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Determination of the rotation period of the asteroids

Yuya Omae, Daichi Ebisu, Mika Kawano, Tomoki Takano, Tomoya Kanda,
Atsushi Nakata, Aki Tanaka, Kayo Hirono, Shota Moriuchi, Shunsuke Nakamura, Tomoki Mizoguchi
Hyogo Prefectural Sanda Shounkan Senior High School Astronomy Club
1-1 Gakuen, Sanda, Hyogo, Japan 669-1337
TEL +81(79)564-6811
Tomoyasu Tanigawa

Abstract

In 2014 and 2015, we performed the photometric observations of the asteroids that are
related to Hyogo. Hyogo is one of the prefectures in Japan and we live in Hyogo.

We were able to determine the rotation period of four asteroids; Camilla, Tezuka,
Sandashounkan, and Nishiharima. The analysis of Camila’s data found a rotation period of
4.845 hours, Tezuka’s period is 3.07 hours, Sandashounkan’s period is 33.60 hours, and
Nishiharima’s period is 6.5 hours.

This is the first time that the period of rotation of Nishiharima and Sandashounkan were
found.Nishiharima’s rotation period was reported on the Minor Plant Bulletin. The result of
Sandashounkan is interesting because it has a very long rotation period. Camilla’s and
Tezuka’s data match with the data analysis of the other observers. In January, 2016, the main-
belt asteroid Sandashounkan will come to opposition. This will be a better opportunity to
observe Sandashounkan again, compared to 2014’s situation in the main asteroid belt. We
want to continue to determine the rotation period for the asteroids in the future.

Key Word:
Asteroid, Rotation period, Photometry

Introduction

There is an asteroid which was named Sandashounkan after our school. When our seniors took
part in the Asteroids, Comets, Meteors (ACM) 2012 conference, they were presented with an
asteroid named Sandashounkan. We observed it last year and determined that the rotation
period was 33.6 hours. This year we chose to observe the asteroids whose names are related to
Hyogo prefecture. We made use of the observation analysis skills that we learned about last
year.

Observation

We observed the asteroids from April through September. We checked the results of each
sheet which were exposed for 3 minutes, and continued this process for sheets as possible. We
performed image primary processing in each image dark and flat field frame correction on all
the images.



Target Period (hours) Terms (day)* Phase angle (degrees)
(15552) Sandashounkan | Not found 9/20~12/14 6.5~18.7

(107) Camilla 3.72 5/29~6/6 5.4~73

(3998) Tezuka 3.08 8/17~9/4 -2.3~8.9

(10399) Nishiharima Not found 8/22~9/22 2.5~9.7

Table 1.Observation list *Sandashounkan: 2014 Others: 2015

Name of telescope Ef;fﬁ:;ﬁ ?m) i(:l?ﬂsl (mm) Camera Location
Shounkan* 0.3 1500 ST9 Japan
Nishiharima astronomical 0.60 7200 SBIG-STL1001E | Japan
observatory*

T17 0.43 2912 FLI-PLI4710 SidingSpring
T21 0.43 1940 FLI-PLI6303E NewMexico
Table 2.0bservation equipment list *Location of the telescope if it doesn’t have a name.

We obtained the number of photon by using the photometry processing software Makalli. We
calculated the magnitude of the target by using Pogson’ s equation.

m

m=n-2.5log,,

Pogson’s equation

m: apparent magnitude
n: reference magnitude
Im: observed flux
In: reference flux

We substituted the sum of the flux of all the reference stars around the asteroid for In. We
measured the light intensity of the asteroids over time to get the light curve of each asteroid.
Then we used Fourier analysis on the curves to calculate the rotation period.

We researched the phase angle. And we examined its effects on the magnitude and the
rotation period. We made a clay model of the asteroid and used a light bulb for the sun. We
rotated the asteroid while we recoded a video on a camera that represented earth (Figure 1).
We altered the phase angle of the camera from an angle of 0 degrees to 60 degrees each
15deree. We analyzed the video using the analysis software “Limovie.”
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Figure 1.

