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Background:

Many famous scientists attempted to describe the motion of stars and planets in the heavens.  Aristotle, Ptolemy, and Copernicus had all described planetary motion, some with the earth at the center of the solar system (geocentric), and some with the sun in the center (heliocentric).  But they had all assumed that planets revolved around others in circles.


During the late 1500’s, a flashy astronomer named Tycho Brahe constructed an elaborate observatory in Denmark where for 20 years he made detailed observations of stellar and planetary movement.  A scientist who helped him for over a year was a young man named Johannes Kepler.  Kepler, who was trying to mathematically explain the orbital path of Mars, used his own data and that of Brahe to discover that the best description of a planetary orbit was an ellipse, not a circle.  During this lab you will draw several ellipses and investigate some of their properties.  

Materials:  Box or cardboard, pencil, 2 thumbtacks, thread (35 cm), paper

Foundation Skills – During this lab, you will:
1) Locate the foci and major axis of an ellipse

2) Define the terms “perihelion” and “aphelion” and relate these terms to planetary elliptical orbits

3) Use the following formula to measure and calculate eccentricities:

Eccentricity = distance between foci


Length of major axis

4) Use eccentricity values to describe elliptical shapes

Procedure:
1. Form a loop with your string by tying the ends together so that when the loop is held taut, it is 15 cm long.

2. Place your sheet of paper on the cardboard and then place this sheet on top with Diagram 1 (below) centered lengthwise on the sheet.  Using the thumb tacks, mark each point and then label them on your sheet.  Be sure to place the point of the tack in the center of each “+” sign.  
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Diagram 1

3. Place the two thumb tacks on points A and B and place the loop over the tacks as in Diagram 2.  Keeping the look taut, trace the ellipse around the two points.  The two points are called the foci (each one separately is a focus).  

4. Repeat step 3 two more times on the same paper, once for points C and D, and once of points E and F.  



Diagram 2





Diagram 3
Questions:
1. The elongation of an ellipse is determined by the ratio of the distance between the foci and the length of the major axis (the longest axis on the ellipse).  This ration is known as the eccentricity of the ellipse.  In Diagram 3, D is the distance between foci and L is the length of the major axis.  Using the equation below, calculate the eccentricities of the three ellipses you have drawn.  

Eccentricity   =   distance between foci


    Length of major axis






Show your work here!
Ellipse AB:
____________

Ellipse CD:
____________

Ellipse EF:
____________

2. As the distance between the foci in your ellipses decreases, what happens to the shape of the ellipse?

3. The major axis of the earth’s orbit around the sun is 186 million miles in length.  If the distance between the sun and a second focus is 3 million miles, what is the eccentricity of the earth’s orbit?

4. Of the three ellipses that you constructed, which one most resembles that of earth (the one you just calculated)?

Answer Questions 5-7 based on the planetary data in Table 1 below:
Table 1
	Planet
	Eccentricity
	Planet
	Eccentricity

	Mercury
	0.206
	Saturn
	0.056

	Venus
	0.007
	Uranus
	0.047

	Mars
	0.093
	Neptune
	0.008

	Jupiter
	0.048
	Pluto
	0.247


5. Which two planets have the most circular orbits?

6. Which two planets have the most elongated orbits?

7. How does the eccentricity previously calculated for earth compare to the other planets?

8. Table 2 below lists observations over a year-long period of the angular size of the sun’s diameter.  They are recorded as semi-diameters and are recorded in minutes and seconds of arc.  Using the graph paper provided, plot a graph of the semi-diameters vs. dates.  Place the dates on the X axis.  Remember to divide your Y axis into minutes and seconds (15’40”, 15’50”, 16’00”, 16’10”, etc.).  

Table 2
(Taken from the 1970 American Ephemeris and Nautical Almanac)

	Date
	Semi-Diameter
	Date
	Semi-Diameter

	1/1
	16’17”
	6/30
	15’44”

	2/10
	16’14”
	8/10
	15’48”

	3/1
	16’10”
	8/30
	15’51”

	4/10
	15’59”
	10/10
	16’02”

	4/30
	15’54”
	10/30
	16’07”

	6/10
	15’46”
	12/10
	16’16”


9. At which date does the sun appear the largest from the earth?_________________
10 At which date does the sun appear smallest from the earth?__________________

11 Why does the sun appear to change in diameter?
12 The position on the orbit of any planet that is closest to the sun in known as the perihelion.  The position farthest away from the sun is the aphelion.  On the diagram below, label the perihelion and aphelion and next to them put their approximate dates using the data from Table 2 above.  Then label the foci and major axis.


13. Assuming the above data to be accurate, discuss the relative distances of the earth from the sun during summer and winter (use back if necessary).

x








