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BROAD BAND PHOTOMETRY OF THE SOLAR CORONA OF 1983, JUNE 11
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Abstract

Tha soter aorona was photographod al an olfestlve wavelsngth of 6300A during

the total sellpas of 1983, lune 11 at {ndonoals.

From tho lsophotes of tho oorons, tho

intensity distributions olong the squator, gpolos, sireamets and .gaps have bsen detivaed.

The Intensity slong the equatorial and polar ditoctlans cen ba roptesentad well by & 19

polynomial.

¥he hrightnoss dihatribution and the Ludsndori! paramaters of this corona

arm typloal ol the Intermediate phase of tho svulnr cycla.
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1. TIntroduction

After the eclipse of 1980, Fabruary
16 in India, the naxt eclipse with sufficiently
long.. duration of totality was the one on

1963 June 11 at Indonesia, The camp was
established at Tanjung Kodok (Longe 112°
21" 28"Ey Laty 6° b51' B4"S) on a spit of

alevated rocky land protruding into the Java
saa. This site in the neighbourhood of the
vi1lage Paciran, on tha north west of Surabaya
was very close (~3km) to the central line
of totality. The duration of totalty at
this site was 309 seconds and the second
‘contact wa predicted to occur at 04"32%4f
U.T. which corresponded to approximately
1136 hours local time. There were heavy
ratns for two days prior to the day of the
eclipse which stopped in- the afternoon. of
June 10. The day of the eclipse started
off with skies with broken clouds which. thinned
“out with the progress of the day and at the

time of totality the coronal Yight shined
through a thin veil aof cirrus clouds, In
this paper we present the rasults from the
photographs - of .tha corona obtained through
a broad band f{I1tar during the time of totality.

2. T (buerv;ti-oni

The expoerimantal set up consisted of
an /15, 2,25 m focal length Zeiss lens object-
ive into which sunlight was fed from a coelo-
stat of 30 cm aperture. On the focal plane
end individual plate .holders carrying plates
of slze 34" x 444" of Illa-F emulsion could
ba introducad. The shuttar of the -camera
fixed in front of the  objective. was operated
from the- focal plane end by the observar
who exposed the plates to the solar corona

through the = broad-band f1ilter Wratten 25
which has a peak transmission around. 6300A.
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The duration aof the exposures were 2, 3,
6§, 8 and 10 seconds, the first one beling
exposed 10 seconds after the announcement
of the second contact 1n the camp  The photo
metric standards were impressed on plates
balonging to the same box of IIla F emulsion
in the 1laboratory with a Hilger step wedge
of six steps and this established the relative
photometric scale We also obtained, exposures
of the disc on the next day of the eclipse
with the Sun at the same hour angle as during
the eclipse through a kodak neutral density
f1lter of density 30 and a 10 ws diaphragm
over the objactive Each photograph of the
corona was devaloped along with its step
wedge calibration and absolute calibration
plates The first two plates were developed
in D 19 developer for & minutes while the
remaining three plates were developed 1in
promicrol for 12 minutes

3  Photometric Analysis

0f the five photographs, the 2 sec expe-
sure ptate 1s very well exposed and shows
the coronal features well and we chose this
for the analysis We scanned this plate
with the microdensitometer at avery 5° 1nter
val in position angle along the solar radius
starting from the ceptre of the disc  This
gave 72 density profiles corresponding to
5° position angle We selected 33 density
levels distributed aver the density profile
and then marked off the locations of these
levals on each of these 72 profiles He
then measured oh the tracings the radial
distances of these locations from the centre
of the solar disc and expressed them in terms
of the radius Rg of the solar image These
potnts were now plotted and the equal density
totitoyrs were constructed which span a radial

distance r/R, 106 to 18 These contours
are too close to each other and we therefore
picked out 12 of them well representative
of the system discarding the rest to avoid
overcrowding These 1sophotes are presented

in Fig 1  The relative intensities correspond-

Flg 1

lsophotes of tha zolar ocorone
most lsophote Is 1 and the numbers Inarosss
towards the salar limb (sas Table 1)

The auler

ing to these contours are now obtained via
the step wedge calibration curve One main
source of error 1in coronal photometry at
eclipses 1s the scattered light Our estimates
of the brightness level of the sky contribu-
tions from traces made at BRy from the centre
of the moon show that this 1s negligibly
low and if at all existing 1t {s definitely
lass than two percent The longer exposures

begin to show the presence of sky fog on
then

4 Equatorial and Polar Intensity Gradients

We found our solar disc exposurss meant
fér Uuse as the abselute calibration were
too dark  We have therefore used the catibra~
tion of Koutchmy and Nitschelm (1984) whi
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observed the same eclipse from a site near
Cepu 1n Central Java. These authors have
given the brightness of the isophotes of
the corona in units of the mean solar disc
radiance (B@) for the red region. We constru-
cted the curve of brightness along the equator
(mean of east and west) in units of By versus
radial distance r/R, using their data. Qur
intensities match well with their data for
the region around r/RG = 1.3, Adopting the
value of 40 x 10"83§ for the coronal brightness
at r = 1.3 Rg in the equatorial direction
from their curve, we derived the absolute
brightness of our 9isophote system in terms
of B These are presented in Table I,

The brightness of the corona along the N,5,E,W
are represented in Fig.2

and those along

UNgrth
South
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Fig. 2. Brightness of the corona (K+F) axpressed

In units of 1{Jna of the mean brilghtneas
of the solar dlsc (B,). (a) along the North
(tilted clreles) and South {open trlangles)
directions; (b} aleng the fast (filled eirclos)
and West (crosses) dlrections, The contin-
ous curves rapresent the 19 dagree polyno-
mial {it to the observed polnts.

