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Photographic observations of the integrated brightness of the solar crescent near totality of the
total eclipse of the sun on June 19,1936, by J. G. FERwWERDA4, J. UrrTErRDIJK and A.J. WESSELINK,
discussed by 4. F. Wesselink.

1. Introduction and summary.

Trustworthy information as to the variation of
the surface brightness over the sun’s disc has been
obtained for the central part (up to 95 9% of the
radius from the centre) by direct measurements,
scintillation having but little disturbing effect?).
This disturbing effect of the scintillation becomes
important near the limb, where the results for the
surface brightness from direct measures come out
systematically too small. Observations of the in-
tegrated intensity of the solar crescent during the
partial phase of an eclipse of the sun can be used
to determine the law of darkening independent of
the scintillation. In that case the integrated intensity
of the solar crescent as a function of the time?)
determines the law of darkening when the variation
of the geometric elements of the crescent with time
is assumed to be known3).

In practice only the part of the eclipse function
near totality is sensitive to the law of darkening
near the limb.

It follows that observations of the eclipse function
near totality are useful for the determination of the
law of darkening near the limb.

Direct measures on the central part of the disc
and observations of the eclipse function supplement
each other in the determination of the complete
variation of the surface brightness from centre
to limb.

The members of the expedition were J. G. Fer-
WERDA, J. UrrTerpijk and the writer. We left the
Leiden Observatory on June 6th, for the north-
western outskirts of the Caucasus in order to observe
the total eclipse of the sun on June 19, 1936 in the
way mentioned above.

Beloretchenskaia, 60 km north of Maikop and
lying nearly on the central line, was chosen for
observing site. We travelled over Warszawa, Kiev,
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Charkov, Rostov, Armavir with arrival at Beloret-
chenskaia on June 13. It was through the careful
preparations by Mr. Urrrerpygk that the many
frontiers could be crossed without serious delay.

At Beloretchenskaia we had our lodgings in a
building belonging to the airport. Through the .
courtesy of the director we could dispose of a room
at the south-east, which proved to be most useful as
an observing room:.

Of the many expeditions sent for the observation
of this eclipse we met at Beloretchenskaia a Soviet
mission from the University of Charkov, under the
guidance of Professor BARABASHEV and a French
expedition from the Société astronomique de France,
of which Mr. BmaAuLT DE L’IsLE was the head.
The collaboration with these expeditions has been
most cordial and the members of our expedition
keep a good memory of the days spent jointly in
the eclipse camp.

The three chronometers were compared regularly
with radio time. signals; mainly those sent by War-
szawa and Paris-Pontoise have been used.

During the eclipse the observations were carried
out as planned. Unfortunately very thin clouds
occasionally projected themselves on the sun and
only poor results were expected.

A provisional investigation of a part of the devel-
oped material showed the disturbing effect of the
clouds. However, the colour of the sun’s light had

1) ScuwarzscHILD and VILLIGER, 4p. F. 23, 284 (1906).
AmBOT, Smithsonian Annals, Vol. II, part III, 203 (1908),
Vol. 1V, ch. VII, 217 (1922). MorL, BURGER and VAN DER
B, B.A.N. No. 91, 83 (1926).

2) Shortly called eclipse function, a graph representing it
eclipse curve.

%) Jurws, 4p. F. 37, 225 (1913). MorL and VAN DER

‘BT, B.A.N. No. 30, 171 (1922). MINNAERT, Monthly Notices,

89, 197 (1928)..
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apparently not been appreciably affected by the
clouds and was found to be counstant over the extreme
5% percent of the radius of the sun’s disc.

Notwithstanding the fact that the observations
thus seemed to be of poor quality it was decided
to measure the complete material in the Schilt
photometer and to discuss the results thoroughly
for the following reasons:

1°. To verify the constancy of the colour near
the limb of the sun’s disc.

2°. To test the new photographic method em-
ployed. The discussion has led to the conviction
that the method may be used with advantage while
some improvements are proposed in an appendix.

The constancy of the colour over the extreme
5% percent of the sun’s radius as mentioned above
was confirmed by the measurements. It could
further be shown that the disturbing clouds had
- influenced the sun’s light in a selective way, the
sun’s light becoming slightly bluer when seen through
the clouds.

The part of the eclipse curve from one minute
before second contact to second contact has been
disturbed least by the clouds. It has been analysed
for the law of darkening on the assumption that
the effect of the clouds could be neglected.

Though there is evidence that this view is correct
the results should still be considered with some
reserve. Approximative formulae for the eclipse
function as a function of the geometric elements
of the crescent and the law of darkening have been
derived.

FiGure 1.
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~ Our results have been compared. with an extra-
polation towards the limb of a formula derived by
HEerTZSPRUNG.

2. The method.

For the photographic photometry use was made
of amateur movie cameras. Six identical cameras

-of mark Agfa movex were carried on the expedition.

Four of them have actually been used at the eclipse,
while the remaining two were kept in reserve. The
relative aperture used was 1 : 33, the focal length
was 20 mm. The focus could be adjusted so as to
obtain sharp pictures of objects having distances
larger than one metre. The film width was 16 mm.
Single exposures were made on rectangular fields
of size 7°57 X 10°42 mm. Successive fields touched
by their longer sides. The apparatus could be
operated only with a speed of about 15 exposures
a second. The maximum capacity of the filmholder
was 12 metres film. The rotating sector serving as
a shutter had a free space extending over 150 degrees,
so that the exposure time on a single exposure was
fixed at about 1/36 of a second. The apparatus
were driven by a spring motor. The complete film
of 12 metres could be exposed in 2 minutes without
rewinding the spring. During this interval the speed
proved to be reasonably constant. In Figure 1 the
rates of the four cameras during the eclipse ob-
servations are shown. Ordinates are number of
exposures actually made, diminished by 15 X ¢ (in
seconds), with an arbitrary zeropoint. Each division
in the abscissae corresponds to 10 seconds.

The speed at any moment is given by the tangent
to the curve. A constant speed of 15 exposures
a second would be represented by a straight hori-
zontal line. Directions of tangents under - 45°
correspond to speeds of 15 4 24 exposures a second.
The curves were obtained as a by-product, the time
of each single exposure being known. Of the four
cameras used two contained orthochromatic films
and two ordinary photographic ones. The ortho-
chromatic film was Gevaert safety negative film,
the ordinary photographic film was Gevaert safety
positive film. For both emulsions the relative spectral
sensitivity as a function of wavelength has been
published by the writer?).

In the two cases yellow filters of different spectral
transmission have been used. The yellow filter used
in combination with the orthochromatic film was
of the kind OG 1 and consisted of two pieces having
a combined thickness of 3°5 mm. The yellow filter.
used in combination with the positive film was
2 mm thick and of the kind GG 5. Both designations

1) B.A.N. No. 294, 125 (1937).
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OG 1 and GG j5 are according to Schott’s list?).
The relative sensitivity as a function of the wave-
length of the combinations of photographic emulsions
and filters just mentioned is shown in Figure 2 for
both cases. The wavelengths of maximum sensitivity,
which will be approximately equal to the effective
wavelengths, are #'454 and #'567.

Ficure 2. ,
Relative spectral sensitivity of the combinations of emulsions
and filters used.
Abscissa: wavelength
Each division in the ordinates corresponds to one magnitude
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As a consequence of the narrowness of these
spectral sensitivity curves the effective wavelengths
are very well defined. They are practically inde-
pendent of the colour of the light, which is of import-
ance since the comparison lamps are considerably
redder than the sun’s crescent (about 1™ in the
scale of colour-index as defined by the two wave-
lengths used, corresponding to 1m'5 on the ordinary
scale used in stellar photometry).

One pair of cameras was used before and another
after totality in such a combination that simultaneous
observations at the two different wavelengths were
made.

The used pair was replaced by the pair by which
the rising branch of the eclipse curve has been
observed during the one and a half minute of total
eclipse.

The problem of measuring a considerable range
of intensities with a constant exposure time was
solved in the following way. The movie cameras
were to photograph the images of the sun reflected
in a set of ten convex mirrors having different
known curvatures and mounted on a board. Con-
sequently a series of images of different but definite
intensities was obtained in each exposure.

During the brightest phases nearly all reflection

1) Fena colored optical filter glasses, list 4892 E.
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Figure 3.

Sketch showing arrangement of mirrors and lamps.
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images were overexposed on the films. Only images
reflected by the most curved mirrors then gave a
measurable photographic density. At phases relatively
near totality the light reflected by most of the
mirrors did not make any photographic impression.
Then only the flattest mirrors produced images of
just measurable photographic density. At inter-
mediate phases the images produced by some
mirrors having an intermediate curvature could be
measured, while the images from stronger and less
curved mirrors were invisible, respectively over-
exposed.

The mirrors were ordinary spectacle glasses
aluminized on one side and about 4 cm in diameter.
Besides the ten mirrors four lamps were photo-
graphed on the films.

Figure 3 is a sketch of the arrangement of the
mirrors (designated 1 to 10 in order of increasing
curvature) and of the lamps (designated 4 to D).

Ficure 4.
The apparatus.
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The lamps B and ¢ were mounted parallel in
a circuit with an accumulator (2 volt), a rheostat
and an amperemeter; ¢ was about m'5 brighter
than B; B and C served as comparison intensities,
of which constancy was the chief claim. The time
was fixed by means of the lamps 4 and D.

The board carrying the mirrors and the Jamps
was attached to a wooden frame in which the two
cameras could be given a fixed position with respect
to the mirrors.

Figure 4 is a photograph of the complete apparatus,
showing mirrors, lamps and cameras. The whole appa-
ratus could easily be adjusted in altitude by means of
the big screw shown in the foreground of Figure 4.

For the adjustment in azimuth no special arrange-
ment was found necessary. For the purpose of
pointing the apparatus at the sun a rectangular
piece of card-board was attached to the frame at
the camera end; during the observations its shadow
had to match a strip of white paper of the same
dimensions at the bottom end of the board with
the mirrors. The mirrors had been adjusted in such
a way that in each of them a complete image of
the crescent could be seen from the place of the
camera lenses. To make this possible for both
cameras simultaneously, one of them was placed
upside down against the other; because of the
eccentric position of the lens on the Agfa movex
camera their lenses were then in contact, which
made their relative parallax as small as possible.
To prevent the light of the sun from being reflected
in the glass-bulbs of the lamps, a screen was placed
above each of them which threw its shadow on
the lamp. It is clear that the presence of reflection
images of the sun on the lamps B and C in particular,
would be very disturbing since it would make the
comparison intensities dependent on the intensity
of the sun’s light.

