicate that a rising loop of field is driven by the Coriolis force to move along a path 

almost parallel to the axis of rotation. Another perplexing point is the unknown 

meridional circulation in the sun, which numerical simulations indicate may be in 

either direction (toward or away from the equator depending upon the model) at 

magnitudes of 5 m/sec or more (Gilman, 1983; Glatzmaier, 1985). Such circulation 

dominates the 2 m/sec equatorward migration of the bands of magnetic activity. 

The dynamo may have little or nothing to do with the observed equatorward 2 

m/sec (Parker, 1987a). 

Another problem arises from the large quantity of magnetic flux that is observed 

to well up through the surface of the sun in a large, long-lived activity complex 

(bipolar magnetic region). Gaizauskas, Harvey, Harvey and Zwaan (1983) provide 

quantitative observations of such an active region, showing intermittent eruptions of 

10 2 2 Maxwells at irregular intervals of 10 6 sec and a total magnetic flux of 8 χ 10 2 2 

Maxwells through the surface at one time. This quantity of magnetic flux appearing 

at the surface implies an azimuthal flux not less than about 2 χ 10 2 3 Maxwells 

beneath the surface. Needless to say, there is no unique upper limit on the azimuthal 

flux that may be hidden beneath the surface of the sun. The essential point is that 

2 χ 10 2 3 Maxwells is already a large magnetic flux. If it is drawn from a latitudinal 
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band of 5° width (about 5 x 10 4 km) and a radial depth of 10 5 km (e.g. the lower 

half of the convective zone), the azimuthal field strength is at least 3 x 10 3 gauss 

(Parker, 1987b). This is a strong magnetic field, about equal to the equipartition 

value at the maximum of \pv2 in the middle of the convective zone (cf. Spruit, 

1974). It is apparent that so strong an azimuthal field inhibits the convection and 

the associated convected heat transport. The result is a cool shadow above the 

band of azimuthal field, the weight of which is sufficient to suppress the buoyancy 

of an azimuthal field up to about 5 x 10 3 gauss (Parker, 1987b,c). The accumulation 

of heat underneath is not so strong as the cool shadow, so the downward force of 

the shadow prevails. But the accumulation of heat does produce a Rayleigh-Taylor 

instability of the lower side of the azimuthal field, causing eruption of loops of field 

to the surface at intervals of the order of 10 6 sec (Parker, 1987b,d). This is evidently 

the basis for the observed intermittent emergence of magnetic flux at the surface 

at irregular intervals of 10 6 sec to maintain the long lived activity complexes (e.g. 

the region studied by Gaizauskas, et al, 1983). Note, then, that the bipolar loops of 

magnetic field at the surface of the sun, which are the principal architects of solar 

activity, are a consequence of the special conditions to be found in the convective 

zone of the sun. 

The large azimuthal flux ( > 10 2 3 Maxwells) in each hemisphere makes the theoret-

ical solar dynamo problem particularly puzzling. There is no formal hydrodynamic 

theory for the turbulent convection in the convective zone of the sun. The present 

models of the convection are based on little more than dimensional analysis. It is 

doubly difficult, therefore, to understand the turbulent diffusion of the strong solar 

magnetic field and to understand the quantitative α-effect in the same strong field. 

Both are essential parts of the solar dynamo. So contemporary dynamo theory is 

based on dimensional analysis, for both the dynamo coefficient α and the turbulent 

resistive diffusion coefficient r/. It is entirely possible that the current concepts are 

quantitatively incorrect, and indeed there may be some qualitative misconceptions 

as well. The difficulty is compounded by the considerable strength of the field with 

which the convection is obliged to grapple. 

The same problem arises in the gaseous disk of the galaxy where the azimuthal 

field is comparable to the equipartition value (4πρν2)* of the disordered interstel-

lar motions, and is therefore resistant to deformation by the turbulence. Again, 

both the turbulent diffusion η and the α-effect are essential for generation of the 

galactic field. So the theoretical origin of the galactic field contains much the same 

uncertainties as the origin of the field of the sun. 

