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Course 3, Chapter 8: Constant Differences
In Chapter 1, you used the method of constant differences to determine if a relationship is linear. In this activity, you will apply the method of constant differences to nonlinear relationships.
Activity

Step 1  Open a new sketch. From the Graph menu, select Show Grid and Snap Points.   Use the Arrow Tool to select the origin and drag it so that it is positioned in the lower third of the sketch, horizontally centered. Select the point (1, 0) and, from the Display menu, select Hide Unit Point.
Step 2  From the Graph menu, select Plot Points. The dialogue box should show (1, 1).  If not, enter these coordinates in the dialogue boxes. Click Plot and Done.
Step 3  Use the Straightedge Tool to draw a line (not a segment) through the origin and the point that you plotted in Step 2. Use the Point Tool to place a point somewhere above the line. The exact location of this new point is not important.
Step 4  Select the point that you placed in Step 3 and the y-axis. From the Construct menu, select Parallel Lines. Use the Point Tool to mark the point where the vertical line intersects the line you drew in Step 3. Use the Alpha Tool to name this point A. Then, mark the point where the vertical line intersects the x-axis. Hide the lines.
Step 5  Draw a line through point A parallel to the x-axis. Mark the point where the horizontal line intersects the y-axis. Hide the line.

Step 6  Name the point on the x-axis point B; the origin, point C; the point on the y-axis, 

point D; (1, 1), point E; and the original point you placed above the line, point F.

Step 7  In order, select points A, B, C, and D. Select Quadrilateral Interior from the Construct menu and Area from the Measure menu.
Step 8  Select point A and, from the Measure menu, select Abscissa and Ordinate.  (The abscissa is another name for the x-coordinate of the point, and the ordinate is another name for the y-coordinate.) Find the abscissa of point B. Drag this abscissa below        point B.  Drag coordinate values close to their respective points. Measure the distance between points B and C. Select Calculate from the Measure menu. To find the product of the segment’s length and the quadrilateral’s area, click on the length of BC,                          the * symbol, and the area of quadrilateral ABCD. Click OK.
Step 9  In order, select the abscissa of point A, the ordinate of point A, the area of the quadrilateral, and the calculation from Step 8. From the Graph menu, select Tabulate. Drag the table into the upper left of the page.

Analyze the Results
1. Look at the abscissas of points A and B. If necessary, select point F and drag it so that both abscissas are equal to one. What kind of quadrilateral is quadrilateral ABCD? 
2. What is the relationship between xA and yA?  Between xA and the area of the square?  Between xA and the value of the calculation?   
3a. Double click on the table to record the current values. Drag point F so that the abscissas of points A and B are equal to two. Double click on the table to record these values. Continue to drag point F one unit at a time, recording the new data after each move. Stop when the abscissa of point A is 10.
3b. Record yA, Area, and Calculation values where indicated in the tables below.
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4. Complete the 1st Differences row for the xA and yA table by subtracting yA values. The values for 8 –1 and 27 – 8 are given. What do you notice about the first difference values?
5. Complete the 1st Differences and 2nd Differences rows for the xA and Area table. Describe the values in both rows.
6. Complete the 1st Differences, 2nd Differences, and 3rd Differences rows for the              xA and Calculation table. Describe the values in all three rows.

7. Look at the level of differences (1st, 2nd, and 3rd) that was needed to get the same value. What do you think this means about the type of relationship shown in each table?
8. Return to your sketch and select point E. From the Edit menu, select Edit Plotted Point and change the coordinates to (2, 1). How does the quadrilateral change? 
9. Select the table. Click on the lower button to clear the table. Repeat the process described in Question 3 with the new quadrilateral. What is the relationship between xA and yA? Between xA and the area of the square? Between xA and the value of the calculation?   
10. Suppose you completed tables like those in Question 3b for this new data. How would the xA and yA table first differences compare with those differences found in Question 3b? How would the xA and Area table second differences compare? How would the xA and Calculation table third differences compare?

11. How do you think the 1st, 2nd, and 3rd differences would change if you changed the coordinates of point E to (0.5, 1)? Use your sketch to test your conjectures. 
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