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ABSTRACT

Tables are calculated for:

(a)

(®)

the exposed areas of a sun eclipsed
by a moon whose diameter is 1,04 of
the sun’s diameter, Table I,

the exposed areas of a sun eclipsed
by a moon of equal size including
the corona out to 1.50 of the radius
of the sun, Table IV, and

the variation in intensity of the
radiation from the sun reaching a
distant observer for a 1.04 eclipse
for light of wave-length approxi-
mately 5600 angstroms, Tables II
and III.

iv



ECLIPSE AREA AND ECLIPSE FUNCTION
CALCULATIONS

INTROIUCTION

This report presents calculations for the May 20, 1947, eclipse,
which were used in the elucidation of the optical and microwave measure-
ments of that eclipse made by parties from this Laboratory. The results
are given in Tables and are:

1) Eclipse Areas - The computation of the exposed area of an
eclipsed sun, covered by a moon 1.04 times as large. The ex-
posed area of a sun equal in size to the moon was also com-
puted and included the corona out to 1.50 of the radius of the
sun. (Table I, page 7, and Table IV, page 11).

2) The Eclipse Function - The variation in intensity of the radi-
ation from the sun reaching a distant observer for various
positims of the moon across the sun, computed for light of
wavelength of approximately 5600 angstroms for a 1.04 eclipse.
(Table II, page 8, and Table III, page 9).

METHODS OF COMPUTATION

The calculation of the eclipse function of the sun was made by
means of the Method of Julius! with data for the radial distribution of
surface brightness across the face of the sun, (called the brightness
function,) based on the work of Julius, and of Moll, Berger and van der
Bilt2, Although the calculation during the first half of the eclipse
was for a solar eclipse magnitude of 1.00 the results were found to be
more than 99 percent valid for an eclipse magnitude of 1.04. Brightness
data were for a wavelength of 5500 angstroms.*

The method of Julius consists essentially of dividing the sun in-
to 12 somewhat arbitrary concentric zones and assigning to each an aver-
age brightness value. These zones are quite small at the limb of the
sun where the brightness function varies rapidly. They are, however,
quite large at the center of the sun, where the brightness function
changes slowly. Figure 1 shows how the zones were numbered. Zones
numbered 5, 6, and -1 through -10 were 0.05R wide; zones 1, 2, 3, and 4
were 0.025R wide; zones 7, 8, 9, and 10 were 0.10R wide; and zones 11 and
12 were 0.20R wide; R was the radius of the sun. Zones -1 through -10
represent the corona of the sun. The moon was moved across the sun in
steps of 0.05R except in the first calculation when the last two steps
were further divided into two smaller steps of 0.025R each.

#See page 14 for references 1 - 5



Figure 1. The Sun is Divided into Zones 1 through 12.
The Corona is Divided into Zones -1 through -10.

A value for the radiation intensity of each exposed zone area was
obtained by multiplying the exposed portion of the zone area by the bright-
ness function of the zone. The value of the eclipse function for a par-
ticular position of the moon was obtained by adding all the resulting zone
intensities for this position and normalizing the sum by dividing it by
the radiation intensity of the entire sun.

The brightness function values of Julius, obtained by use of a
thermopile and given in Table 3 of his paper, were used for all zone areas
whose radii were less than 0.85 of the radius of the sun.. The values for
a wavelength of 5500 Angstroms, given by Moll, Berger, and van der Bilt,



1.00
90 -
|t 1o
AT 4
4 - L+ =11
A= T 1]
—¥F =
80 TSR
prEarad
/ -
<=
470 A
e 1 1
7] 7l 1
B p AR
E-GO ,/ AN
V1,1 A
.
/
AV
4
7
50
/1)
1
40} L -
Julius 1913 (thermopile)
——————— Moll, Berger, and vander Bilt
\ 1926 (550 M M)
30 ) ] ——— == —— Abbott 1906 (555 M M)
1.00 90 .80 .70 60 .50

Figure 2. Distance from Center of Sumr in terms of Radius of the Sun.

were used for the rest of the sun. For an additional and more detailed
calculation, which will be explained later, the brightness function values
of Kopal?® based on the data of Wesselink? for the limb of the sun were
used. A graph comparing various brightness curves for a wavelength of
5500 Angstroms is shown in Figure 2.