The magnetic field of the sun is an intense fibril state where it passes through 

the surface. The individual fibrils of 1 — 2 χ 10 4 gauss (Beckers and Schröter, 

1968; Stenflo, 1973) have diameters of the general order of 2 χ 10 2 km, well below 

the limit of resolution of the observing magnetometer. The observed mean field is 
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then a measure of the relative spacing of the unresolved fibrils. The concentration 

of magnetic field into the fibril state represents an enhancement of the magnetic 

energy by factors of 10 to 10 2 , for a given mean field of 10 — 10 2 gauss respectively. 

On the other hand, the fibril state inhibits the convective heat transport less than 

the same total flux in continuous form. Simple estimates indicate the observed fibril 

state represents a minimum of the total energy (Parker, 1984). The effect seems 

to be forced on the field by the heat transport at the radiative surface of the sun 

(Spruit, 1979; Deinzer et al 1984a,b; Hasan, 1985). There is no compelling reason to 

think that the field is an intense fibril state throughout the convective zone. Freshly 

emerging magnetic flux shows intensities of only 5 x 10 2 gauss (Brants, 1985; Zwaan, 

1985). There is no reason whatever to think that the galactic field is forced into a 

fibril state in the interstellar medium. 

Sunspots, whose existence has been known for about two thousand years, are 

formed by the spontaneous (and entirely puzzling) clustering of individual fibrils 

(Zwaan, 1978, 1985). The clustering occurs only while fresh flux is emerging in the 

region. Wi th the cessation of flux emergence the clustering reverses and the sunspot 

comes apart on time scales as short as hours or as long (in the case of large circular 

spots) as weeks (Vrabec, 1971; Harvey and Harvey, 1973; Zwaan, 1978). The only 

suggestion for understanding the clustering is a powerful and unseen converging 

convective flow at a distance of the order of 10 4 km below the surface (Meyer et al, 

1974; Parker, 1979b). There is no analogous galactic effect to be expected. 

The most significant similarity between the sun and the galaxy is in the general 

qualitative nature of the magnetic activity above the surface. The surface of the sun 

is densely speckled with bipolar fields to 10 2 gauss on all scales from the 2 χ 10 5 km 

of the large "normal" active region down to the smallest scales of 2 χ 10 8 km resolved 

by the magnetometer (fluxes of 6 χ 10 2 2 Maxwells down to 10 1 8 Maxwells or less). 

The large bipolar magnetic regions appear in isolation at longitude intervals of the 

order of 45° (Gaizauskas, et al 1983), but the small bipolar regions interact with each 

other, frequently changing their magnetic topology through reconnection between 

temporary neighbors. The individual small bipoles appear and disappear on time 

scales of several hours, presumably emerging through the surface and subsequently 

sinking below the surface again, perhaps with different magnetic connections from 

when they emerged. Bipoles with dimensions of several thousand km often contain 

X-ray emitting gases (10 6 °K) near their apexes. The larger stronger bipoles always 

contain X-ray emitting gas, with the emission depending on the strength of the 

magnetic field (Rosner, Tucker, and Vaiana, 1978). A curious feature of the X-ray 

brightness is that it is about the same for all bipolar fields with dimensions between 

6 x 10 3 km and 2 χ 10 5 km. 

As already noted, the large bipolar active regions on the sun are often maintained 

for many months by repeated eruptions of bipolar fields (presumably from the az-
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F i g . 1: ( a ) A s c h e m a t i c o f t he b i p o l a r m a g n e t i c 
f i e l d s e x t e n d i n g above the s u r f a c e o f t h e sun and 
( b ) f rom the gaseous d i s k o f the g a l a x y . 

imuthal field in the lower convective zone) at intervals of the order of 10 6 sec, as a 

result of a complicated thermal relaxation oscillation. 

The situation in the gaseous disk of the galaxy is different, but with much the 

same final result. The surface of the gaseous disk of the galaxy is expected to be 

densely covered by bipolar loops of field, with the loops extending upward through 

the surface of the disk between regions of dense interstellar gas, at intervals of 

0.5-1.5 kpc. This general structure is largely a result of the dynamical instability 

of a gravitationally confined horizontal magnetic field (Parker, 1966, 1968, 1969). 

