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(Kaoru Nagahara, Mt. Fuji and Tama River bank, 2020)
Introduction

I have observed the moonset with the direction and its phases for twenty minutes over two weeks from the left bank of the Tama River. Regarding the starting point, since the observation period is two weeks, it was planned to start in the new moon and end in the full moon. There were two necessary conditions regarding the observation site. One was that the view was open in the direction where the moon will set. The other was that it was within walking distance from my house because it involves observation at midnight. I selected Tama River bank where is located in Latitude: 35 degrees 34 minutes 31.85 seconds north; Longitude: 139 degrees 40 minutes 50.09 seconds east as the point to observe the moonset. The Tama River is one of the most urbanized rivers in Japan.1 When it is sunny, we can see Mt. Fuji beyond the center of the opposite bank. Mt. Fuji is located in southwest of Tokyo on the border of Yamanashi and Shizuoka Prefectures. Fuji is actually a volcano, in fact a buildup of three volcanoes, the most recent of which appeared some ten thousand years ago and gave Fuji its distinctive conical shape.2 
________________________________________________________________________________________
1. Naoyuki Yamashita and others, ‘Fate Estimation of Estrogenic Substances in an Urban River by Flux Calculation’ Water Environment Research, Vol. 78, No. 12 (Wiley Stable, 2006), 2330-2334, (p. 2330), https://www.jstor.org/stable/25053639 [June 2021].
2. H. Byron Earhart, ‘Mount Fuji and Shugendo’, Japanese Journal of Religious Studies, Shugendo and Mountain Religion in Japan, Vol. 16, No. 2/3, (Nanzan University Stable, 1989), 205-226, (p. 205), https://www.jstor.org/stable/30234008 [May 2021].

The moonset images and area maps with the observation point of green allow mark and the moonset direction of red line were showed every observation day. I visited the observation site thirty minutes before moonset time and took a picture with a camera with a telephoto lens. After the observation, I wrote the record of the moonset to my laptop and moved the image data of the moon from the camera to the laptop. The image of the phases of the moon in the square frame and the image showing the direction of the setting of the moon are taken from the Internet site.3 Regarding the start date of the observation, I would like to observe the glowing moonset from the state of the new moon. The observation start date was selected in consideration of the fact that the moonset time is between sunset and sunrise for two consecutive weeks. Since it was necessary to observe the moon without being disturbed by the sun. Therefore, the observation start date was November 15, which was the state of the new moon immediately after sunset. If the time interval between astronomical new moons is always 29 1/2 days, as assumed in our model, then the time between astronomical new moon and full moon is always 14 3/4 days.4 Therefore, the end date was scheduled to be the state of the full moon. 

[image: ] Moon age 29.3 days, Moonset time　16:42, 15 November 2020, Azimuth 248degrees
[image: ][image: ]
Observation site（I observed the moon setting over the opposite bank of Tama river in Tokyo.）                                                                                                      
            The direction of moonset from the observation site. 

The moon could not be confirmed on the first day of observation. 
According to Young and Guy, the state in which the entire moon is blackened behind the earth itself is called the new moon and this is the first phase we see and the image is black.5 
_______________________________________________________________________________________________
3. Hinode Hinoiri Map ©2011 hinode.pics, https://hinode.pics/home [accessed November 15, 2020].
4. Dennis Duke and Matthew Goff, ‘A Response to Eshbal Ratzon, "Methodological Issues concerning the Astronomy of Qumran"’, Dead Sea Discoveries, Vol. 23, No. 1, (Brill Stable, 2016), 79-87, (p. 83), https://www.jstor.org/stable/44075605 [May 2021].
[bookmark: _Hlk74638833]5. Timothy Young and Mark Guy, ‘The Moon's Phases and The Self Shadow’, Science and Children Astronomy, Vol. 46, No. 1, (National Science Teachers Association, 2008), 30-35, (p. 32), https://www.jstor.org/stable/43174941 [May 2021].



