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RESUMEN

Sobre la base de los mapas sin6pticos en H para el ciclo 19 se construyeron superficies polinomiales de tendencia para
representar el campo que es proporcional al flujo magnético positivo. Se muestra que mediante las superficies polinomiales
de primer orden es siempre posible representar el campo, excepto para el mapa que precisamente antecede al proceso de
inversién de polaridades en el Sol, y ademds, que el "gradiente superficial” de esa magnitud indica que la inversién de
polaridades en el Sol como un todo ocurre mucho antes (13 rotaciones) de que las zonas polares la experimenten. Los mapas
cuya superficie de tendencid mejora con el incremento del orden de la superficie, son los situados en los comienzos, en el
méximo e inmediatamente después del méximo del ciclo. En particular, los dos tnicos mapas que requieren una superficie de
cuarto orden o més son los de comienzo y los de la fase media del ciclo. En ellos, los de las bandas proporcionales al flujo
neto igual a cero son antisimétricas. La redistribucién en los patrones del campo a mitad del ciclo, aproximadamente unos
dos afios después del méximo, puede estar relacionada con el segundo méximo de actividad descubierto por Gnievishev. Las
tendencias observacionales obtenidas pueden ser usadas con propésitos predictivos.

PALABRAS CLAVE: campo magnético solar, ciclo solar.

ABSTRACT -

On the basis of H synoptic maps of background magnetic fields for the 19th cycle, we take one map for every ten
rotations and in a continuous manner for the maximum of the cycle, where we take for the analysis all maps within the
maximum of the cycle. We constructed tendential polynomial surfaces to represent the field that is proportional to the
positive magnetic flux.

It is shown that with the polynomial surfaces of first degree it is always possible to represent the field, except for the
map immediately precedin} the process of polarities’ inversion at the Sun. In addition, the "surface gradient” of that
magnitude shows that inversion of polarities at the Sun as a whole occurs earlier (13 rotations) than the onset of the change
of polarities at the Sun's poles. Maps whose tendential surfaces improve with increasing order of the surface are those at the
beginning, at maximum and immediately after maximum of the cycle. In particular, the two only maps whose representation
becomes better with a surface of fourth degree or more occur at the beginning of the cycle and at the medium phase of the

cycle. In those maps, the ribbons proportional to net flux equal to zero are antisymmetric.
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INTRODUCTION

The study of background magnetic fields discovered by
Babcock and Babcock (1955) has become very important as
it was discovered that filaments, filament canals and quiet
protuberances follow the null -line of the longitudinal
magnetic field. It was found that the Ho synoptic charts
show the inversion of the line of polarities with more
precision than the magnetograph (Duvall, 1977).

These zones of background magnetic fields that occupy
more than 80% of the solar surface (Kotov et al., $977)
contribute to the Sun's general magnetic field more than
the magnetic fields of sunspots and active regions.

If we consider (as stated by Severny and others) the
relation between the Sun's general magnetic field and
sectorial structure of the interplanetary magnetic field

(Kotov et al., 1977), then the importance of the study of

background magnetic fields can be understood as a means
of forecasting the solar wind, geomagnetic storms, etc.
(Bumba and Howard, 1966).
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DATA AND METHODS

Source data are the Sun Hq Synoptic Maps for the 19th
cycle compiled by V. I. Makarov and K. R. Sivaraman.
Each map represents a solar rotation and the Atlas covers
the interval from Rotation Num. 1355 (Dec., 1954 - Jan.,
1955) to Rotation Num. 1486 (Oct., 1964).

Each map was digitized for 162 squares of 20° x 20°
beginning from SW to the North. In each square we count
the fraction of positive area with a precision of 1/16. It
represents a magnitude proportional to positive flux, if it
is taken into account that background magnetic fields are
approximately constant with a medium value of about 2.5
Gauss (Kotov et al., 1977).

