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Abstract
The present work aims to validate the positions of solar filaments published in the Annals of
Coimbra University Astronomical Observatory, currently the Geophysical and Astronom-
ical Observatory of the University of Coimbra, corresponding to years 1929 to 1941. The
published Stonyhurst positions were obtained by an original method devised in the early
20th century that used a spherical calculator instrument, a wood-made model of the Sun.
We used the digital images of the original spectroheliograms to measure the positions of the
filaments, and heliographic coordinates were determined with the routines implemented in
the Python package Sunpy. The correlation coefficients between both sets of coordinates are
positive and highly significant. The results validate the method used at the Coimbra obser-
vatory and the published data. We conclude that the Coimbra solar filament catalogues are
reliable and can therefore be considered for future solar activity studies.

Keywords Solar filaments · Stonyhurst heliographic coordinates · Historical data ·
Catalogues

1. Introduction

Long-term records are essential to understand solar activity since its processes may take
decades or centuries to reveal themselves. Therefore, several observatories around the world
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started continuous solar observation programs (e.g. Mouradian and Garcia, 2007). Known
examples of long series are those of the Royal Greenwich Observatory, UK (Willis et al.,
2013), Paris Observatory, Meudon, France (Mein and Ribes, 1990), Kodaikanal, India (Man-
dal et al., 2017), Mount Wilson, USA (Lefebvre et al., 2005), Debrecen, Hungary (Baranyi,
Győri, and Ludmány, 2016) and Arcetri, Italy (Ermolli et al., 2009). Other programs were
also implemented in Ebro and San Fernando in Spain (Aparicio et al., 2014; Curto et al.,
2016) and Coimbra, Portugal (Mouradian and Garcia, 2007; Garcia et al., 2010, 2011 and
Garcia, Klvaňa, and Sobotka, 2010; Carrasco et al., 2018a and 2018b). The Coimbra As-
tronomical Observatory (currently Geophysical and Astronomical Observatory of the Uni-
versity of Coimbra, “Observatório Geofísico e Astronómico da Universidade de Coimbra”,
hereafter OGAUC) started in 1925 a solar observation program that continues today, with
essentially the same acquisition system, leading to a large and consistent database. That pro-
gram led to the publication in 1932 of the first volume of the Observatory Annals analysing
the 1929 solar activity, an immense endeavour that was well received by the international
community at the time (Deslandres, 1932; Bonifácio, 2017). The overstretched observatory
staff managed to continue to publish volumes analysing the years 1929 to 1944 regularly,
at first, and with longer and longer intervals after the Second World War. Finally, a volume
for 1979 was published in 1986. In this paper, we aim to validate the solar filament data
published. This work is part of a broader project that aims to recover and validate OGAUC
historical information on solar observations. Recently, several solar databases from obser-
vatories around the world, including Coimbra (Carrasco et al., 2018b), Ebro (Curto et al.,
2016), Greenwich (Willis et al., 2013), Locarno (Cortesi et al., 2016), Madrid (Lefèvre et al.,
2016), Kodaikanal (Mandal et al., 2017) and Valencia (Carrasco et al., 2014) have been
digitized and analysed. However, most solar data acquired before the second half of the
20th century has not been digitized which makes it unavailable to the scientific community
(Lefèvre and Clette, 2014). The urgent need for historical astronomical data digitization and
preservation enabling scientific research is referred by Pevtsov et al. (2019). Carrasco et al.
(2018a) provided a machine-readable version of sunspot data recorded in the Coimbra his-
torical solar catalogues. Data on other solar features have not yet been addressed. The work
of recovering historical solar observations needs to be continued to complete temporal cov-
erage of the observations and to correct possible gaps in the data series (Lefèvre and Clette,
2014). The present work intends to participate in this collective effort to recover historical
solar databases.

Firstly, we analysed the method used at the OGAUC to obtain the filament solar coor-
dinates from the original spectroheliograph Ca II K3 photographs. This led us to study the
advantages and limitations of, to the best of our knowledge, a kind of solar heliographic cal-
culator, commonly known as Costa Lobo’s sphere, invented by the then director Francisco
Costa Lobo (1864–1945). Secondly, we selected a set of Ca II K3 spectroheliograms from
the years 1929 to 1941 and read the corresponding filament coordinates in the catalogues.
Finally, these were compared with the coordinates obtained via the automatic method de-
scribed in Duffett-Smith and Zwart (2011). Solar filaments were chosen instead of sunspots
because it is more accurate to locate points, such as the filaments’ footpoints. These solar
structures appear from the equator to pole during all phases of the solar cycle and are po-
tential representatives of solar magnetic activity (McIntosh, 1972), therefore they are used
to locate the positions of magnetic neutral lines on the synoptic maps (Peng, Ji, and Wang,
2013). In this paper, we concentrate on the determination of the location of filament end-
points/footpoints. It is currently accepted that footpoints of a filament and the magnetic field
line “are co-spatial on the same magnetic polarity” (Chen, Xu, and Ding, 2020). Moreover,
it is known how relevant endpoint locations are in order to determine the real filament spine,
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particularly used in the automated detection methods (Hao, Chen, and Fang, 2018). On the
other hand, those points are important for filament chirality studies (Hao et al., 2016). In ad-
dition to the solar physics context study, this type of structure is important for space weather
studies. Solar filaments play a vital role since they can indicate the possible occurrence of
CMEs (Atoum, 2016), which are the major driving source of the hazardous space weather
around the Earth (Chen, 2011).

