Introducing the Geometer's Sketchpad

�PRIVATE ��



Reference:	Discovering Geometry, An Inductive Approach by Serra,  Chapter 2, Sections 1 - 4 (pp. 71-92)





Review of Prerequisites:





	1.	The building blocks of geometry: points, lines, line segments, rays, angles



		

	2.	Congruence



		Intuitively, two sets of points are congruent  if and only if they are exactly the same size and shape, differing only in their location.  If they are congruent, one can be made to coincide exactly with the other by a finite number of translations (slides), rotations (turns), and/or reflections (flips).



	3.	Similarity



		Two sets of points are similar  if and only if their elements can be placed into a one-to-one correspondence such that ratios of distances between points in one set to distances between corresponding points in the other set are constant.  The constant is called the scaling factor.  Intuitively, two sets are similar if they have exactly the same shape, but not necessarily the same size.



	4.	Dilation



		A dilation of the plane is a one-to-one correspondence from the plane to itself such that there is exactly one fixed point P (point that corresponds to itself); and for any other point in the plane, the ratio of the distance that its corresponding point is from P to its distance from P is constant.  P is called the center of scaling; the constant ratio is called the scaling or dilation factor.  Intuitively, a dilation is a shrinking or expansion of the plane.



		The image of a set of points in the plane under a dilation is similar to the original set.







�Objectives:





	1.	To introduce the student to the mechanics of using the Geometer's Sketchpad in geometric investigations;



	2.	To review the notions of line segments, rays, and angles;



	3.	To  observe congruence and similarity relations as applied to line segments and angles.





Materials:





	1.	The Geometer's Sketchpad

�The Opening Scene



	To begin the Geometer's Sketchpad, double-click the left mouse button on the program's icon in the Program Manager window.  Make the sketch fill the Sketchpad window by clicking the left mouse button on the arrow pointing up in the upper right corner of the Sketch01.gsp window.  Make the Sketchpad window full-screen by clicking on the arrow pointing up in the upper right corner of the Sketchpad window.



This session will introduce you to the capabilities of the Sketchpad while reviewing the basic terms and building blocks of geometry.  To begin, move the mouse pointer to Display on the menu across the top of the window and click.  



Point to Preferences on the pull-down menu, and click.  



In order for the Sketchpad to automatically label points as they  are constructed, click on the box next to Points under Autoshow Labels for.  A check mark should be in the box.  



Set the Distance Unit to cm by clicking on the arrow on the right side of the box containing the unit, and clicking on cm in the list of options.  



Finally, move the pointer to the box labeled OK at the lower right, and click.



The drawing tools for the Sketchpad are arranged in a vertical bar on the left of the screen as pictured in the figure below.  The square that is red (dark in the figure below) indicates the tool which is active.  A tool may be chosen by using the mouse to point at the tool, and clicking the left mouse button; a tool may also chosen by using the up and down cursor keys, and , for the arrow and straightedge tools, the left arrow key.  In addition, the function keys  F4  through  F9  choose the tools with  F4  assigned to the arrow tool,  F5  to the point tool,  F6  to the compass tool,  F7  to the straightedge tool,  F8  to the text tool, and  F9  to the information tool respectively.
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�This activity introduces you to the menus and capabilities of the Sketchpad and reviews the building blocks of geometry:  points, lines, line segments, rays, and angles.

�Activity 1:  Beginning to Use the Tools



Creating and positioning text boxes or captions:�1.	Choose the text tool by pointing at the hand on the menu bar on the left of the screen, and clicking the left mouse button.  In the sketch window, depress the left mouse button and drag the hand to the right and down, forming a text box.  In the text box, type the date, the name of the activity, and the names of the members of your cooperative group.  Click outside the box.



	Choose the arrow tool.  Move the arrow to the text box (now in black), and drag it to the right upper corner of your sketch window by moving the arrow pointer into the box, depressing the left mouse button, and dragging the box to the location you wish.





��Constructing points and segments:

�2.	Use the point tool.  In the sketch window, click the left mouse button once.  Hold the shift key down, move the mouse to a different location, and click the left mouse button a second time.  You should see two points encircled in black (highlighted).  

	

	(Black indicates the points have been selected.  If one is not black, use the arrow tool, hold the shift key down, point at the unselected point(s) and click the left mouse button.)  



	Point to Construct on the menu across the top, and click.  A pull-down menu should appear.  The options on this menu which are in black are available to you.  