The area of the sun obscured by the moon is formulated in terms of
r, the angular radius of the sun, r, the angular radius of the moon, and
a the angular amount of the diameter of the sun covered by the moon. As
shown in Figure 3, the area of the sun obscured by the moon is the sum of
the two areas AEBC and ADBC.

& = arc cos xy/ry (1)
6 = arc cos xy/Ty (2)
AEBC = 2 (A0 E - A0'C)

_ (8, 2 2
"2(—; 77!'1"%!'1 31“26) (3)



Figure 3. Geometry of Eclipse.

- 04 2 2
ADBC =2 p ey - % ry sin 2 @) .

Since xj t xg = 1y t rg - a,
2 2 2 2

and rl-x1~r2-x2 ,

) 2
(1 - a/rq) (1 r2/r1) + (a/ry) /2

x¢/7vq =
! 1+ 1p/1q - /1y

2,
(1 - a/rp) (1 + £y/5g) + (a/z)\/2

Xn/Tn =
272 1+ rl/r2 - a/rz

Fractional area of the sun obscured by the moon:

2

:f%a{(ﬁ - % ain 2 6) + [:3] (6 - % sin 2 8,)
1

Calculations from Eq. 7 are found in Table 15, page 46 of
plement to the American Ephemeris for October 1, 1940.

The numerical calculation of the area of each zone
7 was a lengthy procedure. It was done by computing the
each zone cut out by two radii which intersected the zone
intersected by the edge of the moon. The radii used were

MOON

(4)

(5)

’

(6)

}.. (D

the Eclipse Sup-

by means of Eq.
exposed area of
near the spot

in steps of five

degrees. The correction between the nearest computed zone sector and the
actual exposed zone area was measured with a planimeter using a paper moon
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and sun with the sun. divided into 2ones and sectors.. This is illustrated
in Figure 4. Area 2 was measured with the planimeter and added to area 1
for this particular zone. The total area of all the zones for each moon
position was compared with the corresponding area in Table 15, page 46 of
the Eclipse Supplement to the American Ephemeris for October 1, 1240. The
agreement was exact in most cases and within one percent in all cdses.

The paper moon used to cover the zoned sun in the measurements of
the first 0.475 of the eclipse for the first area calculation was the same
size as the sun, instead of 1,038 as in the 1947 eclipse. The exposed sun
area for an eclipse magnitude of 1.04, however, differs by less than one
percent when at least 0.50 of the diameter of the sun is exposed (the er-
ror is 0.8 percent when 0.50 of the sun’s diameter is covered by the moon
and less than 0.8 percent for greater exposures of the sun).

In addition, since the greatest zone area differences occur at the
limb of the sun where the brightness function is least, the eclipse
function for magnitudes of 1.04 and 1.00 correspond even more closely than
do the two areas.

More care was exercised in the computation of the eclipse function
when 0.50 or more of the sun’s diameter was obscured by the moon. The
same method was used as for the first half of the eclipse, but the paper
moon was 1.04 the size of the paper sun.

The exposed area of each zone was determined for 20 positions of a
1.00-magnitude moon up to 0.475 of the covered porticn of the sun’s diame-
ter and for 19 positions of a 1.04 magnitude moon during the rest of the
eclipse. These calculations are given in Table I. From the zone areas
the eclipse function was calculated and is tabulated in Table II. A more
precise and detailed table of the exposed area of the sun, given in Table

Figure 4. Detail of Zone Calculation.



III, was made for exposures of three percent or less of the sun’s diame-
ter. For most of the Table graphs of precisely calculated, exposed-sun-
area fractions vs sun’s exposed-diameter fractions were used. When only
0.00004 or less of the sun’s diameter was exposed, an approximate formula
for the area was used:

1 1/2
"7;‘5 [21‘1 ry/ (rg - rl)]/ a¥ 2 (8)

t

Exposed area

0.03733 2%/2

where a minutes of arc is the exposed portion of the sun’s diameter. The
areas were multiplied by the brightness function of Kbpal3 for an effec-
tive wavelength of 4540 Angstroms, multiplied by a proper constant to fit
the brightness function curve of Moll, Berger, and van der Bilt for a
wavelength of 5500 Angstroms. This is also tabulated in Table III.

A second zone- area calculation was made to include the corona of the
sun out to 1.50 of the radius of the sun. This was done for a sun equal in
size to the moon; the zone areas are tabulated in Table IV.

If the brightness function for a given wavelength is not known it
may be computed by using the method of Julius from experimental data for
the eclipse function for this wavelength and the zone areas given in Table
IV. Let A, be the measured radiation received when the moon is in posi-
tion 1, A, the measured radiation received when the moon is in position 2,
A, for position 3, etc.; let a, , be the exposed area of zone -1 when the
moon is in position 1, a,, the exposed area of zone 5 when the moon is in
position 4, etc.; and let x, be the average brightness of zone 1, x, the
average brightness of zone 4, etc. Then,

81.10 *.10 " 21,9 %9 * ... 833 X3 837Xy ... 2y yg X;p T Ay,

92.10 %10 T 2.9 X.g * ... agy x5 agy x5 ... @y 19 X35 T Ay |
etc.

The set of equations may be written

j =12 (9)

i = -10
i# o0

and is solved for x; by computing the inverse of the matrix by means of

the method of Waugh®and Dwyerd. then X5 = the inverse of aj times A; =

aij A;. Fifty positions of the moon are tabulated (i.e., there are 50 i’s),
and any 22, of course, can be used in the computation. Thus, the bright-

ness function for any radiation can be calculated from eclipse function
data for this radiation.
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TABLE II

Eclipse function for an eclipse magnitude of 1.00 with O to 0.475
.of sun's diameter covered, and for an eclipse magnitude of 1.04 with 0.5
to 1 of sun’s diameter covered.

‘Fraction Fraction Fraction Fraction
of Sun’s of Total of Sun’s of Total
Di ameter Sun Radiation Di ameter Sun Radiation
Covered Recei ved Covered Received
.000 1,000 . 475 .633
.025 .997 . 500 - .596
.050 .991 .525 . 566
.075 .982 .550 .835
. 100 .969 .575 .4932
.125 .952 .600 .471
.150 ¢ .943 625 .438
175 .927 .69 .405
. 200 .909 .675 .376
. 225 .889 .700 . 340
. 250 .868 . 725 . 308
.275 . 846 .750 .276
.300 .823 775 . 249
.325 .798 .800 .211
. 350 .773 .825 .178
. 375 . 745 .850 .148
. 400 . 720 .875 .116
.425 .689 .900 .086
. 450 . 666 .925 .060
.950 .034




Exposed sun areas and eclipse function for last 0.03 of eclipse.

TABLE I1I

Fraction Fraction .
A of Sun’s of Area Brightness FEu;Icltliii
Diameter Exposed Function x104
Covered x104
002 .999937 .03339 . 281 012
.004 .999874 .09444 . 286 .034
,006 .999810 .1735 « 21 .064
.008 .999747 . 2671 .297 . 100
.3733 .302 .14
.010 .999684 42 1301 ‘16
.012 .999620 .56 . 305 .22
.014 999557 .70 .307 .27
. 016 .999494 .88 . 309 .34
.018 .999430 1.03 . 311 .40
.020 .999367 1.25 . 3138 .495
.025 .999210 1.70 . 319 .68
.030 .999052 2,27 .324 .925
.035 .99889 3.0 .327 1.24
.040 .99874 3.7 .329 1.535
.043 . 99858 4,5 .333 1.89
.050 .99842 5.385 .334 2.276
.06 .99810 6.93 .337 2.95
.07 .99779 8.6 .339 3.68
.08 .99747 10.4 .341 4,48
.09 99716 12.3 . 342 5.31
.10 .99684 14,5 .345 6.31
.12 . 99620 19 . 347 8.31
.14 99557 23 .348 10.1
.16 .99494 28 .350 12,4
.18 .99430 34 .352 15.1
.20 .99367 39 .354 17.4
.25 .99 210 53 .357 .00238
" .30 .99052 68 .362 .00310
.35 .9889 84 .366 .00387
.40 .9874 100 .37 004567
.45 .9858 117 +382 .00564
. 50 .9842 133 .41 .00688
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TABLE III (Continued)

Fraction Fraction .
A of Sun’'s of Area Brightx:aess ;if::f::n
Diameter Exposed Function x104
Covered x104
.55 .9826 150 .42 .00795
.60 .9810 168 .44 . 00932
.65 ,9795 186 . 455 .01067
.70 9779 204 .47 .0121
.75 .9763 223 .475 .0134
.80 9747 241 .483 .0147
.85 .9731 259 .491 .0160
.90 9716 278 . 499 .0175
.95 .9700 296 . 507 .0189
1.00 .9684 315 . 515 .0204
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