The outstanding feature is the rapid inflation of the bipolar loops by the cosmic 

rays generated in the disk (presumably by supernovae, etc.) to produce an extended 

galactic halo (Parker, 1965,1968). The essential point is that the observed breakage 

of the heavier nuclei among the cosmic rays indicates that the cosmic rays have 

passed through about 5-6 g m / c m 2 of matter, presumably interstellar matter. A 

mean gas density of two hydrogen atoms/cm 3 yields a dwell time t of about 2 x 10 6 

years for a cosmic ray particle moving with a speed comparable to c. It follows 

that the cosmic ray gas occupying the disk must be replaced in a time t. Cosmic 

rays can escape only by pushing their way out of the disk, of half thickness h = 10 2 

pc. This they do by inflating the outward bulging bipolar loops of field at a rate 

h/t = 50 km/sec. Eventually the extended loops cut loose from the disk by magnetic 

reconnection, but that is a slow process so they extend far out from the disk (many 

kps). This is the origin of the halo of the galaxy. Fig. 1(a) presents a sketch of the 

general nature of the bipolar fields on the sun and Fig. 1(b) sketches the form of 

the bipolar loops that make up the halo of the galaxy, for purposes of comparison 

and contrast. 
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In the sun the bipolar magnetic fields extending above the surface are sheared and 

distorted by the random continuous convective transport of their footpoints in the 

photospheric convection and in the nonuniform rotation of the sun. In the galaxy 

the extended bipolar magnetic fields are sheared and distorted by the motions of 

their footpoints in the randomly moving interstellar clouds and in the nonuniform 

rotation of the galaxy. In addition they are inflated nonuniformly by the cosmic 

rays. 

The thermal instabilities (Parker, 1953; Field, 1965) of the chromospheric and 

coronal gases of the sun produce concentrations of cool luminous gas which can be 

seen streaming downward toward the sun unless supported by a suitable magnetic 

configuration, in which case it forms a prominence. Sufficient shearing and twisting 

of a bipolar field can produce a coronal mass ejection (see paper by B.C. Low, these 

Proceedings). When two bipoles with the same sign press together, there is a current 

sheet (tangential discontinuity) formed between them which may produce a flare, 

with intense heating ( ΐο 10 7 — 10 8 °K) and acceleration of particles, occasionally 

to relativistic energies (Parker, 1957b; Sweet, 1958, Dungey, 1958). W e may expect 

similar effects to arise in the halo of the galaxy, as a consequence of the same general 

deformed condition of the magnetic fields. 

In particular, we wish to call attention to the spontaneous appearance of tangen-

tial discontinuities as an intrinsic part of the static equilibrium of a magnetic field 

(embedded in a highly conducting fluid) that is subject to any but the most carefully 

tailored deformation (by inflation and/or motion of the footpoints) (Parker, 1972, 

1979a, 1982, 1983a,b, 1989, 1990). The unavoidability of tangential discontinuities 

can be seen from the equation V x B = a B for a force-free field, where α is the 

torsion coefficient α = B - V x B / B 2 . The divergence of this equation yields the well 

known result ( B · V a = 0) that α is constant along each line of force. But in any but 

the simplest deformations of a field, there are lines of force wrapping first one way 

and then the other around neighboring flux bundles. The torsion coefficient cannot 

accommodate both signs and the field avoids the difficulty by forming a tangential 

discontinuity, i.e. a current sheet, in which α has the form of a delta function. The 

tangential discontinuity does not violate Β · V a = 0 because it contains no magnetic 

flux. As a matter of fact, tangential discontinuities appear in even simpler situa-

tions (see refs. in Parker, 1990). The essential point is that the force-free bipolar 

magnetic fields, in which the active X-ray corona of the sun is formed, must be full 

of small tangential discontinuities as a consequence of the continual motion of their 

footpoints. Evidently it is the dissipation at these discontinuities through neutral 

point reconnection etc. that is the primary heat source responsible for creating the 

X-ray corona ( 1 0 1 0 a toms/cm 3 at 2 - 3 χ 10 6 °K in fields of 10 2 gauss) (Glencross, 

