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Abstract

The {olol solar colipse of July 20, 1963 wos obsorved al the AAVSO silo nonr Wilton,
Meine, U.S.A. where totality [astod for 58 scoonds.  Piciures of tho corone wuroe obtainod with
n camora of focal length 57 cm., on Kodak Plug X omufslon through o Wmilon 15G (liter,
Photometric calibiutions were Improssed with a Ililger slop wodge. Coronal isophotes have Deen
derived by Lhe Sabattor procedure and intonsltios assigned (o Ltho oquldensity contours by conven-
tional micropholomolry. Tables glven conlain tho brightness distribution for dliforent position angles
Lo r=4,2 solor radll. Tho coronnl Inlenslty gradionis aro prasonied over the rmuge r=1.4 to 2.8.
The Ludendoril index of the corona’s photomoirle form Is 8.24.
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Intreducilon

At the total solar cclipse of July 20, 1963, the while light corona was
photographed by one of us with the aim of coronal isophotometry to ebout four
solar radii. The camera had a focal length of about 37 cm. providing & scale
of 6 minules of arc per mm. The corona was photogruphed on Kodak Plus-X
35 mm film through 8 Wraiten 15G filter. e effectivo wavelength of our

coronal pictures was, thorelore, 5300A. The exposurc times worc 0.5 seconds,
[.0 second and 2.0 seconds. The 2 second exposure was near mid-tolality and
forms the material for the present stud%v e equipment was localed at the
AAVSO sito located 50 miles north-east of Wilton, Maine, U.S.A. and 12 miles
from the ceniral line, The duralion of tolality was 58 seconds.

The Tsophotes of the Corona

Wo have carried out our programme of isophotometry by iwo methods,
The first was the tedious procedure of microphotometer scans in an arbitlrary
rectangular co-ordinaie system. The scans were made at closely spaced intervals
and iniensities read off subsequently from the calibratlon ocurve. Contours of
ual intensily were then drawn through the appropriate points. To ensure
adequate re%?latability, wo have also scanhed the corona radially in 10 degree
intervals. ¢ agreement in conlour represeniation beilween the iwo types of
microphotometer scans was quite satisfactory. The success of this technique rests
largely on the close spacing of Lhe scans and subsequent iniensity evaluation.
The advantage of simplicity and acouracy must nevertheless be considered along
with the tedious and exceedingly time consuming aspect of the technique.
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Qur second approach was to determine the isophotes by Lhe techniquo of
cquidensitometry employing the Sabattier effect. This js an excecdingly shimple
and accurate procedure that has probably nol received 1he attention in astronomy
that it certainly merits. Schroter (1958) has shown how line profile distortions
can be easily evaluated by the use of this technique. Richter and his collabors-
tors have demonstraled ils efficiency in the study of extended ncbulosities and
galaxies. At this observalory Bappu and Sivaraman (1968) have shown ils efR-
ciency in the evalualion of the Jocatlion of the centre of gravily of a diffuso feature
on a specirogram. We feel convinced of its greal utilily becauso e1ui-density
contours can be delermined most convenienlly and speedily. It only remains
then Lo evaluate the intensity levels lor each density contour, a process which can
be done by the microphotometer,

Hogner and Richier (1966) have described in delail the procedure Lo be
uscd for determining equidensily contours. We have used cxclusively ORWO
FU 5 emulsion with its very high gamma and find Lhis mosi salisfaciory.
Figure 1 shows thesc coniours on the single coronal frame of iwo scconds
cxposure.
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The intensity marks utilized for deriving the calibration curves for
conversion from density to inteasity were impressed on the eclipse film a few
hours after the cvent with the nid of a well calibrated Hilger step-wedge and a
difiuse source of hight ol uniloim ntensity ovor the siep-wedge. The intensily
levels of these conlours have been assigned [rom microphotometer scans along
position angles 0°, 90°, 180" and 270°. The mean of thesc four valucs is chosen
1o indicate in Table I, the value of intensity along cach contour., We give herc