2. Solar Observations at the OGAUC

The daily observations at the OGAUC started in December 1925 and extend till today, ap-
proximately nine solar cycles. Images on Ca II K1 and Ca II K3 spectral lines are obtained
daily, depending on the weather condition and the publication of these images started in
January 1926 (Lobo, 1932). The solar images have been acquired since the beginning with
the same instrument, a spectroheliograph equivalent to the one installed at Paris Observatory
in Meudon, which has been subject to improvements over the years (Bualé, Mouradian, and
Schmieder, 2007; Klvaňa, Garcia, and Bumba, 2007; Garcia et al., 2010). The spectrohelio-
graph has a focal length of 4060 mm and a diameter of 200 mm, which produces a maximum
diameter of the solar disc on the entrance slit of 38.5 mm. After the entrance slit, the optical
system consists of a collimator with a focal length of 1300 mm and 150 mm diameter. At the
time of the analysed observations, the dispersion device was a set three-glass prism that al-
lowed a spectral resolution of 0.25 nm at 3933 nm. Although the telescope has a theoretical
diffraction-limited spatial resolution under 1′′, when considering the slit width and average
atmospheric conditions, the estimated resolution of the system is between 1.5′′ and 2′′.

Until the present day, more than 50 000 spectroheliograms were acquired by the OGAUC
spectroheliograph (Lourenço et al., 2019). Recently, software tools have been developed to
automatically detect and analyse chromospheric plages (Barata et al., 2018) and sunspots
(Carvalho et al., 2020) on solar images acquired at the OGAUC.

The OGAUC catalogue uses Stonyhurst heliographic system solar coordinates. The com-
plete procedure started by drawing the solar features directly from a spectroheliogram (Fig-
ure 1) into a superposed normal azimuthal projection grid centred at the image centre (Fig-
ure 2).

The solar Stonyhurst longitude, P, and angles CA are read on the grid (Figure 3). Know-
ing the heliographic latitude of the central point of the solar disc (B0) by the ephemerides
solar pole may be marked on the grid so arc CPolo (=90-B0) is also known (Figure 3).
So, using spherical trigonometry we can determine arc PoloA, that is, the heliographic co-
latitude of A, from the spherical triangle with vertices {A, Polo, C}. However, this procedure
involves the computation of ten circular functions (sine or cosine) per point. At those times,
these computations were particularly laborious (using interpolation in tables with several
decimal places). On the other hand, for each spectroheliogram, one could have 20 or more
points of interest.

Francisco Costa Lobo developed a novel method to facilitate and speed up the calculation
of the coordinates (Lobo, 1932; http://193.137.102.29/ObservatorioAstronomicoMuseu/
entity_detail.aspx?aid=1135). He designed a device, named “Esfera Solar de Costa Lobo”
(Costa Lobo’s Solar Sphere), a wooden sphere with a graduated metallic armature super-
imposed (Figure 4). The sphere’s diameter of 573 mm was chosen due to the dimensions
of the OGAUC spectroheliograph images. As such, 0.5 millimetre of the maximum circle
corresponds to 0.1 degrees, i.e. 6′. The sphere then allows the transformation of the position
angle and distance coordinates to solar coordinates with a precision of 0.1◦. Costa Lobo’s

http://193.137.102.29/ObservatorioAstronomicoMuseu/entity_detail.aspx?aid=1135
http://193.137.102.29/ObservatorioAstronomicoMuseu/entity_detail.aspx?aid=1135


155 Page 4 of 16 A. Lourenço et al.

Figure 1 Ca K3
spectroheliogram: 13 September
1938. Plages and filaments can
be seen on the solar disc.

Figure 2 Drawing of plages and
filaments corresponding to the
image in Figure 1 overlaid with
an azimuthal projection grid.

sphere had a metallic armature that defined a spherical triangle, in Figure 4(B) the triangle
with sides PA, AB and BP . The arms PB and AB are movable, using hinges, exactly
around points P and A positioned at an angular distance of 90° from each other. One starts
by moving arm PA along the PP1 arc. Point P can then be located at the position of the
Sun’s pole on the day of the observation, so that point A corresponds exactly to Sun centre.
Then, moving arm AB around point A, the technician points A on the sphere, with a stiletto.
By moving PB around P , until it touches the signal previously marked, heliographic co-
latitude and longitude are read on arms PB and AB , respectively.

One should point out that the sphere did not waive altogether the use of appropriate
tables, for instance, for points overlaying the sphere’s metallic arms but it greatly reduced
the time and number of employees needed (Lobo, 1934).

Note that Costa Lobo’s sphere is not a universal spherical triangle calculator, as other
apparatus invented at the beginning of the 20th century (Morata, 2012), and should be used
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Figure 3 Ibidem Figure 2 to
extract the angle P and the major
arc circle CA used for the
spherical trigonometry
calculations. Dashed red line –
equator; dashed blue line –
heliographic latitude; Lc – the
image centre latitude.

Figure 4 The Costa Lobo’s Solar Sphere (A) and outline drawing of the metallic armature (B) [source: Lobo,
1934].

only in the context described in this work. The main reason is that the arc CPolo length
is constrained to 90.00 ± 7.25. On the other hand, in a few situations when its use is not
possible, standard spherical trigonometry computations are then used. In Figure 5 one can
perceive the method used, as well as the amount of work required.

The solar phenomena coordinates obtained by this method were published, as previously
referred, in the “Anais do Observatório Astronómico da Universidade Coimbra–Fenómenos
Solares” (Annals of the Astronomical Observatory of the University of Coimbra–Solar Phe-
nomena). These catalogues began in 1932 with the results of daily solar observations, taken
with the spectroheliograph for the year 1929. In 1928, a first publication was made, preced-
ing the catalogues collection. It briefly reported a few results for the years 1926 and 1927
(Lobo, 1928). Until 1986, 16 volumes were published with data for the period 1929–1944
and one for the year of 1979 (Lourenço et al., 2019). Parameters such as position, size, and
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Figure 5 Handwritten notes on latitude calculations for a few days of the year 1929 (the blue arrow marks
the row with a calculation error described in Section 4).