The closing and opening of the current through
the time lamp D was effected by a relay in connection
with a chronometer?), D flashed every sidereal
second for half a second and was extinguished during
the remaining half second. The beats of the chrono-
meter that were recorded in this way on the films
were moreover recorded on a chronograph roll.

According to a definite code Mr. UITTERDIJK
sent a short current through lamp 4. These same
signals were recorded on the chronograph roll.
They were sufficiently numerous to guarantee the
zeropoint of time, even if a camera had occasion-
ally stopped. In this way for about every fifteenth
exposure the time was secured. Subsequently the

times of the remaining exposures were obtained
by linear interpolation.
Mr. Uirrterppk started the counting of the
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seconds two minutes before the expected moment
of second contact. This moment has been taken as
zeropoint of the time ¢ (in sidereal time), t=o0
corresponds to 3b56m57%7 G.M.T. One hundred
seconds before second contact (¢ = 20) the cameras
were put into operation.

The last observations by the second set of cameras
were made at ¢ = 314° or 98 seconds following third
contact.

Between the first and last exposure 294 seconds
or nearly five minutes had passed. Of this interval
go seconds fell during totality, during which time
no observations have been made.

The observations were on purpose out of focus.
Since the range over which the focal distance could
be changed was insufficient a negative lens of
strength—3 had been placed in front of the camera
lens; in this way the film was 1'2 mm inside the
focus. The images were circular, having a diameter
of ‘34 mm at full aperture of the diaphragm. The
distribution of the photographic density inside an
image proved to be reasonably uniform. The window
of the observing room acted as a diaphragm by
which the influence of the sky light was reduced.

3. The measures.

The four films were developed in the laboratory
of the Multifilm at Haarlem under the supervision
of its director Mr. J. C. MoL. Before the develop-
ment of the eclipse films, the developer had been
tested by the development of parts of the films
taken at the general repetition on June 18, the day
before eclipse day. The developer was borax-
methol-hydrochinon.

It was already mentioned in the introduction
that after a crude examination of the material by
means of eye estimates, it was decided to measure
the material in the Schilt photometer.

Mr. ZUNDERMAN, chief instrument maker at the
Leiden Observatory, constructed an apparatus by
means of which a part of the film could be clamped
between two glass plates; the measurements were
then carried out in the same way as is usual on a
stellar photograph?).

Fourteen exposures could be measured in a row,
before a shift of the film became necessary. For
control the last measured exposure of a row was
measured a second time as the first one of the next
row. The diaphragm used had a diameter of 6:06 mm
corresponding to ‘19 mm on the film. It was thus
smaller than the size of an image, the latter being
‘34 mm. ’

1) Of mark Paul Ditisheim.
2) B.AN. No. 10, 51 (1922).
Groningen, No. 32 (1924).

Publ. Kapteyn Astr. Lab.

© Astronomical Institutes of The Netherlands * Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/cgi-bin/nph-bib_query?1940BAN.....9...81W&amp;db_key=AST

FTI940BAN. - C .07 Z.281Wh

B.A.N. 328

Messrs. UrrTerpk, FERWERDA, KOOREMAN and
the writer took about equal shares in the measure-
ments, the total number of settings being 30 000.

In order to avoid personal errors of measurement
in the colour of the sun’s light simultaneous ob-
servations on different films have been measured
by the same person.

In order to discover such a personal error a number
of exposures on the same film have been measured
by different persons. However, no evidence of a
personal error was found, so that in the discussion
no distinction has been made with regard to the
person who did the measuring (compare Table 5).

The great number of exposures allowed the
measurers to be very critical. Images having the
slightest defects have been rejected throughout.

4. The reduction.

The galvanometerreadings had now to be reduced
to magnitude differences between the integrated
light of the sun’s crescent and the lamps.

The factor by which the integrated intensity of
the sun’s light is reduced at a point having a dis-
tance A from the surface of a mirror with radiusR,
is found as follows.

We neglect losses of light by reflection. Then it
is known that the surface brightness of object and
image are equal under all circumstances.

The total intensities of object and image are there-
fore proportional to their apparent areas, or to the
squares of the angular dimensions.

For a point situated on the surface of a mirror
the angular dimensions of object and image are
equal and so are their total intensities.

The image of the sun’s crescent is formed half-
way between the centre and the surface of the
mirror, hence:

ratio of angular dimensions of direct sun to
image:

R/24+ A A
=E T = 1 42— I
o +20 (x)
ratio of total intensities:
A 2
1+ 2— 2
(1+23) (2)

or the reduction of the sun’s brightness in magnitudes:
, A
m = 510g<1 + 2}—2> (3)

Numerical data in connection with the mirrors
are collected in Table 1.

Mirror 10 has never been used. From the irregular
behaviour of image 1 (from mirror 1) on the films
taken after third contact it is concluded that by
improper guiding only a part of the sun’s crescent

LEIDEN 85
TABLE 1.
camee | from | I3 |
mirror| radius | from forl- distance dlstanpe m’+FJ2?
cam- mula from correction
eras (3) axis
R A m’ 02 Fg2 mc
mm cm m m m
1 | 2050 106 | 1'54 21 27 1°81
2 | 1035 104 | 2'39 14 ‘18 2°57
3 5818 ! 104 | 3°30 21 27 3'57
4 | 3836 104 | 4°05 10 ‘14 419
5 2489 : 103 | 4'83 3 ‘04 487
6 1500 103 | 5'83 10 ‘14 5°97
7 93'09 104 | 683 6 ‘08 693
8 6204 102 | 762 o ‘00 7°62
9 39'01 102 | 858 . 6 ‘08 8:66
10 2773 102 | 935 | 10 ‘14 9'49

has been visible from the cameras occasionally.
The results from mirror 1 have therefore been
excluded altogether from the discussion.

The reduction has been carried out separately
for the four films. As a consequence of the un-
expected steep gradations it was found difficult to
derive the relations between galvanometerreadings
and magnitudes from the eclipse material alone.
Therefore the galvanometerreadings have been con-
verted into provisional magnitudes by the aid of
a normal table published in B.4.N. No. 318. Then
differences in provisional magnitudes between images
of successive brightness on the same exposure were
formed.They showed a slight but distinct variation
with the photographic density (e.g. the sum of the
provisional magnitudes), whereas this difference
would be exactly constant in the case of a linear
relationship between provisional magnitudes of the
table and normal magnitudes.

Table 2 shows this run in the case of mirrors 7
and 8 for the film at A = ¢'454 taken before second
contact.

The values of the differences in magnitude in
the third column have been obtained from those
in the second column after division by the gradation.
Nevertheless a linear relation between m and mp,

TABLE 2.

Test of the table published in B.A.N. No. 318 for use in
the reduction of the eclipse films in the case of measures
of images 7 and 8 on the film of the descending branch at

deff = '454.

mpr (8) + mpr (7) mpr (8) —mpr (7) m (8) —m (7)
m m m
3’10 2°40 77
371 2'37 76
4°20 2'36 76
4'65 233 ‘75
5703 2'31 74
541 231 74
578 230 74
6°09 2'29 73
6°41 2°'25 72

© Astronomical Institutes of The Netherlands * Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/cgi-bin/nph-bib_query?1940BAN.....9...81W&amp;db_key=AST

FTI940BAN. - C .07 Z.281Wh

86 LEIDEN B. A.N. 328
TABLE 3.
O—C of least squares solutions
for gradation G and the constant F
preceding second contact following third contact de:ggril;ﬂm% 6\2”;; S::tgaiﬂfﬁ de(;o-r-
mirror| &% m preceding following
h=tyqsq A= 567 b= y54 b= 1567 second contact | third contact
| .t | .ttt | et | ot | O
Ampr Mpr Ampr Mpr Ampr Mpr Ampr Mpr f"454 1“'567 }’-‘454 5’567
m m m m m m m m m
2 14 2°39 m ‘00 m ‘00 m ‘00 m ‘00 —'02 + ‘06 | — 08 + -or1
3°05 2'31 276 2'08
3 21 330 3'05 2'31 276 2'08 ‘o0 —'or | + ‘o2 —‘o1
1'89 1'25 1'93 1°20
4 10 4'05 4'94 356 469 328 + 03 —0z | —'0oI —'OI
231 1°48 2°00 1'40
5 3 | 483 7°25 5°04 669 4'68 ‘00 — "0§ ‘00 — oI
3°46 2°24 306 2'12
6 10 5'83 1071 728 975 6-8o — ‘02 ‘00 | 4+ 11 + ‘03
. 2°96 2'08 331 2°0b
7 6 685 13°67 9'36 13°06 8:86 + 03 —'o1r | + ‘o1 —orI
2'37 1°31 2°07
8 o 7'62 16'04 10°67 15'13 —'02 4+ 04 | -+ o1
3’45
9 6 8'58 1858 — 08

has been assumed. The error introduced by this
procedure is only small since extreme galvanometer-
readings have been excluded from the discussion on
purpose. The interval of provisional magnitudes
used is from ™60 to 4m'0o corresponding to the
interval in galvanometerreading from 28 cm to
21'3 cm (fog reading 25 cm).

Table 3 gives the differences in provisional magni-
tudes, Amy:, between images from mirrors of successive
curvature for each of the four films. For the sake of
homogeneity and with regard to the slight depend-
ence on the photographic density they refer to a
definite value of the sum of the two my?).

The values my, in this table were then derived
from their first differences Am,,, where the my, of
the image 2 has been put equal to zero.

On the assumption of a constant gradation for
the different exposures on the same film the m:
should be linear functions of the m’ (4th column
Table 1 and 3rd column Table 3) after a correction
for the position of the mirror would have been
applied. This distance correction is assumed to be
proportional to the square of the distance ¢ from

the optical axis.
formed

Equations of condition have been

(4)

Here G stands for the gradation, F is the constant
in the expression for the distance correction F92.

The results of the least squares solutions for the
unknowns 1/G and F are given with their mean
errors in Table 4. It is seen that the gradations for
the films with the shorter and longer effective
wavelengths are three, respectively two, times as
large as that of the normal table. The gradation
of the normal table is representative for an average
stellar photograph.

The values of 02 that have been used in the com-
putations are in the sth column of Table 1 and in
the 2nd column of Table 3. .

The results for F derived from the different films
are in satisfactory agreement. The mean value is

—Ié My — F 02 4 const. = m’

1) This value has been 4my0. The galvanometerreading
corresponding to half this value is 12°5 cm, which is half the
fog reading.

TABLE 4.

