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SUMMARY: From observations of the three total solar eclipses, we calculated
the global linear polarization of the solar coronae in order to find out a possible
connection between changes of this quantity and solar activity variations measured
by some parameters characterizing the solar activity cycle. -

Calculations were based on photographic observations made during the total
eclipses in 1973 and 1980 (Kenya) and in 1983 (Indonesia) by three Belgian expe-
ditions. The instrument was an one — meter focal length refractor equiped with a
polaroid filter oriented in three directions 60° apart.

The parameters characterizing the integral polarization of the corona, degree
of polarization and and the position angle of the electric vector, were summarized
over the circular rings of the coronae between 1 and 2.2 solar radii.” Different values
of the integral polarization were obtained for the three eclipses studied. In 1980,
when the Sun was very close to its maximum of activity, the amount of: the incegral
polarization was considerably less then for the two other eclipses, which occured
near the minimum phase of the solar cycle. The origin of such differences could
be probably explained by corresponding changes in the electron densities and the
geometry of the corona. -

1. INTRODUCTION Nitschelm, 1984; Loucif and Koutchmy, 1989) con-
firmed that the flattening of the corona as well as
electron dencity and integral brightness, are corre-

The variation of the general shape of the solar lated with the phase of the solar cycle.

corona with the solar activity cycle 1s'a well known The global linear polarization parameters, on
phenomenon (Allen, 1947 and Van de Hulst, 1950).  the other hand, might depend on the geometry and
More recent works (Dzubenko, 1984; Koutchmy and  physical state of the corona and indirectly on the

31




M. VULETIC, P. CUGNON AND J. ARSENLJEVIC

solar activity cycle. But, coronal polarization was
measured point by point and integral or global po-
larization, which is normaly observed in the case of
star, was not known for the Sun. Having in mind the
importance of global polarization effect we proposed
a simple method of calculation of integral polariza-
tion parameters of the Sun.

The purpose of this paper 1s primarily to cal-
culate and then to examine the behavior of this glo-
bal quantity, which was not calculated till now, na-
mely, the integral polarization of the corona in white
light. There were reasonable reasons — owing to very
simple geometrical considerations — that the two pa-
rameters characterizing the phenomenon (degree and
position angle of polarization) will show dependence

on the solar cycle, in the case of three total solar
eclipses observed by Belgian Royal Observatory ex-
peditions.

We hereafter have used eclipse observations
performed by three Belgian expeditions 1n Kenya

1973 and 1980 and mm In onesia 1983.
2. -THEOBSERVATIONS

During the totality of the three eclipses the
photographic images of the coronae were taken on
a Kodak PLUS-X emulsion, using a reflex camera
mounted at the focus of an 1-meter focal length and
7 centimeter aperture refractor. The analyzer was
a polaroid filter placed a little in front of the focus,
and oriented in three directions 60° apart (0°, 60°
and 120°). Different exposure times were used In
order to allow the best possible choice depending on
the studied region of the corona.

: The initial purpose of the observations was 1n
fact the study of the local polarization in the K -

corona in order to derive new models of the electronic
density. However, this material can evidently be used

to compute a mere global quantity like the integral
coronal polarization.

- The observations of 1980 were reduced using
a Joyce and Loebl analogic scanning isodensitograph

(Clette et al;, 1985). The isodensitograms were then
digitized allowing the calculation by cubic spline in-
terpolation of densities at the nodes of a radial net-
work (72 directions with a maximum of 23 points).
For the eclipses of 1973 and 1983, we used the Elmer
Person isodensitometer of the Observatoire de Nice,
obtaining so a much better spatial resolution (a rect-

angular network of 360 x 240 pixels), and also a bet-

ter dynamics.

| The densities were then converted into intensi-
- ties using the calibration curve of the film established

- for our specific conditions. However, for the case In
which we are interested here, no absolute calibra-
“tion is necessary, so that only relative intensities were
“computed. The intensities and polarization param-
eters for each point of the network were calculated

(Fessenkov, 1935, Arsenijevic, 1969).
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3. THE INTEGRAL POLARIZATION

Under the term integral polarization one can
understand the sum (average) of the polarization pa-

rameters within the series of circular rings concentric
with the solar disc.

