Course 2, Chapter 4: Negative Exponents Solutions
A negative exponent indicates a fraction and is related to the positive exponent that is its opposite. Folding a square of paper can illustrate this. In this activity, you will model paper folding virtually using Sketchpad before collecting data from actual paper folding.
Activity

Step 1  Open a new sketch. Use the File menu to open the Sketchpad folder on your computer or CD. From the Samples folder, select Custom Tools. From this menu, select Sliders and Fractions. Minimize the pages. 
Step 2  Hold down the Custom Tool icon at the bottom of the tool bar. Select  Sliders and Integer Horizontal. Place a slider near the upper left corner of the page by clicking on the page. The slider should be set at 0. If it is not, drag it so that you see a = 0. Drag the        a = 0 label beneath the slider. Make another slider located about three inches to the right of the first slider. Arrange it in the same way.
Step 3  From the Measure menu, select Calculate. In the box, click on 2, the ^ symbol, and the label of the first slider. Click OK. Drag the calculation so that it is below the slider. Repeat the process for the second slider.

Step 4  Click on the first slider’s a = 0 label and calculation. From the Graph menu, select Tabulate. Drag the table beneath the first slider. Repeat for the second slider.
Step 5  From the Graph menu, select Show Grid. Also from the Graph menu, select  Plot Point and enter the coordinates for (8, 8). Use the Alpha Tool to name the point A.
Step 6  Select point A and both axes. From the Construct menu, select Parallel lines.  Use the Point Tool to mark the intersection of the lines with the axes. Name the intersection points B and C. Use the Arrow Tool to select the parallel lines. From the Display menu, select Hide Objects to hide the lines. Use the Straightedge Tool to draw segments that form a rectangle that has vertices of points B, A, and C and the origin.
Step 7  Use the Straightedge Tool to draw the diagonal 
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. From the Construct menu, select midpoint. Draw the line segment from the midpoint to the origin. 

Step 8  Draw a line segment along the longest side of the “lowest” triangle (the triangle formed with vertices at the origin, point C, and the midpoint.) Find the midpoint of this new segment. Connect the midpoint to the opposite side of the triangle. Select the vertices of the newly formed (far right) triangle. Construct its interior, and select Area from the Measure menu.
Step 9  Make three more triangles using the midpoint of the longest side of the previous triangle. Based on their orientations, the new triangles should always be the lowest triangle or the far right triangle. The base of your final triangle should measure two units.

	Folds
	Layers

	0
	1

	1
	2

	2
	4

	3
	8

	4
	16

	5
	32

	6
	64

	7
	128

	8
	256


Analyze the Results
The analysis begins by collecting data from paper folding. Before you make any folds, the paper is one single layer. In other words, the number of layers equals one when the number of folds is zero. 

1a. Record this value in the table to the right.
1b. Fold the paper once. Record the number of folds and corresponding number of layers. 
1c. Fold the paper four more times. Each time, record the number of folds and resulting number of layers. Then, complete the table with the pattern that you observe. 
(Note: Depending on your purpose, there are several approaches you can have students take when folding their papers. If students fold letter size papers along diagonals, the upper surface of paper exposed after each fold models one of the triangles formed in Steps 8 and 9. However, if students fold letter size paper in half, the layers will be easier to count.)

With the first slider set at a = 0, double click on the table to record current values for a and 2a. Drag the slider to a = 1. Double click on the table again to record values for a and 2a.  Repeat for values of a through a = 8. Compare the table on your sketch with the one you completed with paper folding. 
2. What is the significance of the ^ symbol? What is the relationship between the number of folds and the number of layers?  The ^ symbol represents an exponent. The number of folds raised to the second power equals the number of layers.
3. What is the relationship between the area of each triangle and the one before it? 

How is this related to the number of layers?  The area of each preceding triangle is twice the area of the one that follows. There are twice as many layers each time.
With the second slider set at a = 0, double click on the second table to record current values. Drag the slider to the left a = –1 and record the data. Repeat for values of a through a = –8. 
To use fractions to compare the area measurements, hold down the Custom Tool icon at the bottom of the tool bar. Select Fractions and fraction reducer (formatted).  
Start by comparing the area of the square to itself. Click on the area of the square twice. Drag the fraction next to the table.  Next, click on the area of the largest triangle and then the area of the square. Continue comparing the area of each triangle to the area of the square. Drag the fractions in the order you create them next to the table. 

4. Look at the denominators of the fractions. How can you get each denominator from the previous one? Compare the denominators to the number of layers shown in the table for the first slider. How do they compare?  Multiply by 2; they are the same.
5. Look at the decimal values of the fractions and the table with the negative powers of 2. What is true about the values? How does the number of layers correspond to the negative exponents? What does a negative exponent mean? They are the same; they are also the same; Possible answer: It means the base with the opposite exponent is placed in the denominator of the fraction.
6. Write a fraction that is equal to 
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 using a positive exponent. What is its decimal equivalent? Use a calculator to check your answer. 
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; 0.25
7. Rewrite 
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using a positive exponent and as a decimal. Use a calculator to check   your answer.   
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; 0.04
Possible discussion topic: It is commonly believed that it is impossible to fold an object, such as a sheet of paper, in half more than 7 times. Ask students what they think? Recent experiments have found that very thin membranes can be folded more than 7 times. 
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