	Point to Segment and click.  Describe what happens in your sketch window.



























��Editing:

�3.	Use the arrow tool.  Move to the left endpoint of the  segment, depress the left mouse button, and drag the point to another location.  Release the button.  Click on the menu option Edit.  Click on Undo Translate Point.  Describe what happens.













��Labeling objects:

�4.	Make sure the arrow tool is active (this is indicated by an arrow showing the mouse pointer location in the sketch window).  



	Click anywhere in the window away from the drawing.  Nothing is now selected.  (The two little squares on the segment should disappear.)



	Choose the text tool by clicking on the pointing hand on the side bar.  Move the hand in the sketch window so that the finger points to the segment previously constructed at a position away from both endpoints, and is close enough to the segment to become black.  Click the left mouse button. A label should appear near the segment.  Note that points are labeled with capital letters while segments (lines and rays) are labeled with lower case letters.

��Positioning and editing labels:

�Move the finger to the label near the left endpoint; notice that the black coloring is replaced by the letter A.  Hold the left mouse button down, and drag the label.  Notice that the range of movement is limited.  Drag the label to a position  that you prefer.  



	With the finger on the label, double click the left mouse button.  A  Change Label  box should appear.  Type in a different label for the point.  Point to the OK button, and click the left mouse button.  



	Edit the label on the segment in the same manner as you edited the label of the left endpoint.  Type in a label for the segment which uses the names of its endpoints.



	Note:  Capital letters are used by default as labels for points; lower-case letters are used by default as labels for segments, rays, and lines.



What happens when you point the finger at the segment, and click, then click again?  Leave the label for the segment turned off.





















��Information about objects:

�5.	Use the information tool (?).  Point at the segment, and click the left mouse button.  What information does the tool give you?



























��Measuring the length and slope of line segments:�6.	Use the arrow tool.  Point at the segment, and click.  The segment is selected if two squares appear on it.



	Click on Measure on the top menu.  Click on Length.



	With the segment still selected, click on Measure, and click on Slope.



	Click one of the endpoints of the segment; hold the left mouse button down, and drag the point around in the window.  Describe what happens.











��Constructing the perpendicular bisector of a segment:



�7.	Select the segment by clicking on it with the arrow tool.  Click on Construct from the top menu; click on Point at Midpoint in the pull-down menu.



	Holding the shift key down, click on the segment so that both the segment and its midpoint are selected.  From the menus, click on Construct, followed by Perpendicular Line.



	Measure the Slope of the perpendicular line by clicking on these menu options.



	Clear all selections by clicking on a blank area of the window.  Holding the shift key down, use the arrow tool and click on the slope of the segment and the slope of its perpendicular bisector.  Both should be highlighted.

��Performing calculations on measurements:

�	From the menus, click on Measure, followed by Calculate.  (A short cut for this is to double click on the selected measurements.)  In the window that appears, click on the slope appearing in the Value box.



	Click on the key marked  *  (for multiplication).



	Move the pointer to the Value box; hold the left mouse button down; move the highlighter to the other slope; release the button.



	Finally, click on OK.  What did you find for the product of the slopes?











��Making a table of measurements and calculations:�8.	Select the product of the slopes and each of the individual slopes. (Hold the shift key down, and click on each with the arrow tool.)



	From the menus, click on Measure, followed by Tabulate.



	Click on an endpoint and drag it to change the slopes.  Click on the table.  From the menus, click on Measure, followed by Add Entry.  (A shortcut is to double click on the table.)





	Repeat the process to add 3 more entries to the table.  What conjecture might you make based on the entries in the table?

















��Constructing a grid and finding coordinates:�9.        From the menus, click on Graph, followed by Show Grid. Check to make sure that there is a check mark ( next to the menu option Snap to Grid (if not, click on Snap to Grid to select the option).



          Use the mouse to drag each of the segment’s endpoints to a grid point.  Select one endpoint; click on the menu options Measure, Coordinates.  Repeat with the other endpoint.  Drag one of the endpoints to different grid locations.  Describe what you see.