The result of phase angle How we did this experiment

To prevent the brightness from varying due to distance, despite only in being a model, the
camera was rotated around the clay. So the distance from the camera to the clay was always
the same. At the beginning of the rotation, the maximum area of the asteroid model faced the
sun. And the direction of the rotation was kept the same. The rotation period was one minute,
and it was also always same. As a result, we found that the variation of the phase angle didn’t
affect the rotation period. However, as the phase angle was increased, the magnitude decreased.

Results and Discussion
The analysis of Camilla’s data found rotation a period to be 4.845 hours (Figure 3). Tezuka’s
data analysis found a rotation period to be 3.07 hours (Figure 4). Nishiharima’s data analysis
found a rotation period to be 6.5 hours (Figure 2). And Sandashounkan’s data analysis found a
rotation period to be 33.6 hours (Figure5).
Camilla and Tezuka’s data matched the date analysis of the other observers. We did
photometric observations asteroids that are related to Hyogo. We were able to determine the
period of rotation for four asteroids, Camilla, Tezuka, Nishiharima and Sandashounkan.
The horizontal axis shows the phase of rotation and the vertical axis shows the magnitude in
every figure. When the magnitude decreased, the asteroids got brighter.

Phased Plot: 10399 nishiharima Phased Plot: 107 camilla

Phased Plot: 3998 tezuka
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Figure 5. Figure 6.

(15552) Sandashounkan It shows the relationships between the rotation period of
33.6h the asteroids and their size. This shows that Tezuka and

Nishiharima are normal asteroids and Camilla and
Sandashounkan are abnormal. And Camilla is known to
have moons.

Conclusion

We performed photometric observations of the asteroids that are related to Hyogo. We were
able to determine the rotation period for four asteroids: Camilla, Tezuka, Sandashounkan and
Nishiharima. We want to continue to determine the period of rotation for these asteroids in the
future. In January 2016, Sandashounkan will come to opposition in the main asteroid belt.
This will be an opportunity to observe it again. We know the rotation period of
Sandashounkan is very long from last year’s observation. So we have planned to observe it for
a long time and we have asked observers around the world to help us. The observers in the
USA, Spain France, and Serbia have responded to us. We will make use of this network.
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The lifetime and the area of sunspots
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Abstract (Font:Time News Romen 12)

Some researchers have researched the lifetimes of sunspots. To our knowledge, there are few
works on the correlation between the lifetimes and the area of sun spots. Therefore, we
analyzed the images of the Solar Dynamics Observatory (SDO) and sketched the data of the
National Ocean ic and Atmospheric Administration (NOAA). The purpose of our research is
to analyze the environment of the energy consumption of the sun. The number of sunspots
with a short lifetime is larger than the number of sunspots with a long lifetime. Now we do not
have enough data and also the surface area was not measured. Adequate data will be secured
and the sunspots will measure the surface area before the oral presentation.

Key Word: Maximum 3 Key word

Sunspot ,lifetime,area

Introduction

We have perfomed the sketch observation of the sunspots from 2012. We came to be interested
in the appearance and disappearnce. Though the lifetimes of the sun spots have been
researched,

there are few works on the correlation of the lifetimes and the area. We investigate the
corelation between the lifetimes and the area of sunspot. To clear it, the long period data are
needed. Because our observation span is very short, we used the SDO and the NOAA data.
The purpose of our work is to find the environment of the energy consumption of the sun.

Data collection and Analysis

The SDO is a NASA mission which has been observing the sun since 2010. The NOAA has
continued to sketch the sunspot scince {#-{%}. All sunspot data, in this work, are from the
SDO and the NOAA. Sunspot image is analyzed by the software, Sun Images Process(SIP).
SIP determines the Longitude and Latitude on the solar sphere from the solar JPG-image. SIP
is supplyed by Takashi Matsumoto, a Japanese amatur astronomer. We made a rectangular
border around the sun spot, and found the latitude and longitudeby rectangular, The sunspot



area (deg?) is determined.
(8] ATBRSIRAAEYY -, |
E-FOMM) IVOER(V) EREEOER(0O) ®%(S) BE(C)

HHRAH| R

Figure 1 :
Analysis by Solar Image Process(SIP).
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We chose the data considering to solar cycle. Table 1 shows the details of the data.

