Classroom Notes for:

CMC-South 2006 Understanding Parabolas and Ellipses with GSP

Participants will construct parabolas and ellipses using patty paper.  The presenter will use Geometer’s Sketchpad to help the participants discover why the constructions work.

Materials: Laptop__, Projector__, quarter pieces Tracing Paper or Patty Paper__, rulers__, small strings__, 1 or 2 larger strings__, CD’s or compasses for circles__, 
Prepared ahead of time:

__1 sheet of tracing paper with a dot and 12 x’s along the bottom

__Open Parabolas and Ellipses CMC_N 2005/p. 4 “Finding the Equation” (make sure the hidden labels appear correctly)
p. 2 12 folds making parabola
Have the students take 1 piece of patty (tracing) paper and place a point 2 or 3 inches above the midpoint of one of the sides. Mark 12 small x’s along the bottom of the page and fold each x onto the dot. 
Suggested questions or statements to say:

What shape do we see appear? 
When you have enough folds, sketch the curve you see emerging.
What point is actually drawing the parabola?
Record all their thoughts and then use GSP to test their conjectures

For instance, if the students suggest, “The midpoint between each ‘X’ and the point F”, then make a segment from point P to point F, Construct the Midpoint and then from the Display menu select trace point. Now my dragging point P the students will see that this point is drawing a straight line.
Constructing the parabola:
· Use the given directrix line (d) and focus (F) to create a fold from P to point F.
· Use the straightedge tool to create a line segment from point F to point P.

· Select only the line segment and Construct Midpoint.

· Select the midpoint and segment FP and Construct Perpendicular Line.
· To make other folds: Make the tool “fold maker” – To make a tool we need to select the independent (initial) objects and the object(s) created by them (the fold). Then hold down the bottom tool called the “custom tool” and select “Create New Tool”. Give your tool a name. Note the fold maker tool has already been made for you.
· Show 100’s of folds with a Trace of point P. 
· Make the perpendicular bisector (the fold) from point P to point F light blue. Select this fold and from the Display menu select Trace Segment. Click on the button “Animate Point” to move point P and show 100’s of folds as a trace. Click the button a 2nd time to stop making traces. 
· Create a black fold line from point X4. Ask, “Each fold is contributing how many points towards our parabola?” (1)  
· Ask, “Where is the point on the parabola that comes from our X4 fold? 
· Add the point to the sketch. 
· Does this point seem closer to point F or to the line? 
· What do we mean by distance to a line? 
· What point on the Directrix line is our point on the parabola closest to? 
From questions like the ones above try to get your students to tell you that the point drawing the parabola is the intersection of the perpendicular bisector (the fold) with the perpendicular line to the directrix through point X4. Thus the point on the parabola is the same distance from the focus to the line (the directrix).
· Creating the Fold Line given a point on the parabola - put another point on the right side of the parabola & ask them to find the fold line that would contribute this point.
· Since each dot is contributing only 1 point what do we call these fold lines relative to the parabola? (tangent lines)
Changing the Focus 
· Ask, “What happens to the shape of our parabola if we move F closer to line D?” – To make the parabola dynamic, from the Display menu select Erase Traces. Select point P and the fold made from point P and from the Construct menu select locus. Now you can move point F to test their conjecture and look at why the parabola changes by focusing on how 1 fold line changes.
· Other questions to ask

· What if instead we move the directrix upward?

· What if we move the Focus below the directrix? 

p. 3 Parabola completed
You can also use this page to investigate the questions asked above. 
p. 4 Finding the equation
Make sure to give the students plenty of think time before revealing each of the Show buttons on the left. 

Trouble Shooting: If the ‘2’ doesn’t show up on the first button for the y-coordinate: select the button “Show merged Text” then move the point (x, 0).
p. 5 reflections
Show “reflections” as an example of the utility of the parabola such as a satellite dish or a telescope focusing light rays from space.
Students draw an ellipse:
Teacher: draw a big ellipse using a long string and a volunteer to hold down the ends. 
Students: draw a small ellipse by placing 2 points somewhere (label F1 and F2) on the long fold placing the end of their string at each point and ¼ tracing page. 

p.6  Ellipse Questions

· Ask, “What information would I have to know in order to draw your ellipse?

· Does your ellipse have any reflectional symmetries? (Axis)

· Mark one point somewhere on your ellipse. How far is it from F1 to your point to F2?
· How long is your major axis relative to your Foci or string?

· What do you think would happen if your 2 points were closer together? (do both of the ellipse axis grow? – the major axis does not grow since it is the length of the string)

· On top of each other?

· What would happen if you had a shorter string but used the same endpoints?

p.7 Ellipse with string blank  
The directions below tell how to make a dynamic ellipse. You could skip this page and go directly to p. 8 to answer the questions above.

A dynamic sketch would help us visualize these questions so let’s use GSP to help us see the answer to these questions:

· Make a dotted line at the top with a segment AB on it for the string length. Put two points F1 & F2 down below. Put point C on segment AB & make segments AC and BC. Make a circle centered at F1 of radius AC. Similar for center F2 with radius BC. Create the intersection points and then select one of the intersection points and point C and create the locus.

Students 2nd ellipse construction:
Use a CD to create a circle and place a point somewhere in the circle but not too close to the center or the circle. Place about 16 small x’s on the circle and fold each x to your point. When you’re done, trace the curve that emerges.
· What shape does it look like? (ellipse)
· Where do the Foci of the ellipse appear to be? 

p. 9 circle and ellipse start
Select the button “Show objects”.

There should already be a Trace on the fold line so when you select the next button “Animate Point”, 100’s of folds should be traced out to show the resulting ellipse. 

Stop the animation and make the fold line black to make it more visible. 

Questions

· “What point does this one fold add to the ellipse?” (Add the point and call it point E) 

· “What do we need to show to prove the point actually drew an ellipse?” (that PE + EC is a constant length (the radius)
Note that the key is to add the radius (segment CX) and show that since PE is congruent to EX and CE + EX = the radius then PE + CE = the radius and is thus constant.
Hyperbola construction

We did not do this in our talk but you could have students pick a point outside the circle and fold about 16 points on the circle to this exterior point to see the hyperbolas. The page Circle and Ellipse Finish can be used to see the hyperbolas by dragging point P outside the circle.