1975; Parker, 1981, 1983a). 
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The traditional explanation for coronal heating has been the dissipation of waves, 

propagating upward from the convective zone. However, only the Alfvén waves are 

expected to make it as far as the corona, and the problem is that they are not 

inclined to dissipate once they arrive. The observational fact is that bipolar fields 

on all scales from the large normal active region at 2 x 10 5 km down to the small 

ephemeral active region, or X-ray bright point, at 6 x 10 3 km, have about the same 

X-ray brightness, of 10 7 ergs/cm 2 sec (Rosner, Tucker and Vaiana, 1978). The 

period of a photospheric granule, presumably responsible for generating the waves, 

is of the order of 300 sec. Oscillations with periods as short as 50 sec are detected, 

but nothing with a shorter period has been found so far. The Alfvén speed in a 

bipolar magnetic region is of the order of 2 χ 10 3 km/sec, so the shortest wavelength 

(for a period of 50 sec) is about 10 5 km. Such long waves cannot heat the smaller 

bipoles. Yet bipoles are about equally bright on all dimensions. It appears, then, 

that the X-ray corona is not primarily a wave phenomenon, and we must look 

elsewhere for the principal source of heat. 

The tangential discontinuities appear to be the main heat source. On this basis, 

the solar X-ray corona is to be understood as the result of a large number of small 

impulsive reconnection events of 10 2 3 —10 2 5 ergs per event. W e have referred to the 

individual burst of heat as a nanoflare (recalling that the term microflare is applied 

to flare events at 10 2 7 ergs). The X-ray corona is, then, a cloud of nanoflares 

(Parker, 1988), and observations at high space and time resolution indicate the 

small scale impulsive nature of coronal heating. Indeed, the same impulsive heating 

evidently appears in a flare. Machado et al (1988a,b) point out that while the most 

intense flare emission is from the main current sheet between interacting bipoles, 

the main total energy release of a flare is softer and more diffuse, filling one or 

more of the interacting bipoles. W e have suggested (Parker, 1987e) that this part 

of the flare is the result of the occurrence of simultaneous nanoflares throughout 

the bipole, ignited by the general deformation of the bipole and perhaps by the 

agitation produced at the central current sheet. 

Similar tangential discontinuities are expected in the extended bipolar magnetic 

fields that make up the halo of the galaxy. The principal energy input is the 

outward expanding cosmic ray gas, estimated to be produced at a rate of the order 

of 3 x 10 4 0 ergs/sec (in order to replenish the volume of the gaseous disk to a density 

of 2 x 10~"12 ergs/cm 3 in a time of 2 χ 10 6 years). It follows that the heating and 

the X-ray emission from the halo of the galaxy should be of the same order. And 

like the X-ray corona of the sun, the X-ray corona of the galaxy is made up of a 

swarm of galactic "nanoflares." 

In summary, there are basic qualitative similarities between the creation of the 

solar and galactic magnetic fields by a magnetohydrodynamic dynamo process be-

tween the general occurrence of bipolar magnetic fields over the surface of the sun 
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and the disk of the galaxy, and between the general activities of the surface bipolar 

magnetic fields. Prominences flares, microflares, and nanoflares are a feature of the 

sun, and their galactic counterparts may be expected in the galactic halo. 

The corona of the sun produces a solar wind and one expects that the galaxy has 

a similar outflow (see the paper by H.J. Volk, these proceedings). 

Needless to say, there are profound differences between the activity of the sun and 

the activity of the galaxy, as noted in the introduction. But it is worthwhile keeping 

the possible similarities in mind as the observations of galactic activity progress in 

the coming years. It should be a useful scientific aid in interpreting the observations 

and in planning observational programs. 
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TRIMBLE: You m e n t i o n e d t h e Maunder minimum p e r i o d o f r e d u c e d s o l a r 

a c t i v i t y . What i s k n o w n a b o u t epochs o f u n u s u a l l y h i g h s o l a r a c t i v i t y ? 