Before computing the integral polarization, 1t
was necessary to re- center the three networks of
intensities corresponding to the three analyzer or-
entations with respect to each other, because of a
possible shift of the data, either during the observa-
tional procedure or during the reductions. For 1980,
this was done using details of the coronal structure
and the knowledge of the relative motion of the cen-

ters of the Sun and of the Moon. For the two other
eclipses, because of the absence of immediate visu-

alization, the “re-centering” was obtained through

cross-correlation method suggested by Clette (1989).

| The integral polarization was then computed
In two steps:

a) For each network of the sets of observa-

tions, the intensities inside the rings of

different external radii, from 1.5 to 2.2

solar radii, with the inner one being al-

ways 1.2 solar radius, were summarized.

b) The calculation of the percentage of po-
larization and of the position angle 4,
using the classical Fessenkov formulae

(Fessenkov, 1935):

2\/112 -+ IE -+ 135 — 1112 — Jolq — I115

P= L+1+ 13
. V3(13 — I3)
tan 20 = ————m—=—, 1)
= -~ I (1)
4. RESULTS

Table I shows, for the case of the total eclipse
of 1983, the calculated integral degree of polarization
of the rings with different outer radii. The inner
radius for all rings are the same, 1.2 Rg. We notice
a slow decrease of the degree of polarization with
larger outher radius. This result is worth farther
investigation in a more detall paper.

In Table II the values of the integral polar-
ization of the parts of corona between 1.2 and 2.2

" Rg for the three eclipses are presented. Together

with this data some other data are sumarized: the
phase of the eclipses in the solar cycle, the daiy

sunspot number (Zurich, Brussels), the flattening in-
dex ¢ of the corona (taken from our data), defined as:
e = R.q/Rpoi — 1, where R,y and Ry, are equatonial
and polar radius.
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Table 1
Routher(Rg) 15 16 1.7 18 19 2.0 21 2.2
P (%) 17.2 16.9 16.5 16.2 16.0 15.8 15.7 15.6
Table 11
Position
Degree of angle of
Echpse Phase Wolf number Flattening index polarization polarization
Jun 30, 1973 -0.40 33 0.176 22% 21°
Feb 16, 1980 -0.97 163 0.080 3% not significant
Jun 11, 1983 -0.40 73 0.180 16% 1°

5. DISCUSSION AND CONCLUSIONS

The degrees of the integral polarization pre-
sented in Table II aré much higher for two eclipses of
1973 and 1983, which both occured in the decreasing
phase of the cycle near minimum, than for the eclipse
of 1980, near maximum of solar activity. It is inter-
esting to note that for exactly the same phase, the
flattening indexes of the corona show the same be-
haviour. Moreover, as consequences of the high level
of integral polarization,; the position angle of polar-
ization is well defined in both cases (estimated error:
3°). ' Contrariwise, for the eclipse of 1980, this angle
i foutid to be erratic and hence with low significance.

- As expected; the geometry of the corona seems
to play a fundamental role in the quantity of global
polarization percent.’ Indeed, two combined effects
(having in fact the sam€ origin) increase the level of
the degree of polarization during solar activity de-
creasing: -

a) ‘the flattening of the corona has a con-
‘sequence that the western and eastern
part of the corona are more important
‘in the summation than the polar. The
resulting electric vector 1s more or less
perpendicular to the solar equator;

b) the local polarization being actually lo-

wer in the polar direction enhances this

effect. o
A peculiarity of the 1973 corona is, besides

its high level of integral polarization, the direction
of polarization that makes an angle of 20° with the
polar direction. At first glance, an immediate expla-
nation appears to be that the solar equator is far to
be, for this eclipse, the "mean” - equatorial plane of
the solar corona. This point needs however a more
detailed investigation.

