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Kepler’s Laws





I.  Kepler’s First Law:   

Get a piece of cardboard, a sheet of 8.5x11” paper, 2 tacks, a loop of string, a ruler, and a pencil. Your data will be different from your partner’s. 

1.  Lay the cardboard flat with the paper on top.   Stick the two tacks in the cardboard as shown below.  
2.   Drape the loop over the two tacks, and pull the loop taut with a pencil.   Move your pencil 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.   When done, remove the paper from the cardboard. 








                      cardboard









     string loop






tacks

The two tack points are called the foci (plural of focus) of the ellipse.  Label them F1 and F2.
3.  Use a ruler to draw a straight line through the points F1 and F2 from one edge of the ellipse to the other.  This line is called the major axis of the ellipse.  On your diagram, label the line “major axis.”





     ellipse






         F1    F2




     major axis
4.  Measure the distance between foci to the nearest 0.1 cm.  Then measure the length of the major axis to the nearest 0.1 cm.   Record both of these in the table on the next page.  

5.  In the space below, copy the equation for the eccentricity of an ellipse from your ESRT.   Use it to calculate the eccentricity of your ellipse.   Show all work with units.  

equation:


Eccentricity of an ellipse  =   -----------------------------------------

substitution with units:



     =

answer with correct units:



     =

Record the answer in the table on the next page.

6.    Replace your paper onto the cardboard and move both tacks out about 1 cm further apart along your major axis.  Repeat steps 2-5 above using the same string, but use a different colored pencil.  Each time you draw a new ellipse, label the new foci F1 and F2 in the new color, too.  Record all data in the table. You do not need to show calculations for the other ellipses.  Repeat this step one more time for a third ellipse.
	ellipse
	distance between foci (cm)
	length of major axis (cm)
	eccentricity

(no units)

	1
	
	
	

	2
	
	
	

	3
	
	
	


7.  On a sheet of graph paper, graph the “eccentricity” on the y-axis vs. the “Distance between foci (cm)” on the x-axis.  You should have three data points.
Q1.   Based on your graph, what is the relationship between the distance between foci and the eccentricity of an ellipse?

Q2.  Based on your drawings and calculations, as the eccentricity increases, does an ellipse become more like a circle or more stretched out?

Q3.  If you placed both tacks in the same hole, the foci would be in the exact same place.       


What would be the “distance between foci” in this case?





What would the eccentricity be?

What is the name of the shape you would draw if you made such an ellipse?

Q4.  Use your ESRT to list the 8 planets in order from left to right from smallest to largest eccentricity.       

	planet
	
	
	
	
	
	
	
	

	eccentricity
	
	
	
	
	
	
	
	



Which planet has an orbit that is most like a circle?


Which planet has an orbit that is most elliptical (stretched out)? 

Compare the eccentricities of the ellipses that you drew to the eccentricity of Earth. Is Earth’s orbit better described as almost a circle or as highly elliptical?

Q5.    a/  Choose your smallest ellipse.  Figure out which foci you used to draw it.   Draw a small circle around one of the two foci to represent a star.  Label it with an “S.”   Label the other focus “empty space.” 


b/  Imagine that this ellipse is the orbit (path) of a planet around a star.  Draw a small planet as a heavy dot somewhere on that ellipse.  Label the planet dot with a “P.”   
c/   There are two points on the ellipse where the major axis crosses the ellipse.  Find these now.   Of these two points, the point where the planet is closest to the star is called perihelion.  Mark that point with a heavy dot and label it.  The other point is where the planet gets furthest from a star.  It  is called aphelion.   Mark that point with a heavy dot and label it also.  
Q6.      Kepler’s First Law:    The orbits of planets are __________________ with the Sun located at one




  of the ________________ and with __________________ at the other.

II.  Kepler’s Second Law.

1.  The diagram on the attached sheet shows the orbit of an imaginary planet P revolving around a star S with different points labeled on the orbit.  

