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Objectives:
· Apply trigonometry to a problem about the moon and sun.
· Discover how trigonometry helped people understand the positions of celestial bodies.
 The Brahmasphutasiddhanta was written in 628 CE in India by Brahmagupta. One of the subjects of the text is to determine the sun-moon-Earth angle during different phases of the moon. In this problem, we will determine the sun-moon-Earth angle during a waxing gibbous moon at the time when 75% of the diameter of the moon appears lit to an observer on Earth. The first image shows how the moon appears from Earth. At the widest point, 75% of the diameter is lit. 75% of the diameter is the same as 1.5 times the radius, so it is labeled 1.5R, where R is the length of the radius.
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1. In the next diagram, we see the positions of the sun and the Earth relative to the moon. Of course, this diagram is not to scale since the sun is much bigger than and further away from the Earth. This diagram shows a cross-section of the moon at its equator. The thick line on the left side of the moon is the dark side. The thinner line on the right side is the light side. Observe that the side facing the sun is the light side, as it should be. A viewer from Earth can see from point A to point B, 75% of which will be lit, as in the previous diagram. The angle α (alpha) is the angle that we are looking for. It is the sun-moon-Earth angle. The angle θ will be easier to find than α. Notice that the two angles labeled 90-θ were found by observing where there are 90° angles. Use the diagram to find a formula for α in terms of θ. [image: C:\Users\rachel.epstein\Georgia College\Marcela Chiorescu - Precalculus - Things to do\Rachel's course notes\Images\moon.jpg]
2. The next diagram shows that the length of the lit area is 1.5R. Use this to calculate θ in degrees. You won't need a calculator. Once you have θ, find α, the sun-moon-Earth angle. 
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3. Astronomer-mathematicians such as Brahmagupta were interested in this information partially so they could tell how far away the moon and the sun were. Once he knew the sun-moon-Earth angle, he could approximate the moon-Earth-sun angle simply by observing the moon and the sun at the same time, as seen in the diagram below. (This would be possible in the late afternoon when the moon is in the phase mentioned in this problem.) He would have noticed that the moon-Earth-sun angle was approximately 180°-α. Why is that true? What conclusion would he have made about the distances of the moon and sun? (He did in fact make that conclusion.) Hint: Draw the Earth-Moon-Sun triangle so that it is closer to scale.  The picture below shows how Brahmagupta would have measured the moon-Earth-sun angle, but it is not useful for solving this problem.
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