Table 1

Observatory Number of data Date

SDO 90 2010 May -2015 Nov

NOAA 130 1980(M), 1985(m), 1995(md), 2010-2015

M: maximum m: minimum md:minimum



Results and Discussion

We analysed 130 sketches (NOAA) and 88 images (SDO).

(1) SDO

Fig 3 shows the correlation between the lifetime and the area of the sunspot. The longer
the lifetime of the sunspots, the larger the area is. Having said that sunspots which have a
short lifetime but have a large area exist. A sunspot with a long lifetime however, only has a
large area. According to Fig 4, the number of sunspots with a short life is better than the
number of sunspots with a long life.
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Fig 3. The result from SDO

The correlation between the lifetime and area of the sunspot. Horizontal axis shows the
lifetime of the sunspot. Vertical axis shows are of the sunspots. Though the short lifetime
sunspots which have large area exists, the sunspot with long lifetime has large area.

(2) NOAA
Fig 4 shows the result from the NOAA sketch data. The NOAA’s result is the same as the
SDO’s result. The NOAA’s data are chosen by considering the solar cycle. Fig 4 shows the
number of sunspot’s lifetime for each year
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Fig5. The relation of the number of lifetime and the lifetime of the sunspot

We chose the data while considering of the solar cycle. The solar cycle for each year was
at maximum phase of solar activity in 1980, minimum phase of solar activity in 1985 and
1995. In 1980, there were a lot of at short lifetime sunspots.



Conclusion

It is clear that though the short lifetime sunspots which have large area exists, the sunspot
with long lifetime has a large area. In maxima solar cycle, there are many sunspots that exict
with a short lifetime. But we do not correct the data enough. We will continue to collect and
analyze the solar image data.
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0:00 1839 | 1498 | 1857 | 17.98 17.56 17.496

0:30 18.19 | 16.01 1842 | 17.62 17.73 17.59%

1:00 18.31 1664 | 1829 | 17.44 1757 17.65

1:30 18.23 16.93 1835 | 17.18 1726 17.59

10 2:00 1826 | 16.67 18.32 16.87 16.92 17.408
fi.a. 2:30 1835 17.71 18.18 16.87 169 17.602
58 3:00 1833 17.55 18.16 16.6 16.88 17.504
3:30 18.14 | 1743 1776 | 16.18 16.86 17.274

4:00 1828 | 17.96 17.28 165 16.8 17.364

4:30 1825 17.99 16.95 17.83 16.71 17.546

5:00 18.19 | 18.11 1619 | 1729 16.63 17.282
Aundy 17.9298
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uft nm N E w S yaveaih Aundo
19:00 | 1859 | 1845 | 1864 | 1876 19.11 18.71

19:30 | 1918 | 1876 | 1926 | 19.13 19.75 19216

20:00 | 1935 | 19.11 19.19 | 19.33 19.78 19352

2030 | 1937 | 19.08 | 1948 | 19.22 19.78 19.386

610 21:00 | 1938 | 1929 | 1921 19.4 19.74 19.404
o 2130 | 1899 | 1935 | 1943 | 19.45 19.8 19.404
* 22:00 | 1934 | 1889 | 1922 | 19.38 19.79 19.324
2230 | 1878 | 1829 | 19.03 | 1898 19.41 18.898

23:00 | 1865 | 17.12 | 19.04 | 1863 19.23 18.534

2330 | 1865 | 1585 | 1875 | 18.64 19.18 18214

0:00 1853 | 1673 | 1852 | 18.18 18.77 18.146

0:30 1866 | 17.18 1896 | 18.16 187 18332

1:00 18.51 16.59 1876 | 18.07 18.32 18.05

1:30 183 16.47 18.4 18.11 18.67 17.99

1 2:00 18.59 | 17.39 1833 16.94 18.18 17.886
i 2:30 18.4 1731 1849 | 1791 17.94 18.01
58 3:00 18.35 175 1846 | 17.98 175 17.958
3:30 1858 | 19.98 18.15 16.99 17.52 18.244

4:00 1847 | 17.88 17.95 16.94 17.63 17.774

4:30 1846 | 17.98 1798 | 17.72 16.96 17.82

5:00 18.58 | 18.19 17.66 | 17.88 16.9 17.842

Aundo 18.4997
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Suft N N E w S Javeai Aundy
19:00 | 1696 | 17.13 1694 | 17.14 17.59 17.152