2.   Use a ruler for this part.  Draw a straight line from point A on the orbit to the center of S.   Draw another line from B to S.   Then draw a line connecting A and B.

3.  Measure the baseline A-B in cm and record in the table below.  Exactly at the midpoint of A-B, draw a vertical line from line A-B to S.  (This creates two right triangles.)  Measure the height h of this line in  cm and record in the table below.  Record all answers to the nearest 0.1 cm.

4.  Calculate the area of triangle ASB using the formula below.  Record your answer in the table.



Area = b x h ÷ 2,   where b = the baseline and h = the height


5.  Repeat steps 2-4 for points C and D.  Record your results in the table.

	triangle
	baseline b (cm)
	height h (cm)
	area of triangle (cm2)

	ASB
	
	
	

	CSD
	
	
	


Q1.    As the planet P moves around the ellipse, the line between it and S  “sweeps out” these triangles you drew.  Kepler’s Second Law says the following:   


“A line connecting a planet to a star will sweep out equal areas in equal periods of time.”  
In other words:
If  it takes one month for the planet to go from A to B, and one month for the planet to go from C to D, 
Then the area of the triangle that P sweeps out in going from A to B will equal the area that it swept out in going from C to D.    In other words,


area of ΔASB  =  area of ΔCSD  


Were these areas approximately equal for the triangle data that you have in the table above? 

Q2.    Suppose it took 30 days for planet P to move from A to B, and it also took 30 days for P to go from C to D.    Then at which points (A-B or C-D) will P have to be moving faster?


Explain.


Which set of points (A-B or C-D) is closest to perihelion?




Which set of points is closest to aphelion?

Circle the correct answers:   

A planet moves (fastest/slowest) at perihelion.   A planet moves (fastest/slowest) at aphelion.   

“The Earth is at perihelion in January and at aphelion in July.”   Based on this statement, is the Earth moving fastest in January or in July?

IF Earth’s seasons were caused by its changing distance from the Sun, during which month would summer occur?

Q3.     a/   Potential energy is the energy of position.  The higher you lift up a rock, the more potential is has to hurt you when it falls.  It is the same with a planet.  The further away a planet is from a star, the more potential energy it has.


At which set of points (A-B or C-D) does planet P have the most potential energy?

At which set of points does it have the least potential energy?


b/    Kinetic energy is the energy that results from moving.  The faster you hit a baseball, the more likely it is to break a window.  It is the same for a planet.  The faster a planet moves, the more kinetic energy it has.   


At which set of points (A-B or C-D) does planet P have the most kinetic energy?

At which set of points does it have the least kinetic energy ?

          c/   Which graph best represents the relationship between orbital speed and position of planet P?

   speed


    speed


  speed


           speed
i/        AB     CD 
ii/
 AB     CD 
  iii/
  AB     CD 
         iv/            AB     CD

Q4.   The closer you are to something, the bigger it appears to be.  This is called “apparent size.’   

a/   In January, when Earth reaches perihelion, will the Sun appear bigger or smaller than average?


b/   During which month will the Sun appear smallest in the sky?


c/   Will the apparent size change very much over the course of one year?




Explain your answer.

          d/   Which graph represents the relationship between apparent size of the star and position of planet P?

   size


    size


  size


           size
i/        AB     CD 
ii/
 AB     CD 
  iii/
  AB     CD 
         iv/            AB     CD



Q5.   It is the force of gravity that holds a planet to a star.  Gravity is stronger when two objects (like the planet and the star) are closer.  Gravity is weaker when two objects are further apart.  At which letters (A-B or C-D)  is the gravitational force the strongest?


Where is it the weakest?
Use the following diagrams for Questions 6-8.  The diagrams represent the top views of four different planets orbiting four different stars.

A/


          B/


C/



     D/

Q6.   Which orbit has the greatest eccentricity?

Q7.  Which planet would have the greatest change in orbital speed in the course of one revolution?

Q8.   Which diagram best represents Earth’s orbit around the Sun?
top view:








