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THE TWO COMPONENTS OF THE SOLAR ACTIVITY CYCLE AS A
CONSEQUENCE OF THE SHOCK TRANSITION MODEL OF THE SOLAR
MAGNETIC CYCLE

M. H. GOKHALE

ABBTRACT

Justifisation 1s glven for comparing the consequences of tha ‘shock transition model’ of tha solar megnatie
oyols with Important ocbsarved properiles of tho soler aatlvlly cycla without waiting for the basia poatulates of tha
model to be mathematloally astablished. Buch a eamparlaon ahowa that the oreation and the svolutlon of the fwo
tepologioally dizxtinct lamillan of magnatlo {lux tubes and tholr different spatial disiributlons oan ascount for the “two
ocomponant nalurs’ of tho solar aatlvity oyole and also for the main qualitatlve difisrences In the Intenmity and dls-

trlbutlon of aotlvity In the lwo componanis.

The model prevides far \he formation of long lived caronal-hola-fiks magnetio atruatures durdng the deolining

yesrs of tho sotlvily cyale.

Key wards ! solar sotlyity — solar magnetio flalde

1. Introduotlon

In an eatller paper {Gokhale, 1977b) & phano-
menologlecal model of the solar magnetic cycle was
presentad. It was based on the poasibliity thet a
‘sudden transltlon’ of an azimuthal magnatoscoustic
osclilation near the base of the convection zone (Into
lergesasale convective flows) might produce atrong,
thin electrlc currant shestha and magnetic flux
sheaths near the nodel and antinodal meridlan planes.
Repetltion of such a sudden (shock) transltlon every
~ 11 yaar or so was shown to be posslble If the
resulting oonvective flows decaysd on timescales ~
6.6 yoears, 5.g. as a result of turbulent viacosity.

The baslo postulates about the exoltation of the
magnetoacoustio osclilation and about the occusrence
and the nature of tha 'shock transltlon’ are yet to be
establlshed by magneto-gasdynamlical calculstions.
Owing to the mathametlcaily compliceted nature of
the problem, progresa In testing thess baslo postu-
lates has been rather slow. Onthe contrary It has
been sasler to compars the consequences of the
model with Important relevant observations. Agree-
ments revealsd by such ocomparlsons do not, by
themeslves, Imply thatthe model la correct In all

This might sooount {or the ‘third maximum’ [n the Indloss of geomagnetic sathvity,

detalle, Howevar, If thls [Imitatlon [s borne In mind,
the compar!son with observations need not be sus-
pendadtlll all the baslo postulatas are mathematically
established. In fact the continued comparsion with
observations wliil alwaya help to sort out the strong
and the weak aspects of the made!. If the weak
polnts call for modiflcation of the baslo postulates It
will lead to a timely reformulstion of the undarlyling
baslc phyelcal problems.

In the present paper we show that the two
topologleelly diatinct famllles of flux tubes whloh
might be produced by the ‘shook transltion’ In our
model can acoount for the "two component nature
of the solar actlvity cycle and aleo for tha Important
obsarved propertles of the two components.

2. The Two Components of the Solar Activity
Cycle and thelr Important Properties

In a serles of papers Gnevyshev (1988, 1977
and raferences thereln) has olearly shown that the
‘averaged’ 11-yser sunepot oyole hae two maxima
glven by iwo sarfes of sunspots which are maximal
around latltudes +26* end +10° respectlvely. The
flrat serles has e large contrlbution from amell and
medlum spots whereas the second serles consists
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mainly of large spois. Also the flist maximum ls
seeoclisted with an overall Incrosse of coronel
densltlae ard temperaturea at a// |stltudes and during
the sscond meximum thess parametars doc/a8ss on
thas sverags but [norease In fow lstitudes. Solar-
terrostrisl effects also have two corresponding
maxima foliowed by o third one in which the 27-day
recurrent gaomagnellc disturbances sre most fre-
quent (Hakura, 1974). Theas observations togethser
wlth the observed varlations ol several olher para-
matare (Kukiln. 1978) clearly Indicate that the
11 yaar' oycle of solar activity has two componants :

I. the flret one consists of (a) apots of all possible
glzes In letltudes < 40° and the eesocieled coronal
effects, snd (b) 'nonspot’ ooronal effects &/ over
ths Sun;

