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The path of a planet orbiting a star is an ellipse with the star at one focus. This is called Kepler’s First Law.  Historically, it overturned the ancient belief in the “perfection” of circles to explain the orbits of the planets.  In this lab, you will study the basic properties of ellipses and the orbits of a planet.


You need a piece of cardboard, a plain sheet of 8.5x11” paper, two tacks, a piece of string, a ruler, and a pen or pencil.  Lay the cardboard flat with the paper on top.   Stick the two tacks in the cardboard as shown below.    Tie the string into a loop, drape the loop over the two tacks, and pull the loop taut with a pen(cil).   Move your pen around the loop, keeping it taut, until you draw a completed oval (ellipse).   If the ellipse goes off the edge of the paper, adjust the size of the string loop, and redraw the ellipse (on the back if you drew in pen).   When done, remove the string, tacks and paper from the cardboard.   Everybody must draw their own ellipse!
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I.
  The two tack points are called the foci (plural of focus) of the ellipse.  Label the foci F1 and F2 on your sheet.  The maximum diameter of the ellipse is called its major axis.   It passes through F1 and F2.  Use a ruler to draw in the major axis, then label it.  Then measure its length.


length of major axis =  _________ cm



The center of the ellipse is halfway between F1 and F2.  Mark the center on your sheet and label it with a C.   Measure the distance from C to one of the endpoints of the major axis.    This is the length of the semimajor axis.   Record it below.


length of semimajor axis =  _________ cm


What is the relationship between the major and semimajor axes?


Mark any point on the ellipse.  Label it Q.  Measure the distance from Q to each focus and add as directed below. 

For Q :
(distance to F1:  _______ cm)  +  (distance to F2: _________ cm)  =  ________ cm


Repeat for any other point (label it R) on the ellipse.   Record below.

For R :

(distance to F1:  _______ cm)  +  (distance to F2: _________ cm)  =  ________ cm

How does the sum for R compare to the sum for Q?

Explain why this is so.

II.
Imagine that the ellipse is the orbit (path) of a planet around a star.  Draw a small circle to represent a star at one focus.  Label it S   What is at the other focus?


The point of closest approach of the planet to a star is called perihelion.  The point of farthest distance of the planet from a star is called aphelion.   Label these two points P and A on your diagram.  Measure the distances from each of these points to the center of S and record below.


perihelion distance = ___________ cm
           aphelion distance = ___________ cm

Calculate the sum:    perihelion + aphelion distances = _________ cm

How does this sum compare to the length of the major axis?

Calculate the average of the perihelion and aphelion distances = _________ cm

How does this sum compare to the length of the semimajor axis?


In fact,  the semimajor axis is the average distance of a planet from its star.  (This is what you found by averaging only the perihelion and aphelion distances.) 

III.
What kind of ellipse would you draw if the tacks were right on top of each other?

Describe the general shape of the ellipse you would draw if the tacks were placed far apart.

The number that describes the “tack distance” of an ellipse is called its eccentricity, e.   e is  the ratio of the distance between the foci to the length of the major axis (both measured in the same units).    Calculate e for your ellipse.  



e 
=    distance between foci       =    ________   =   



         
       length of major axis

	Mercury
	Venus
	Earth
	Mars
	Jupiter
	Saturn
	Uranus
	Neptune
	Pluto

	0.206
	0.007
	0.017
	0.093
	0.048
	0.054
	0.047
	0.009
	0.249


Here are the eccentricities

of our nine planets:

Which planet’s orbit is most like a circle?

Which planet’s orbit is most un-like a circle?

Which planet’s orbit is most like the ellipse you drew?

IV.
For this next section, you are going to use four special points on the ellipse.   These dots will represent the planet at various times.   Two of the points will be perihelion P and aphelion A.  To determine the other two points, draw in the minor axis of the ellipse.   This is done by using your ruler to draw a line through the center C that is perpendicular to the major axis and intersects the ellipse.    Label the two points where this perpendicular line intersects the ellipse X (the “top” point) and Y (the “bottom” point).       



Use a ruler to draw straight lines from the center of S to X and Y (there is already a line to P and A--the major axis.)  These lines represent the “gravity lines,” along which the force of gravity between the star and the planet acts.    At each of the four points X, Y, P and A, draw a 2.0-cm arrow whose tail starts at the planet dot and points along the gravity line toward the star.   Label all these arrows with an Fg.    This represents the force of gravity of the star pulling on the planet.   (In reality, these four vectors should be of different lengths because the force of gravity depends on the distance between the planet and star.  We ignore this fact.)  



The planet could orbit either clockwise or counterclockwise.  Choose one direction and record it here:


Choose the opposite direction from your partner!   (circle one)       My planet revolves  CW / CCW

 
At each of the 4 dots X, Y, P and A, use a ruler to draw a straight, 3.0-cm arrow, whose tail again begins at the planet dot, but this time points tangent to the ellipse at that dot in the direction that the planet is going.  See the diagram below.    .



             NOT a tangent


NOT even a tangent

     

A tangent!!!

Label each one of these arrows with a v.  Each of these four arrows will represent the velocity (speed in a certain direction) of the planet.  In reality, these arrows should also be of different lengths, since the speed of the planet varies in its elliptical trip.  We ignore this fact, too.

Now examine the angle between the Fg and v arrows at each dot..    Does the Fg-v angle always remain the same?


There is a relationship between this Fg-v angle and whether the planet is accelerating, decelerating, or not changing speed.  If Fg and v make a right angle, then Fg cannot pull the planet forward or backward along its orbit, so, at that instant, the planet is neither accelerating or decelerating (forward or backward)--it is moving at constant speed at that instant.   On the other hand, if Fg is basically pulling in the same direction as v, then Fg “helps the planet along,” accelerating it along in its orbit.  However, if Fg is pulling basically opposite to v, then the planet is decelerating along its orbital path.   Remember, this does NOT directly tell you how fast the planet is going, only whether it is speeding up, slowing down, or moving with constant speed along its orbital path.  With a little thought, however, you can figure out at which point the planet is going the fastest and slowest, too.   

Fill out the table below based on your Fg-v angles .
	point
	accel., decel. or 

constant speed?
	max. speed,  min. speed  

or some speed in between?

	perihelion
	
	

	aphelion
	
	

	X
	
	

	Y
	
	


What would the Fg-v angle be if the ellipse were a circle?

What does this say about the speed of a planet in circular orbit?


What about its KE?

Does the gravitational force do work on a planet if the planet’s orbit is a circle?

V.    For the most part, a planet orbiting a star is a closed, isolated system.  Very little mechanical energy enters or leaves the system.   This means the total energy of the system is basically constant—Total Energy is conserved.   We write this as follows:   KE + PEgravity = constant.    So if KE increases, then PEgravity decreases, and vice versa.  (A planet builds up PEgravity as it moves away from its star, like a great “gravitational spring” being stretched.)

At which point in its orbit is a planet’s PEgravity a maximum?

Where is its PEgravity a minimum?

At which point is its KE a maximum?




Where is its KE a minimum?

Staple your ellipse to your lab sheets and turn them in. Return your supplies to their proper places.