Figure 6 Example page of the OGAUC solar catalogue of December 1941, with filaments data [source: Reis,
1965].

number of sunspots, facular regions, filaments, and prominences were daily reported. An
example page of the OGAUC catalogues containing information on solar filaments is shown
in Figure 6. The columns record the following information: (1) day and hour of the obser-
vation; (2) number of the filament assigned by the OGAUC (counting started on January 1,
1929); (3) the date when the filament was observed for the first time; (4) temporal duration
from the first occurrence of the phenomenon; (5) latitude limits; (6) longitude limits; (7) fil-
ament characteristics (e.g. thin, continuous, angular) and (8) filament length in hundredths
of the solar radius.

The image acquisition and solar phenomena study continued, despite the suspension of
the publication due to economic issues. The resulting information has been preserved but
dispersed in various documents.
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Figure 7 Original image (A), image ready to use (B), and the corresponding azimuthal projection grid (C).

Figure 8 Examples of filament
types and processes used to mark
latitude and longitude limits, on
drawings of solar features.

3. Validation Methodology

This work is mainly focused on the results obtained from the daily Ca II K3 observations
acquired at the OGAUC, in the early 20th century. Test images were chosen from the spec-
troheliograms published in the catalogues for the period 1929–1941, in order to have a tem-
poral coverage as uniform as possible. The year 1940 was not included in this set, since the
drawings with the azimuthal projection grid are, to the best of our knowledge, lost. Each
catalogue issue published at least two to four spectroheliogram images per month with in-
teresting solar phenomena. From this set, we selected 110 images covering Solar Cycles 16,
17 and 18. The images – negative photos – were downloaded from the OGAUC database and
transformed to positives. These images (E–W) were mirrored to be compared with the draw-
ings (W–E) (Figure 7). This procedure allowed us to correctly identify the filaments, obtain
their number and read their coordinates in the catalogue’s tables. A set of 168 filaments were
identified, allowing the test of 336 pairs of coordinates.

Note that in the Annals two values are recorded for each filament, representing their limits
in latitude and longitude. Usually, these limits overlap the ends of the filaments (Figure 8A).
In a few situations, the latitude and/or longitude limits are obtained in a middle segment
of the filament (Figures 8B and 8C). We took these situations into account when using the
automatic method.

To compute the heliographic coordinates, we started by defining the centre and diameter
of the solar disc. That was done by fitting a circle to the solar disc binary image. We binarized
the data with a threshold equal to two times the average intensity of a rectangle with size 30
by 30 pixels placed in a dark part of the image (bottom left corner).

Using the solar disc position and size, and the positions of the filament identified manu-
ally in the positive image (Figure 7B), we used the routines implemented in Python package
Sunpy (https://docs.sunpy.org) to compute the heliographic coordinates.

https://docs.sunpy.org
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Figure 9 Linear relationship between coordinates of South and North points published (p) and obtained
automatically (a) (θN – latitude of northern points; θS – latitude of southern points; �N – longitude of
northern points; �S – longitude of southern points).

To estimate the error in this calculation, we assumed a misestimation of a 2-pixel radius
while manually determining the location of the points of interest in the images.

We then computed the difference between the calculated heliographic coordinates as-
suming the “correct” pixel and if an error of 2-pixel was committed in both directions and
dimensions. We observed that the error is around 0.5° on the disc increasing to values close
to 3° very close to the limb.

4. Results and Discussion

Published and automatically calculated coordinates are listed in the Appendix, as well as the
images’ date. In order to assess the reliability of published data, the computed longitudes
and latitudes were plotted versus the published ones (Figure 9). A positive and highly sig-
nificant correlation was found (r = 0.99, ρ < 0.001) between the sets. We have identified 18
events where the longitude exceeds 90° (5% of the events, marked in bold in the Appendix,
Table 2). One possible explanation for obtaining values outside the −90 to 90 interval is
the fact that for filaments observed at the limb, we can still see some signal coming from
the filament outside the disc, cleating like a partial prominence (Figure 10). In that case, the
observers assumed an extension to the classical interval for longitude and latitude and at-
tributed absolute values higher than 90. This is an approach valid in this context and used in
other databases, so we decided not to exclude them. Some outliers may be due to calculation
errors. For example, the published latitude of filament 168, from 3 April 1929, was wrongly
calculated (Figure 5, row marked with a blue arrow). A mistaken signal gives a difference
of 44° between published and correctly calculated value. This also points out another ad-
vantage of using Costa Lobo’s sphere, in addition to the reduction of time and number of
employees needed to perform this task. Finally, one cannot rule out typographic errors. At
least two obvious typographic errors were identified in the published values, one for the
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Figure 10 Drawings and spectroheliograms of 16 September 1935 (A) and of 8 May 1937 (B), where the
longitude was calculated for the extension of the filament outside the solar disc.

southern longitude of filament 3701 from 7 April 1936, and the other for the northern longi-
tude of filament 3407 from 2 May 1936. These values are responsible for the greater differ-
ences observed between published and calculated coordinates (14.7 and 11.7, respectively,
Table 1). Typographic and other errors are less than 3% (marked in italic in the Appendix,
Table 2). We realized that errors are mainly found in the catalogues published during and
after the Second World War. Lack of specialized personnel and observatory staff mobility
may be partly to blame. For instance, José António Madeira (1896–1976) chief observatory
observer since 1926 left in 1942 (Silva, 1957). Typographic, systematic, and isolated errors
are common in old catalogues, so recently an effort has been made to identify and correct
these errors (e.g. Carrasco et al., 2014; Willis et al., 2013; Erwin et al., 2013).