1930 | 1915 | 1886 | 1927 | 19.23 19.58 19218

20:00 | 1938 | 1931 1954 | 19.24 19.64 19.422

20:30 19.1 19.48 | .19.57 19.6 19.71 19.4725

: l 21:00 | 1926 | 1849 | 19.06 | 19.08 19.75 19.128
o 21:30 19.6 19.63 19.66 | 19.67 19.77 19.666
* 2200 | 1969 | 1936 | 1955 | 19.65 1933 19516
22:30 193 1952 | 1959 | 19.55 19.8 19.552

2300 | 1955 | 19.69 | 19.62 19.6 19.75 19.642

2330 | 1926 | 1872 | 1941 19.23 19.58 19.24

0:00 18.7 17.46 18.71 18.56 19.28 18.542

0:30 17.7 16.79 18.73 187 19.21 18.226

1:00 1857 | 17.04 18.84 | 1852 18.72 18338

1:30 1831 17.39 1831 18.22 18.23 18.092

12 2:00 18.56 17.2 1847 | 17.94 18.46 18.126
i 2:30 18.41 17.01 1831 17.7 17.95 17.876
58 3:00 18.6 17.14 1832 17.83 18.1 17.998
3:30 1836 | 17.37 18.25 173 18.15 17.886

4:00 18.49 17.6 18.15 17.24 18.12 17.92

4:30 18.2 17.59 17.5 17.56 17.31 17.632

5:00 1807 | 17.77 17.84 | 17.65 17.78 17.822

Aundo 18.5936

il nm N E w S yaveath Aundo
1900 | 1994 | 17.08 6.87 17.04 17.09 17.604

19:30 19.2 1911 | 19.44 194 19.6 19.35

20:00 | 1926 | 1882 | 1934 | 19.17 19.72 19.262

20:30 | 19.14 | 1888 | 1941 | 19.19 19.59 19.242

:7 21:00 | 1956 | 1803 | 1931 | 1924 19.74 19.176
B0 im0 | 1oss | 1000 | 1028 | 186 19.75 19.126
* 22:00 19.1 1881 | 1945 | 1933 19.82 19.302
22:30 | 19.06 | 18.04 | 1943 | 19.02 19.84 19.098

23:00 | 1926 | 1884 | 1946 | 1838 19.88 19.164

23:30 | 1955 19 19.56 | 1835 19.68 19.228

0:00 18.81 18.4 1921 | 1824 19.74 18.88

0:30 1924 | 1897 | 1926 | 18.64 19.74 19.17

1:00 19 18.43 194 19.28 19.78 19.178

1:30 1907 | 1808 | 1953 | 18.67 19.78 19.026

18 2:00 1946 | 1925 | 1945 | 1935 16.61 18.824
i 2:30 19.06 18.41 19.18 19.6 19.76 19.202
58 3:00 19.2 18.38 19.25 18.34 19.67 18.968
3:30 18.8 18.31 19.57 18.91 19.74 19.066

4:00 19 18.41 1939 | 18.98 19.83 19.122

4:30 19.38 19.43 19.61 19.44 19.68 19.508

5:00 19.32 19.44 19.48 19.49 19.66 19.478

Aunde 19.094
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fuft | om N E w s Javeai Aundo
19:00 | 1843 | 1801 | 1846 | 1856 18.83 18.458
1930 | 1951 | 1907 | 1957 | 1923 19.63 19.402
20:00 | 1918 | 1931 | 1946 | 1921 19.68 19.368
20:30 | 19.62 193 19.69 19.5 19.64 19.55
:8 21:00 | 1946 | 1935 | 19.68 | 19.57 19.66 19.544
e 2130 | 19.19 | 1883 | 1946 | 1851 19.68 19.134
* 22:00 | 1945 | 1961 | 1934 | 1931 19.75 19.492
22:30 194 19.62 19.7 19.54 19.76 19.604
23:00 | 1957 | 1951 | 1978 | 19.72 19.65 19.646
2330 | 1945 | 1919 | 1951 | 1934 19.74 19.51
0:00 19.6 1949 | 19.68 | 1947 19.69 19.586
0:30 1949 | 1935 | 19.73 19.4 19.77 19.548
1:00 1961 | 1965 | 1969 | 1943 19.66 19.608
1:30 1951 | 19.17 19.6 19.42 19.74 19.488
19 2:00 1939 | 1906 | 1951 | 1923 19.76 1939
fi.a. 2:30 1947 | 1901 | 1953 | 1947 19.77 19.47
58 3:00 1953 | 1904 | 19.69 19.5 19.81 19.514
3:30 1955 | 1936 | 19.69 19.4 19.79 19.558
4:00 1957 | 1953 | 1975 | 1942 19.83 19.62
4:30 1945 | 1901 | 19.65 19.4 19.76 19.454
5:00 1955 | 1936 | 1957 | 1926 19.75 19.498
Aundo 19.4496