Results of least squares solutions for gradation G and constant F in the
distance correction Fd2.

film 1/G m.e. F m.e
Jeff = t*"454, descending branch ‘317 4 -oos + 1°06 ' + 41
» = 567, » ‘472 + ‘008 | + 1'52 + 41
» = 454, rising » "327 £ 004 | 4+ 137 | +°37
5 = 567, 5 » 496 £ 009 | 4132 + ‘44
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1'32 &+ 21 (m.e.) and has been adopted in the compu-
tation of the distance correction 92 given in column 6
of Table 1.

In column 7 of Table 1 the values m. by which an
image is fainter than the direct sun’s image in the
centre of the field are given, m. = m’ 4+ Fo2.

Comparison lamp B proved to be rather faint on
most exposures. It has therefore been excluded
from the discussion and only ¢ has been used
throughout.

The definitive differences in magnitude m between
the sun’s crescent and lamp C were then calculated
with the formula:

(5)

In Table 5 the first column gives the number of
the normal of ten exposures, the second column
contains the eclipse time ¢, the third column gives m.
In the fourth column the mirrors that have been
used in the determination of m are given.

Normals with an asterisk have been derived from

m= — me +é<mp,—mpr(0))

LEIDEN 87

the same piece of film as the normals with the
same number but without an asterisk, but they were
measured by another person. The absence of a
personal error is evident.

In Table 6 the results for every single exposure
obtained during about 1o seconds near the contacts
are given.

Figures 5 and 7 show the data collected in Table 5
graphically. Normals with an asterisk have not been
put on the diagrams. Figures 6 and 8 show graphic-
ally the data contained in Table 6.

In all cases the upper curve corresponds to
hesr = 1°454, whereas the lower curve represents the
observations at g = #'567.

At the bottom of Figures 5, 6, 7, and 8 the
smooth curve represents the difference between the
eclipse curves at the two wavelengths or the colour-
index of the sun’s crescent as a function of the time.

The wuneclipsed sun has been found roughly
13™ and 12m brighter than the lamp C respectively
at A = p'454 and A = p'567. The observations
have thus been started on the descending branch,

TABLE 5a.
Observations at leff = '454 preceding second contact. Each normal contains ten exposures.
No. . No. . No. . No. .
of bright-| T | of bright- | T of bright- | "7 | of bright- | "%
nor- | ! ness ror; nor- | ¢ ness ror(si nor- ¢ ness rors nor- ¢ ness rorsl
mal use mal use mal use mal use
s m s m . s | m s m
1 218 | —740| 7,8 37 46'5 | —794| 8 72 752|—78 | 7,8 108 |1052|—6'25| 6
2 226 {—745| 7 38 473 —798| 8 73 760 | —778| 7,8 109 |106°1|—6'16| 6
3 | 234|—749| 7 39 | 480 —8o00| 8 74 768 | —776| 7,8 | 110 |107°T| —6'05| 6
4 | 242|—746| 7,8 39* | 480|—802| 8 75 778 | —772| 7,8 | 111 |108'1|—5'94| 6
5 25'0| —7'49| 7,8 40 489! —805| 8 76 785 |—770| 7,8 112 | 108'9|—586| 6
6 | 2577|—748] 7,8 41 496 | —8o05| 8 77 79'3 | —7'67| 7,8 | 102* | 1014 | —6'56| 6
7 264 | —7'51| 7,8 42 50'3|—8o07| 8 78 802 | —766| 7,8 103* | 102'0 | — 649 | 6
8 272 | —17'54| 7 43 sro|—808| 8 79 809 |—762| 7,8 104* | 1028 | — 644 | 6
9 278 —753| 7 44 51'8| —808| 8 8o 818 | —758| 7,8 105* | 103'6 | —6'39| 6
10 285 | —7'52| 7 45 5277 | —810| 8 81 826 | —757( 7,8 106* | 1043 | —6°31| 6
11 | 29'3|—7'53| 7 46 53'5|—81r| 8 82 83'4|—755| 7,8 | 107* | 10570 | —627| 6
12 301 |—7'50| 7,8 47 54'5 | —812| 8 83 842|—7750( 7,8 108* | 1058 | —6'19| 6
13 307 | —7'53] 7,8 48 5541 —814| 8 84 85'1|—748| 7,8 100* | 106°6 | —6°11 | 6
14 31°4 | — 749 | 7 49 56'5 | —816| 8 85 860 | —744| 7,8 110%* | 107°4 | — 602 | 6
15 32°0|—7'50| 7 50 576 | —814| 8 86 869 | —743| 7 111* | 1081 | —592]| 6
16 3277 | —7'50| 7 51 584 |—814| 8 87 877 | —940| 7 112% | 1089 | —586| 6
17 | 333|—7'53| 7 52 593 |—815| 8 83 836|—734| 7 113 | 1096 | —579| 5,6
18 | 339 —7'56| 7 53 6oo| —813| 8 89 894 |—732| 7 114 |110°3 | — 571 5
19 345 | —7'58| 7 54 60’9 | — 8°11 8 90 9oz | —728| 7 115 |111'°0|— 3561 5§
20 351 | —758( 7 55 619 —812| 8 9I 909 | —724| 7 116 |[111'6 |—5'52| 5
21 357 | —762| 7 56 62'8| —809| 8 92 917 | —7'19| 7 117 |112'2|—543| 5
22 | 363|—760]| 7,8 57 636 —8o7| 8 03 924 | —7'18| 7 118 | 112°9 | —5'34| 3
23 | 370|—764| 7,8 58 646 —8o4| 8 94 933 | —714| 7 119 |1136|—522] 5
24 | 375|—768]| 7,8 59 656| —804| 8 95 94’1 | —706| 7 120 | 114'4|—5'13 | 455
25 381|—768) 7,8 60 66's | —8o02| 8 96 95'2 | —699 | 7 121 |II5'I|—3500]| 4,5
26 | 388|—771| 7,8 61 672|—799| 8 97 96'5 | —6'go| 6,7 | 122 |1158|—483) 4,5
27 | 394|—773| 7,8 62 679 | —7098| 8 98 97'3|—686| 6,7 | 123 |11677|—4'64| 4
28 400 —7781 7,8 63 686 | —7'95 8 99 980 —681| 6,7 124 [ 117'5|—4'46| 3,4
29 | 406|—779 7,8 64 69'4|—794| 8 100 9877 |—678| 6,7 | 125 |1183|—422| 3,4
30 | 413|—7383| 7,8 65 70’2 | —7'92| 8 101 99°'4|—672| 6,7 | 126 |11971|—3'06| 3,4
31 42'0|—779| 8 66 708 | —7°91 8 102 100°1 | — 669 | 6,7 127 |119°8|—365]| 2,3
32 4277 | —782| 8 67 715 | — 788 8 103 01’1 | —6°57| 6 128 | 1206 | —325| 2,3
33 43'4|—783] 8 68 72'3 | —7'8 | 8 104 102’1 | — 650 6 129 | 1213 |—2%72]| 2
34 442 | —784| 8 69 730|—786| 8 105 103'0|—6'43| 6
35 | 449|—78s5| 8 70 7371 —785| 7,8 | 106 |103:8|—6'37| 6
36 | 4577 |—791] 8 71 74'4|—783| 7,8 | 107 |104'4|—630] 6
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TABLE 5c¢.
TABLE 3§ b. Observations at Jleff = #°454 following third contact.
Each normal contains ten exposures.
Observations at Jeff = ¢'567 preceding second contact. - - ; :
. No. of | ; | bright- |mirrors| No. of ¢ | bright- |mirrors