The basic statistic of differences between coordinates published and calculated is pre-
sented in Table 1. The latitudes published differ by an average absolute value of 1.4° from
those calculated automatically. Relative to the longitudes, the comparison shows higher dif-
ferences, with an average absolute value of 2.1° for northern footpoints and 2.3° for southern
footpoints. Except for the errors mentioned above, the maximum longitude differences were
observed for points located near the solar limb, which may be due to the difficulty in deter-
mining features’ position near the limb (e.g. Poljančić et al., 2011). Values that tie well with
the previously referred error estimation.

North–south asymmetry was also analysed to verify if the sphere returns accurate results
in both hemispheres. The differences between the published and automatic coordinates are
slightly greater in the southern hemisphere (Table 1, columns 5 to 8).

A comparison with other sources would be another desirable and valuable way to vali-
date the dataset analysed in this paper, but so far, a limited number of historical catalogues
is available. On the other hand, the digitized catalogues available mainly contain data on
sunspots (e.g. Aparicio et al., 2018; Carrasco et al., 2018b, 2014).
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Table 1 Basic descriptive statistics of differences observed between heliographic coordinates published and
obtained automatically, and between solar hemispheres.

θ N θ S � N � S N Hemisphere S Hemisphere

θ N > 0 θ S > 0 θ N < 0 θ S < 0

Md 1.4 1.4 2.1 2.3 1.3 1.5 1.5 1.4

Min 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Max 6.4 7.6 11.7 14.9 4.5 5.8 6.4 5.9

Sd 1.1 1.0 1.8 2.9 0.9 1.0 1.1 1.1

*θ N, θ S – northern and southern latitude limits; � N and � S – northern and southern longitude limits; Md
– arithmetic mean; Max – maximum; Min – minimum; Sd – standard deviation.

5. Conclusions

This work aims to validate the results published from the daily Ca II K3 observations ac-
quired at the OGAUC, in the early 20th century. At that time, a device developed by an
astronomer of the Coimbra astronomical observatory was used to speed up the determina-
tion process of heliographic coordinates.

We analysed data on solar filament coordinates published in the solar catalogues from
1929 to 1941 and compared it with data obtained by an automatic method. The relationship
between computed coordinates and coordinates published show a positive and highly signif-
icant correlation (r = 0.99). This high correlation demonstrates that the methodology used
at the OGAUC in the early 20th century produced reliable data. The averages of differences
between latitudes and longitudes computed and published were calculated and the values ob-
tained are small, 1.2◦ for latitudes and 2.4◦ for longitudes. The reasons for the higher value
for the longitudes may be related to the difficulty in determining features located near the
limb and to those cases where longitude was calculated considering a filament extended out-
side the solar disc. The north–south asymmetry was also analysed to verify if the catalogues
returned accurate results in both hemispheres. The difference (mean value) observed is not
significant (= 0.1◦) so it can be concluded that the performance of the method was reliable
in both hemispheres. The results demonstrate that data on filament positions published by
the Coimbra Astronomical Observatory in the first half of the 20th century contain reliable
data and therefore can be considered for studies of solar activity. One of our goals of a fu-
ture work is to identify and correct the errors in the OGAUC catalogues and provide a table
of necessary corrections. The digitization of the entire set of catalogues must be completed
before this task, which will allow their preservation and the creation of a machine-readable
version. This version already exists for sunspot data (Carrasco et al., 2018b) but the OGAUC
catalogues contain more information on filaments, protuberances and plages that should be
made available to the scientific community.

In this work, we focused only on the position of the solar filaments to verify the relia-
bility of OGAUC’s used methodology and, consequently, the catalogues data. Nevertheless,
the Coimbra catalogues contain more information about other morphological properties of
filaments, like length, thickness and shape, and we expect that after all the data is available,
it will contribute valuable information to long-term studies of solar filaments. Although we
just have access to the endpoints of the filaments, limiting our interpretation of these indi-
vidual features, these still provided a global estimation of other quantities’ upper limits.
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Appendix

Table 2 D – day; M – month; Y – year; N – filament number; T – time; JD – Julian day; N θp – northern
latitude published; N θa – northern latitude calculated automatically; S θp – southern latitude published;
S θa – southern latitude calculated automatically; N �p – northern longitude published; N �a – northern
longitude calculated automatically; S�p – southern longitude published; S �a – southern longitude calculated
automatically.