II. the second one consista of mainly /args spota in
amall \atitudes (8.g. < 20°) end thelr coronal effacts.

3, Summary of the '‘S8hock-Tranaltlon Modei™”
of the Soiar Magnatio Cyole

3.1 The Magnetlo Structurss Producad

In the sforementloned phenomenologlcal modsl
(to ba called am '‘shock-lrensltlon modal''), it Is
suggested that sometime before the Initlal minl:

PHOTOSPHERE

mum phese of each ‘41 year’ cycle an ezimuthal
magnetoaaoustlc osclilation Inthe ‘‘bass layer’ of
the convectlon zone undergoes e ‘shock tranaltkan’.
This transition gensrates etrong thin ourrent sheaths
(magnetlo “*flux rolla’*) near the nodal meridian planss
and packe the pre-existing weak pololdal fleld Into
magneiic ““llux sheaths’’ naar the antinodal merldisn
planea (See Figure 1). The ''flux sheatha" and the
"“flux rolle’ have magnetlc flux ~10 - 108 My
each. Theydisintegrate to form ‘clustera’ (or parhaps
‘ropes’ ; ¢f. Plddington, 1976) of thin flux tubes of
~1017—-10'® Mx, which rlae across the canvacthon
zone (cf. Gokhale, 1877a).

3.2, Production of Activity

After being elongated, mauled (and probably
disintegrated Into ‘‘subclusters’’) by thae differantial
rotatlon andthe canvective turbulence, the clusters
formed from the /flux sheaths and the ‘front por-
tlons’ ot the flux rolls yleld, for sevaeral years, serlos
of '‘stitches’” above the photasphers (e.g. 2 In
Babcock, 1868), Theae ‘‘stitches’’, thelr motlons,
throbbings, expansions, exploslons and ¢oala-
scences, (by reconnectlons endfor by emsrgence
of the Intermediate aubphotospherio flux ubae
segments e.g. a8 In Gokhale 1978), wlll ell lead to a
varlety of phenomena, at end above the photosphare
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Plg. 1. A schematlo diagram lllustmmting the two topolegiaally distingt types of magnetio structurea {“llux shsaths” and
“flux rolls~") which may bs created near the base of Lhe gonvectlon zons onca In every 11 years or sc (prosumsity whin
en azlmuthel magneto-scoustic osolllatlon of the Sun undergoos s “shock-transitlon’” of, Gokhala, 1877h). For
simplicity, stiuciures only between two mmcomive antinodal merldian planss are shown. The ‘i sheaths” snd tha
"front portions™ of “[1ux ralls" yleld, reapectively: the <8’ and tha “R" famillea of flux {ubes. beth of whioh sontribute

to the oyule of aotivity that fpllowa,
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which come under the term “‘activity”. In thls way
the flux tubes formed from each ‘'flux sheath'’ and
from the ‘’front portion’* of aach “*flux roll’* wlll
continue 10 produca activity for ssversl years.

3.3. The Flald Reversal

Ultimataly all the flux tubes in the ‘flux shaaths’
go completely above the photosphere and leave the
Sun. Thils removes the ‘old’ photosphatic flelds
even from the polar regions. Flux tubes from the
‘front portlons’ of the "*flux rolla’’ also remove thalr
photosphorlc fialds when they go completely above
the photogphere, However, et thelr photosphsric
Intersectlons which ars farthest from the equator
they are still connectad to tha ‘back portions’ of tha
flux rolle, These photospherle Intarsegtlone migrate
towards the poles {probably as a result of magnetic
tanslone In tha 'back portlons’) ond disperse by
randam walk diffuslon. Thls pravidas the ‘revarsed’
photospherlc fleld In the polar reglons. In the
meanwhlle, the ‘back portlona’, which ere supposed
to be prevented from rislng above the base layer,
(probably es a result of magnetlcally channolized
mass tronsfer from the rlsing ‘front portions’),
themselves di{fuss all ovor In the ‘*base layer’.
This provides Lhe reversed ‘background’ fleld for the
naxt shock traneition,

3.4. The Elevan Year Perfodicity

Dleslpation of the convective flow produced by
a 'ahock transition’ ceuses a surplus In the energy
budget of the 'beee layer'' which 13 supposed to
exclte end emplify a frash megnetoacoustic oscilla-
tlon. It hea been shown {Gokhala, 1877b) that If
the convective Hlows dlsslpate with an ‘e —folding’
ilme of ~ B6.6 years, then the new osclilation will
reach the ‘critical amplitude’, and thereby provide
the next shock-transltion, In about ~ 11 yaare or so.
This way the magnotic cycle can repeat with an
'approximato periodicity’ of ~ 11 years, the polarity
getting reversed from one cycls 1o the next.

