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ABSTRACT. Using H-alpha Synoptic Charts (SGD), the character of the de-
velopment of the structure and distribution of the regions of both magnetic
polarities and their boundaries are derived. A procedure was found of describ-
ing qualitatively the direction of the horizontal streaming of solar photo-
spheric plasma under the assumption of divergence-free flow. Time-variable
large~-scale vorticity flow was found in the region of the active zone, as
well as zonal flow at higher latitudes where the polar vortex is formed. Act-
ive regions are formed exclusively in places where global circulation dis-
plays maximum vorticity. Filaments occur in regions where the value of the
velocity gradient is high perpendicular to the filament axis. The condition
for these two manifestations of solar activity to form is the presence of the
boundary between the two magnetic polarities.

CBA3b MERNY PACIIPEIEJEH/EM KPYIIHOMACITABHHX COJHEUHHX MATHATHUX I[OJE/M
M [JIOBAJBLHOJM T'OPM3OHT AIBHOJ IMPKYJAIMENA B ®0TOCSEPE. Ilo H -CHHONTHUECKUM
xapraM(SGD) , YCTaHOBJEHH XapaKTep DAas3BUTUR CTPYKTYPH M pacnpeneneHue obaac-
Teli o6euxX MArHUTHHX NOJSpHOCTedl M ux rpaHun. [IpuMeHeHHas MNpoLeAypa8 SaKJIDYaeT-
Ccs B KAUYECTBEHHOM ONMUCaHWM IOPUIOHTAJNBHHX HANpaBJIeHUMS MOTOKOB COJHeuHO# PorTo-
cdepHOt naasMH B NPENNOJOREHUM O 6e3AMBEPreHTHOM TMIDONMHAMUUECKOM LBUREHUM.
Bun o6HapyEeH MeHsomuiics CO BpeMeHeM KpynHOMacumTabHH} BMXpeBO# NOTOK B 30HE =
aKTUBHHX o6JjacTelt, a TakEe BOHaJbHHN NOTOK B BHCOKMX WMpDOTax, ofpasymmuit mo-
NAPHHA BUXPb. AKTHMBHHE O6GJACTyV BOBHUKADT NPEeMMYmMECTBEHHO B TeX MecTax, rie
rao6asbHas UUPKYJASUUS [TOKA3HBAET MAKCUMAJTbHYD BaBUXPDEHHOCTBL. BOJOKHA BCTpE-
yapTcs B O6JacTaX, ILe BHCOKM 3HAUEHUS I'DaIMEeHTa CKOPOCTM NEPHNEeHIUKYJISDHO OCAM
BOJIOKOH. YCJOBMEM IJs BOBHMKHOBEHMS 3TUX ABYX NPOABJICHMI COJHEYHO# AKTUBHOCTHU
ABJASETCA HaJAMuYMe CPaHUUN MEXIY IOBYMS MATUHUTHHMMU NOJADHOCTSAMM.
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- VZTAH MEZI ROZLOZENIM SLUNESNICH VELKOROZMEROVYCH MAGNETICKYCH POLT
A GLOBAINT HORIZONTAINf CIRKULACY VE FOTOSFERE. V prdci je na zdkladé H-alfa
Synoptic Charts (SGD) odvozen charakter vyvoje struktury a rozloZeni oblasti
obou magnetickych polarit a jejich rozhrani. Byl nalezen postup, jimZ lze kva-~
litativné popsat smér horizontdlniho proudéni slunedni fotosferické plazmy za
predpokladu bezvi¥idlového proudéni. Bylo nalezeno Sasové proménlivé velkoroz-
mérové vorticitni proudéni v oblasti aktivni zony a zondlni proudéni ve vyé-
Sich 3i¥kéch, kde se formuje poldrni vortex. Aktivni oblasti se formuji vy-
hradné tam, kde globdlni cirkulace vykazuje maximdlni vorticitu. Filamenty se
vyskytuji v oblastech, kde kolmo k ose filamentu existuje vysokd hodnota gra-
dientu rychlosti. Podminkou formovdni obou téchto projevi sluneéni &innosti
je pPitomnost rozhrani obou magnetickych polarit.