It is also important to note for all three ecl-

pses: the lower the sunspot Wolf number 1is, the

higher residual polarization 1s.

It is however premature to conclude which one
of the parameters indicated in Table II should be
the best indicator of coronal activity, because we do
not have at our disposal a significant statistical sam-
ple. More investigations are needed. That is the
reason why the observational program will be con-
tinued with the new and old eclipses observations.
The observational data of the total solar eclipse in
Mexico two years ago and possible past polarization
observations sheuld be worked on.

Acknowledgments — This work has been supported
by Ministry for Science and Technology of Serbia
through the project ” Physics and Motions of Celes-
tial Bodies™.

REFERENCES:

Allen, C. W.: 1947, M.N.R.A.5. 107, 426 -

Arsenijevié, J.: 1969, Bulletin Asir. Obs. Belgrade,

XVII, 2, 24

Clette, F., Cugnon, P., Koeckelenbergh A.: 1989,
Solar Phys. 98, 163

Clette, F.: 1989, private communicalion

Dzubenko, N. I.: 1984, Solnechnye Dannye No 6

Fessenkov, B.: 1935, AJ USSR, XII, 4

Koutchmy, S., Nitschelm, C.: 1984, Astron. Asiro-
phys. 138, 161

Loucif, M. L., Koutchmy, S.:
phys. Suppl. 77, 43

Van de Hulst H. C.: 1950, Bull. Astron. Inst. Neth.
410, (11), 135

1989, Asiron. Astro-

33



- M. VULETIC, P. CUGNON AND J. ARSENIJEVIC
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IIpemxo0HO caonuimerse

Ha ocHOBy mnocMatpama TpHU TIOTTIyHa IIOM-
paicha CyHIa, y paly je padyHara HOBa BEIHIMHA
— MHTerpajiHa JIMHeapHa Iojlapu3alnja CyHIeBe Ko-
pOHE, ca HAaMEpOM Ja ce Hahe Besa M3Mehy npoMeHa
OBE BEJIMYIMHE M BapHjallja y CyHIeBOj aKTUBHOCTH,
ogpeNeHHX Ha OCHOBY ApYIHMX IapaMerapa KojH Ka-
pakTepuily LMKJIYC CyH9eBE aKTHMBHOCTH. .

PauyH je GasupadH Ha (QoTorpa)ckum IiocMa-
TpalhMMa KOpPOHE TOKOM IMOTIIYHHUX CYHIEBUX INOM-
padewa 1973. u 1980. (Kenmja) m 1983. roamne

(UnpoHesnja), Koja cy u3Bpuimie TpA OeNirk jCKe eK-

cniennumje. UWHcTpymMeHT je OMo pedpakTop XHMKHE
IajbUMHEe OX 1M, OrpeMIbeH MONapyU3alioOHUM QHII-
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TepoM, ca TpHU Moryhe opUjeHTauMje. |
[TapameTpu KO KapaKTepHUly HMHTErpajHy

rojlapusalinjy KopoHe (CTerneH Iojapusalyje U rpa-
Ball, €JICKTPUYHOI BEKTOpa), padyHaTH Cy Y KOHIICH-
TPUYHUM TIPCTEHOBMMA, Ha pacTojaruMa ol | o 2.2
CYHYeBa MOJYIpeIHUKA. 3a rnomMpatere U3 1980. ro-
nuHe, kana je CyHue OMI0 GJU3y MaKCHMMyMa aKTHU-
BHOCTU, JOOM jeHa BpEXHOCT MHTErpaJIHE MoJlapu3auu-
je je 3Ha4ajHO Mama HEro 3a Ipyra IBa roMpavcma,
kaga je CyHiie 6uio 61U3y MMHHUMYyMa aKTHMBHOCTH.
[Topekio OBUX pa3IMKa c€ BEPOBATHO MOXe 00 jacHM-
TH TIpOMEHaMa €JICKTPOHCKE T'YCTHMHE M IeOMETpuje
KOpOHE. ' | -