P A R K E R : T h e s o - c a l l e d " M e d i e v a l Maximum" was t h e mos t r e c e n t c e n t u r y 
( t h e 1 2 t h ) o f h y p e r a c t i v i t y o f t h e Sun. I t s h o w s up c l e a r l y in 1 4 C 
p r o d u c t i o n . One has no i d e a o f w h a t t h e Sun w a s d o i n g a t t h a t t i m e . 
P r e s u m a b l y t h e r e w e r e l o t s o f sunspo t s , f l a r e s , p l a g e s , p r o m i n e n c e s , and 
an i n t e n s e X - r a y co rona , compared t o t h e "normal" a c t i v i t y maxima t h a t 
w e s e e t o d a y . T h e cu r ious b e h a v i o u r o f t e r r e s t r i a l c l i m a t e in s t ep w i t h 
t h e c e n t u r i e s o f h y p e r - and h y p o - a c t i v i t y on t h e Sun is a c o n t r o v e r s i a l 
sub jec t . C o i n c i d e n c e or a r e a l c o n n e c t i o n ? 

KULSRUD: What i s t h e n a t u r e o f t h e d i s c o n t i n u i t y in t h e t a n g l e d f i e l d 
e q u i l i b r i u m ? 

P A R K E R : T h e y a r e s u r f a c e s o f d i s c o n t i n u i t y . 

BENFORD: I f c o r o n a l X - r a y emis s ion ( i n c l u d i n g t h a t n e a r t h e l oop f o o t -
p o i n t s ) does no t a r i s e from w a v e d i s s i p a t i o n , w h a t mechan i sms do y o u 
f a v o r ? 

P A R K E R : I s u g g e s t t h a t t h e p r i n c i p a l e n e r g y sou rce ( h e a t s o u r c e ) o f t h e 
s o l a r X - r a y co rona is t h e d i s s i p a t i o n a t t h e t a n g e n t i a l d i s c o n t i n u i t i e s 
( c u r r e n t s h e e t s ) t h a t a r e an i n t r i n s i c pa r t o f t h e s t a t i c e q u i l i b r i u m o f 
a lmos t a l l m a g n e t i c f i e l d t o p o l o g i e s . T h a t is t o s ay , a lmos t a l l c o n t i n u o u s 
d e f o r m a t i o n s o f an i n i t i a l l y un i fo rm f i e l d r e s u l t in t h e f o r m a t i o n o f 
i n t e r n a l t a n g e n t i a l d i s c o n t i n u i t i e s as an i n t r i n s i c p a r t o f t h e e q u i l i b r i u m 
o f t h e f i e l d . 

T h e e n e r g y inpu t t o t h e c o r o n a l f i e l d s ( ~ 1 0 2 G) comes from t h e 
random mot ion ( - 0 . 5 k m / s ) o f t h e f o o t p o i n t s o f t h e b i p o l a r f i e l d s in wh ich 
t h e X - r a y e m i t t i n g g a s i s c o n f i n e d . T h e n e c e s s a r y inpu t o f 1 0 7 e r g s / 
c m 2 s e c occurs w h e n t h e f i e l d i s wound up (on smal l s c a l e s ) t o t h e p o i n t 
t h a t < ( Δ Β ) 2 > / Β 2 * ( 1 / 4 ) 2 . 

SOKOLOFF: T h e r e i s a c o n s e r v a t i o n l aw fo r k n o t s number χ = / H A d 3 x in 
i d e a l MHD, but t h e r e a r e some p o s s i b i l i t i e s t o g e n e r a t e χ in n o n - i d e a l 
s i t u a t i o n s . So, t h e p rob l em a b o u t χ i s v e r y i m p o r t a n t . What do y o u th ink 
a b o u t a p o s s i b l e p r o g r e s s in o b s e r v a t i o n a l e s t i m a t e s o f χ? 