The purpose of this study is to show the character of global horizontal
circulation in the solar photosphere in qualitative form within a particular
short intefval of time, as derived from the analysis of H-alpha Synoptic
Charts (SGD - Boulder) for the period of Carrington rotations Nos 1681 - 1684,
which covers observations from April 26 %o August 13, 1979. This period was
chosen quite randomly.

The distribution of the boundaries of the two polarities was compared in
each case on two consecutive maps; in places where a displacement of the boun-
dary had occurred, the polarity was determined which was replaced by the op-
posite polarity. Under the assumption that the magnetic {}eld is frozen in
the plasma and, therefore, the displacement of the polarity boundary and of
the magnetic regions themselves represents a transfer of photospheric plasma
as a whole, the basic trends in development were established. In this sense,
the above assumption is consistent with the commonly used method of tracers.
Conservation of the magnetic flux and vertically divergence-free horizontal
flow are assumed. The separate stages of processing the data are illustrated
in Figs la - 1d.

Fig. l. The horizontal large-scale velocity field derived from the charts of
distribution of regions of opposite polarity of the background magnetic field
for Carrington rotations Nos 1861 and 1682. a) The dotted line represents the
polarity boundary for rotation 1681, the dashed line for rotation 1682. The
vertical hatching marks regions of negative polarity expansion, the dotted
areas regions of positive polarity expansion. b) The full arrows mark the
vectors which describe the tendencies of development of some of the regions
on the solar surface due to the large-scale velocity field. The dashed vectors
at higher latitudes represent the variant in which the meridional velocity
component is neglected. 9) Schematic representation of the structure of the
large-scale horizontal velocity field. d) The structure of the velocity field
illustrated by means of unit vectors.
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ROTATION 88182 SOURCE DATA FROM APR 261978 TO AN 8979
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The presented result ie only a preliminary communication, because quanti-
tative data are not available at the present stage of development of the met-
hod. However, the following results, and the consequences they imply, can al-
ready be drawn at this stage:

The global horizontal circulation in the solar photosphere has a dis-
tinctly vortical character which is reflected mainly in the extent of the ac-
tive zone;

The flow in the active zone is, therefore, neither purely nor predomi-
nantly zonal, since a meridional component of the horizontal velocity, compa-
rable in magnitude with the zonal component, is present there. The character
of the global flow is mainly zonal at higher heliographic latitudes, poleward
of the active zonej; ' .

In both hemispheres, a number of formations with distinctly cyclonal flow
is generated in the active zone. Intensive flows across the solar equator in
the meridonal direction were observed from the northern as well as southern
hemisphere;

Evolutional changes in the character of the flow in the individual parts
of the active zone were found for the short interval of time being studied.

By this we understand the local changes in the direction of flow, and the ge-
nesis and decay of circulation patterns. The centres of some of the vorticity
patterns gradually change their positions relative to Carrington's grid;

A1l the conclusions drawn above were derived from data characteristic of
the year 1979. There are good reasons for assuming that the character of glo-
bal circulation changes in the course of the solar activity cycle.

In relation to some of the manifestations of solar activity, the global
horizontal circulation in the photosphere displays the following features:

Sunspot groups form in the active zone in regioné of maximum vorticity.
As a rule, these regions are close to the centres of vorticity patterns, or
in places where the direction of flow changes abruptly. As yet, the initial
observational material used to construct the velocity field does not enable
the causal dependence between the formations of the patterns with a high de-
gree of vorticity and the generation of sunspots to be determined due to the
small time resolution; ‘

The dark solar H-alpha filaments are formed in regions of quasilaminar
flow where a relative high horizontal velocity gradient can be assumed perpen-
dicular to the longitudinal axis of the future filament. These regions are, as
a- rule, located at the margins of circulation patterns, in regions where two
circulation patterns make contact, and at the boundary between the active zone
of circulation and the polar zone, in which the polar vortex is formed;

No well-defined structural relation was found between the distribution
of the photospheric magnetic field and the structure of the global horizontal
velocity field, excepting that the boundary between the two polarities was
always observed in the centre of patterns with a high degree of vorticity.
Also local maxima of the intensities of background magnetic fields can be, in
general, identified in these regions;
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-The characteristic diameter of the vorticity patterns in the active zone
is about 30 - 40° heliographic. As regards their lifetime, the interval being
analysed is too short to be able to draw definite conclusions, however, in
view of their very close relation to the existence of sunspots, one may assume
that the lifetime of the circulation patterns and sunspot groups will be com-
patible;

No relation has so far been found between the large-scale velocity vorti-
city patterns, on the one hand, and the giant cells and super giant regular
magnetic structures, discovered earlier. However, these structure are by no
means ldcated in the same positions as the vorticity patterns.

