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ABSTRACT. In June 1983 simultaneous vector magnetograms were obtained
with the magnetographs of the Potsdam Solar Observatory "Ensteinturm" and the
Sayan Observatory (Irkutsk). For the study is selected the leading spot in
the active region SD 164 (NOAA 4216) on June 24, 1983. Photographically measu-
red field strengths (independent of stray light) were used as reference values
for the stray light correction of the magnetographic data. A comparison of the
magnetograms shows a good correspondence in the field strengths as well as in
the field azimuths. The distributions of the verical field gradients dBz/dz
and the vertical current densities were derived by approaching of the trans-
verse field distributions by spline functions which are smoothed in relation
to the measurement arrors. The mean vertical gradients in the umbra were found
to be about 0.32 G km". The distribution of the vertical gradients reflects a
return flux topology of the magnetic field around the spot. The distributions
of the vertical current densities show a good correspondence also. Up and
downflowing currents correspond to clusters of field lines which nonradially
run out the spot partly somewhat curled.

HEKOTOPHE TOMKM 3PEHMA AHAJMN3A BEKTOPHHX MACHETOT'PAMM M VX TPUMEHEHHME K
M3MEPEHMAM, KOTOPHE BHJIM INOJVYEHH B PAMHAX COTPYJHMUYECTBA: OnHOBpeMeHHNE Ha-
CADRGHHS NOXHOro 6exTopa OmaM mMoXyweHH Marmurorpadamm IorcramcxoR coaxmewnolt OG-
cepBaTopun "OmHmTelETypM" M Cagsucxok OGcepmaropum (MpxyTck) B mvHe 1983 r. Jlas
nccaenoBannk OrI0 BHGD@HO Belymee nNETHO axTMBHOX oCaxacTu CH 164 (HOAA 4216) 24
xpHS 1983 r.. HampaxenmocTx noxs, koTopme OMam msumepenn Gororpadmuecxmuu MeTo-
AeM (OHM HEeSEBMCAT OT DACCENHHOrO CBeTa), GHAN M8NOALSOBAHH K&K CT&HASDA OPK
HCOPABAGHNN MArHMTOrpafMUECKMX AGHHHX 88 DaccesHHu} cBeT. CpPaBHEHNS MATHMTO-
rpaMM oSomx o6cepBaTOpR} NOKAS@AM JOBOABHO XOpOmOe COBNaleHMe BanpsixeHHocTel K
S8NNYTOB MAPHMTHOrO Nnoas. PacmpelexeHns I'pafMeHTOB OpOZOABHOro moxs dBz/dz x
OXOTHOCTN BEPTEXK&XLHEX TOKOB OMAN BHYMCAGHH NSNOXbLBOB&HMEM NPMOAMXEHHOrO pac-
npenexeHNs nonmepevHOro noxs. lpuCauxenue npoBedeHo ¢yHxOuaMm “cnael#H" craaxen-
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HHMM OTHOCHTEXBEO HorpemsoctTeft msmepennii. CpesHee sHaueHME NpOROABHOrO IpeAN-~
eBTa 6uxo 0.32 I'/kM B TeHN mATeH. PacmpefeicHNe I'DAAMEHTOB OTPEXGET TONOAOIHD
MarHENTHOI'O NOXS BOKPYr NATHA ¢ OODATHO HANDABACGHHHMN MAQrHNTHEMN TpyOkaux. Pac-
npeRexeHne NXOTHOCTH NPOXOABHOr'O TOK& 06OMX obGcepBaTopuil TOxe NOKASaAM XOpomoe
coBnazenue. Beepx u BHMS H&NpaBAEeHHHE TOKNM OTHOCATCS X COBOKYNHOCTAM M&rHNT-
HEX CMEOBNX XNHME BHXOASmNE N8 NSTHR& HEPAAMAADBHO.

URCITE HLADISKA ANAL?ZY MAP VEXTORA MAGNETICKEHO POLA A ICH VYUZITIE PRI
MERANIACH ZIsKANYCH V RAMCI SPOLUPRACE: Na magnetografoch Slne¥ného observa-
téria v Potsdame (Einsteinturm) a Sajsnského observatoria pri Irkutsku boli
simulténne v jini 1983 siskané mapy vektora magnetického poTra. Pri Etidiu bo-
la vybrand vedica 3kvrna aktivneJ oblasti SD 164 (NOAA 4216) z 24. Jéna 1983.
Fotograficky merané magnetické intenzity (tieto nezévisia od rozptyleného
svetla) boli pouZité ako referen¥né hodnoty pre opravu magnetografickych udda-
jov o rozptylené svetlo. Magnetogramy obidvoch observatorif sa dobre zhoduju
tak v hodnotéch indukcie ako aj v azimutoch magnetického pola. Rozdelenie gra-
dientov vertikélnej zloZky indukcie dBz/dz a vertikdlnych hustdt toku boli vy-
politané z rézdelenia transverzdlneho (prieneho) pola. PribliZenie k tomuto
rozdeleniu bolo ‘uskutolnené pomocou "spline" funkcif, ktoré si vyhladené vzhla-
dom na chyby merania. Stredné hodnota vertikélneho gradientu v umbre je 0.32
G 1:111'71 . Rozdelenie vertikélnych gradientov je zrkadlovym obrazom topolégie
magnetického poIXa okolo umbry s opalne smerovanymi magnetickymi trubicemi.
Rozdelenie hustoty vertikdlneho pridu je pre obidve observatdrid v dobrej
zhode. Pmidy smerujice hore i dolu odpovedajui silofiaram, ktoré neradidlne
vychddzaji zo B3kvrny a si &iasto®ne zakrivené.