P A R K E R : T h e t o p o l o g y o f t h e m a g n e t i c f i e l d o f a b i p o l a r m a g n e t i c r e g i o n 
is p r e s u m a b l y w i t h o u t k n o t s b e c a u s e t h e f o o t p o i n t s o f each l i n e o f f o r c e 
a r e f i x e d in t h e p h o t o s p h e r e . One cou ld i m a g i n e t h a t m a g n e t i c r e c o n n e c -
t i o n in a s t r o n g l y d e f o r m e d m a g n e t i c f i e l d migh t p o s s i b l y c r e a t e a t r ue 
k n o t , bu t i t i s no t o b v i o u s t h a t t h i s a c t u a l l y occur s . C o n s e q u e n t l y t h e r e 
is no a p p l i c a t i o n o f k n o t t h e o r y t o s o l a r f i e l d s , so f a r as I am a w a r e . 
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DEINZER: Would y o u g i v e some comments on t h e c l u s t e r i n g o f f i b r i l s , 
P a r k e r ' s s p a g h e t t i mode l? T h e r e seem to be o b s e r v a t i o n s on p - m o d e 
s c a t t e r i n g on m a g n e t i c f l u x t u b e s r e c e n t l y . 

P A R K E R : T h e c l u s t e r i n g o f f i b r i l s t o form sunspo t s i s in o p p o s i t i o n t o 
t h e c o n s i d e r a b l e m a g n e t i c p r e s su re and can be f o r c e d o n l y b y a s t r o n g 
c o n v e r g i n g f l o w . T h e r e is no e v i d e n c e a t t h e s u r f a c e fo r t h e n e c e s s a r y 
c o n v e r g i n g f l ow ( o r i g i n a l l y p roposed b y M e y e r , Schmidt , We i s s , and 
W i l s o n ) , bu t t h e r e is no o t h e r e x p l a n a t i o n p o s s i b l e , i t s eems . 

T h e s p a g h e t t i mode l o f t h e sunspo t i s s u g g e s t e d b y t h e k n o w n f i b r i l 
s t a t e o f t h e s u r f a c e f i e l d s t h a t a re s w e p t t o g e t h e r t o form t h e spo t . I 
w a s n o t a w a r e o f r e c e n t r e s u l t s from p - m o d e s c a t t e r i n g , p r o b i n g t h e 
subsu r f ace s t r u c t u r e o f t h e sunspo t . 

FÜRST: Y o u m e n t i o n e d t h e f l i c k e r i n g o f t h e s o l a r a t m o s p h e r e in X - r a y s . 
What is t h e a m p l i t u d e o f t h i s f l i c k e r i n g , and is t h e r e a n y r e p o r t on a 
r a d i o a s t r o n o m i c a l a n a l o g u e ? 

P A R K E R : I am n o t a w a r e o f a r a d i o d e t e c t i o n o f such f l i c k e r i n g . T h e 
a m p l i t u d e o f t h e f l i c k e r i n g i s s u b s t a n t i a l , up t o 50%, on p e r i o d s o f 
5 0 - 1 0 0 sec . T h e r e a r e s e v e r a l o b s e r v a t i o n a l s t u d i e s o f t r a n s i e n t 
l u m i n o s i t y and s u r f a c e b r i g h t n e s s v a r i a t i o n s . T h e r e f e r e n c e s a re l i s t e d 
and summar ized in a p a p e r on n a n o f l a r e s and t h e s o l a r X - r a y co rona 
( 1 9 8 8 , A p J 330, 4 7 ) . 

DOLGINOV: How i s t h e p o l o i d a l m a g n e t i c f i e l d r e s t o r i n g in t h e o v e r s h o o t 
r e g i o n w h e r e t he v e l o c i t i e s a r e v e r y low? H a v e y o u g o t a n y q u a n t i t a t i v e 
e s t i m a t i o n s ? 

P A R K E R : I f ind i t d i f f i c u l t t o u n d e r s t a n d a d y n a m o o p e r a t i n g in a t h in 
o v e r s h o o t l a y e r b e l o w t h e c o n v e c t i v e z o n e , f o r e x a c t l y t h e r e a s o n s t h a t 
y o u m e n t i o n . T h e l a r g e q u a n t i t i e s o f f l u x e r u p t i n g t h r o u g h t h e s u r f a c e o f 
t h e Sun o v e r a p e r i o d o f many months s u g g e s t s t h a t t h e a z i m u t h a l f i e l d 
must be a t l e a s t 3 . 1 0 3 G o v e r a d e p t h o f t h e o r d e r o f 1 0 5 km, or 
s t r o n g e r o v e r a sma l l e r d e p t h . O v e r s h o o t dynamos a r e u s u a l l y assumed t o 
o c c u p y a th in l a y e r ( ~ 1 0 4 k m ) , r e q u i r i n g Βψ à 10* G. I do n o t u n d e r s t a n d 
how so s t r o n g a f i e l d can be m a n i p u l a t e d b y w e a k c o n v e c t i o n (é 10 m / s ) 
t o p r o d u c e a dynamo . 