��Calculating slope using coordinates:�10.      Using the arrow tool and shift key, select the coordinates of the two endpoints of the segment.  From the menus, click on Measure, Calculate.  On the calculator that appears, click on  ( , then click on Values, Point A, y , - , Values, Point B, y , ) , / , ( , Values, Point A, x , - , Values, Point B, x , ) , OK .  The value of  � EMBED Equation.2  ��� should be displayed in the sketch window.���Activity 2:  Similarity of Segments





Open a new sketch by clicking the left mouse button while pointing at File, followed by New Sketch.  Maximize the size of the sketch window by clicking on the up arrow in the upper right corner of the sketch window.



1.	Using the straightedge tool, construct two line segments which are parallel and have different lengths.  (To construct a segment, point to the straightedge tool; holding the left button down, highlight the segment tool; release the button.  Move to the sketch window.  Depress the left button and hold it down at the position you wish one endpoint to occupy; drag the marker to the position of the other endpoint; release the button.)  



	Now, use the point tool to construct a point not on the just constructed segment; using the arrow tool and depressing the shift key, select the segment in addition to the point; construct a line through the point parallel to the segment by clicking on Construct, Parallel Line; with the newly constructed line selected, construct a point on the line by clicking on Construct, Point on Object.  



	Hide the line by selecting it (make sure no other objects are selected) and clicking on Display, Hide Line.  Construct the segment joining the two points in the sketch.)



2.	Label each segment using the corresponding endpoints.  Are these segments congruent?  similar?  Explain.







































3.	Activate the line tool in the list of straightedge tools.  Using the arrow tool, select the left endpoints of the two segments and construct and label as  l   the line through the points.



	Construct and label as  m  the line through the right endpoints.

�	Construct and label as  Q  the point of intersection of the two lines  l  and  m  by pointing the arrow tool at the point where the two lines intersect and clicking the left button.  If you have pointed correctly, the point will appear.  (If the point of intersection is not in the window, adjust the lengths of the segments so that it will appear in the window.)



	Construct a point P on the segment closest to Q.  (Select the segment; click on Construct on the menu; click on Point on Object.)  



	Measure the distance between this point and the left endpoint of the segment. (Select the point and the left endpoint by clicking on each while depressing the shift key; click on Measure, Distance from the menus.)



	Construct the line determined by the points P and Q.  Construct the point of intersection of this line with the other segment.  Label this point of intersection  P(.  Measure the distance between this point and the left endpoint of the segment to which it belongs.  Calculate the ratio of the corresponding distance measured on the first segment to this distance.



	Make a table containing the distances between the left endpoints and the constructed points on each of the two segments, and their ratios.  Move the point P (point at P with the arrow tool activated; holding the left mouse button down, drag P to new locations), and add three more entries to the table.  What do you observe?



















4.	Print a copy of each of the sketch windows you have open.  For each window, click on File, Print Preview.  Under Scale, click on Scale to fit page.  Click on Print.





5.	Are any two segments similar?  Explain.

�Activity 3:  Making Scripts





Problem:  Construct a segment congruent to a given segment.



1.	Open a new sketch. (Click on File, New Sketch.)  Construct a segment.  Using the arrow tool, click on a blank space to clear any selections.  Select the endpoints of the segment.  Construct a circle with center at one endpoint and passing through the other endpoint by clicking on Construct, Circle by Center and Point. (Note that the first point selected is the center.)  



	a.	With the circle selected, click on Construct, Point on Object.  Holding the shift key down, select the center (so that both the center and  the newly constructed point are selected).  Click on Construct, Segment.  Click on a blank area.  What have you constructed for the circle?







		For the segment you constructed above, select the endpoint that lies on the circle.   Holding the shift key down, select the circle. Click on Display, Animate, and then click on the button labeled Animate.  Describe what happens.













	b.	What is true about any segment having the center of this circle and a point on the circle as endpoints in relation to the original segment?  Why?













2.	Undo the construction in (1).  (Click on Edit, Undo repeatedly until all that remains is the original segment.)  Construct a segment congruent to the original segment with endpoints not on the original. 



	To do this, construct a point not on the segment; using the arrow tool, select the point and the segment; click on Construct, Circle by  Center and Radius.  



	With the circle selected, click on Construct, Point on Object.  Using the arrow tool, select the constructed point on the circle and the center of the circle; click on Construct, Segment (note: the segment tool must be the active straightedge tool).  Click anywhere in the blank area of the sketch.  



	Hide the circle by selecting it, and clicking on Display, Hide Circle.



	Using the arrow tool, position the arrow in the upper left corner of the sketch window.  Holding the left mouse button down, drag the mouse so that the entire contents of the window are enclosed in a dotted box.