The above conclusions lead to the following consequences:

In view of the above results, the differential nature of solar rotation,
described in terms of dependence on heliographic latitude ® as

w=A+Bsin2® + ¢ sinto ,

appears to be a rough, average first approximation of the much more realistic
state of global solar atmospheric circulation. Since sunspots and filaments
are formed in various characteristic regions of global flow, this explains,

to some extent, why parameters A, B and C are given different values by va-
rious authors using different methods of processing and dealing with different
manifestations of solar activity. This will probably also be the reason why
the data on differential rotation, determined for sunspots and filaments by
the method of tracers, differ distinctly from the values derived from measur-
ements of the radial plasma velocities;

To understand correctly the large-scale velocity field in the solar pho-
tosphere, it is necessary to stop neglecting the meridional component of the
velocity vector in advance. This means discarding the deeply-rooted concept
that differential rotation is the result of just the latitude-dependent zonal
flow, and replacing it with a more general model of global atmospheric circu-
lafion;

With a view to the results reported above, also the time-integration fac-
tor is important in describing solar rotation. The statistical results ob-
tained by averaging over long periods of time provide only minimum information
about the actual structure of horizontal flow in the solar photosphere. They,
therefore, only document the average state, or serve only to determine avera-
ge long-term variations;

The relation found between the positions of sunspot groups and the cent-
res of the large-scale circulation patterns prompts the question of the me-
chanism of sunspot generation and the relatively strong magnetic fields within
them, We still do not know whether the centre of the vorticity pattern is for-
med here, e.g., because a new intensive magnetic flux emerges there as a re-
sult of a bouyancy force. Another possibility is the reverse process in which
the large-scale velocity field, within the scope of global relations, forms
a high-vorticity pattern and, in its centre, the magnetic field intensifies
and sunspots or sunspot groups are formed due to high local turbulence, or
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another effect. To be able to verify the structure of global horizontal at-
mospheric circulation in the solar photosphere, as presented above, by direct
measurements of radial velocities, it is necessary to employ methods of mea-
surement and interpretation which would yield reliable data on the zonal, me-
-ridional and radial components of the velocity vector at any point of the so-
lar surface. The derived structure of motion indicates that the direction of
horizontal flow varies on a characteristic scale of about 1 minute of arc.
The method of measurement and interpretation must be able to separate the
granular and supergranular velocity field from the large-scale field;

The positions of the observed filaments proves that the horizontal velo-
city gradient plays an important part in forming them. Consequently, one may
infer that the basic condition of their existence is the presence of horizon-
tal flow whose velocity gradient is perpendicular to the large-scale flow of
photospheric plasma. Another necessary condition is the presence of a suffi-
ciently large gradient of the normal component of the magnetic field intensi-
ty at the polarity boundary. All these three conditions must be satisfied si-
multaneously in the immediate neighbourhood of the filament in the solar pho-
tosphere.

The suggested concept of global atmospheric circulation provides scope
for -interpreting the existing controversies in determining the parameters of
solar rotation, and indicates new variants of explaining the origin of a num-
ber of active phenomena onr the Sun.

MMCKYyCCHua

A.M. Mormxescxxit

MoxHO xM yCTaHOBMTL YTO mepBrumo: nepecTpolixa (saBMxpexms) B xpynEoMacmTaCHOM
noxe MAN Taxaf CTPYKTYyPS KDYHHOMBCHTAGHOrO NOAS BNSBAHA AKXTNBEHMN OCXQCTAMN ?
II. AxGpox )

3nech HABeDHO TPYAHO AATH OTBEeT. Moe ANUHOG MHEHNEe TaKoe, UTO KpynHOMacmabHOe

BuXpH $ODPMYyDT YyCAOBMS NAS XOKA&XbHOMR TypOGyAeHTROCTH, KOTODAS NPHHNMAET YHY&CTHE
Ha ycrreHuSX (OHOBuX moxell M JOpMMPOBKe X0XeXbHNX noxes.
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