1. OBSERVATIONS

In June 1983 cooperative magnetografic observations were made within a
KAPG-Theme 4.1. observational program. Target of the program was the group
Solnechnye Dennye 164/83 (NOAA 4216, Mt. Wilson 23713), located at 17° N, 106°
in Carrington longitude. An overviews magnetogram of the region on June 24,
1983 is given in Figure 1.

In this paper will be regarded the leader spot only and all shown Potsdam
magnetograms are cut outs of magnetograms of the whole region. In Table 1 are
given the magnetograms selected for this study.

Additionally is included a cut out of the Ondrejov Magnetogram on June
24 (7:10 - 8:00 UT) in the comparison of longitudinal field strongths.

Tgble 1
Data of the used vectormagnetograms
D(iﬁstgz;ation Time (UT) Line () Obsgervatory
830624.01 6:07 - 6:24 Fel 5253 Potsdam
830624 6:58 - T:12 Fel 5250 Sayan (Irkutsk
830624.03 9:29 - 9:49 Fel 5253 Potsdam
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Fig. 1: (a) Map of longitudinal field in the active region SD 164/83
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Fig. 1 (b) Map of the intensity (isolines) and direction of the transverse
field. The longth of the line segments corresponds with the
transverse field strength in a logarithmic scale.

2. PREPARATIONS OF MAGNETOGRAPHIC DATA

One of the main external disturbances of magnetographic measurements is
given by stray light. It is difficult to eliminate exactly these disturbances
without direct measurements of the stray light parameters. For this study
field strengths in the leader spot, measured by Kiinzel (1983) using the pho-
tographic method at one of the horizontal telescopes at Ondrejov, were used
as reference values because this method is not influenced by stray light. Fi-
gure 2 shows the photographic measured maximum field strengths and the mean of
five magnetographic measured maximum field strengths (full vector) in the le-
ader spot before and after the correction. We can see that the values of the

=

4T

© Astronomical Institute of the Slovak Academy of Sciences ¢ Provided by the NASA Astrophysics Data System



BrulG)
2500

T

2000

\N\ A
Bress[G) |
;soo - j\f’//\*////’\J

2000

T

1500

T

. 1000

e

L " 1 " L n e U |

226. 236, 246 DATE 1983

Fig. 2: Graphs of the photospheric measured maximum field strengths (upper)
and the mean of five magnetograpfic measured maximum field strengths
before and after (middle) the stray light correction.

magnetographic measured field strengths and their variations are more realis-
tic after the correction. Also the mean umbra intensities (not shown here) ha-
ve only insignicant fluctuations during one and the same day (but they can
change from one day to the next), which was an additionai criterion of the
correction procedure. The instrumental polarization was eliminated as descri-
bed by Bachmann et al. (1984).

3. COMPARISON OF THE MAGNETOGRAPHIC DATA

Comparison of simultaneous magnetograms obtained with different magneto-
graphs are important to see the reliability of the observations and to give
information about the accuracy of each magnetograph.

Using the integral method as described by Pflug and Hofmann (1977) Figu-
re 3 shows the longitudinal field strengths measured in Irkutsk (Sayan), On-
drejov and Potsdam with respect to a mean field distribution of the three mag-
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Fig. 3: Relation of the longitudinal field strengths.
Ordinates: magnetic field strength of the measured data,
Abscissa: mean magnetic field strength of all data.
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Fig. 4: Azimuth of the transversal field
(a) Saysn-observatory
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POTSDAM MAGNETOGRAM JUNE 24,1983 6.07-6.24 UT
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Fig. 4: Azimuth of the transversal field
(b) Potsdam

netographs. There are differences between the zero point levels up to 12 G and
a factor up to 3 between the scales. These deviations are comparable with the
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Fig. 5: Reletion of the transverse field strengths
Ordinates: magnetic field strength of the Potsdam data.
Abscissa: magnetic field strength of the Ssyan data.
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netographs. There are differences between the zero point levels up to 12 G and
a factor up to 3 between the scales. These deviations are comparable with the
results of other authors (Beckers, 1973; Pflug and Hofmann, 1977). Restricting
we must notice that the number of points (802) is not large enough for this
statistic method, especially for the negative (south polerity) values. The az-
imuths of the magnetic field are shown in Figure 4. A quick look shows a good
correspondance. Both magnetograms show the same tendency for the field lines
to concentrate in clusters which probably are connected with different eleme-
nts of the active region (Grigorjev et al., 1983). The relation of the trans-
verse field strengths shown in Figure 5. The relation is also derived by the
integral method snd shows a good agreement if we take into consideration that
both lines have a different sensitivity to temperature what will be of high
importance in the penumbra, which occupies a considerable area in the magneto-
gram.