	From the menus, click on Work, followed by Make Script.  A script box will appear and record the steps of your construction.



	Click on File, Save As.  Under directories, double click on the letter corresponding to the drive where your floppy disk is located (probably [a]).  Type in congseg as the name of the script, and press the enter key.  The construction can now be repeated any time by opening this script file and playing it.

�

Activity 4:  Constructing and Dilating Angles





1.	Open a new sketch.  Use the straightedge tool for constructing segments.  Construct a segment in the sketch window.  Use the point tool to construct a point not on the segment.  



	With the newly constructed point selected, click on the Transform menu; click on Mark Center.  This will be your center of scaling (or dilation).  Select the segment (including its endpoints).  Click on Transform, Dilate, OK.  Describe what happens.  What does the fixed ratio determine?

























2.	Open a new sketch.  Use the straightedge tool for constructing rays.  Construct a ray in the sketch window.  Use the point tool to construct a point not on the ray.  



	Use the arrow tool.  Make sure no object is selected by clicking on a blank area of the sketch window.  Holding the shift key down, select the endpoint of the ray and the point not on the ray, in that order.  Construct the Ray from the endpoint through the point.  What geometric figure have you constructed?  Explain.



 





















�3.	Construct and select a point that is not on either of the rays constructed above.  With the newly constructed point selected, click on the Transform menu; click on Mark Center.  This will be your center of scaling (or dilation).



	Choose the arrow tool.  Click on a blank area of the sketch to deselect the point.  Select the two rays by positioning the arrow above and to one side of the common endpoint, depressing the left mouse button and dragging so that the dotted box intersects the two rays and encloses the common endpoint.  Holding the shift key down, select the other named points on the two rays, if they are not already selected.  Make sure the center of scaling is not selected (highlighted).  From the menus, click on Transform, Dilate, OK.  Describe what happens.  























4.	Measure the original object that you constructed and its transformed image.  To measure the object, select a point on each ray and the common endpoint, making sure that the common endpoint is selected as the middle point; click on Measure; click on the name of the object which should be highlighted.  Repeat this process to measure the transformed image.  How do the measures compare?





	

	Move the center of dilation around in the sketch.  Change the size of the original object by dragging one of the points on one of the rays.  What seems to be true about the two measurements?









5.	Move the center of dilation so that it coincides with the endpoint of the ray you constructed in (1).  What do you observe?



















6.	Discuss the relevance of what is demonstrated in (1) through (4) for the congruence and similarity of angles.















7.	What seems to be true about the rays of the original construction and the rays of the transformation?  Discuss how you might use the Sketchpad to investigate your conjecture, and do so.

�Activity 5:  Bisecting Angles



1.	Open a new sketch.  Use the ray tool to construct an angle.  If they are not already labeled, label the vertex A and the two points on the determining rays  B  and  C.  Select the angle by holding the shift key down and clicking on B, A, and C in that order (the vertex must be selected second).  To construct the angle bisector, click on Construct, Angle Bisector.



	Construct a point on the angle bisector.  Write a plan for using Sketchpad to  find the distance of the constructed point from each of  the sides of the angle. (Remember that the distance from a point to a line is the length of the perpendicular segment connecting the point and the line.)  Implement the plan and place the distances in a table.  Move the constructed point to different positions on the bisector.  Add three additional entries to the table.



	What do you observe?





















2.	Change the size of the angle.  Compare the distances of the point on the angle bisector to the sides again.





















3.	What conjecture might be formed on the basis of your investigation so far  in this activity?













�4.	Construct a segment in a blank area of the screen.  Select the vertex of the angle and the segment.  Construct a circle centered at the vertex with radius congruent to the segment by clicking on Construct, Circle by Center and Radius.



	Construct the points of intersection of the circle and the sides of the angle.  Construct the segment joining these two points.  What seems to be the relationship between the angle bisector and this segment?  Explain how you might use Sketchpad to investigate, and do so.



































5.	What are the implications of what you have observed in using a compass and straightedge to construct the angle bisector?







�
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Sketchpad Introduction






Sketchpad Introduction









Click here to make the sketch window fill the program’s window.



Information tool.



Text or labeling tool.



Click here to make the Sketchpad window full screen.



Straightedge tool.



Compass tool.



Point tool.



Arrow or select tool.
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