Each normal contains ten exposures. normal ness used | normal ness | used
No. - No. : s m - s m
ioht. | MOIr- sohe | DT I |2204]|—2'47| 2 61* | 2605 |—"704| 7
ngﬁ_ ¢ bﬁgs};t ror(si ngf_ ¢ bgggt ror'?1 2 |2z210|— 2:88 2,3 621‘ 261:3 — 7:06 7
mal use mal use 3 |2216|—326| 2,3 63 262'0| —705| 7
4 |2223|—365] 3 . 64%* | 26277 | —702]| 7
s m s m ' 5 |223'1|—392| 3,4 | 65% |263'5|—701| 7
1 | 213{—634] 5,6 64 683 | —711| 6,7 6 |2237|—a12| 3,4 | 66% |2643|—6'99| 7
2 219 | —6'42| 6 65 69'3 | —708| 6,7 v |224°4 | —424| 4 67% | 2652 | —6'96| 7
3 | 226|—646| 6 .66 | jo2|—706]| 6,7 8 |2251|—4'43| 4,5 | 68% |2659|—6'02| 7
4 | 233)—047) 6 67 | 71| —704| 6,7 9 |2257|—452| 45 | 69% [2660| —6'93| 7
5 | 240/—649| 6 68 72’2 |—702| 6,7 10 |2263|—462| 4,5 | 70 |267°8|—692| 7
6 | 248 —649| 6 69 | 731|—698| 6,7 11 |2270|—468| 4,5 | 71 |268'6|—688| 7
7 | 256|—650] 6 70 74’1 |—6'92| 6,7 12 |2277|—4779| 45 | 72 |2693|—687| 7
8 | 264|—6'52) 6 71 750 —6'93| 6,7 13 |2283|—48| 3 73 | 2700 —6g0| 7
9 | 2771|—6'52| 6 72 | 758|—684| 6,7 14 |2289|—403| 5 74 |270% | —6'93| 7
10 | 278/ —6'53| 6 73 77'1|—685| 6,7 15 |2296|—s500| 5 75 | 2714 | —6'94| 7
11 | 285|—0654]| 6 74 785 | —684| 6,7 16 |2302|—3505| 5 76 |272°1|—693| 7
12 | 292|—652| 6 75 797 | — 677 | 6,7 17 |2309|—3511| 3 77 |2729| —691| 7
13 299 | —651| 6 76 809 | —672| 6,7 18 |2315|—5'14| 5 78 | 2736 |—690| 7
14 306 | —651| 6 77 817|— 60| 6,7 19 |2321|—3516| 3 79 | 2743 —688|.7
15 312 | —6'571 6 78 828 | —6'66 | 6,7 20 |2328|—3522| 5 8 |2750|{—685]| 7
16 | 319 |—06'54| 6 79 84'0|—664| 6,7 21 [233'5|—528]| s 81 |2758|—685| 7
17 | 327 |—6'53] 6,7 8o 85'5|—6'56| 6,7 22 |234'3|—536] 5 82 |276'4|—685| 7
18 | 334 |—6'54| 6,7 81 865 | —655| 6 23 |2350|—345| 56 | 8 |2772|—686| 7
19 34'0{— 660 6,7 82 87'9|—650| 6 24 |2356|—3'51| 6 84 |[2780|—688| 7
20 | 347 |—6%6o| 6,7 83 | 892|—0644| 6 25 |2363|—363] 6 85 [2788|—68g| 7
21 | 353|—6062| 6,7 84 .| 905 |—639| 6 26 |2370|—3567| 6 86 |z279'5|—691| 7
22 36'0| — 666 | 6,7 85 91'5 | —636| 6 27 |2376|—3576| 6 87 |2800|—6'05| 7
23 | 366 —6'68| 6,7 86 92°4 | —628| 6 28 |2382|—3584| 6 88 |280'8|—700| 7,8
24 | 372|—671| 6,7 87 936 | —622] 6 29 [2388|—590| 6 89 |281'5|—702| 7,8
25 | 3779, —675| 6,7 88 94’4 | — 6181 6 30 |239'5|—3591| 6 go |2822|—708| 7,8
26 | 38'5|—678| 6,7 80 | 95'5|—6'10| 6 31 |2402|—601| 6 o1 |2830|—712]| 7,8
27 | 392|—6384| 6,7 90 96’3 | —604| 5,6 32 |2408|—604| 6 9z |2837|—712| 7,8
28 399 —687| 6,7 91 972|—596]| 5,6 33 |241°4|—6'04| 6 93 | 284'5|—716| 7,8
29 | 40'5|—686| 6,7 92 | 982|—592| 5,6 34 |242'1|—6'06| 6 04 |2852|—722] 7,8
30 | 412|—68) 6,7 93 994 | —5'82] 5,6 35 |24277| —607| 6 05 |2859|—726]| 7,8
31 | 418 —6'90| 6,7 94 |1003|—578] 5,6 36 |2433|—604| 6 06 |286'6|—728] 7,8
32 | 425|—602| 6,7 95 |10I'5|—570| 5,6 37 |2439|—602| 6 o7 |2874|—729] 7,8
33 | 43'1|—692 6,7 96 |102°4|—5060]| 5,6 38 |2446|—600| 6 08 |2883|—731| 7,8
34 | 438 —0'96 6,7 | 97 11034/ —554| 5,6 39 |2453|—593| 6 99 |2890|—733( 7,8
35 | 444|—698 6,7 98 |1047|—5'42| 5 40 |2461|—589| 6 100 |289%7|—733] 7,8
36 | 4570 —700 6,7 99 |106°1|—526) 4,5 41 | 2468 | —586| 6 101 |290°4|—7'34| 7,8
37 4577 |—701| 6,7 100 | 1071 | —5'14)| 4,5 42 |2476|—587| 6 102 |201°1|—735]| 7,8
33 463 | — 706 6,7 101 1083 | —5'00| 4,5 43 |2483|—587| 6 103 |2918|—740| 7,8
39 | 470|—708| 6,7 93* | 102'4 | —561]| 5,6 44 |2490|—3589| 6 104 |202°6|—746| 7,8
40 | 477 —712) 6,7 | 047 | 1031 —5'55] 5,6 45 |2497|—35095| 6 105 2934 | —749| 7,8
41 | 484 —714| 6,7 95* | 103'9 | —5'51| 5,6 46 | 2504 |—606| 6 106 |2042|—7'53| 8
42 | 49'4|—719| 6,7 96* | 1046 | —543| 5,6 47 |2511|—612| 6 107 |204'8|—%60| 8
43 | 50'0|—720| 6,7 97* |105°4|—534| 5 48 |2517%7 | —626| 6 108 |2056|—764] 8
44 | sr'1|—726| 8 98* | 106'0 | —527| 455 49 |252'5|—649| 6 109 |296'4|—765]| 8
45 | 52'1|—722| 7 99* | 1068 | —520| 4,5 50 |2533|—644| 7 110 |2972|—761| 8
46 | 531|—726| 7,8 |100* |1075|—508| 4,5 51 |2540|—659| 7 111 |2980|—%753] 8
47 | 541|—728| 7,8 |1o1* |1082  —503| 4,5 52 |2547 | —671| 7 112 |208'9|—750| 8
48 555 |—730| 6,7,8| 102 | 1089/ —496| 4,5 53 |2554|—683| 7 113 2997 | —748| 8
49 56’2 | —7'30( 6,7,8] 103 1097 | —4'86| 4,5 54 |256'1|—693| 7 114 |300°5|—748| 8
50 56'8| —730| 6,7,8| 104 |1105|—476]| 4,5 55 |2568|—698| 7 115 |3012|—749| 8
51 | 577|—731| 6,7,8] 105 |111'4|—461| 3,4,5 56 |257'5|—699] 7 116 | 302°0|—749| 8
52 586 |—7°31| 6,7,8] 106 112°2 | —4'50| 3,455 57 |2582|—697| 7 117 | 302°9|—%'50] 7,8
53 | 59'4|—729| 67,8107 |112°9| —4'40| 3,45 | 58 |258'9| —6'99| 7 118 |3036|—754] 8
54 60’1 | —728] 6,7,8] 108 |1136|—427| 3,4 50 |2507 | —6'00| 7 110 | 3044 | — 734 | 8
55 | 608|—728)| 6,7,8|109 |1143|—4'15| 3;4. 6o |[2603|—704| 7 120 |305'1|—756]| 8
56 617 | —722| 6,7 110 | I15'0|—4'02| 3,4 61 |2610|—706| 7 121 | 3060 | —7°66| 8
57 | 62'5|—%722| 6,7,8| 111 | 1158 | —3'00| 3,4 62 |2617|—705| 7 122 | 306'9|—78| 8
58 | 63'4|—724| 7,8 |12 |116'5|—372] 3,4 63 |262'3|—703| 7 123 |3076|—704| 8
59 6421 —723| 7,8 113 1172 | — 352 | 3,4 64 |2630|—701| 7 124 |[308'5|—793| 9
60 651 |—722| 7,8 114 |[118'0|—3'32| 2,3 65 |2638|—700| 7 125|300 | —799| 9
61 658|—719| 7,8 115 |1187|—308| 2,3 66 |264'5| —6'99| 7 126 |3103|—808| 9
62 666 | —716| 6,7,8| 116 |119°'4|—2'83| 2 67 |2652|—696| 7 127 |311'1|—812| 9
63 674 | —7'12| 6,7 117 | 1201 | —2'51| 2 68 |2658|—693| 7 128 |312'1|—818| 9
69 |[266'5|—690| %7 129 {3130|—827| 9
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TaBLE 5 d. : TABLE 6a.
Observations at leff = *'567 following third contact. Single observations at Jeff = +'454.
Each normal contains ten exposures. -Some seconds before second contact.