4. The two components of the aotlvity oycle
and thelr essentlal propsrtles as a oon-
saquence of the model

An sssentlal featurs of the above model s that
each "11-year cycle of actlvity’' has contributlons
from two topologloally distinei famllles of flux tubes ;

1) the flux tubes formed from the breakdown of the
'magnetlc flux sheaths™ (which we call the ''S"
family of flux tubas) and

il) the flux tubes formed from tha breakdown of
“flux rolls’’, In perticular their ‘‘front portions"
(which we call the '*R’‘ famlly of flux tubas),

In terms of theee two flux tube famllies we can
account for the two components of the actlvity cycle
and thelr essential propertles as deacribed bhelow,

4.1 Tha prasence of two maexima in the activity
cycle, their chronologlicel! order end separstion
in time

At the epoch of the shock transltion, the ‘sub-
photospherle high-latitude portions’ of the *'§'*
family flux tubes are slready passing through thes
maln bedy of the convection zone ebove the "‘base
layor'’, where convective turbulsnce and differsntlsl
rotatlon era more effective than In the base layer.
Tharefore, these aub-photogpheric portlona of the
8 famlly flux tubes willl atart ylelding actlvity
{atltches above the photosphere) before other por-
tions of the sams flux tuhea and flux tubas of the''R**
famlly. Further, while rising, thess ‘ond portlona’
wlil exart upward magnetic tenslons on the portlons
In latitudee < 40° which are In the '‘beas loyer’’ and
thereby help the rlee cf those dseper portions,

In the case of the *"R’* famlly flux tubes some
time will lapse before any of thelr assgments rlae to
the iayars abave the base of the oonvection zone,
According to o crude estimote based on existing
modsla of the convectlon zone, thls time lapse may
be ~ 1year or a0 (Gokhale 19778); end may be
mora If the ““fiux rolls’’ have a lessar tendency to
breek down than the flux sheathe™ (c/. see, 4.2}.

Thus the prodiuction of sctivity by the *’A’" famlly
flux tubes wlll bs subatantially celayed showlng a
‘second maximum’ 1-2 years after the 'tirat maximum’
corresponding to the peak of the ecilvity produced
by the *'5'* family.

4.2, Rolatlve Spot Sizes and Latitudinal Distribuiions
in the two Componeantg of the Aclivlty Cyole

Actlvity produced by the 'S’ femlly flux tubes:

Inltially the aub-photospheric high-latitude por-
tions of the ‘S’ family flux tubes are elready scettered
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all ovar in iatitudes ~ 40— 90* and in a/f longltudes.
Moreover, while rlsing they will also tendto breek
down the ‘S’ famlly clusters [n letitudes <40° Into
*subclustars’ of varlous smaller emounts of magnetic
flux. Therefore, the amergence of the 'S’ famlly
flux tubes above the photoaphare wlll yleid stltches
all ovar tha Sun. In succeasively higher and higher
latftudes beyond 240°, the atitches of different fiux
tubes will be mora and more Isclated from one
another, whereas n lethudes <40° they will emergs
orowded In ‘subclusters’ of varlous possible magnetle
flux veluas.

Thus the ‘S” famlly of flux tubes will produce :

() a substantlal emount of ‘activity’ In smell
“’spotlass’’ evente at 8/l latltudes (llke; tha "aphemarel
active raglons’ In tha photoaphere, of. Harvey at a8/,
1876 ; endthe X-ray hright points [n the corona, cf.
Golub ef o/, 1977) ; and

(Il) spotsand ‘oonventional’ actlve regions of a//
kinds of sizas In latltudes <40°.

Activfty produced by the 'R’ family flux tubas !