WuR | om N E w s yaveaih Aundo

1900 | 1827 | 1834 | 1762 | 1832 18.79 18.268

1930 | 1908 | 193 | 1701 | 1941 19.48 18.876

2000 | 1925 | 1942 | 1749 | 19.43 19.49 19.016

2030 | 1886 | 1897 | 1654 | 1932 19.34 18.606

Pl 200 | s | 193 | asas | re 19.65 18.68
B 0 | oo | ises | am | o 19.69 18.3

Bl 00 | oa2 | sas | 1a0s | 1006 19.72 18.258

230 | 1931 | 1925 | 1968 | 1951 19.74 19.498

23:00 | 1937 | 1864 | 1944 | 1936 19.7 19.302

2330 | 1906 | 189 | 1933 | 194 19.61 19.26

0:00 | 1933 | 1927 | 1049 | 1952 19.62 19.446

030 | 196 | 1926 | 197 | 196 19.5 19.532

100 | 1920 | 1902 | 1968 | 1961 19.51 19.442

130 | 192 | 1852 | 1926 | 1011 19.66 19.15

20 | 200 | 1922 | 1873 | 1946 | 1906 19.64 19.222

fin. | 230 | 1925 | 186 | 1928 | 1898 19.6 19.142

ss | 300 | 1922 | 1896 | 1947 | 1907 19.6 19.284

330 | 1908 | 1861 | 1947 | 1003 19.57 19.192

400 | 1921 | 1853 | 1936 | 1893 19.61 19.128

430 | 1905 | 1861 | 1921 | 1893 19.68 19.116

500 | 1900 | 1871 | 1001 | 195 19.76 19.164

Aundo 19.042
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Suft na N E A S Javeai Aundo
19:00 | 1793 | 181 1799 | 1724 17.42 17.736

19:30 | 1865 | 1842 | 1935 | 1922 19.33 18.994

20:00 | 19.45 19.6 19.5 19.51 19.62 19.536

2030 | 1945 | 1927 | 1966 | 1946 19.8 19.528

49 21:00 | 1954 | 1938 | 193 19.4 19.65 19.454
- 2130 | 1929 | 19.08 | 1929 | 19.05 19.58 19.258
® o o0 | 2027 | s | s | 1sss 19.12 19.08
22:30 | 1897 | 1732 | 1892 | 18.92 19.02 18.63

23:00 | 1857 | 1839 | 1883 | 1883 18.29 18.582

2330 | 1856 | 177 | 1875 | 1823 18.51 18.35

0:00 1847 | 1525 | 1825 | 1817 18.36 17.7

0:30 1852 | 1547 | 1852 | 18.06 18.32 17.778

1:00 1843 | 1548 | 1851 | 17.61 17.91 17.588

1:30 1838 | 1652 | 1835 | 17.54 173 17.618

10 2:00 1833 | 1689 | 1839 | 17.39 16.57 17.514
fa | 230 1831 | 1701 | 1827 | 171 16.79 17.516
58 3:00 1826 | 1728 | 179 | 1594 16.75 17.226
330 1815 | 1781 | 1748 | 1619 169 17.306