No. of : bright- | mirrors| No. of ‘ bright- |mirrors : bright- mirrors ¢ bright- | mirrors
normal ness used | normal ness used ness used ness used
S m S m s m S m

1 | 222°0|—2'49| 2 59% | 2618 | —6'12| 5,6 11I'29 | —5°55 5 11667 | —466 | 4,5

2 |2226|—275| 2 60* | 262'5 | —6'07| 5,6 36 | —5'55 | 5 75 | —464 | 45

3 |2233|—297| 2 61* | 2632 | — 606 | 5,6 43 | —5'50 | 5 83 | —461 | 4,5

4 |2239|—3'17]| 2 62%* | 264'0| —6°03| 5,6 ‘50 | —5°55 5 ‘92 | —4'59 | 4,5

5 |2246|—337| 2 63* | 2647 | — 600 | 5,6 57 | —555 | 5 117°00 | —4'57 | 4

6 [2253|—344| 2,3 64% | 265'4 | — 5971 5,6 64 | — 551 5 08 | —4'57 | 4

7 |2259|—3'54| 2,3 65* | 2660 | —5'94 | 5,6 71 | —5'50 | 5 ‘17 | —4'53 | 4

8 |2265|—364] 2,3 66* | 2668 | —5'04| 5,6 79 | —5'54 | 5 25 | —4'55 | 4

9 |227'1|—374| 2,3 67 1267'4|—5091] 5,6 86 | —549 | 5 36 | —447 | 4
10 |2280|—382| 2,3 68 |2681|—3586| 5,6 ‘93 | —5°59 5 42 | —448 | 3,4
11 | 2287 |—388| 2,3 69 |2688|—583! 5,6 112'00 | — 548 5 ‘50 | —4'48 | 3,4
12 | 229'4|—395]| 2,3 70 12604 | —584| 5,6 07 | —544 | 5 58 | —4'47 | 3,4
13 |230'2|—400| 2,3,4| 71 |2700|—586| 5,6 ‘14 | —543 | 5 67 | —441 | 3,4
14 |2308|—404] 2,3,4| 72 |2706|—590] 5,6 21 | —544 | 5 75 | —440 | 3,4
15 |231'5|—4'10| 3,4 73 |2712|—592| 5,6 29 | —542 | 5 83 | —438 | 3,4
16 | 232'1|—4'10| 3,4 74 | 2718 | —5'92| 5,6 36 | —533 | 5 92 | —438 | 3,4
17 2327 | —414| 3,4 75 |272'5|—5'90]| 5,6 43 | —538 | 5 11800 | —431 | 3,4
18 |2333|—4'19| 3,4 76 |2732|—588] 5,6 50 | —5'47 | 5 ‘15 | —424 | 3,4
19 |2340|—47238| 3,4 77 12738 —58s5] 5,6 57 | —537 | 5 23 | —425 | 3,4
20 [2348|—4'40]| 3,4 78 |274'5|—582| 5,6 64 | —539 | 5 31 | —422 | 3,4
21 |235'5|—4'51| 3,4 79 |2752|—579| 5,6 71 | —537 | 5 38 | —421 | 3,4
22 (2362|—4'57| 3,4,5| 80 |2759|—579| 5,6 79 | —538 | 5 46 | —4'14 | 3,4
23 |2370l—467| 3,4,5| 81 |2765/—578]| 5,6 86 | —533 | 5 54 | —4'16 | 3,4
24 |2379|—477| 3,4 5| 82 |2772|—579] 5,6 93 | —529 | 5 62 | —416 | 3,4
25 |2386|—481| 3,4,5| 83 |27779|—584] 5,6 113'00 | —5'35 | 5 69 | —4'12 | 3,4
26 |239'3|—4384| 3,4,5| 84 |[2786|—585]| 5,6 ‘o8 | —534 | 5 77 | —409 | 3,4
27 |2400|—492| 3,4,5| 85 |[2792|—583) 5,6 ‘15 | —529 | 5 85 | —404 | 3,4
28 |2407|—493| 3,4,5| 86 [279'9|—584] 5,6 23 | —528 | 5 92 | —402 | 3,4
29 |241'3|—4'93| 3,4,5| 87 |2806|—588]| 5,6 31 | —528 | 5 119°08 | —396 | 3
30 [242°'1|—4°93| 3,4,5| 88 [281'3|—35'92| 5,6 38 | —525 | 5 ‘15 | —339 | 3
31 |242'0|—492| 3,4,5| 89 |282'0|—597]| 5,6 46 | —526 | 5 23 | —387 | 3
32 |243'5)—489| 3,4,5| 90 |2827|—602] 5,6 54 | —525 | 5 31 | —38 | 3
33 |2442[—486| 3,4,5| o1 |2834|—604) 5,6 62 | —516 | 5 38 | —385 | 3
34 {2448|—482| 3,4,5| 92 |2841|—600 5,6 69 | —520 | 5 46 | —391 | 3
35 |2454|—475| 3:4,5| 93 |2848  —6'16| 6 77 | —52L | 5 54 | —378 | 3
36 1246’1 | —4'71| 3,4,5| 94 |285'5|—620| 6 85 | —516 | 5 62 | —377 | 3
37 |2467|—468| 3,4,5| 95 |2862|—626]| 6 92 | —527 | 5 ‘69 | —370 | 3
38 12473|—468| 3,4,5| 96 |2869|—628 6 11400 | — 5°2I 5 77 | —363 | 3
39 | 248'1|—465| 3,4,5| 97 |2876|—629]| 6 08 | —516 | 5 85 | —365 | 23
40 | 248'9|—465| 3,4,5| 98 2833|—6'31| 6 17 | —516 | 4,5 92 | —363 | 2,3
41 | 249'4|—467| 3,4,5| 99 |2890 —630| 6 25 | —5'19 | 4,5 12000 | —3'57 | 2,3
42 | 2500|—473| 3,4,5| 100 |2898|—631| 6 33 | —514 | 45 ‘14 | —356 | 2,3
43 |2507|—4380]| 3,4,5| 101 |2904|—631| 6 42 | —505 | 5 21 | —3'45 | 2,3
44 |2513|—4871 3,4,5| 102 |2912|—6°32| 6 ‘50 | —5'IO 4,5 29 | —337 | 2
45 |2518|—5'02| 3,4,5| 103 [2018|—6'37| 6 58 | —506 | 4,5 36 | —338 | 2
46 |252'5|—524| 4,5 | 104 |292'5|—6'42| 6 67 | —508 | 4,5 43 | —340 | 2
47 |253'1|—538| 4,5 105 |293'2|—647 6 75 | —506 | 4,5 50 | —3°3I | 2
48 12537|—5'55| 4,5 106 |294'0|—6'50| 6 83 | —506 | 4,5 57 | —326 | 2
49 |254'5|—s574| 5,6 | 107 |204'8|—6'53( 6,7 92 | —506 | 4,5 64 | —323 | 2
50 |2553|—588] 5,6 108 |29577 | —660| 6,7 115'00 | — 5°00 4,5 7L | —3'17 | 2
51 |256'2|—600]| 5,6 109 |296°5 | —658| 6,7 ‘08 | — 498 4,5 79 | —3'09 2
52 | 2568 | —605| 5,6 110 | 2972 |—656| 6,7 ‘15 | —499 | 45 ‘87 | —307 | 2
53 |257'4|—606 5,6 111 | 2930 —6'47( 6,7 23 | —498 | 4,5 ‘93 | —30I | 2
54 |2582|—6'06]| 5,6 112 | 29877 | —6'42| 6,7 ‘31 | —4'08 455 121700 | —2°96 | 2
55 |2588|—604] 5,6 113 {2996 | —6'39| 6,7 38 | —494 | 45 08 | —2'91 | 2
56 |259'5|—604| 5,6 114 |300'5|—6'39| 6,7 46 | —490 | 4,5 ‘15 | —283 | 2
57 |2602|—609| 5,6 115 |3012|—637| 6,7 54 | —4'92 | 45 23 | —284 | 2
58 |2609|—6'11} 5,6 116 |3020|—6'37| 6,7 ‘62 | —4'88 4,5 31 | —2%76 | 2
59 | 2617|—6'10| 5,6 117 |302%7|—6'35| 6,7 ‘69 | —4°90 4,5 38 | —267 | 2
60 (262°4|—6'07| 5,6 118 |303°4|—6°38| 6,7 77 | —484 4,5 46 | —262 | 2
61 [2632|—6'04) 5,6 119 |304'3| —6°38| 6,7 ‘85 | —4°81 455 ‘54 | —2°51 | 2
62 |2640|—6'01]| 5,6 120 .| 3050 —640| 6,7 ‘92 | —478 4,5 62 | —244 | 2
63 |264'8|—6'0c0| 5,6 121 |305%7 | —6'50| 6,7 11600 | — 482 4,5 ‘69 | —2'40 | 2
64 |2655|—596| 5,6 122 |306°4|—662| 6,7 ‘17 | —4776 | 4,5 77 | —236 | 2
65 |266'2|—594] 5,6 123 |3072|—6%6| 6,7 25 | —472 | 45 85 | —2°31 | 2
66 |266'9| —s5'94] 5,6 124 |307°9|—684| 6,7 33 | —471 | 45 92 | —226 | 2

125 |308'5 | —692| 6,7 42 | —473 | 45

58* | 2612 | —6'12| 5,6 126 |3092|—698]| 6,7 ‘58 | — 469 4,5
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TABLE 6. : TABLE 6¢ (continued).
Single observations at leff = #'567.
Some seconds before second contact. . C
¢ bright- | mirrors ‘ bright- | mirrors t bl;g:;t' m&srg)irs 4 bﬁgsl;t m;srregrs
ness used ness used )
s m S m
113'00 | — 440 | 3,4,5 | 11708 | —3'56 | 3,4 60 | —266 | 2 22540 | — 442
08 | —438 | 3,4,5 17 | —354 | 34 Rl I SR A% B
5 | —434 | 3,45 25 | —3'50 | 3,4 i e A Tk | b
. _. . 3 73 277 | 2 53 446 | 45
23 438 | 3,4 33 348 | 3,4 8o | —278 | 2 60 | —4'52 | 455
31 | —429 | 3,4 42 | —346 | 3 87 | —28 67 | —a ’
38 | —435 | 3.4 50 | —344 | 2,3 T Z2s | 2 R I ol Wi
'46 —4°30 3,4 '58 —3'35 3 :93 —_ 286 2 '73 . 4"54' 4,5
54 | —436 | 3,4 67 | —346 | 2,3 22100 | Z207 | 2 o T b
6z | —430 | 3,4 75 | —339 | 23 ST T3S 23 B7 | Zast | s
69 — 424 3.4 83 —338 2,3 :13 - 3.02 2,3 '93 - 454 455
w7 | —426 3.4 ‘92 | —336 | 2,3 . 20 | —3'02 2,3 226.00 —454 | 45
85 | —a426 | 3,4 | 11800 | —329 | 2,3 27| T30 23 DA L
‘92 | —418 34 ‘08 | —329 | 2,3 33 _ 3 g >3 I3 —-4'6 45
11400 | —420 | 3.4 a5 | —327 | 2.3 40 31 2,3 20 462 | 45
) 5 ’ . . ’ 47 | —322 | 2,3 27 | —459 | 45
o8 421 34 23 322 | 2,3 . — 22 2 33 | —4'62
15 | —420 | 3,4 31 | —319 | 2,3 &35 3 | Tk | B2
23 | —416 | 3.4 38 | —316 | 2.3 0 329 | 3 40 462 | 45
. — 26 | —318 67 | —3'34 | 3 47 | —4060 | 4,5
32 413 | 34 4 312 | 23 73 | —338 | 3 53 | —464 | 45
38 | —416 | 3,4 54 | —3'16 | 2,3 4o | —336 %o | —467 i
46 | —a1s | 3.4 2 | —315 | 2.3 : — 3.48 3 - _4.6 45
‘54 | —400 | 3,4 69 | —312 | 2,3 93 | —342 ) 3 ) A | B3
€ | —410 | 3.4 w7 | —305 | 23 222°07 355 | 3 73 4 4,5
69 | —4'I0 | 3,4 85 | —304 | 2,3 g | 2381 3 ko 4-22 >3
oy | —a08 | 3.4 93 | —396 | 2.3 20 | — 3_62 3 87 _4'68 4,5
‘85 | —4'09 34 119'00 | —2°96 | 2,3 27 _ 3'6 3 22 gg _ 4‘66 45
03 | —a03 | 3.4 o8 | —209 | 2 33 3‘63 3 7 - 4'68 4,5
115700 | —402 | 3.4 15 | —205 | 2 40 | —3° 3 ‘07 4 45
‘08 | —a00 | 3.4 23 | —z201 | 2 47 | —374 | 3 ‘13 | —468 | 4,5
15 | —398 | 3.4 31 | —200 | 2 53 | —373 | 3 20 | —471 | 45
23 | —g00 | 3.4 38 | —285 | 2 6o | —3'80 | 3,4 27 | —472 | 45
v | —397 | 3.4 26 | —28% | 2 67 | —382 | 3,4 40 | —476 | 45
'38 . 3'96 3,4 ‘54 — 281 2 73 - 3'81 34 _47 - 478 45
46 —3'04 3.4 62 — 28 2 ‘8o | — 3-81 34 .53 _4.75 4,5
ia | —3o4 | 34 69 | —zw0 | 2 87 | —38 | 3,4 o | —477 | 45
%2 | —a00 | 3.4 g | —262 | 2 93 | —38 | 3,4 67 | —475 | 45
60 | —398 | 3.4 85 | —265 | 2 22307 | —396 | 3,4 73 | —478 | 45
vy | —388 | 3.4 93 | —z262 | 2 13| — 3.92 34 .go — 4_22 45
85 — 384 3.4 12000 — 256 2 .20 : 3.20 34 X 7 - 4'82 4,5
02 | —3'83 34 08 | — 254 2 .27 _ 4 34 8'93 _ 4'83 5
11600 | — 3°86 35 4 ‘15 | —2°31 | 2 33 404 34 228°00 49215
o8 | —386 | 3 23 | —221 | 2 40 | —4'0z | 3,4 07 | —481 | 5
15 | —384 | 3.4 31 | —z2a4 | 2 47 | —405 | 3.4 13 | —482 | 5
23 | —38 | 3,4 38 | —2'32 | 2 33| 499 | 34 20 | —484 ) 5
31 | —37a | 3.4 36 | —231 | 2 6o | —4'10 | 3,4 27 | —a85 | 5
381 =39 | 34 o4 | —232 | 2 67 | —4'10 | 3,4 33 | —486 | 5
26 | —372 | 3.4 % | —219 | 2 73 | —412 | 3,4 40 | —484 | 5
54 | —392 | 3.4 69 | —z214 | 2 8o | —4'12 | 3,4 47 | —486 | 5
B2 | —3%0 | 3.4 wg | —218 | 2 87 | —413 | 3,4 '53 | —486 | 5
69 | —366 | 3,4 85 | —=2'08 | 2 93 | —416 | 3,4 o | —481 | 5
77 | —363 | 3.4 ‘92 | —2'00 | 2 224'00 | — 416 | 3.4 67 | — 4.24 5
85 | — 363 34 12108 | — 186 | 2 o7 :42 4 gg —4 g 5
‘92 —-3'62 34 ‘I35 _ 1'87 2 .13 —4. 4 8 —4.9 5
11700 | —358 | 3.4 23 | —178 | 2 20 422 | 4 7 495 |5
’ 27 | — 4'2; 4 ‘93 | — : gast g
33 | —41 4 229'00 | — 4
TAB.LE 6c. do | —423 | 4 o7 | —493 | 3
Single observations at leff = #454. 47 | —4'27 4 ‘I4 | —491 | 5
Some seconds following third contact. . g 3 | —428 4 21 | — 4'9; g
. T I = ‘60 | —4°'32 4 29 | —4'9
¢ bggs},;t- m&ggrs P bx;ig;t- mli;;cérs 67 | —432 4 36 | — 499 5
8o | —438 | 4 43 | —498 | 5
s m s m ‘87 — 438 455 ‘50 — 502 5
21980 | —195 | 2 22020 | —233 | 2 ‘93 | —439 | 45 57 | —500 | 5
‘87 | —206 | 2 27 | —239 | 2 22507 | —4'44 | 43 64 | —497 | 5
93 | —=218 | 2 33 | —247 | 2 13| —44 | 45 71 | —5%01 | 5
220°00 — 2722 2 ‘40 — 2°'47 2 ‘20 —_ 4'48 4, 5 79 — 5°0I1 5
07 | —224 | 2 47 | —258 | 2 27 | —448 | 45 86 | —500 | 3
13 | —2°31 2 53 | —260 | 2 33 | —450 | 45 ‘93 | —502 | 5
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TABLE 64d.