TabLL ]

Isopholo Metin
No, Log 1
( 2,730
2 2.700
3 2.499
4 2.138
5 1.998
6 1.964
7 1.906
R 1.863
9 L. 756
10 1.731
I [, 600
12 [.365

13

14

only thosc intensity levels [or which the [)holomctry can be considered lo be
sccure. Such a consideration assigns a low weighl lo tho iniensity value ol
conlour | and eliminates the use in subsequent discussion of contours 13 and 14,
beenuse of the inacccuracies in interpolation from the toe of (he calibration curve.
We, however, relain thesc equidensity contours in Figure | to show the general
trend cxhibited in the shape of the solar corona al these distances from the centre
of the sun. It also shows up the cllicacy of the Sabatlicr lechnique of eguidensi-
tometry in deriving a conlour of equal densily that has a level just detectable
above that of the clear plate, Table 2 lists tho values of r flor the isophotes at
dilferent position angles.
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The Radial Intcnsity Gradlenis
Several studics of coronal inlensities have shown thal over a restrictled

range of distances from the solar limb the distribulion law ol intensity can be
rcpresented by:

dn

Alogl
whance n =& — ——

A logd

where d is the distance from the solar limb. We¢ have determined values of n
over the range in intensity covered by isophotes 3 to 10 flor cvery ten degree
interval of position angle. Thesc are given in Table 3.

TABLL 3

Dependanco of radiel Intensily gradionls on
nositlon angle

Position n Posltion n
Anglo Anglo
] [.50 180 1.63
10 .60 190 I 60
20 1.89 200 .61
kiH 2.25 200 1.558
40 2.62 220 1.61
50 2.3 230 l.66
60 2.05 240 {86
70 2. 250 2.08
80 2.13 260 2.0
90 2.40 2 1.97
10.1) 2.51 280 1.92
1o 2.72 290 2.8
120 2.7 300 2.26
130 2.42 310 3.0
140 1.82 2o .77
150 .74 3 | .64
t60 .60 340 1.61

170 1.65 350 1.62
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The isophotes cover the range in r from 1.4 Lo 2.8 solar radii. Figure 2 conlains
a plot of log (d |-1) for the eight isophotes for different position angles. The
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lower portion of the diagram represents the varigtion in index n calculated by

leasl squares [rom the elght inlensily contours.
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EllipHelty of (he Corona

A measure of this parameler loliowing Ludendorfl (1928, 1934) necds men-
rures of polar and equatorial diameters together with diameters inclined at 22, 5¢
to cach one of them. Hence ¢, the elliplicity is

3R

g = — =|

D .

where R is the mean of the equatorial diameter and those al position angles 67.5"
and 112.5° and D representis the sum of the three diameters al position angles
337.5°% 360° and 22.5°. Tablo 4 gives Lthe T.udendorff cllipticily paramecter [or

TADLE 4

LudondorfT ol}][plicily paramotlor ¢ for Lho
0

difforent isopholos
Izophote Isophoio

No, R E 11{0- R G
1 L.379 0.170 B 2.318 0.189
2 L.516 0.186 9 2 493 0.169
3 1.731 0.211 10 2.554 0.164
4 1.942 0.206 11 2.855 0.129
5 2.058 0.199 12 3.133

6 2. 104 0.195 13

7 2.1%9 0.187 14

the diffcrent isophotes, Also " shown in Mg:3_i3 the eflipticity €' as deflned by van
de Flulst (1953) (o be

equator

B = e —

pole
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In agreemont with ellipticity valucs = as derived for previous eclipses noar
the minimum phasc of the solar cycle we find that a maximum value of the Lud-
endoril parameter is al |.8 solar radii, The solar eclipsos of 1936, 1954 and 1955
all bave maximum cllipticities near this value.
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