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                Fall 1999
Orbit of the Moon

Needed Math:  none

     In this the lab, you will chart the Moon’s orbit and measure its true orbital period.  You should find that the period does not exactly equal the period of the Moon’s phases.

     As discussed in class, the month is defined by the time period for the phases of the Moon, which are due to the relative positions of the Earth, Sun, and Moon.  Since the phases change because the Moon orbits about the Earth, it is commonly believed that the period of the cycle of the lunar phases, which equals 29.5 days, is also the exact period for the Moon’s orbit.  However, this is not true.  This is actually the “synodic” period, in that it is measured by an observer on the Earth, which is also moving in its own orbit about the Sun at the same time.  The true period can be measured by timing the apparent motion of the Moon relative to the stars.  This, then, is called the sidereal period.  In this part of this lab you should determine that the sidereal period of the Moon’s orbit does not equal 29.5 days.

Method:

    On the first clear evening or early morning that you can see Moon, note and write down its phase; estimate the fraction of the side that you see that is in sunlight.  Also, measure the position of the Moon relative to the stars on your star chart (provided in lab) by triangulation using a cross-staff.  Let’s first talk about how to make a cross-staff.

     Making a “cross-staff:”  Imagine holding up a ruler to the sky at arm's length, which is about 70 cm, and measuring the apparent distance between two objects.  Suppose you measured the apparent distance to be 2 cm.  What you found is that the angular separation between the two objects is the same as that of the 2 cm markings on the ruler held at a distance of 70 cm.  Since you know the actual size and distance of the latter, you know what that angle is.  By the small angle approximation it is  (radians) ~ 2cm/70cm.  To make this measurement more reliable, rather than measuring the distance from the ruler to your eye each time, thumbtack the ruler to the end of a stick whose length you know and then make the measurement by holding the other end of the stick against your cheek just below your eye. 

     (You can be clever about your choice of stick.  Since you can cut a stick to any length, you can choose a length that would be most convenient.  For example, choose a length where one centimeter on the ruler equals one degree of angle.  That is 1cm/(length of stick)=1 degree.  The small angle approximation must be in radians, so convert the 1 degree to radians, and solve for the length of the stick.  What do you get?  _________.  Another way of viewing this is to imagine that the ruler at the end of the stick is part of a circle that is centered on your eye.  If one centimeter on the ruler is to correspond to one degree, then this circle must have 360 cm around the circle, meaning that its circumference is 360 cm.  Since the center of the circle is at your eye the length of the stick is equal to the radius of the circle.  Therefore, the length of the stick that you want is equal to the radius of a circle of circumference of 360 cm.  Using the fact that the circumference of a circle is 2R, you can solve for the R, to find the desired length of the stick.  You should find the same answer that you got above.)
      Now, how do you “triangulate” to mark the position of the Moon on the star chart?  First, find three identifiable stars near and around the Moon.  Use the cross-staff to measure the angular distance between the Moon and each of these stars (be sure to measure the distance to the center of the Moon).  On the star chart, use a compass to draw circular arcs about each star, where the radii of these arcs equals the angular distances of the Moon from these stars.  Where these three arcs all intersect (or come closest) is the location of the Moon.  

     For about the next month, note the lunar phases and chart the position of the Moon.  On the chart connect the dots to indicate the Moon’s orbital path.  Determine the exact amount of time the Moon takes to complete the orbit and the exact amount of time to complete the cycle of the lunar phases.  

In your report be sure to discuss:

1.  The issue of synodic vs. sidereal periods

2. Your method, including a discussion of the cross-staff.

3.  The relative angle between the Moon’s orbit that you observed and the ecliptic  …between the Moon’s orbit that you observed and the Earth’s equator.

4. Your measured sidereal period of the Moon’s orbit and your measured period of the cycle of lunar phases.



