Single observations at leff = #'567.
Some seconds following third contact.

¢ bright- | mirrors ¢ bright- | mirrors
ness used ness used
s m s m

221°25 —2'II 2 22544 | —3°'55 2,3
31 | —2723 2 50 | —3'45 | 2,3
38 | —218 2 56 | —349 | 2,3
44 | —2720 2 62 | —352 | 2,3
50 | —2°23 2 75 | —346 | 2,3
‘56 | —2°23 2 81 | — 356 2,3
‘62 | —227 2 ‘88 | — 356 2,3
69 | —2°33 2 ‘04 | —358 | 2,3
75 | —2°37 2 22600 | —3°58 2,3
81 | —2'45 2 ‘06 | — 356 2,3
‘88 | —240 2 ‘12 | —3'54 2,3
‘94 | —2'51 2 ‘19 | —3'54 | 2,3
222°00 | —2'52 2 25 | —3'60 2,3
‘07 | —2°57 2 ‘31 | —3°62 2,3
‘13 | —2'55 2 38 | —365 | 2,3
20 | —2'62 2 ‘44 | —3°68 2,3
27 | —2°61 2 ‘'so | —3°66 2,3
33 | —2'64 2 56 | —364 | 2,3
40 | — 265 2 ‘62 | —3°63 2,3
‘47 | —2"70 2 69 | —363 | 2,3
53 | —2772 2 75 | —368 | 2,3
‘60 | —2772 2 ‘81 — 370 2,3
67 | —273 2 ‘88 | —3'68 2,3
73 | —280 2 94 | —371 2,3
‘8o | —2°83 2 227'00 | — 372 2,3
‘87 | —2'90 2 ‘12 | — 371 2,3
‘93 | —2°86 2 ‘19 | —376 23
223700 | —2'89 2 25 | —374 | 2,3
‘06 | — 292 2 38 | —377 2,3
‘12 | —2°'g0 2 44 | —383 | 23
‘19 | —2'93 2 62 | — 380 2,3
‘25 | —2'90 2 ‘69 | —3'80 2,3
31 | —2798 2 75 | —377 | 23
‘38 | — 307 2 ‘81 | —3'80 2,3
‘44 | —310 2 ‘94 | —38 | 2,3
‘5o | — 302 2 228'00 | —3'86 2,3
‘56 | —3°13 2 ‘o7 | —380 2, 3
‘62 | —3°09 2 ‘20 | —3'86 2,3
69 | —3°'12 2 27 | —3'80 2,3
75 | —3'12 2 33 | —384 | 2,3
‘88 | —3'17 2 ‘40 | —3°82 2,3
‘94 | —3'19 2 53 | —3'90 | 2,3
224'00 | — 3°20 2 ‘67 | —3'82 2,3
06 | —327 2 73 | —385 | 2,3
‘12 | —3°18 2 ‘8o | — 388 2,3
19 | —3723 2 87 | —394 | 2,3
25 | —326 2 ‘93 | —391 2,3
44 | —3°38 2 229°'00 | — 3°9I 2,3
50 | —3'34 2 06 | —396 | 2,3
56 | —3738 2 12 | —392 | 2,3
69 | —3°36 2 ‘19 | —392 | 2,3
81 | —346 2 25 | —394 | 2,3
88 | —3'44 2 31 | — 3796 2,3
‘94 | —3'40 2 38 | —396 | 2,3
225°00 | —3°43 2 44 | —398 | 2,3
06 | —3°38 2,3 50 | —396 | 2,3
. ‘12 | —340 2,3 56 | —396 | 2,3

‘19 | —3'42 2,3 62 | —395 | 2,34
25 | —3'44 2,3 69 | —3'99 | 2,3
31 | —348 2,3 75 | —400 | 2,3

38 | —348 2,3 B8r | —399 | 2,3, 4

respectively finished on the rising branch, when the
brightness of the crescent was only one percent
of the brightness of the uneclipsed sun.

On the assumption that the brightness and the
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colour of the corona and the full moon are equal
we find the total light of the corona (14}= fainter
than the sun) 1™ and 24m fainter than lamp C
at the short, respectively long wavelength. This is
about 4™ fainter than the faintest observation made
at the eclipse?).

The diagrams in Figures 5, 6, 77, and 8 representing
the colour-index as a function of the time show the
absence of any systematic change in colour along
the extreme 53 percent of the radius at the limb
in spite of the presence of clouds. -

5. Formulae.

The relation between the law of darkening and
the eclipse function has been considered by several
authors?). ‘

We shall investigate this relation with a law of
darkening of the form '

g=const. Xx z* . . . . (6)

where ¢ is the surface brightness, z is the distance
on the disc from the limb, « is a constant defining
the law of darkening. There is a family of theoretical
eclipse functions having « as a parameter. The
determination of « follows from the comparison of
these theoretical eclipse functions with the observed
one.

Formula (6) includes as a special case « = o
(constant surface brightness) and «=1 (¢ propor-
tional to z). Both cases have been considered by
MINNAERT.

In Figure g the centres of sun and moon are
called S and M, the radii r and r + p, the distance
between the centres ¢ = SM. p is small in com-
parison with r and so is ¢ near totality. The angle
PSO is ¢, the extremities of the crescent correspond
with an angle ¢,= arc cos p/e.

When P moves along the limb of the sun’s disc
the area of the infinitesimal rectangle with sides
PB and r d¢ is proportional to PB. The mean surface

. brightness varies as PB* and the intensity is pro-
g y 18 p

portional to PB'+%

1) The comparison of the brightness of the lamp C with
that of the uneclipsed sun was made after the return at Leiden.
For this purpose the sun’s light was reduced in intensity by
two successive reflections on two convex mirrors. The reduction
obtained in this way was about 12 magnitudes. The deter-
mination must be considered rather rough but gives an idea
as to the brightness of the uneclipsed sun and of the corona
as compared with the intensities that have been measured at
the eclipse.

2) BEMPORAD, Mem. Speitr. Ital. 35, 89 (1906). MINNAERT,
Monthly Notices 89, 197 (1928). HECKMANN und SIEDENTOPF,
Vergff. Sternw. Gittingen, Heft 8 (1929). SCHOENBERG, Hdb. der
Astrophysik Bd. I1]1, 28.
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The integrated intensity of the sun’s crescent is
proportional to
P* . P 4
I+« I+«
fPB dyp = f(c cos 9—p) do=
o o

1>I+“ do . . . (7

The integrated intensities of solar crescents with
equal ¢: but at different eclipses (different p) are
proportional to pIT*

The integrated intensities ¢ of solar crescents at
different phases of the same eclipse (p is constant),

are proportional to
P
_ [ (cosg NPT
I_of (COS{P* 1> do . . . (8
Some approximations to formula (8) have been
made.

*

sz+a ﬁ(cos? .

3 \coso,

1°. 0, << 1, o arbitrary.

We develop cos¢ and cosos into powerseries
in o, respectively ¢+, and neglect terms of order
higher than the third.

We then have approximately

P
¢ = const. f (qa*z—cpz).l-l_adqa = const. ?*3-[-21 (9)

or expressed in magnitudes
m = — 2% (3 -+ 22) log ¢+ 4 const. (10)

In the case « = o (constant surface brightness)
the integral (8) is

8 2
Ia=° = tgqu-—cp*=% + —I—gqn*”—l—...:
3
=q’—;—(1—l—§cp*2+...> . (11)
the term ¢,3/3 corresponds to (9) for « = o.
Formula (11) expressed in magnitudes is
m—[—i;cp*z:——z%x 3log 9, -+ const. (12)
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When « is very small the following formula will
be more accurate than (10):

(13)

We remark that ¢s? is roughly proportional to
t — tcontact- Therefore m is roughly a linear function
of log | t — Zcontact]-

2°. ¢s arbitrary, « <<1.

m + % 942 = — 2} (3 + 22) log 9, 4 const.