Fourteen maps were analyzed, one every 10 rotation and
additionally 9 maps corresponding to rotations Num. 1386
to 1394 (year 1957). The objective of this paper is to con-
struct a tendential surface for each one. The method is an
adaptation of multiple regression and is employed in
geology to separate the data in maps into two components,
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DISCUSSION AND RESULTS
It is obvious that tendency maps of higher degree will

represent better the surface of positive fluxes
For the first degree tendency maps (Fig. 1) we localized

The corresponding analysis of the variance at 1% level
the situation of the ribbon that corresponds to net flux
equal zero (this is represented in the maps by the number
8) and for each the direction of increase of positive fluxes

showed that all maps can be represented by first degree sur-

At first we
equation were significant and then maps of first degree were

analyzed in an evolutive way.
Num. 1391. In this case it is not significant either for 1%

nor 5%. This map corresponds precisely to the rotation

previous to that when the Sun's poles begin to mix their
polarities; i.e. at Rotation Num. 1392 the North pole of

the Sun begins to present zones with both positive and

negative polarity and the South pole continues with nega-
be an indicator of short-term type for the change of polari-

ties of the Sun'’s poles.
is a total symmetry after the maximum of the Wolf

number (maps corresponding to Rot. 1390 and 1391), with
nearer to a minimum. Note the correspondence between

maps corresponding to Rot. 1485 and 1395

1475 with 1405
Rotation numbers 1425,.1435 and 1445 are intermediate.

is noted. The result is shown in Fig. 2. It is seen that there
the feature that field patterns are longer when they are

faces (planes) except the map corresponding to Rotation
tive polarity as before. If this is true for other cycles, jt can

significant, surfaces of first degree will smooth better the

time, and if the coefficients of the regression equation are
field and will show its tendency.
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Since this equation has three unknowns, three equations

are necessary to find the solution, which in matricial form

is written as follows

In an analogous way other surfaces of higher degree can

be found, up to 4th degree in our case, e.g.

In the particular case of first degree, it is necessary to

A tendency of our magnitude (in our case a magnitude
achieve a plane surface of the form

proportional to positive flux) is a function of geographic

coordinates - in this case solar coordinates - of a data group
such that square deviations from tendency are minimized.

one of regional nature (tendency) and the other of
Y

fluctuating nature or local anomalies.
where Y is the observation of the magnitude

1. Ferro Ramos

5L NGEALRBRAABE LLLLLIFFTIFFSSLLEESV OV IPY
POR8eIL LLLLLF99999955R558C P Y

P56 5656REBBRLLLLLLFIFIFDIIOCNEIGRSY Y ILY
e s b 5 HIBRRTRLLLLLLIVIOFPINAGSGY P UL
4:P8888a8Y. L L LL999999 35508 v Y

YU 85 5 Y3R8BARY. L L LLADFVIIPFIOSIRE I Y
HRRERDRY} . LLLLLSFIIFICELCICLYEY
WYL L LA 0APRRBAAL £ L L LLFFIIPINIREESS YUY
B E 65 5APERBERL L L L L LLRIFIIIRLTCESY Y
LIRS L L G5 L2LLL9FIVRIGECCEEYYY
USRI A L £ L. JEEABNSY L £ L2 {999 PIFTLEEELLIY
Ay 5 5 A% ¢ L1 LLLLIRNIFETLRSSY Y
2RBERNY L LLLLFTVPIFTLALEEI0Y

b LLLLLL997F9FLOESE5Y

' LLLLLSRPIICRTLEGEY
BRRLLLLLITIIFIIERCLGS
B9 LLLLL LOVSFIVOELEET
AU TPV S SA6 56 MRS L L LLLPFPOIPRGCEES
BIFFUIPIIN L 6 LLEPRBREFL LLLLLTPTIVITREEES
AFAGRYIN Se4EE2R2R) LLLLLPPRTITLESES
AR T L ALLASEBABE| L LLLLIFFISSTEEEE
DIATAVYYY IS 66 L6 4ORRSRS L2 £ L L L99929P053S
)L L LLLLITIFITERD

(LLLLIPFIRIISLT
N LL 244955699005

SR8V L LLLLPFOVIIEES

28R LLLLLL99999958

BRNLLLLLLOPIDGGEE

DAHAAT YRSV AL L LURREEREY LLLL LS99GF995
29T IAILUYICR HLLLELEODIFEERLLLLLLOFIFIGG
203 ATULYIVVALS6HLERHEBEBI L LLLLITGGIGS
IIFANTTTIVIOCVLEL AL SNIRIS L LLLLLIDFIDD
DIDFIRISIYUHEYLLLLLLSAREDRREL. L LLLLINGFRT
ADNTAITIFVIGIVSRE L LG HLHBIRABEY L LLLLIDIIRG
JO0MRTATINIYCCVSL L HHRBRBSRR LLLLLTFICT
20085 IRV INE6 L 56 603RB3H1 L LLLLFII9P
DO2DATIAGIHIPUYVU S L6 LEL40PDRBE L L LLLLGFFD
020093 TPV L EELLLREREBENLLLLLLIFG
2000059 FATVY IO LELLABEEBBA L LLLLIFR?
00030053 TITNCV IR AL LLAREBBRBY. LLLLLLIFF
00920328 AARIIHYITHLLHLLOEAIERRREL LLLLLIF?
22220953 TITAFIOIHIAL6L S JRCELAN LLLLLLYF
20070003 ATTITCEUIVYS 6L L LLROSEBRGY LLLLLSD
1272250993 TIAIVT AL 6L 6L 3REBRN. L LLLLSD
02000003 IAGEaYYYTHVSS AL LLRRESREL L4 L 1LY
Aa20933343TIFICYEYHI L6646 RIVTOBY LLLLLD
AGI00032HASIEF VIV YL LLEL RREEEHL L LLLLY

B B R L Ee Lo bmmooks

2k= Rrirbvil gV

Fig. 1

160



./\

f
1485

1465 1475

—

i

Tendencies of solar magnetic fields

1455

A

1445

I
1435

2 Y2 AN

1425

1415

7

1405

/\-*

1395

1385

>

]
1375

.,

A
3% 1365

K

.,Nuﬂll =
_ ~3
A
x 28] w
n
-
++3300AA++++++++++4+++++4+0DTYE PoERTZTITL ++++++ OSSR muo+++++++++++++QQUUUUQ et
< ++++(Q0++++++++++++++++0TIYAPCEESTTITLS 4+ ++ 44220 /ERIDT 4+ 4+ + 4444+ +++TADDDTIA+++ + ¢
[(s] - bt b b bbb+ ++0003 I ISHPSITITLL S et v & S el E L L L b b d ++3Q02283320+++++

+++++ 100G A ADAA++ +++ 4+ +GADIDITTITIIA++++

+++++++03000AAAAAAIITAVNS A LITHTTT T+ +++1 +++ 447009, Flova0aa++++ 4 0ATDIIFWYYYI DT+ +++
@ ++4+++4+00AAAIIIDINIAAGC YL LIGUSTZ T4+ ++++ ++++ 12809 435H322(00CTATTIDIFIOPUIUIT++++
++4+4+++00002000099399V6LBEEL TP EET T+ 4>+ 4 ++ RS R AN 401 & & o BELEELIYTD++++

QU PLZ I I +++d4++

RC1
Rs
300+
250}

+4++++0020993TYCOCHEPEL LISTEET T T++++++++ ++++1I5059 Sk 65D+ +
+++++ADDFAVVIIVE LS JRBL LPGDEETT T+ b+ ++tbh +++1TISPRI NSV YA+

18 + 44+ +009AYIYSLLLPBELLLFSBYTTE T4+t vttt rt FOURE S T I ¢ ol LR al=3s apa & Se U gy
A+ +++QIAPYL6648389LLFICTUVST T [+ 44+ bitd bt . +++ T IZTOUSP LN ALTITUHSE SEGEEES
F4+++083966 B8R L LSO Y STT T +++4+ 344+ 44 144+ 1ZSURSPLEELO5E LS Jd+++

++++00896 4382 L L99F SR YSET T T+ 4ttt b bbtr T+++ P TZESYSP7 {T3BERART A d+++

- + 4+ +ADTFLPEY LLLIFFREBYEETT I+ 4+ +++ba+++ b T+++11ZZE0I0Y CLARSREHEL LLFFF9FFP L fodU+++
© ++++0089eBH £ 299995550 Y ECET T+ 44+ 4+ 4 [+++ P L ISR ERVPLLL JRTZL L9957 90557 Jotdd+++
24200600 L 29999058 b IST I T+ ++4+++4+4+3 1444+ 1 ICToUbO9RLLLLLLLLIFIREEGRIC L FAr++

++++039P5) L99990500VVSSTT [ T d+bdbtrtrts T+++++ [ IZOTPORPDLLLLIPFIIGEEEREET Jfod rr+

o S+ AYEERY L99950S0 P b SSITT T4+ 4ttt ibrtrr O T+++++1 12T PRas99FTFPOVEEERRERET JHIT+++

3 o ++++030BlL999950GS b P YSETTE [+ b+t rhbdbddrd D I+4++++ ] [ZCoPOEE97959990R0R3rRRG7 U dr++
[ ++++0ARLEE £9590000C PP EISSTI T+ ++r bbb brs 1+4+++4+ 1 [ZECYPSSE999IVSLREG T oSSR LFF/A+++
et (V)2 5 AL LIl ] £iinishtA S RE LS S S LS8 S P+ r e+ [TECVUESEPTIVINSEE PSS LPIA+ ++

r+++QIYUCE £5999908S05 PP YSCEST T rr++dtrttty F++++++T IZECHPEOEETFREEEE T I YIS fotid+++

++++030dSY L99999ECSEEY P YTLTT T L4 bdtitttt 4+ 44+ ] TSR VP SESEGESEEEEYIYESE74oTA+++

R} ++ 4409 DY L99PTOTRRSRE P YSETT I T +++++ 4444 ++++++++ 1 ITTEPYSOEELEE55555PPERE7 Lodd+++
++++0AYHRN L £L9999F99R LGS LYSLTIT I T+ +++t b bbb TP SSSA0ARSAGEEEE0ET 7 I+ ++

S+ + QI LLLLIDFFGIIDRAYPTETT T T ++++++2 Frtrr 4 [ZTIEPOLCETFISEREEEEERFLELT 44

P QOUDABEN LLLLLLLLIFTOGOPYSTIT I T4+ bat S rr 4 [ ISP PEEE99TOIREEEENEST RN A e
F+++ADAVEROETY LLLLLLLLEPFSTEP LTI T I 4444+ +++ 43+ 4+ ITODPEEEFFIFITPLOSEEETFLFPIr+4+

3. +++++03254 N LL9FFEELTETTIT I+ Frb b e+ (TSP EE9PPYOIFPGCERIIPY SO rhb+
++3 2 DAPEE L LFFDSETETTTITINL +4 44+ T IZTCPOSTTIIFTTIFFITIFIR LD+ +++

F+++ 40060 E655656565833YLLIFSEYIEILTITL bbb P LDV REPPLLLLLLIFIFF LAY I+ 4+

+ 4+ 003 LLLLLLSHLLETEEH 9L PETITT T bbb b TEDDYRESVLLLLLLLLLLFFLLAZPED A+ >

~ +++++ 1YY YPYVYGIRT DTV 6L SESETITIT Fhbbre P [0S 530+ +++
WA >4+ ++00ATYYYYYIUIAISOVUR 6 RS RSV IET T 1+ + 4441 1ZEYRRIFLLEEEBaBEE LLL LT VIGr 44+
44+ +003TIYYYPITITITATIIVVS Y LOSYETT [ T+ e+ 1 ZZC0E99 L 4338888R335883 3GV ET 4+
+++++QHE99 93930004 AIVOLIY FSESTT T++ ++rr+ [ZEE SV L AT SocOEEE85 38 AU+
++4+-++02943999393023220009300 G FS LT [ T++ +H++TIZEVE9952 3 A0++++