D M Y N T JD N θp N θa S θp S θa N �p N �a S �p S �a

1 1 1929 1 09h_57 2425613 42.8 40.0 30.8 27.7 87.6 86.4 73.1 71.4

1 1 1929 2 09h_57 2425613 −18.4 −19.0 −33.8 −34.2 25.2 25.2 73.9 77.2

4 1 1929 1 09h_50 2425616 43.6 44.0 33.2 31.0 54.5 54.9 23.0 22.9

4 1 1929 2 09h_50 2425616 −21.5 −26.0 −33.9 −32.0 −9.1 −4.9 32.7 27.9

16 1 1929 25 10h_00 2425628 −24.0 −23.5 −36.9 −37.8 32.3 31.0 86.6 84.6

28 1 1930 602 10h_35 2426005 52.7 51.0 33.6 30.6 82.8 80.4 42.5 41.9

28 1 1930 603 10h_35 2426005 11.5 11.8 −4.6 −4.0 85.4 82.5 58.7 56.5

28 1 1930 606 10h_35 2426005 −7.7 −5.0 −24.8 −22.1 −2.0 −3.5 17.6 14.4

11 2 1930 613 10h_17 2426019 27.2 27.3 6.7 5.0 −15.0 −12.7 −32.8 −33.7

11 2 1930 618 10h_17 2426019 −6.8 −4.9 −28.2 −26.0 44.2 45.4 54.6 52.0

11 2 1930 620 10h_17 2426019 29.7 26.9 16.6 15.8 76.0 79.0 64.2 53.8

12 2 1931 1007 10h_02 2426385 28.5 26.0 9.1 8.0 29.7 29.6 18.9 21.2

25 6 1931 1076 10h_02 2426518 12.8 10.8 0.1 −1.4 38.1 36.9 29.3 29.0

21 7 1931 1103 09h_04 2426544 2.8 1.1 −17.2 −15.3 34.4 39.0 46.5 46.2

9 7 1932 2000 09h_25 2426898 −10.2 −7.1 −26.6 −25.1 −53.6 −51.0 −60.3 −61.0

4 9 1932 2091 10h_50 2426955 23.0 22.0 21.0 22.8 −91.6 −89.7 −55.7 −54.7

26 4 1933 2366 10h_09 2427189 24.2 23.0 8.4 7.8 55.2 55.5 34.5 34.9

28 5 1933 2407 11h_18 2427221 37.1 35.0 13.9 14.0 32.3 31.4 −34.6 −38.7

29 10 1933 2607 11h_13 2427375 53.2 51.0 34.5 32.0 −45.4 −42.9 −26.2 −23.9

19 7 1934 2849 09h_21 2427638 55.4 52.8 49.9 47.6 −79.0 −73.4 −37.8 −35.7

10 8 1934 2893 09h_34 2427660 −45.0 −42.0 −53.0 −51.0 55.4 53.6 81.3 76.6

10 8 1934 2892 09h_34 2427660 36.1 34.5 33.9 33.0 −80.7 −79.1 −59.6 −58.4

12 8 1934 2893 10h_14 2427662 −42.6 −42.0 −64.1 −62.0 24.3 23.1 78.6 76.1

11 9 1934 2930 10h_26 2427692 −34.6 −34.1 −62.9 −60.0 −16.8 −13.5 75.5 70.8

1 10 1934 2955 13h_27 2427712 37.1 36.1 10.8 8.0 95.0 89.8 12.2 12.8

9 10 1934 2955 15h_22 2427720 30.0 30.3 23.8 24.0 −82.2 −80.8 −43.5 −43.2

10 10 1934 2955 10h_31 2427721 29.3 28.0 26.6 26.0 −93.0 −90.0 −54.7 −51.4

9 3 1935 3094 10h_25 2427871 −40.8 −39.5 −49.5 −46.7 5.4 4.4 −32.3 −30.4

25 3 1935 3117 11h_09 2427887 −41.0 −39.2 −50.9 −50.2 51.8 49.9 67.9 65.4

15 4 1935 3140 08h_50 2427908 −13.8 −13.7 −34.9 −32.3 −60.4 −61.4 −37.2 −37.9

23 4 1935 3148 09h_22 2427916 −31.6 −28.9 −43.9 −45.0 22.3 20.0 72.3 68.9

5 7 1935 3212 09h_21 2427989 −29.4 −29.3 −32.2 −30.0 −75.4 −75.3 −45.1 −43.7

5 7 1935 3213 09h_21 2427989 25.1 24.8 21.6 21.0 −91.0 −89.7 −57.9 −57.7

5 7 1935 3219 09h_21 2427989 −28.0 −27.3 −44.1 −42.6 33.8 32.3 60.5 57.3

24 7 1935 3231 11h_50 2428008 −14.1 −13.3 −36.4 −35.6 −33.3 −32.3 −10.0 −9.5

5 9 1935 3291 09h_51 2428051 −41.8 −41.0 −57.8 −55.0 23.0 23.5 41.4 39.7

5 9 1935 3295 09h_51 2428051 −22.5 −24.0 −46.5 −44.0 40.0 40.5 82.6 78.8

5 9 1935 3296 09h_51 2428051 44.0 45.0 41.3 42.0 92.5 89.5 60.3 61.5

7 9 1935 3291 09h_47 2428053 −42.2 −41.0 −58.8 −57.0 −0.9 −1.8 19.8 18.5

7 9 1935 3295 09h_47 2428053 −21.0 −19.7 −42.9 −40.0 14.3 12.7 39.9 35.1

12 9 1935 3296 09h_00 2428058 49.4 49.1 43.0 42.7 −31.9 −30.0 −15.5 −15.5

12 9 1935 3303 09h_00 2428058 48.7 47.0 39.2 36.7 85.0 83.0 57.0 57.0

16 9 1935 3296 10h_18 2428062 48.7 46.2 43.7 41.2 −96.2 −89.8 −78.0 −68.8

22 9 1935 3313 09h_37 2428068 52.6 53.4 42.7 43.5 −79.2 −72.9 −37.9 −35.1
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Table 2 (Continued)

