Activity 1:  Graphs of Linear Equations in Three Variables





Materials:	3d geoboard, scissors, yarn in two colors, dowel pegs, small paper clip





1.	Use a three-dimensional geoboard to answer the following questions.





a.	Consider the "floor" of the geoboard.  It lies in the plane determined by the lines which form the x-axis and the y-axis, called the  xy-plane.  What is the  z-coordinate of every point in the xy-plane?








Describe a necessary and sufficient condition for the coordinates of  a point to satisfy in order for the point to belong to the xy-plane:








The  xy-plane is equal to the set of points corresponding to





  {(x,y,z) ½                                               }





b.	The "walls" of the geoboard are the  xz-plane (the plane determined by the x-axis and the z-axis) and the yz-plane (the plane determined by the  y-axis and the  z-axis).  What is the  y-coordinate of every point in the xz-plane?








The  xz-plane is equal to the set of points corresponding to 





  {(x,y,z) ½                                             }





c.	What is the  x-coordinate of every point in the  yz-plane?








The  yz-plane is equal to the set of points corresponding to





  {(x,y,z) ½                                            }





2.	Let  T = {(x,y,z) ½ x = 3}.  





a.	Does  (3,0,1)  belong to  T ?  Why or why not?











b.	Does  (4,3,1)  belong to  T ?  Why or why not?











c.	List the coordinates of several points which belong to  T.  Find the location of these points using the 3d geoboard.  Describe the graph of  T  in space relative to the planes determined by the coordinate axes.






































3.	Using the 3d geoboard, thread yarn through the points with coordinates  (11,0,6) and  (0,11,6),  (0,9,6)  and  (9,0,6),  (5,0,6)  and  (0,5,6),  and (0,3,6)  and  (3,0,6).  





a.	What are the  z-coordinates of the points belonging to the stretched yarn?











b.	Place a sheet of paper so that it rests on the stretched yarn and is flush with the sides of the geoboard.  What is the z-coordinate of any point on the paper?











c.	Write an equation which describes a necessary and sufficient condition for an ordered triple  (x,y,z)  to represent a point on the plane which contains the paper.











d.	Is this plane parallel to any of the planes determined by the coordinate axes?  If so, which one(s).  If not, explain why not.

















4.	Write an equation which describes the plane parallel to the  xz-plane and passing through the point with coordinates  (2,3,4).  What is the y-intercept of this plane?

















5.	Write an equation which describes the plane parallel to the yz-plane and passing through the point with coordinates  (2,3,4).  What is the x-intercept of this plane?




















6.	Let  T = {(x,y,z) ½ x + 2y + z = 10 }.  





a.	If (1,0,z) ( T, what equation must  z  satisfy?











b.	If  (0,y,z) ( T, what equation must  y  and  z  satisfy?











c.	Let  S1 = {(0,y,z) ½ (0,y,z) Î T }.  If  y = 0 and (0,y,z) Î S1, what is the value of  z?








If  z = 0  and  (0,y,z) Î S1, what is the value of y ?








List  four additional ordered triples belonging to  S1  with positive integral values for  y  between  0  and  5.





	(0,1,_____) , (0,2,_____) , (0,3,_____) , (0,4,_____)





d.	Using the geoboard, mark the points corresponding to the ordered triples listed in (c).  What do you observe about these points?











If you were to graph all the members of  S1 , what would the graph be?











e.	Let  S2 = {(4,y,z) ½ (4,y,z) Î T }.  Write an equation which  y  and  z  must satisfy in order for  (4,y,z)  to belong to  S2.

















Find where the graph of  S2  intersects the xz-plane (i.e., y = 0) and where it intersects the  xy-plane (i.e., z = 0).





List two additional members of  S2  having positive integral values for  y between  0  and  3.











f.	Using the geoboard, mark the points corresponding to the ordered triples listed in (e).  What do you observe about these points?











If you were to graph all the members of  S2 , what would the graph be?











g.	What seems to be true about the graphs of  S1  and  S2 ?

















h.	Find  the points where the graph of  T  intersects the coordinate axes (the intercepts) and stretch yarn between these points.  Describe how you might use yarn to mark all of the points belonging to the graphs of  S1  and  S2 with nonnegative coordinates and do so with yarn of a different color.

















Can you position a sheet of cardboard to that it rests on all the pieces of yarn you have stretched?  What is the geometric significance of this relative to the points on the stretched yarn?














i.	Describe the graph of  T.




















j.	What points are sufficient to determine the graph of  T ?  Use geometry to explain your answer.























7.	Let  T = {(x,y,z) ½ 3x + 4y + 2z = 12}.  





a. 	Find the intercepts of  T.























b.	Describe the graph of  T.  How would you use the 3d geoboard to visualize the graph?























8.	Let  T = {(x,y,z) ½ x - 2y  + 3z = 6}.





a. 	Find the intercepts of  T.

















b.	Describe the graph of  T.  How would you use 3d geoboard(s) to visualize the graph?


























9.	Describe the graph of  T = {(x,y,z) ½ ax + by + cz = d  where  a,b,c,d Î R }.  How would you use the 3d geoboard(s) to visualize the graph?
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