My g u e s s i s t h a t t h e d y n a m o o p e r a t e s in t h e l o w e r h a l f o f t h e c o n -
v e c t i v e z o n e . 

R U Z M A I K I N : Do y o u c o n s i d e r as r e a l i s t i c t h e a b s e n c e o f a r a d i a l g r a d i e n t 
o f a n g u l a r v e l o c i t y in t h e s o l a r c o n v e c t i v e z o n e ? 

P A R K E R : On t h e one hand , h e l i o s e i s m o l o g y i n d i c a t e s o n l y a smal l 
g r a d i e n t in Ω in t h e s o l a r c o n v e c t i v e z o n e a t l o w l a t i t u d e , w i t h Ω 
d e c r e a s i n g s l o w l y i n w a r d . On t h e o t h e r hand , numer i ca l s i m u l a t i o n s 
p r o v i d e ca se s w h e r e dCi/dr > 0 and dCl/dr < 0, d e p e n d i n g upon how t h e 
numer i ca l mode l i s s e t up ( w i t h or w i t h o u t d e n s i t y s t r a t i f i c a t i o n , l o w e r 
b o u n d a r y c o n d i t i o n s , e t c . ) . H e n c e I h a v e no b a s i s fo r d i s b e l i e v i n g t h e 
r e s u l t i n f e r r e d from h e l i o s e i s m o l o g y . 

https://doi.org/10.1017/S0074180900189375 Published online by Cambridge University Press

https://doi.org/10.1017/S0074180900189375


12 

MOUSCHOVIAS: G r a n t e d t h a t w e h a v e l e a r n e d a l o t a b o u t a s t r o p h y s i c a l 
m a g n e t i c f i e l d s f rom t h e Sun, bu t w o u l d n ' t y o u a g r e e t h a t e x t r a p o l a t i o n 
o f t h a t k n o w l e d g e t o t h e i n t e r s t e l l a r medium ( e s p e c i a l l y in c loud 
i n t e r i o r s ) , w h e r e t h e m a g n e t i c p r e s su re u s u a l l y d o m i n a t e s t h e t h e r m a l 
( a n d t u r b u l e n t ) p r e s s u r e , w o u l d be v e r y dange rous? 

P A R K E R : A n y e x t r a p o l a t i o n i s p u r e l y con j ec tu ra l and must be e s t a b l i s h e d 
b y o b s e r v a t i o n b e f o r e i t can be t a k e n s e r i o u s l y . I shou ld e m p h a s i z e t h a t 
p o i n t . I d e s c r i b e t h e s o l a r - g a l a c t i c s i m i l a r i t i e s h e r e o n l y so t h a t 
o b s e r v e r s w i l l be a w a r e o f t h e p o s s i b i l i t i e s . 

A s a m a t t e r o f f a c t , t h e t u r b u l e n t k i n e t i c e n e r g y d e n s i t y 1/2 p v 2 o f 
t h e i n t e r s t e l l a r medium i s n o t smal l compared t o Β 2 / 8 π . S i m i l a r l y t h e 
c o s m i c - r a y p r e s s u r e and e n e r g y d e n s i t y a re n o t smal l compared t o Β 2 / 8 π . 
So t h e i n t e r s t e l l a r f i e l d i s s t r o n g l y de fo rmed b y t h e m a t t e r , p r o v i d i n g t h e 
t h e o r e t i c a l p o s s i b i l i t i e s f o r m a g n e t i c a c t i v i t y t h a t I h a v e d e s c r i b e d . 
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