400 182 | 1786 | 1748 | 17.18 17.33 17.61

430 1825 | 1793 | 1751 | 1749 17.42 17.72

5:00 1815 | 1795 | 1726 | 1659 17.45 17.48
Aundo 18.2002

il nm N E w S yaveath Aundo
1900 | 1679 | 1696 | 1651 | 1651 17.46 16.846
1930 | 1881 | 1898 | 1951 | 19.44 19.8 19.308
2000 | 1933 | 193 | 1941 | 19.53 19.7 19.454
2030 | 1948 | 1914 | 1906 | 19.18 19.84 1934
: ® | aoo | 1008 | w72 | ises | 196 19.77 19.164
B a0 | o | 1040 | 1053 | 106 19.77 19.494
B 00 | 1029 | 0 | 1043 | 19 19.84 19.5
230 | 1901 | 1863 | 1902 | 193 19.52 19.136
23:00 | 1903 | 1828 | 1896 | 1893 19.27 18.894
2330 | 1883 | 1705 | 1897 | 1875 19.17 18.554
0:00 | 1881 | 1641 | 1859 | 186 18.96 18274
0:30 186 | 1564 | 1832 | 181 18.88 17.908
100 | 1854 | 1581 | 1859 | 1833 18.43 17.94
130 | 1856 | 1587 | 1872 | 1815 18.09 17.878
11 200 | 1859 | 1627 | 1865 | 1774 17.87 17.824
fa | 230 | 1853 | 1752 | 1833 | 162 17.04 17.524
58 300 | 1855 | 1726 | 1831 | 17.44 17.44 17.8
330 | 1842 | 176 | 1802 | 1697 16.99 17.6
400 | 1843 | 1778 | 1814 | 1681 17.24 17.68
430 | 1835 | 1806 | 178 | 1639 17.33 17.586
500 | 1859 | 1811 | 1778 | 1591 17.79 17.636
Aundo 18.3495
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fuft | om N E w s yaoah | Aunde
1900 | 1696 | 1713 | 1694 | 17.14 17.59 17.152

1930 | 1905 | 1886 | 1927 | 1923 19.58 19.218

20:00 | 1938 | 1931 | 1954 | 1924 19.64 19.422

2030 | 190 | 1948 | 1957 | 196 19.71 194725

: " aneo | 106 | 1840 | 1006 | 1008 19.75 19.128
B 0 | e | 0 | 0ss | 1067 19.77 19.666
Bl 00 | 0e | 1036 | 1955 | 1965 19.33 19.516
230 | 193 | 1952 | 1959 | 1955 198 19.552

23:00 | 1955 | 1960 | 1962 | 196 19.75 19.642

2330 | 1926 | 1872 | 1941 | 1923 19.58 1924

0:00 | 187 | 1746 | 1871 | 18.56 19.28 18.542

030 | 177 | 1679 | 1873 | 187 1921 18.226

100 | 1857 | 1704 | 1884 | 1852 18.72 18.338

130 | 1831 | 1739 | 1831 | 1822 18.23 18.092

12 | 200 | 1856 | 172 | 1847 | 17.94 18.46 18.126
fla. | 230 | 1841 | 1700 | 1831 | 177 17.95 17.876
ss | 300 | 186 | 1714 | 1832 | 1783 18.1 17.998
330 | 1836 | 1737 | 1825 | 173 18.15 17.886

400 | 1849 | 176 | 1815 | 1724 18.12 17.92

430 | 182 | 1759 | 175 | 1756 1731 17.632

500 | 1807 | 1777 | 1784 | 1765 17.78 17.822
Aundo 18.5936

WuR | om N E w s yaveaih Aundo
19:00 | 1537 | 1508 | 1532 | 1578 15.88 15.506

1930 | 1893 | 1886 | 1906 | 19.11 19.56 19.104

20:00 | 1927 | 1844 | 1891 | 19.11 19.7 19.086

2030 | 1936 | 1888 | 1926 | 1885 19.76 19222

:7 21:00 | 1929 | 1864 | 1906 | 1899 19.8 19.156
B 0 | o | isss | 00s | 1se 19.79 19.112
Bl 00 | wos | w7 | isss | 1see 19.83 19.134