[image: ] Moon age 0.9 days, Moonset time　17:26, 16 November 2020, Azimuth 243degrees
[image: ][image: ]
[bookmark: _Hlk56723876]Though aged 0.9 days moon could not be appeared in the photography, it could be identified by the naked eyes.
The moon sank to the south of where it sank yesterday. 
[image: ] Moon age 1.9 days, Moonset time　18:18, 17 November 2020, Azimuth 239degrees
[image: ][image: ]
This was first catch by my mobile phone camera with monoscope. However, the moon was behind a thick fog and looked blurry.  
[image: ] Moon age 2.9 days, Moonset time　19:15, 18 November 2020, Azimuth 238degrees
[image: ][image: ]
Young and Guy identified Waxing Crescent as that as the Moon orbits counterclockwise, we are seeing mostly the self shadow (nighttime) on the Moon.6 The direction of the moonset has moved south since the start of observation.
______________________________________________________________________________________________
[bookmark: _Hlk74801296]6. Young and Guy, ‘The Moon's Phases’, p. 32.

[image: ] Moon age 3.9 days, Moonset time　20:18, 19 November 2020, Azimuth 239degrees
[image: ][image: ]
[bookmark: _Hlk56724014]The moon cannot be confirmed due to cloudy weather. The temperature has risen as warm air flows toward the low pressure system that travels from the continent to the Sea of Japan. It reached 20℃ or higher not only in Tokyo region but also in the north region in Japan. It was confirmed that the direction of the moonset was moving back west. 

[image: ] Moon age 4.9 days, Moonset time　21:21, 20 November 2020, Azimuth 242degrees
[image: ][image: ]
In the eastern and western Japan, there are many places where the temperature exceeds 20oC. Record high temperatures have continued nationwide these days, and Friday was likely to be nearly 10oC higher than the original temperature in November. The temperature in Tokyo is 23oC, therefore, it is warm and humid because of the rain. 
[image: ] Moon age 5.9 days, Moonset time　22:24, 21 November 2020, Azimuth 246degrees
[image: ][image: ]
The moon was located much norther than 3 days ago and I could see that the half moon will be tomorrow.
Over the next week, there will be many sunny days covered by high pressure, but it is expected that there will be cloudy and rainy places due to the effects of moist air. 

[image: ] Moon age 6.9 days, Moonset time　23:26, 22 November 2020, Azimuth 252degrees
[image: ][image: ]
[bookmark: _Hlk56724533]The moon was setting into thick cloud quickly. However, I could confirm the halfmoon with crater and contour of the clouds. It can be said that the new moon took seven days to become a half moon. The position of the moonset came near it at the time of the new moon. The position of the moonset has moved further to the west than it was at the time of the new moon. About 7 days after the new moon, the position of the moonset went south and returned to the original west direction. It was found that the new moon and half moon sink in the same direction. After eight days of observation, it was found that the moonset was delayed by approximately 50 minutes each day. 
 
[image: ] Moon age 7.9 days, Moonset time　-- : --, 23 November 2020
We do not have the moonset time today.

[image: ] Moon age 8.9 days, Moonset time　00:25, 24 November 2020, Azimuth 258degrees
[image: ][image: ]
The moon could not be seen behind thick clouds. The direction of the moonset moved further to the west.


[bookmark: _Hlk56695048][image: ] Moon age 9.9 days, Moonset time　01:24, 25 November 2020, Azimuth 264degrees
[image: ][image: ]
It was covered with thick clouds that made it impossible to see where the moon was. Direction of the moonset is almost due to the west today from the data.  

[image: ] Moon age 10.9 days, Moonset time　02:11, 26 November 2020, Azimuth 270degrees
[image: ][image: ]
I could identify usual crater pattern. According to Aitken, the Moon always turns the same face toward the Earth. This means that the Moon must turn once on its axis - make one complete rotation - each month.7 Since the crater’s pattern was always the same, I was convinced of what he said. The Moon's equator is inclined 6 1/2° to the plane of its orbit, consequently at one time in each month its north pole is tipped 6 1/2° toward us, and two weeks later its south pole is similarly tipped.8 Further, he mentioned that since the Moon's orbit is an ellipse its motion in its orbit will be variable, being slower when it is farthest from the Earth and faster when it is nearest; but its motion of rotation on its axis is perfectly uniform.9 Azimuth 270 degrees tells that moon sinks due to the west.