4. DERIVATION OF VERTICAL GRADIENT AND CURRENT DENSITY

With maegnetographs the magnetic field distribution is measured in general
in the photosphere. To understand many problems of solar asctivity and the con-
nected processes it is important to kmow how the field continues into the up-
per atmosphere and how the current system is builded up in these layers. Using
the Maxwellian equations o

divB =0

rotB=73
the knowledge of the horizontal distribution of the trensverse magnetic
field’s components allows calculations of the vertical gradient of Bz and the
vertical current density:

Bz/dz
Je

- (9 Bx/ox +0By/loy)
(d0By/ax - dBx/3y ) u,

In many earlier studies difference approximations were used for the spatial
derivatives of the transverse field. Then the accuracy of Jjz is significantly
influenced by the large measurement errors of Bx and By. Therefore I appro-
aches the field distribution by spline-functions which are smoothed in rela-
tion to the measurement errors. Using the spatial derivatives of these func-
tions in each pixel the vertical gradient and the current density was then
calculated over the magnetographs field of view. Based on this technique the
noise level in ?Bz/(?z and jz was determined to be less than 0.04 G/lr.m" and
3 1073 A/mz, respectively.

5. VERTICAL GRADIENTS

The distribution of the vertical gradient in the spot in shown in Figure
6. There is an area of gradient with opposite sign to Bz in the umbra and in-
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Fig. 6: Vertical gradients of Bz. (a) Sayan-observatory
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Fig. 6: Vertical gradients of Bz. (b) Potsdam

ner penumbra. The numerical values are given in Table 2 for the three used
magnetograms.
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Table 2
a
Observed vertical gradients of sunspot magnetic field obtained from divB = 0

0 Bz i -1 9 Bz l -1
G km - G km

observation ‘ oz ’ °z ’

(maximum value) (average of the 5 maximum

values around the spot axis)

830624.01 _ 0.37 0.34
830624 0.42 0.33
830624.03 0.33 0.30

The gradients obtained with both magnetographs agree very good, in so re-
ferring to the good correspondence between the measured transverse fields. The
values are in the rsnge as found by other suthors (0.1 - 0.7 G km“) from
divB = 0 (cf. Obridko and Teplitsksya, 1978, and Hagyard et al., 1983). The
gradient decreases with the radius of the spot, becomes zero near the penum-
bral edge, and from east via north and west to southwest a circle like area of
opposite sign surrounds the penumbra.

This area reflects a phenomenon observable mainly by a class of 0ld spots
(Liggett and Zirin, 1983) which are surrounded by bright rings in H. and K-
line and a weak opposite field region. Osherovich (1982) has elaborated a mag-
netohydrostatic model (Return Flux Model) of sunspots which give a possible
topology, interpreting this type of observations. The field lines starting in
the penumbra re-entering the photosphere in the immediate surrounding of the
sunspot. An upper limit for 9Bz/Jz in the center of a sunspot csn be derived
for this model (Osherovich, 1984). In our example (radius of the outer bounda-
ry of the penumbra rpc:14700 km, Bz<2200 km) the upper limit smounts 0.63
G/km.,

6. CURRENTS

The return flux phenomenon supposed in section 5 can also be understood
in terms of currents. Inside the spot azimuthal currents flow across the mag-
netic field in accordance with the right-hand rule, i.e. the azimuthal current
has the same sign as the vertical field Bz. At low heights the azimuthal cur-
rent becomes zero mear the outer penumbral edge and flows in the reverse di-
rection outside the penumbra because the opposite directed field. Similar re-
sults are found through theoretical calculations by Ding et al. (1985) who in--
vestigated the currents in a unipolar sunspot with a model of a cylindrically
symmetric magnetic field.

In the spot under study there are deviations from the radial in the ob-
served transverse field, which are sources of additional verticel currents
flowing through the photospheric surface of the spot. Figure 5 shows this cur-
rents derived from the transverse field (cf. Figure 4). There are areas of up
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Fig. 72 Vertical current demsity. (a) Sann-obgervatory
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Fig. 7: Vertical current density. (b) Potsdam

and downflowing currents. These correspond to cluster of field lines which
nonradially run out the spot partly somewhat curled (cf. arrows in Figure 4).
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CORRECTION

In Figure 2 the ordinate of the middle graphs is 500 G higher as correct.
The correct scale are 2000 instead of 2500 and 1500 instead of 2000.
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