After the substitution 1 = ——1 — 1, integral (8)
COS Q#
P*
is: I = ’. R dy.
P * P % P *
f e do = f 0.0 dy = f . e“lognatndq;
o o o

P *
= f 7(1 4 «lognaty + ...) do.
7 *
We introduce  p (p%) = ’. n do =1tg o« — ox (14)
? *

q(gD*)=f nlog natn do . (15)

Neglecting powers of « higher than the first
we have

and

I=p(ox) + 2 q(9%) . (16)
and const.i=p+ag=p<1+a§> ... (17)
which is equivalent to
—_5 _3 g
m -+ const. = 2logp 210g<1+ap>. (18)
Writing m,_ o for — 2} log p we have
m—m,_ = ——2%log<1+a1%> + const. (19)
For « [Z) < <1 (19) reduces to thesimple formula:
m—m, _ = —108 a% + const. (20)

6. Analysis of the observations.

The observations made in the interval from
one minute before second contact to second contact
seem to be almost free from the disturbing effect
of the clouds. The observations made in this interval
of time with Aeff = *454 have been analysed for
the law of darkening by means of the formulae of
the foregoing section.

The eclipse curve at Aeff = ¥'567 has been found

© Astronomical Institutes of The Netherlands ¢ Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/cgi-bin/nph-bib_query?1940BAN.....9...81W&amp;db_key=AST

FTI940BAN. - C .07 Z.281Wh

B.A.N. 328

to differ by a constant (in m) only from the curve
at leff = *'454. An analysis of the curve at
leff = V567 would therefore yield the same result.
as that obtained from the curve at Aeff = V454
and has therefore not been made.

From the discussion in the foregoing section it
appeared that we have to know for every observed
brightness the accompanying value of os.

We now proceed to determine ¢+ as a function
of .

Extensive use has been made of the tables and
charts published by A. A. MICHAILOV concerning
the elements of the 1936 echpscl) By the aid of
this work we find:
the geographical coordinates of our observing station

L = 39° 54”7 east of Greenwich
B=+44"44"5
G.M.T. of central eclipse 3t59m425'6
The duration 7 of the total phase at a point on
the central line nearest to our observing site is
7 = 92°6 solar seconds.
The position angles P, and P; of second and
third contact are for our observing station (Table 4, ¢
MicnAILOV l.c.):

Py= 99°4
Py = 2544

Further if 26 =P, — P, — 180°=12 X — 12%}
the duration of the total phase at our observing
station is 7 cosb = go°4 solar seconds.

It is not advantageous to obtain the time of central
eclipse from the G.M.T. of central eclipse as pre-
dicted by the almanacs. Such a prediction may be
off by several seconds (see below).

The best procedure seems to determine the time
of central eclipse, fcentral, as the mean value of
times ¢ corresponding to the same brightness on
the descending and rising branches of the eclipse
curve?).

Though the parts of the eclipse curve nearest to
contact are the steepest it is better to exclude these
parts from the determination as the irregularities
in the profile of the moon’s limb might easily
introduce systematic errors.

Because of the difference between the absorptions
by the clouds before second contact and following
third contact the above proposed procedure has
been carried out in a slightly modified form.

One of the diagrams shown in Figures 6 and 8
was reflected with respect to the time and the parts
farthest from totality were matched on each other
as closely as possible by shifting both curves with
respect to each other in both horizontal and vertical
directions.
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The result was fcentrat = 170%4 4 #°3%).

We assume the angular speeds of the sun and of
the moon to be constant during the interval of time
covered by the observations. Let us take as a unit
of distance the angle described by a body moving
with the relative angular speed (vectorial) of sun
and moon in one sidereal second.

In this unit 2 p" = 7 X 1°0027 = 928 sid. seconds.

The minimum angular distance between sun and
moon is

Cmin = p’ sin 6 = 92'8 X '2166 = 100 sid. seconds.
(¢" refers to the excess of the moon’s radius over
that of the sun as given by MicHAILOV).

The square of the angular distance at any moment
is then:

= (tcentral - t)z + ctin =
= (1704 — 1) + (10°0)? (21)

‘The radius of the moon used in MICHAILOV’S
publication refers to the valleys in the profile of
the moon’s limb and is three quarters of a second
of arc smaller than the radius as determined from
occultations, which latter value is needed in our
computations. The distinction between these radii
is significant and corresponds to 1°5 seconds of time?).

We thus have
p=1p"+ 1°5 = 46'4 + 1'5 = 47°9 sidereal seconds.

Then ¢« has been computed from the equation
_ 479

¢

cos ox = pfc = , in which ¢ was taken from

equation (21) for the normals 53 to 129 of the
eclipse curve at Zeff = 454 of the descending
branch. '

The successive columns of Table 7 contain for
the normals 53 to 129:
the number, &, fcentral — £, ¢, COS Qx, O, M, I, p, — ¢
and the residuals O—C between observed and com-
puted eclipse function.

p (¢+) was found from formula (14).

g (¢*) (see formula 15) has been obtained by
numerical integration for a number of values of
¢x. For other values of g#, ¢ has been read from
a graph drawn through the points obtained by
direct computation, ¢ (0) = ¢ (64°7) = o; in the

1y A. A. Micuatov, “Total eclipse of the sun June 19, 1936
in U.S.S.R.”, The Sternberg State Astronomical Institute.

2) For other methods of obtaining the epoch of a sym-
metrical minimum, compare the methods used in the case
of eclipsing variable stars, B.A.N. No. 166 (1929).

3) Estimated uncertainty.

4) 1 owe this remark to Professor BRouweR. The angular
radius of the moon used by MicHaiLoV reduced to a mean
parallax of 3422”770 is 9317°87. The angular radius of the
moon used in occultation work for the same parallax is ”*76
larger viz. 932”63 (compare L. J. CoMrig, 4. 7. No. 1062).
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TABLE 7.

No. tinsec | fcentral — ¢ cinsec ele % m (O) i P —q m(O)-m(C)
53 60’0 110°4 110°9 ‘4320 64°40 — 813 1786 ‘9635 ‘022 + ‘o5
54 609 109°5 110°0 ‘4355 6418 — 811 1754 9468 ‘033 -+ o5
55 61°'9 108'5 109°0 ‘4394 63°03 — 812 1770 9284 ‘049 + o2
56 628 107°6 108°'1 ‘4431 6370 — 809 1722 ‘QII5 ‘0bo + ‘03
57 636 1068 107°3 ‘4464 63°49 — 807 1691 8965 ‘070 + ‘03
58 64°6 105°8 106°3 ‘4507 6321 — 804 1644 8774 ‘082 + ‘o4
59 656 1048 105°3 ‘4550 62'94 — 804 1644 8587 ‘096 + ‘o1
60 66's 1039 104°4 4587 6270 — 802 1614 8429 ‘106 + o1
61 672 103°2 1037 ‘4619 62°49 —7'99 1570 ‘8295 ‘117 + o2 -
62 67'9 102°5 103°0 *4651 6228 — 798 1556 ‘8163 ‘126 -+ o1
63 686 101°8 102°3 4682 6208 —7'95 1514 ‘8037 ‘135 + ‘o2
64 69°4 10I°0 101°5 ‘4719 61°84 — 794 1500 7890 ‘143 + ‘o1
65 70'2 100°2 1007 4757 61°59 —7'92 1472 7741 ‘152 + ‘o1
66 70°8 996 100°'I ‘4785 61°41 — 791 1459 7632 ‘158 ‘00
67 715 989 994 4319 61°19 — 788 | 1419 - 7502 ‘164 + o1
68 72'3 98'1 986 "4859 6093 —7'86 | 1392 7353 ‘172 + ‘o1
69 7370 974 97'9 ‘4892 6071 —7'86 | 1392 7233 ‘179 — ‘o1
70 737 967 97°2 "4929 6047 —785 | 1380 7099 ‘187 — o2
71 744 960 965 "4963 6024 —783 | 1355 6977 ‘194 — oz
72 75°2 95°2 957 50035 59'07 | — 780 1318 ‘6831 ‘201 — o1
73 760 94'4 94°9 "5048 59°68 —778 | 1294 "6685 207 — o2
74 768 93'6 94'1 "5089 59'41 —776 | 1271 6546 214 — o2
75 778 926 931 5144 59'04 —7'72 | 1225 '6365 ‘221 — o2
76 785 91°9 92°4 ‘5184 5878 — 770 1202 6238 226 — 02
77 79'3 9I'I 917 5225 58'50 — 767 1170 . ‘6109 231 — 02
78 8o'2 90'2 90'8 '5274 5817 — 766 | 1159 ‘5957 237 — 03
79 80’9 89'5 90'I 5316 57'89 —7'62 1117 ‘5830 ‘242 — 02
8o 818 886 892 5371 57°'51 —7'58 1076 5667 248 — o1
81 82'6 878 884 ‘5417 57°20 —7'57 | 1067 ‘5534 ‘252 — 03
82 834 870 876 '5467 5686 —7'55 | 1047 '5392 257 — o4
83 842, 862 - 868 ‘5519 56'50 —7°50 1000 ‘5249 262 — ‘o1
84 85'1 85°3 85'9 5577 56'10 — 748 9818 5091 266 — ‘o4
85 860 844 8570 5634 55771 —7'44 9462 "4941 269 — 03
86 869 835 841 '5695 5528 —7'43 9376 "4785 272 — 05
87 877 827 833 '5750 54°90 —7'40 912'I "4647 274 — 06
88 886 818 824 ‘5814 54'45 —7'34 8630 ‘4491 ‘277 — 05
89 894 810 816 ‘5869 54'06 — 732 8472 *4360 ‘2779 — 05
90 902 802 808 5928 5364 — 728 8166 ‘4223 280 — ‘05
91 90°9 79's 8o1 "5981 5327 — 724 7870 ‘4102 281 — o5
92 917 787 79'3 '6039 52'85 —7'19 7516 "3974 282 — 03
93 92°4 780 786 *6094 52°45 — 718 74477 "3856 283 — 06
94 93°3 77°1 777 6165 51'04 — 714 7178 "3706 283 — 06
95 94'1 76°3 77°0 ‘6219 5I'54 — 706 666°8 *3596 282 — ‘02
96 952 752 759 6309 50°88 —6°99 6252 ‘3417 281 — o1
97 965 739 74°6 6423 5004 — 690 575°5 "3200 279 "00
938 97°3 731 738 '6489 49'54 — 686 5546 '3078 277 "00
99 930 72°4 731 '6553 49706 — 681 5297 "2965 275 ‘00