______________________________________________________________________________________________
[bookmark: _Hlk74925432][bookmark: _Hlk74754431]7. Robert G. Aitken, ‘THE MOON’, Publications of the Astronomical Society of the Pacific, Vol. 29, No. 169 (Astronomical Society of the Pacific, 1917), 121-132, (p. 125), https://www.jstor.org/stable/40711416 [May 2021].
[bookmark: _Hlk74755117]8. Aitken, ‘THE MOON’, p. 125.
9. Aitken, ‘THE MOON’, p. 126. 

[image: ] Moon age 11.9 days, Moonset time　03:07, 27 November 2020, Azimuth 276degrees
[image: ][image: ]
Though I could see the moon last evening from between the clouds, there was thick coulds at moonset time. In the last three days, the direction of the moonset has moved from the south to the west and north.
[image: ] Moon age 12.9 days, Moonset time　04:04, 28 November 2020, Azimuth 283degrees
[image: ][image: ]
The moon might be behind those building complex. The direction of the moonset has moved further north. I once again felt that the thick clouds caused by high humidity and light pollution were obstacles to the astronomical observation. 
[image: ] Moon age 13.9 days, Moonset time　05:02, 29 November 2020, Azimuth 288degrees
[image: ][image: ]
It took time until I could see the moon behind heavy clouds. Since the moon was hidden in the clouds near the horizon just before the moonset time, I took a picture of the moon between the clouds before it went down near the horizon. It was a moon with a faint left side that could be judged to be a full moon tomorrow.  
[image: ] Moon age 14.9 days, Moonset time　6:03, 30 November 2020, Azimuth 293degrees
[image: ][image: ]
The moon was at its fullest in reddish coloured. According Paul Bogard, the moon reflects only about 7 percent of the sunlight it receives.10 According to Young and Guy, the full Moon occurs when the Moon is on the opposite side of the Earth as the Sun.11 The direction of the moonset has moved further north. 


‘Be clearly aware of the stars and infinity on high. Then life seems almost enchanted after all.’

This is quoted from a letter that Van Gogh wrote to his brother Theo in 1888 in The Letters of Vincent Van Gogh.12 It seems to be a letter written at the time when he was most motivated to create, and the text shows the spiritual uplifting of a genius painter. He also had a work titled Starry Night, which was produced in 1889 after this letter113 His late style shows that he was very interested in celestial bodies. On the other hand, this two-week astronomical observation made me aware of infinity and eternity. In particular, the night sky gently envelops the small earth we live in, and makes us believe that the rotation and revolution of the moon and the earth promise a permanent and reliable flow of time. He mentioned that when you are in good health you should be able to live on a piece of bread while doing a full day’s work and have enough strength left over to smoke and have a drink, before ‘Be clearly aware of the stars and infinity on high.’15 It can be seen that He raised the question that healthy people who tended to be satisfied with the current situation may have lost sight of infinity. It is understandable that in fact, while living in sanatorium, he felt the infinity of art with his energetic creativity. I felt the infinity and the sense of unity sharing with him beyond space-time. Because I can see same Venus and Moon which he has been watching and drawing. 
______________________________________________________________________________________________
[bookmark: _Hlk74927644]10. Paul Bogard, ‘The Path and Pull of the Moon’, Creative Nonfiction, First Lede, Real Lead, No. 36, (Creative Nonfiction Foundation Stable, 2009), 28-36, (p. 28), https://www.jstor.org/stable/44363392 [June 2021].
[bookmark: _Hlk74884858]11. Young and Guy, ‘The Moon's Phases’, p. 31.
12. Vincent Van Gogh, The Letters of Vincent Van Gogh, New Ed edition, (Penguin, Kindle, 2003), p. 375.
13. B., ‘Van Gogh's "Starry Night"’ The Bulletin of the Museum of Modern Art, Nov., 1941, Vol. 9, No. 2, (The Museum of Modern Art Stable, 1941), 2-3, (p. 3), https://www.jstor.org/stable/4057833 [June 2012].
14. Gogh, The Letters of Vincent Van Gogh, p. 375.