The "'flux rolis” are created wholly within the
latitudes + 40° and thelr 'front partiona’, which oan-
stitute the ‘A’ famlly flux tubes, wlil be drawn Into
much smaller latitudes as a resuit of winding by the
dltferentlal rotatlon durlng the rise. Tharefare, the
aotlvity produced by the 'R’ famliy flux tubes wili be
confined to |atltudes much fsss than 40°,

The 'back portiona’ of the ‘‘flux rolls”’ remaln In
the base layer and diffuse much slower than the
rising ‘front portions’. As = result of thla, the
magnetic tenslons from the back portions wlil tend
to prevent the ‘A’ famlly ‘clustars’ from breeking
down into too amall aubolusters. Thersfore, the 'R’
famlly ‘clusters’ wlll produce relatively larger end
rolpi fvely more stable spots,

Thus the qualltative differsnces between the
latitudinal distrlbutions and the slze distrlbutions of
the actlvity expeoted from the ‘S’ end the ‘A’ famllles
of flux tubaes agres well with the abserved differences
between the dlatributlons aorresponding to the firat
and the second maxima In the actlivity oyols.

4.3 Ths Coronal Charagleristios of the Two Com-
ponants

The observed largescale iatitudinal homogenalty
of the corona with an Increass In the coronal denelty

and temperature at a/l /atktudses durlng the flrst
maximum can result from the rather homogansous
distributlon of stitches formed by the S famlly flux
tubes over &/ Istitudes. The Increase of dansity and
ternperature In the low letitudes, the decrease of
thelr overall averages and the resulting largescale
Inhomogenelty of the corona durlng the second
max/mum must be because: (&) ‘R’ famlly flux
tubes which glve the second maximum remaln
atrongly cluatered, (b) they yleld actlvity only In the
low latitudes, and {(c) thla activity reaches maximum
durlng the dec/ining years of the hamogeneously
distributed actlvity glven by ths 'S’ famlily.

4.4 Tha Three Maxima /n the Gaomagneatic Activily
Indicas and the Relatlon of the Third Maximum
to the long livad Coronal Holas

Tha flrat two maxima In the geomagnetlo actl-
vity Indices correspond to the two max!ma In the
actlvity cycie and have already been ralated to the
corresponding peeks In the proton flare activity
(Gnevyshev, 1877), With the help of the preasnt

Pig. 2. A sochematlo dlagram showlng the oonfigutation of a
=fux rall”’ durlng the deolinlng years of the solar cysle. The
sub-cluster ‘A’ In the “frant portion” hss amerged and 'opaned
out’, the aub=oiuster 'B* has smerged but has not yet opsnsd
out. ‘CH' ls the lsrgsacale monopalar photospharle magnetk
o8l glven by photosphsrio [nterasotiona of flux tubss In the sub-
oluster 'A’, ‘D’ |a tha ‘baok portion’ of the flux roll. It le in the
‘bass {ayer’ and I dlitusing slowly,
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modsl we can account for the third maximum, whioh
Is charactaerlzed by the abundance of 27-day racurrant
geomagnetic dleturbances, In the followlng manner.
During the decay of the sacond componant of the
actlvity cycle, which la glven by the ‘R’ famlly of
flux tubes, the magnetlc tenslons from the slowly
diffuaing back portions of the “'flux rolls’* wil} s/low
down the random walk dispersal of those ‘subcluaters’
In the *front portlons’, which have already emargad
and ‘openad out’ to the Interplanetary space (a.g.
A’ |n Flg. 2). Thls wlll provide photospherlo fleld
reglona whoas ‘monapolar’ character on largesosle
Is rather long llved and whose fleld [Ines are ‘open’
above the photosphere end reach large dspthe (In
fact the ‘'base leyer’’) In the convectlon zone:
aasantially tha magnatic conflguratlons of the
coronal holes (cf. Levine, 1877, Krleger, 1877). If 'R’
clusters in such phases do produce long [Ived coronal
holea in the sald manner then the abundance of
the 27-day recurrent geomagnatlo disturbances after
the second maxlmum (essantlally the ‘third paak’ In
the geomagnatic actlvity Indices) cen be understood
ae 6 consaquence of the fast streams assoclated
with the coronal holes (Bohlin and Hulbert 1977),

whatsver be the meohanism for the oreation of such
fast streams.
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