100 987 717 724 ‘6618 4856 — 678 5152 2852 ‘273 — 02

101 99°4 71°0 717 ‘6680 4809 — 672 4873 ‘2747 271 ‘00

102 100°L 703 71°0 6748 47°56 — 669 4742 2635 268 — "0z

103 10I°I 693 700 6845 4680 — 657 424°6 2481 ‘262 + o3

104 102°1 683 690 6940 4605 —6°50 3981 2336 258 + ‘03

105 1030 674 681 7032 45°32 — 643 3733 ‘2202 ‘252 -+ ‘o3

106 1038 66°6 673 7117 44763 — 637 3532 *2082 *249 + ‘o2

107 104'4 660 668 7168 4421 — 630 33I°1 ‘2012 ‘244 -+ -0b

108 105°2 652 66°0 7257 43°47 — 625 3162 1888 238 + ‘03

109 106°'1 643 65°1 7358 42762 —6°16 29I'I 1765 231 + ‘o4

110 107°1 633 64°'1 7474 41°63 — 605 2630 ‘1622 ‘222 -+ ‘o3

111 . 1081 623 63°1 7503 40°'60 —5'04 2377 ‘1484 212 + 06

112 1089 61°5 62°3 7686 3977 — 586 220°5 ‘1382 ‘204 -+ ‘o5

113 109°6 608 616 7776 3896 — 579 207°0 ‘1287 ‘197 -+ ‘o4

114 110°3 601 609 7868 3811 — 571 192°3 ‘1193 ‘194 -+ 03

115 111°0 50'4 602 7955 37°30 — 5°61 175°4 ‘1107 ‘181 ~ + o4

116 111°6 588 50'6 8039 3650 — 552 161°4 ‘1028 ‘174 -+ ‘o5

117 112°2 582 59'I ‘8104 35°86 — 543 1486 09699 ‘169 + ‘o7

118 112°9 57°'5 584 8203 3488 — 534 1368 08836 ‘159 + ‘o5

119 113°6 568 577 8299 3391 — 522 122°5 ‘08039 ‘150 + o6

120 114'4 56'0 56°0 8418 32°67 — 513 11277 ‘07104 ‘139 ‘00

121 115°1 55°3 562 ‘8525 31°5I — 5°00 100°0 06309 ‘128 ‘00

122 1158 54'6 55°'5 8628 30°37 — 483 85°'50 ‘05592 ‘120 + ‘o2

123 1167 5377 54'6 8772 2869 — 464 7178 ‘04655 ‘105 ‘00

124 117°5 52°9 53'8 ‘8905 2%7'06 — 4°46 60°81 ‘03857 ‘0928 — ‘04

125 118°3 52°'I 53'I ‘9017 2562 —4'22 4875 ‘03239 ‘0817 — ‘o1

126 119°I 51°3 52°3 ‘9158 23'68 — 396 3837 ‘02526 0684 — 05

127 119°8 506 - 51°6 ‘9285 2180 — 365 2884 ‘01948 ‘0564 — ‘04

128 1206 498 50'8 ‘9429 19°46 — 325 19°'96 ‘01368 ‘0433 — *0b

129 121°3 49'1 50°I ‘9560 17°06 —2'72 12°25 ‘00912 ‘0311 — ‘oI
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interval o < gx << 64°'7, ¢ (9#) is <o and reaches
a minimum at ¢+ = 52°2 with the minimum value
g (52°2) = — -283; for values of s >64°7 we have
g (%) >o.

For each normal an equation of condition was
formed of the form (see formula 17)

px + qy =i, weighti= . (22)

. From the resulting x and y we find for the exponent
in the law of darkening:

2 — o= + 095

X 4+ ‘005 (m.e.).

The mean error is a direct result of the compu-
tation and should be increased on account of the
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FIGURE 10.
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uncertainty in the time of central eclipse and in
the adopted diameter of the moon, apart from the
uncertainty of the effect of the clouds.

The residuals between observation and compu-
tation (last column of Table 7) show moreover a
systematic run which suggests that a formula of the
form ¢ =const. X zz with a value of « independent of z
is a too simple representation of the actual law of
darkening.

The individual observations at Aeff = ¥'454, given
in Table 6 a, and represented graphically in Figure 6,
have then been analysed in a different manner.

In Figure 10 the ordinates are m 4 E ¢#? and the

abscissae log ¢s.
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According to formula (13) we obtain 23 (3 + 2%)
so that « follows at once.
A least squares solution gave as a result
a = + 095
_ 4 "o10 (m.e.).
To the perfect agreement with the result obtained

above from the larger material we should not-

attach undue importance as the assumptions con-
cerning the adopted values of the time of central
eclipse and the radius of the moon have been
the same. '

The linearity of the relation between m +§ o2

and log ¢« strengthens, however, our confidence in
the correctness of these values and seems to justify
the neglect of the disturbing effect of the clouds.

It is remarkable that the observed relation shown
in Figure 10 does not reveal the effect of the
irregularities in the moon’s limb more clearly. This
may be due to the happy circumstance that the
moon’s limb is rather smooth in the region where
the second contact occurred.

7. In B.A.N. No. 296 E. HERTZSPRUNG has given
an interpolation formula for the law of darkening
towards the sun’s limb as a function of the wave-
length which represents the direct measurements by
Moir, BurGer and vAN DER Bt (loc. cit.) in a
satisfactory manner.

Though an agreement between this formula and
our results need not be anticipated it is of interest
to make the comparison.

HerTzsprunG’s formula is:

g = const. X cos .27/17. (23)
Here y is the angle between the line of sight
and the normal on the sun’s surface, s is the surface
brightness as before and 1 is the wavelength.
For small values of the distance on the disc from

the limb z, we have

z = const. X cos?y (24)
Consequently formula (24) may be written
135/
¢ = const. X z (25)

which is of the same form as formula (6) adopted
by us in the analysis of the eclipse curve.

The values of the exponent « according to
HertzsprunGg’s formula (formula 25) for our two
effective wavelengths are:

eff &= '135/;
1454 30
567 24

while our result is « = ‘1.

B.A.N. 328

The variation of log e with log cos y therefore
seems less rapid at the limb than it is in the middle
part of the sun’s disc.

The variation in the colour, mys, — mye,, to be
expected from an extrapolation of HERTZSPRUNG’S
formula is found from (compare formula 20):

Mysy— Mygy = — (Agsq—se7) X 1% -+ const.

= — ‘06 X%—l— const.

The variation of this quantity over the interval
of time covered by the observations either before
second or following third contact is m'2,

The constancy of the colour shown by our obser-
vations is however within a tenth of a magnitude.

8. Though the provisional investigation by eye
estimates on a part of the films did not reveal any
change in colour at all the results of the measure-
ments of the complete material show the absorption
of the clouds to have been selective.

At t = 250 (compare Figure 6) there has obviously
been a strong absorption. At the same time the
colour curve shows a marked variation, indicating
that the light of longer wavelength has been ab-
sorbed more strongly than that of shorter wave-
length. This feature of the absorption could be
shown to hold generally as follows:

A diagram (Figure 11) was made having as
abscissa the ' difference between two values of
Mgss + Mg, taken at times symmetrical with
respect to the time of central eclipse:

(m454 + m587) . - (m454 + mse7)desc_

rising
As ordinate the difference between the colour-
indices at these same instants was taken:

(Mmyss — Mser) — (my54 — Mse7)

rising desc.
FIGURE 11.
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On the assumption that the undisturbed eclipse

curve is symmetrical with respect to central eclipse
the abscissae are evidently the difference in the
absorptions at Aeff = 454 plus the difference in
the absorptions at Xeff = #5677 at the two instants
symmetrical with respect to the time of central
eclipse. Observations nearer to the contacts than
15 seconds have been excluded, as an error in the
adopted time of central eclipse would affect the
diagram too seriously.

The large scatter is probably due to a change
in the nature of the clouds.

In case the nature of the clouds had not changed
a closer relation represented by a line passing
through the origin might have been expected.

The large number of dots on the right hand side
of the diagram is simply due to the fact that the
absorption following third contact has been stronger
than that before second contact.

In the case of a selective absorption the dots will
lie either in the lower left and upper right quadrant
or in the upper left and the lower right quadrant,
depending on whether the light by passing the
clouds has become redder or bluer.

The diagram therefore confirms our former con-
clusion that the absorption at Aeff = ¥*567 has been
stronger than that at leff = "'454. The ordinates
are in the mean ‘1 X the abscissae. This means
that the absorption coefficients at —~P‘454 and
) = V567 have been in the ratio 9 :

A selective absorption by clouds in the sense as
observed here has been noticed before. The con-
ditions necessary for its occurrence seem to be rather
specialt).

9. In section 6 we obtained from MicHAILOV’S
monograph for the time of central eclipse 32 59m 425'6
G.M.T.

The positions of the sun used by MicHAILOV are
those from NEwcoms’s tables without any corrections.
The position of the moon has been taken from
Brown’s tables and corrections have been applied
to both longitude and latitude :

Ak = + 5”0, AB = —o"5.

Professor BRouweR kindly communicated to me
what he regards as the best corrections to the
positions of sun and moon adopted by MicHAILOV.

He finds

Axg—Axgn = — 235
Adg—Adg = — "60

This corresponds to a correction of + 5¢'g to the
time found from MicHAILOV’'s work, making it
3t59m48¢5 G.M.T.
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From the observed value ¢ = 170%°4 we obtain the
observed value in G.M.T.:

38 56m 5757 4 170%°4 X '9973 = 3" 59 4757 G.M.T.

The difference between observation and prediction
of the time of central eclipse is now only — -8
seconds.
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11. Appendix.

There is a possibility of increasing the accuracy
in the determination of the law of darkening by
choosing (with the same equipment) the place of
observation instead of on the central line, near the
border of the zone of totality. It is clear that in
that case the interesting phases remain longer under
observation than when the station is situated on
the central line. It can be shown that the corre-
sponding increase in weight is at the most four times.

On the other hand the results will depend strongly
on the relative position of the observer and the
central line adopted in the reduction. In the above
consideration it was assumed that this relative
position is known rather ‘more accurately than it

LEIDEN
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seems possible to predict it at present. Unless one
has means of determining the track of the eclipse on
the earth’s surface with high accuracy the suggestion
of observing a total eclipse for the determination
of the law of darkening at the border of the zone of
totality should not be followed up.

The photographic method may be improved by
using more mirrors, differing less in magnitude
reducing power than those used by us at the 1936
eclipse. Even in the case of a very steep gradation
(which is favourable for the accuracy) one will then
be able to derive relations between galvanometer-
readings and magnitudes in an independent way,
that is from the material alone, thus without re-
course to a mean relation as used in the present
paper.

A better knowledge of the distance correction
than could be obtained in the present paper may
be secured by placing mirrors having equal curvature
at different distances from the optical axis.
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