thé equatorial and polar diameters in Fig.3.
The coronal brightness along the same direct-
fons derived by Saito & Hasta (1964) for
the eclipse of 1962, February § are also
shown. in Fig.3 for comparison. ~This eclipse
‘observed at New Guinea occurred at a similar

20
Fig. 3. Brightness ol the corona (K+F)  along
the equaetorial (open trianglas) and polar
{open clrcles) dlametars. The curves
teptesent the 19 degres polynomial fit

to the observad polnts. Salto end Hata's
results (crosses and filled clicies) for
the eorone of Februeary 5,0 1945 eclipse
are alag plotied for comparison.

phase of the solar cycle as the present one,
It is interesting to note the close agreement
between our values -and those of Saito and
Hata as both these eclipses occurred at similar
epochs of the solar cycls. For an earlier
eclipse {Sivaraman et al, 1984) we have shown
that a 19° polynomial represents the br1ghtﬁess
distribution along the equatorial .and- polar
directions better than the three term represen-
tation of Baumbach (1937). Following this,
we have computed the polynomial fit both
for the equatorial and polar directions fin
the present case utilizing all the 33 observed
values of intensity. We find that only the
following coefficients are significant to
give a best fit,

Equatorial:
Beq . _0.308x10° . 0.484x10% _ 0.206x10
B A . v !

, 0.180x107 . o.33a0® | o.628a0®

r2 _f _ el pl3
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0.863008  0.600x10° . 0.222x10°

+ - +
15 17 19
Palar:
Bootar _ _ 0.113x10% |, 0.144x107 _ 0.794x10’
BQ T‘3 I“5 1‘7
, 0.20710%  o.a73a0® | 05740108
9 i 13

0.432000% | o.asa10® 03400107

18 17 19

These polynomial curves are also shown in
- Fig.3.

5. Intensity‘ﬁfadients in the Streamers and
the Gaps

The corona of this eclipse has 'many
streamers which can be identified individually
and traced upto 2.0 Ry in our photographs.
Also, there are regions in between the siream-
ers where the bfightness is strikingly low.
We have chosen six directions representative
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Fig. 4. Radial intenslty distrlbution along streamets
_ (8) & {b) and the gaps. The location ol the stream-
ers a, b, ey f, of the gap ¢ and the region

d close to the south pole can be seen .

An Flg.5,

of thick bright, thin bright, and weak strea-
mers and gaps in between the streamers and
have evaluated the brightness gradients in
the radial directions along these features,
These are presented in Fig.4. We have marked
off these features in a hand . drawn schematic
sketch  for easy identification (Fig, 5}.

o(9=3\!:/l /

e(:220"

,d(9=|95ﬂ
50

Fig. 5. Schematic hand sketch ol corons shawing
the locotions of prominent streamers
and gaps In between Lthem referred Lo

in Flgure 4&, The position angles of the
loatures o, b, ¢, d, e and [ are indleated
in brackeks, The warrow Indlcates the

exact directlon alang which tha brightnesses
have been measured for each of these
features.

The .big streamer at position angle 145° shows
an intensity much higher than the equatorial
intensity, whereas the big streamer at posi-
tion angle 220° has an intensity marginally
lower than the equaterial value. The weak
streamers at vposition angles 35° and 290° :
have brightness. intermediate between the
equatorial and polar values. Although the
brightness of the corona along the gap at
position angle 340° is quite low, it is still

‘higher than the polar values, while the dark
- region at position angle 195° close to the
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south pole is much weaker than the mean polark

brightness.  This region appears quite dark
in the broad band ‘photograph obtained by
‘L.lacey and M. Mc Grath of the High Altitude
Qbservatory with a radially graded fiiter
from a site adjacent to our camp, -This region
most probably is a caronal hole and can be

confirmed from electron density measurements

by any other team.

6. The Elipticity of the Corona.

The ellipticity or the f]att‘.emng of
the 1sophotes of a corona _i ‘represented
by the Ludendorff p.aramete.f*" () defined by

£ = ‘deguato'r .1
‘dpme_
where dequator is the mean value of the dia-

meters of an isophote along the equator and
in two directions making "an -angle of 22,5° -

with it, Similarly dp, fs the mean diameter
along the polar direction and 22,5° on either
side.  Table Il gives the valyes of this
. parameter (g ) for the different .isophotes.
The Ludendorff parameter Shows éxactly the
same kind of variation as for the eclipse
of 1962 February 5, (Saitg and Hatas 1964)
for the ranges of r/R(a values for which we
have observations.
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Intensitigs in the equatorial direc-
tion (mean of East and West) of
the corona of June 11, 1983,

Table 1.

Isogl;ote r/R; Bjéa**
) 1,777 5,60
2 1,665 10, 30
3 1.593 13,97
4 1.497 20,77
5 1,406 27,34
6 1.317 37.73
7 1.291 42,40
8 1.273 48,83
g 1.213 50,40
10, 1.173 57,10
1 - 67.10
12 - 75,34

Banga lore . for

Equatoria] rad1us 1h units of the éo]ar
racHus Ra ‘

,Intens1t1es"are in units of 10°% times
‘the mean brightness of the solar disc.
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Tobla 2¢ Ludandorff Paramater ¢ for tha
iscphotes
r *

Ispphote
No 'ff ¢
1 1 7620 0 0949
2 1 6140 0 1143
3 1 5360 0 1146
4 1 4560 0 1215
5 1 3730 0 1224
6 1 3250 0 1120
7 1 2670 0 1070
a 1 2150 0 0980

Equatorial radius 1n units of the solar

radius R ®
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