D M Y N T JD N θp N θa S θp S θa N �p N �a S �p S �a

29 4 1936 3407 10h_23 2428288 −55.1 −57.4 −57.0 −57.0 67.0 62.6 −67.0 −66.0

29 4 1936 3420 10h_23 2428288 −2.1 −4.5 −16.4 −13.6 44.7 45.1 32.0 31.2

29 4 1936 3424 10h_23 2428288 7.0 8.2 −7.0 −7.0 −69.9 −71.6 −64.9 −62.0

29 4 1936 3425 10h_23 2428288 26.5 27.8 13.9 14.3 −57.0 −60.0 −61.0 −59.5

30 4 1936 3407 10h_26 2428289 −62.1 −60.0 −62.5 −64.5 57.6 54.4 −94.9 −85.2

2 5 1936 3407 09h_16 2428291 −60.8 −61.0 −64.7 −64.0 91.0 79.3 −97.4 −89.7

2 5 1936 3411 09h_16 2428291 −15.3 −16.0 −39.9 −41.3 −52.2 −51.3 −28.3 −27.2

2 5 1936 3424 09h_16 2428291 2.0 1.8 −4.6 −6.4 −90.2 −86.5 −68.8 −68.2

2 5 1936 3431 09h_16 2428291 65.4 65.1 51.0 53.6 −24.4 −24.7 −1.8 −2.8

2 5 1936 3419 09h_16 2428291 −30.8 −30.6 −37.8 −36.6 −2.1 −2.4 39.4 40.9

2 5 1936 3415 09h_16 2428291 43.3 41.5 27.4 26.5 12.6 9.3 −24.4 −23.7

9 5 1936 3407 14h_32 2428298 −60.2 −58.5 −62.9 −62.0 −1.8 −3.5 −95.9 −89.2

9 5 1936 3438 14h_32 2428298 58.3 58.1 38.0 36.0 71.0 69.8 −42.3 −42.2

1 6 1936 3474 09h_25 2428321 44.5 42.0 32.7 34.0 89.8 86.5 20.0 20.5

4 6 1936 3474 09h_23 2428324 49.2 50.4 37.9 35.2 61.4 62.0 −13.0 −14.1

4 6 1936 3476 09h_23 2428324 32.6 33.0 20.0 19.5 15.2 14.1 −5.6 −5.3

7 6 1936 3491 09h_05 2428327 57.0 56.0 53.2 53.0 89.9 88.1 49.1 46.3

11 6 1936 3491 09h_57 2428331 62.7 63.0 50.2 50.3 58.8 56.3 −10.6 −8.7

11 6 1936 3446 09h_57 2428331 −12.4 −11.6 −24.4 −25.7 47.7 45.0 77.5 79.9

30 7 1936 3567 09h_17 2428380 −8.0 −7.2 −33.8 −31.7 −8.4 −5.6 7.8 4.2

1 8 1936 3567 08h_52 2428382 4.6 4.0 −27.9 −25.9 −47.0 −46.2 −26.0 −25.8

1 8 1936 3576 08h_52 2428382 65.3 63.7 57.6 58.0 −61.8 −64.7 18.0 14.9

1 8 1936 3577 08h_52 2428382 37.7 35.6 26.3 26.0 −51.4 −50.2 −57.0 −55.1

20 8 1936 3602 10h_00 2428401 6.8 7.0 −0.7 −0.7 −43.5 −41.4 −18.7 −18.5

22 8 1936 3610 10h_12 2428403 −4.7 −4.7 −23.9 −23.0 0.0 −2.8 19.4 20.4

1 9 1936 3638 14h_00 2428413 −15.2 −11.0 −26.4 −27.9 27.0 27.9 52.4 55.1

15 9 1936 3650 09h_44 2428427 57.0 54.9 56.2 57.7 47.0 47.7 −31.0 −32.2

15 9 1936 3666 09h_44 2428427 40.6 42.2 27.1 30.0 67.7 70.0 48.5 50.6

2 10 1936 3691 09h_21 2428444 −21.3 −18.7 −34.3 −32.0 55.4 54.3 25.2 25.9

2 10 1936 3694 09h_21 2428444 51.4 51.0 38.7 37.9 −14.4 −12.1 −24.2 −21.9

7 10 1936 3695 10h_07 2428449 41.8 39.8 31.5 31.6 40.2 37.8 13.9 14.4

7 10 1936 3700 10h_07 2428449 33.0 32.0 24.9 25.9 65.8 65.9 52.9 53.5

7 10 1936 3701 10h_07 2428449 55.1 54.5 52.2 52.0 61.0 67.0 35.1 50.0

16 10 1936 3704 10h_52 2428458 71.1 69.0 17.1 15.7 26.4 22.6 −4.7 −3.7

16 10 1936 3714 10h_52 2428458 41.3 41.0 26.5 26.0 80.8 80.0 94.0 89.6

21 10 1936 3717 10h_14 2428463 −20.1 −19.4 −40.5 −39.3 −17.6 −16.9 −10.7 −10.4

21 10 1936 3726 10h_14 2428463 −21.4 −23.8 −44.2 −41.9 43.0 42.9 80.3 68.2

21 10 1936 3727 10h_14 2428463 43.2 40.0 27.1 26.4 11.2 8.1 0.0 1.6

5 12 1936 3794 10h_34 2428508 49.6 50.4 28.7 31.1 14.8 12.7 −9.1 −9.8

6 1 1937 3838 11h_33 2428540 32.3 33.4 12.9 13.7 60.8 60.2 29.5 30.3

7 1 1937 3838 11h_04 2428541 33.0 33.6 11.3 12.3 40.4 42.7 10.5 10.4

20 2 1937 3878 15h_00 2428585 52.7 50.0 30.4 28.4 −14.8 −7.2 18.8 15.4

25 3 1937 3918 10h_03 2428618 −29.0 −29.2 −56.9 −59.0 35.2 32.4 99.4 86.5

25 3 1937 3921 10h_03 2428618 −7.6 −4.6 −19.6 −16.0 −32.8 −33.1 −27.6 −28.1

25 3 1937 3922 10h_03 2428618 49.5 54.0 34.0 36.1 −59.3 −50.5 −52.0 −51.0

26 3 1937 3913 10h_38 2428619 41.0 38.1 26.9 31.3 31.2 28.7 9.2 11.2

26 3 1937 3918 10h_38 2428619 −28.8 −28.3 −56.3 −57.4 20.7 19.8 99.2 86.8

22 4 1937 3941 10h_05 2428646 −39.9 −38.0 −41.4 −40.1 47.0 45.9 74.5 73.9

22 4 1937 3942 10h_05 2428646 −3.2 −2.8 −9.1 −10.5 39.3 38.7 47.8 49.2

23 4 1937 3941 10h_12 2428647 −37.3 −37.4 −42.6 −42.1 30.1 27.5 49.9 50.1
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Table 2 (Continued)

D M Y N T JD N θp N θa S θp S θa N �p N �a S �p S �a

23 4 1937 3942 10h_12 2428647 −1.5 −0.3 −16.2 −16.9 23.5 23.4 36.0 35.3

26 4 1937 3949 09h_53 2428650 39.4 38.1 29.3 26.9 64.9 62.2 26.7 27.6

28 4 1937 3955 09h_19 2428652 −20.3 −19.5 −37.4 −37.9 37.3 36.8 61.6 65.4

1 5 1937 3941 08h_34 2428655 −0.8 −1.0 −40.0 −43.0 −89.1 −85.0 −53.3 −53.0

1 5 1937 3956 08h_34 2428655 20.0 20.3 1.0 0.9 −43.7 −41.7 −31.1 −30.6

1 5 1937 3963 08h_34 2428655 −1.9 −2.3 −6.9 −9.2 29.1 28.4 16.4 15.2

1 5 1937 3965 08h_34 2428655 25.1 25.4 16.2 16.9 −49.1 −46.0 −66.3 −63.0

2 5 1937 3949 10h_26 2428656 46.5 45.6 31.5 31.0 −6.9 −4.2 −53.4 −51.3

2 5 1937 3956 10h_26 2428656 17.9 19.9 −0.7 0.4 −55.2 −55.9 −46.3 −45.7

8 5 1937 3968 13h_38 2428662 −37.2 −34.3 −54.4 −54.8 2.6 0.1 92.8 89.5

23 5 1937 3982 10h_32 2428677 −32.9 −33.2 −43.7 −43.2 6.7 8.1 50.0 46.4

12 6 1937 4006 10h_06 2428697 −37.7 −39.0 −40.6 −43.1 −88.1 −87.6 −41.3 −40.7

29 6 1937 4032 13h_10 2428714 −28.8 −27.0 −43.9 −42.0 39.9 39.4 86.7 84.4

1 7 1937 4031 09h_38 2428716 42.0 43.1 14.9 15.7 59.2 59.9 19.8 20.4

1 7 1937 4032 09h_38 2428716 −25.2 −24.2 −42.9 −42.0 15.5 14.9 86.0 82.9

18 7 1937 4055 09h_25 2428733 1.4 −0.3 −6.2 −7.1 −29.5 −29.7 −47.2 −44.4

19 7 1937 4055 09h_45 2428734 0.0 0.9 −8.2 −7.4 −45.8 −42.3 −65.3 −64.3

20 7 1937 4066 10h_21 2428735 −11.8 −12.5 −27.2 −27.2 12.7 13.4 26.2 25.2

2 9 1937 4130 09h_32 2428779 74.2 72.0 66.3 65.6 −63.6 −60.4 −8.2 −4.8

3 10 1937 4203 10h_25 2428810 53.6 55.9 39.0 40.5 48.4 48.5 19.6 21.2

29 11 1937 4241 11h_00 2428867 37.1 37.0 27.0 27.4 83.0 82.9 50.5 51.1

29 11 1937 4242 11h_00 2428867 48.7 50.0 41.3 39.3 73.6 75.9 43.5 41.5

22 12 1937 4156 10h_32 2428890 25.1 25.7 17.5 16.4 65.0 63.8 41.5 42.7

22 12 1937 4157 10h_32 2428890 50.6 49.7 40.2 39.0 67.6 69.6 52.4 46.8

22 12 1937 4159 10h_32 2428890 39.1 42.2 36.1 37.9 43.4 43.8 28.3 27.8

4 1 1938 4168 10h_07 2428903 35.0 34.0 25.4 22.4 39.0 34.6 25.3 22.8

6 2 1938 4185 11h_26 2428936 49.7 47.0 32.3 30.0 79.5 80.1 52.3 49.7

8 2 1938 4191 10h_19 2428938 59.4 58.0 27.8 27.0 82.0 77.8 22.5 22.8

10 2 1938 4191 09h_57 2428940 64.3 63.6 33.2 31.0 54.5 50.9 −3.5 −1.0

2 3 1938 4208 11h_22 2428960 −3.8 −4.1 −19.0 −20.0 47.2 46.2 27.0 24.6

2 3 1938 4209 11h_22 2428960 33.3 31.8 3.9 4.0 44.5 44.7 7.0 7.9

9 3 1938 4218 10h_01 2428967 −14.1 −14.5 −41.0 −41.3 22.2 20.2 74.2 73.3

9 4 1938 4296 09h_48 2428998 −12.6 −16.0 −15.5 −16.7 32.7 29.7 58.1 56.9

11 6 1938 4387 09h_23 2429061 −1.0 2.8 −14.7 −14.3 −17.3 −17.8 6.8 6.1

20 6 1938 4423 10h_00 2429070 39.6 41.0 16.6 15.0 91.5 88.9 57.6 58.4

13 7 1938 4453 10h_37 2429093 46.1 45.4 41.8 41.3 82.6 86.0 29.9 28.1

13 7 1938 4455 10h_37 2429093 40.2 39.6 35.9 35.7 −79.9 −76.1 −45.4 −43.6

14 7 1938 4455 14h_24 2429094 38.9 38.4 38.0 36.7 −93.8 −89.8 −67.2 −61.7

26 8 1938 4527 09h_53 2429137 38.9 39.0 17.3 16.9 67.1 68.7 33.5 31.6

30 8 1938 4528 09h_41 2429141 −28.6 −28.0 −60.1 −59.3 −25.9 −27.0 77.3 74.9

30 8 1938 4536 09h_41 2429141 1.4 −1.6 −15.7 −15.0 19.1 18.3 16.6 16.4

16 10 1938 4588 10h_43 2429188 −2.6 −1.8 −9.7 −7.8 38.2 39.0 47.8 46.3

16 10 1938 4589 10h_43 2429188 35.0 34.3 19.5 18.6 7.3 5.4 −33.0 −34.9

16 10 1938 4590 10h_43 2429188 −24.6 −24.0 −29.5 −29.0 15.8 13.3 32.7 33.9

7 11 1938 4625 10h_15 2429210 −6.9 −9.8 −11.0 −10.3 5.0 5.7 −17.1 −17.8

7 11 1938 4629 10h_15 2429210 23.3 22.7 21.9 21.3 61.5 62.4 38.1 40.9

13 11 1938 4629 14h_29 2429216 25.4 24.9 20.7 20.1 −42.0 −40.9 −30.3 −29.4

13 11 1938 4631 14h_29 2429216 31.4 31.8 21.2 21.4 −5.7 −4.4 −25.2 −24.3

13 11 1938 4632 14h_29 2429216 37.6 36.9 30.1 29.2 −21.0 −20.6 −42.0 −40.2

13 11 1938 4635 14h_29 2429216 −17.2 −14.7 −25.7 −23.5 38.8 35.9 63.1 63.6
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Table 2 (Continued)

D M Y N T JD N θp N θa S θp S θa N �p N �a S �p S �a

13 11 1938 4640 14h_29 2429216 45.8 45.4 41.4 39.0 8.8 7.5 −8.0 −7.8

2 2 1939 4700 10h_24 2429297 44.7 43.5 36.3 37.0 84.2 82.1 35.2 36.2

2 2 1939 4704 10h_24 2429297 −36.1 −37.9 −42.0 −44.0 −60.2 −63.9 −43.2 −42.6

2 3 1939 4733 10h_39 2429325 40.4 43.0 38.1 36.6 68.1 69.4 52.9 49.3

2 3 1939 4735 10h_39 2429325 −27.2 −24.4 −47.3 −45.7 11.1 9.0 75.4 74.0

6 3 1939 4735 10h_30 2429329 −4.6 −11.0 −49.7 −51.1 −48.2 −44.9 16.7 15.3

6 3 1939 4738 10h_30 2429329 51.9 49.0 29.0 31.9 61.6 61.2 −37.7 −39.7

12 5 1939 4808 08h_44 2429396 36.3 34.2 22.7 20.4 73.8 73.1 35.6 33.4

27 6 1939 4843 08h_48 2429442 13.8 15.0 −3.0 −3.0 −58.8 −56.7 −27.9 −27.1

6 7 1939 4861 09h_05 2429451 −37.3 −34.7 −48.8 −50.0 −22.2 −24.9 8.9 8.9

8 7 1939 4861 10h_03 2429453 −25.5 −23.0 −52.5 −52.0 −56.4 −59.0 −19.1 −19.6

5 8 1939 4897 08h_30 2429481 −10.2 −10.0 −37.2 −34.4 17.2 20.3 29.3 26.7

14 9 1939 4964 10h_14 2429521 40.2 40.3 30.2 30.6 22.1 19.2 5.5 5.3

12 10 1939 4982 09h_26 2429549 36.5 37.0 26.1 26.0 89.8 88.6 51.8 51.7

5 4 1941 5701 09h_48 2430090 37.5 36.5 28.2 26.4 63.1 61.3 50.5 47.9

11 4 1941 5708 08h_53 2430096 39.7 37.1 32.6 29.6 85.0 82.6 55.5 50.0

11 4 1941 5710 08h_53 2430096 28.2 28.1 18.1 17.0 −10.0 −10.4 −18.0 −17.3

18 4 1941 5713 09h_23 2430103 −24.9 −23.0 −32.9 −30.8 12.3 11.3 −0.9 0.0

14 6 1941 5764 08h_58 2430160 36.0 36.6 18.4 17.4 90.8 88.1 22.2 18.9

7 8 1941 5847 08h_50 2430214 27.0 28.8 22.8 23.2 −38.2 −36.9 −53.4 −55.6

7 8 1941 5849 08h_50 2430214 37.5 39.8 22.8 22.6 7.8 5.6 26.5 29.7

18 8 1941 5857 10h_09 2430225 21.1 20.2 14.5 12.6 −59.9 −58.6 −85.3 −82.7

8 12 1941 5988 10h_36 2430337 −2.4 −1.0 −36.1 −34.0 −38.0 −34.8 6.8 6.0

11 12 1941 5988 10h_33 2430340 −6.2 −7.0 −38.1 −35.0 −89.8 −87.0 −31.2 −34.6
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