o +3+4+4++003833993030000022I03YVHL ST T +++ A+ 122500 PR o6 TUIUN &6 6L LELYIT+H+++
-+ ++0I33933900020000UAATDHAVEL IST LT+ +++ : ++++++ [ZE 0PS99 LUYIIIIEELHLELITHT+++ +
++++003393839222200040gIVTIY w\on¢m_e+++ Crrr+ 1125055 g uvuEaaaYuYUe 666 6NTT T+ 4+
+++4+003399899:33723200000022339 FHSTH++++ +a+++ 1220 r09 43kuuyaaI3adavurees 8 56YYI D+ +++
+++(29YYYYYATEI20000UadIDERYER ST T+ +++ 44+ 128029 4RShpvaagIaaTIYYss 66 5WT I+ 44+

nw nw nw nw mw ++0IHYVSLYYYYIII300TAAIITAI L F LI T ++++++ +++++ﬂum¢nuu wqammuuuuummmaqdv&mocmuq¢++
& mo n ¢ +403H 55668 66998E3DDDDINTIVELLSTET+++++++ $++4++ 128055 JFOVTAD0000003399Y 6666699 U +++
N & e +0:35683£833646YYPHHADDIAIVLY . FSET++++++4+ S+ 128 02 4(5699002000009:4995 66666630+ +

UH68LL99PLLLESSYVYTITYICHILGE P T ++++++ 13+ +++++ 12805 4d6vAT0000TIDDAFYYS68328660D++

161

Fig. 4



1. Ferro Ramos

It is noticed that between the maps corresponding to
Rotation numbers 1385 and 1395 the "surface gradient" of
positive fluxes radically changed. Hence we analyzed sepa-
rately the maps corresponding to Rotation 1386 to 1394,

The results of the analysis show that the change of the
"surface gradient” as well as the change of polarities at the
Sun poles precisely begins at Rotation Num. 1392
although the South pole continues as before (with negative
polarity) and will not acquire a completely positive
polarity until after 13 rotations. In addition, the North pole
only presents mixed polarities. This fact indicates that the
effect of change of polarities occurs itself at the Sun as a
whole much earlier than the polar zones show it.

In all cases the correlations between the original maps

and tendency surfaces are low but significant except for

Rotation Num. 1391.
Tendency maps of higher degree

Although the coefficients of tendency polynomial equa-
tions of first degree are significant, we tried to find out
whether the use of a polynomial of higher degree fits the
maps better.

Analysis of variance for a significance level of 5%
shows that the maps that can be represented best with a
polynomial surface of higher degree are those correspond-
ing to Rotation Num. 1355 (needs 4th degree or more),
Rotation 1395 (2nd degree), Rot. 1405 (3rd degree), Rot.
1415 (2nd degree) and Rot. 1425 (4th degree or more).
Note that these maps are at the beginning, at the maxi-
mum and immediately after the maximum of the cycle. In
particular, the only two maps whose representation im-
proves with a surface of 4th degree are those corresponding
to Rot. 1355 and 1425. The first one opens the cycle and
the second is situated at the middle of the cycle in accor-
dance with monthly smoothed Wolf number. In these maps
(figures 3 and 4) the ribbons that represent magnitude pro-
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portional to the net flux equal to zero are disposed in com-
pletely antisymmetrical ways. This redistribution in the
pattern of solar fluxes halfway through the cycle, but not
at the maximum of Wolf number (approximately two years
after maximum) may be related with the second maximum
of activity discovered by M. Gnievishev.
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