Green Academy Geometry


Geometer’s Sketchpad Tour 5: Transformations
Transformational Geometry explores how figures can be turned, flipped, slid, stretched, or squeezed.  In this activity you explore some of these transformations using Sketchpad’s Transform menu.  You’ll start by investigating a fundamental problem having to do with reflections and rotations.

Sketchpad’s Transformation menu has commands for the following four basic transformations:
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Constructing the Mirrors and the Polygon Interior

You’ll start by constructing the two segments that will serve as the “mirrors” and the polygon interior that will be reflected over them.
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A “general polygon” is a polygon with no special properties, such as congruent sides or right angles.  You’ll see how easy it is to quickly construct one in the next two steps.
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Note: When constructing a polygon interior, you don’t select the sides of the polygon, just the vertices.

Marking Mirrors and Reflecting over Them
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Take a moment to examine your sketch.  How does the third polygon appear to relate to the original polygon?

You may have noticed that the third polygon appears to be a rotation of the original polygon.  To test this conjecture, you’ll now rotate the original polygon until it is on top of the third polygon.  Then you’ll investigate further using measurements.
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Marking, Rotating, and Measuring
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The goal in the next several steps is to rotate the original interior the same amount as the larger angle just created.  You’ll start by marking this angle, just as you previously marked a mirror.





Rotating by a Marked Calculation
You probably found that the larger angle is twice the smaller when the two interiors coincide.  But to be more certain of your conclusion—and to get an introduction to Sketchpad’s Calculator—you’ll continue by rotating the original by an amount calculated to be exactly twice the angle of the V.


The newly rotated interior lands right on top of the doubly-reflected interior.  This demonstrates that a rotation can be thought of as a composition of two reflections over intersecting lines.  Such a rotation is centered at the point of intersection of the two mirror lines and the angle of rotation is twice the angle between them.
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If you get stuck at any point in this activity, just open the Tour5_StepByStep.gsp file.  





1. In a new sketch, use the Segment tool to draw a segment.





2. Draw a second segment that shares one endpoint with the first.


	We’ll refer to this figure as “the V.” 
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After Step 2





Holding down the Shift key tells Sketchpad to keep previously constructed objects selected.  





3. Choose the Point tool and click inside the V to draw a point.  Hold down the Shift key and draw four more points nearby.


	You should now have five points, all selected, inside the V.





4. Choose Pentagon Interior from the Construct menu.  


	If your polygon folds over itself, drag the vertex points until it appears whole, as shown at the right.
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After Step 4





Things will look best in this activity if you use light colors.  





5. Select the lower segment and choose Mark Mirror from the Transform menu.


	A brief animation indicates that the segment has been marked as a mirror for subsequent reflections.


 


6. Select the polygon interior (by clicking on the shape itself) and choose Reflect from the Transform menu.


	The reflected image of the interior appears across the mirror.





7. With the reflected interior still selected, choose a different color from the Color submenu of the Display menu.  Then double-click the upper segment to mark it as the new mirror.


	This is an alternate way to mark a mirror.





8. Choose Reflect again to reflect the selected pentagon interior over the newly marked mirror.  Give this second reflected image a different color.





9. Drag a point on the original interior and observe the effect on the mirror images.  Drag other objects in the sketch as well.





SAVE YOUR WORK!!


Choose Save from the File menu. 


Give your Sketch a descriptive name, such as Transformations


Save it to your Desktop
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After Step 6





�


After Step 8





�


After Step 9





10. Choose the Segment tool.  Construct a third segment, just outside the V, that shares the same vertex point, as shown to the right.





11. With the segment selected, choose Dashed from the Line Width submenu of the Display menu.


	The dashed line distinguishes the new segment from the original two.





12. Using the Text tool, click on the four segment endpoints in the (alphabetical) order shown at right.
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After Step 12





Note that when marking angles, as with measuring them, you select the vertex point second.  The marked angle is directed from the first point, around the vertex, toward the third point.





13. Deselect all objects.  Then select the three points defining the new larger angle in the following order: point A, point B, and point D. 





14. With these three points selected, choose Mark Angle from the Transform menu.


	A brief animation indicates that the angle has been marked fro subsequent rotations.





15. Select the common endpoint of the segments (the vertex), and choose Mark Center from the Transform menu.


	A brief animation indicates that the point has been marked as a center for subsequent transformations.





16. Select the original interior and choose Rotate from the Transform menu.  Make sure the By Marked Angle option is chosen, then click  Rotate.


	A rotated image appears rotated by the measure of the angle you marked in the previous step.
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17. Drag point D until the new interior and the second reflected image coincide.





Q1: The new interior moves as you drag point D.  Why?


Q2:  How does the angle between the mirror lines (the original V) compare to the angle of rotation for the newest interior (the larger V)?  Make a conjecture before proceeding.


	Answer these two questions on your sketch.





RE-SAVE YOUR WORK!!


Choose Save from the File menu








You may need to drag the New Calculation dialog box out of the way to see and click on the measurement.
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After Step 17





18. Measure the V angle (� EMBED Equation.DSMT4  ���).  To do this, select the three points defining the angle and choose Angle from the Measure menu.  Make sure to select the vertex (point B) second.


	The angle measurement appears.





19. Use the same technique to measure the larger angle,� EMBED Equation.DSMT4  ���.


	Does you conjecture appear to be correct?  Drag points to explore related cases.





Q3: Write an equation that relates � EMBED Equation.DSMT4  ��� to � EMBED Equation.DSMT4  ���.


	Answer this in your sketch.
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After Step 18





20. Select point D and press Backspace key.


	The point appears and so do its children (the objects defined by it): the dashed segment, the newest interior, and the second angle measurement.





21. Calculate twice the angle measurement of the V.  To do this, choose Calculate from the Measure menu.  Then type a 2, click on the angle measurement in the sketch, and click OK.





22. With the new calculation still selected, choose Mark Angle.


	A brief animation indicates that the angle calculation has been marked for subsequent rotations.





23. Rotate the original interior by the marked, calculated angle.


	See Step 16 if you need a reminder how to do this.





24. Choose Save from the File menu. 


Re-Save your work


Save it to your School Loop Locker for safe keeping.  


Lastly, submit the sketch under the assignment’s drop box.
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Step 21





Earlier in this Activity, you used Mark Angle with three points selected.  You can also mark an angle calculation or measurement, as you do here
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After Step 23











Adapted from The Geometer’s Sketchpad Learning Guide
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