230 | 1906 | 1893 | 1920 | 195 19.84 19.344

23:00 | 1906 | 1887 | 1886 | 19.14 19.86 19.178

2330 | 1906 | 1854 | 19 | 1903 19.76 19.078

000 | 1928 | 186 | 1872 | 19 19.74 19.068

030 | 194 | 185 | 1877 | 1866 19.81 19.028

100 | 198 | 1863 | 1884 | 1889 19.78 19.064

130 | 1894 | 1872 | 194 | 19.1 19.82 19.196

18 | 200 | 1877 | 1849 | 1894 | 1877 19.75 18.944

fin. | 230 | 1907 | 1868 | 1904 | 18386 19.77 19.104
ss | 300 | 1902 | 1817 | 1908 | 1887 19.8 18.988

330 | 1899 | 1863 | 1921 | 101 1981 19.148

400 | 1885 | 1827 | 1827 | 186 19.79 18.756

430 | 1833 | 1848 | 1846 | 185 18.87 18.528

500 | 1943 | 1955 | 1001 | 1008 19.7 19.314

Aundo 18.9075
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Suft N N E w S Javeai Aundo
1900 | 1749 | 1755 | 1724 | 1722 17.77 17.454

1930 | 1887 | 1838 | 1867 | 1893 19.7 18.91

2000 | 1932 | 1889 | 1957 | 196 19.65 19.406

2030 | 1948 | 1921 | 1956 | 194 19.6 19.45

:8 2100 | 1936 | 19.02 | 1935 | 19.03 19.63 19.278
B g0 | 10ss | oo | 100s 19.1 19.71 19.244
Bl 00 | 02 | 0o | 0 | 100 19.7 19.296
2230 | 19.64 19 19.13 | 1954 19.14 19.29

2300 | 1953 | 1916 | 1968 | 1939 19.76 19.504

2330 | 1947 | 1906 | 1913 | 1922 19.73 19.322

0:00 | 1955 | 192 | 1965 | 1968 19.73 19.562

030 | 1932 | 1921 | 1942 | 198 19.74 19.374

100 | 1945 | 1929 | 196 | 1911 19.81 19.452

130 | 1945 | 1901 195 192 19.75 19.402

19 200 | 1965 | 1934 | 1924 | 1928 19.89 19.48
fia. | 230 | 1938 19 1933 | 1901 19.76 19.296
58 3:00 | 1933 | 1902 | 1926 | 19.09 19.77 19.294
3:30 194 | 1875 | 1964 | 1918 19.86 19366

400 | 1956 | 1905 | 1975 | 196 19.88 19.588

430 | 19535 | 193 | 1896 | 1866 19.71 19232

5:00 | 1955 | 1895 | 1964 | 1925 19.75 19.428

Aundo 19.268

Wi | o N E w s yaveaih Aundo
19:00 | 1661 | 1692 | 1637 | 16.88 17.04 16.764

1930 | 1934 | 1903 | 1933 | 1932 19.01 19.206

20:00 | 1946 | 1884 | 1944 | 19.11 19.53 19.276

20:30 | 1936 | 1912 | 1938 | 19.05 19.22 19.226

:q 21:00 | 1931 | 1929 | 1933 | 1898 19.05 19.192
e 21:30 | 19.03 | 1891 19.1 19.07 1891 19.004
* 22:00 | 1896 | 1831 | 19.15 | 19.14 19.74 19.06
22:30 | 1939 | 1867 | 1951 | 19.53 19.08 19.236

23:00 | 1879 | 1846 | 1949 | 1866 19.76 19.032

2330 | 1929 | 1806 | 1927 | 19.28 19.68 19.116

0:00 1935 | 1896 | 1955 | 19.31 19.6 19.354

0:30 1955 | 1938 | 19.69 | 19.51 19.72 19.57

1:00 1879 | 1867 | 1929 | 19.19 19.74 19.136

1:30 1943 | 1921 19.17 | 18.92 19.34 19.214

20 2:00 1937 | 1927 | 1955 | 1957 19.46 19.444
fi.a. 230 19.21 1892 | 1924 | 19.09 19.64 19.22
58 3:00 19.35 18.7 1936 | 18.98 19.66 19.21
3:30 1924 | 1855 | 1931 189 19.66 19.132

4:00 1952 | 1945 | 1959 | 18.98 19.79 19.466

4:30 19.67 | 192 | 19.63 19.6 19.7 19.544

5:00 1922 | 1866 | 19.51 18.82 19.71 19.184

Aundo 19.1232
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