Theme

We will examine several conditions that affect the accuracy of astronomical observation, which were found through this two-week observation of the moon in Tokyo, Japan. I divide into artificial conditions and natural conditions for ideal astronomical observation. I would like to list the adverse conditions for observing the clear moon that I experienced and derive the ideal conditions from them.

Artificial conditions

Observation equipment such as camera and astronomical telescope and light pollution can be mentioned as a cause of artificial adverse conditions. The observer's eyesight is also an important item when confirming an object. Regarding the equipment, not only performance but also knowledge to make appropriate adjustments to clear adverse conditions is required. For example, the lack of stars in a photo can be due to insufficient exposure time.15 According to Light pollution is excess light in the wrong place at the wrong time.16 It comes in the forms of sky glow, glare and light trespass.17 The late David Allen of the Anglo Australian Observatory argued that the night sky should be treated as a national park, and that we should enshrine the public’s right to enjoy its beauty.18 Therefore, knowledge of proper adjustment of observation equipment and selection of appropriate place for astronomical observation are important to improve artificial adverse conditions. Especially for light pollution, it can be said that nighttime checks are necessary in advance. In the case of single-shot observation, it can be said that it is possible to avoid light pollution in the direction in which the celestial body sinks, which is predicted in advance.

Natural conditions

[bookmark: _Hlk74924054]According to Ji-Cheng Zhang, cloud, high humidity, wind, and dusts influence observations. Regarding wind, Analysis suggested that wind speed above 15 m s 1, which is safety limit for operating telescopes at Xinglong Observatory.19 Humid time occurs mostly in summer due to the monsoon climate, which is main cause for lost time during summer.20 He argued that seasonal distributions are obvious autumn and winter are better in terms of fraction of photometric nights and spectroscopic nights. 
_______________________________________________________________________________________________
[bookmark: _Hlk74925983]15. Jennifer Wilhelm, ‘Project-Based Instruction with Future STEM Educators: An Interdisciplinary Approach’ Journal of College Science Teaching, Vol. 43, No. 4, (National Science Teachers Association, 2014), 80-90, (p. 83), https://www.jstor.org/stable/43632018 [May 2021].
16. John Gelder, ‘Light Pollution’, Environment Design Guide , GEN 24: Light Pollution, (Royal Australian Institute of Architects Stable, 2004), 1-8, (p. 1), https://www.jstor.org/stable/10.2307/26148837 [June 2021].
17. Gelder, ‘Light Pollution’, p. 1. 
18. Gelder, ‘Light Pollution’, p. 3.
[bookmark: _Hlk74919662]19. Ji-Cheng Zhang and others, ‘Astronomical Observing Conditions at Xinglong Observatory from 2007 to 2014’ Publications of the Astronomical Society of the Pacific, Vol. 127, No. 958, (Astronomical Society of the Pacific, 2015), 1292-1306, (p. 1305), https://www.jstor.org/stable/10.1086/684369 [May 2021].
20. Zhang, ‘Astronomical Observing’, p. 1305.

They have a declining trend toward spring due to dust and wind.21 Therefore, it can be said that it is necessary to pay attention to high humidity caused by the monsoon. Also, it can be said that dust can be avoided by choosing not only the wind speed but also the wind direction.

Conclusion

Avoiding light pollution and acquiring in-depth knowledge of observation equipment can be cited as an ideal artificial condition. Also, avoiding high humidity, dust and strong winds is an ideal natural condition. seasonal distributions are obvious autumn and winter are better in terms of fraction of photometric nights and spectroscopic nights. They have a declining trend toward spring due to dust and wind. By comprehensively considering these, it is thought that ideal astronomical observation conditions can be obtained.
_______________________________________________________________________________________________
21. Zhang, ‘Astronomical Observing’, p. 1300.
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