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Paper Folding
	Concepts

· Exponential Functions
Materials

· TI-84 Plus Family
· 8.5 x 11 Paper
	Overview

In this activity, paper folding will be used to explore a pattern of “doubling” to find an exponential model for the data.
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Introduction 


In a previous activity, exponential models were determined from numerical geometric patterns by repeatedly multiplying a positive start number (not 1) by a positive number.


However, it is important to consider data in context. In this activity, paper folding and doubling is used to answer some questions related to length measures.





Numerical Procedure


If you could fold a piece of typing paper 20 times, how thick would it be (in inches or centimeters)? 


Guess an answer (no calculators!), and write down your guess.


If you could fold a piece of typing paper 40 times, how thick would it be?


Make a conjecture and write down your guess.


Make a conjecture of how many times you could actually fold a piece of paper.


Intuitively, guess how many folds would create a thickness that would surpass the St. Louis Arch in height.


Take a piece of paper, and begin to fold it.

















Fill in the table below after each fold.





Folds�
Number of Thicknesses�
Thickness�(in. or mm)�
�
0�
1�
�
�
1�
2�
�
�
2�
4�
�
�
3�
8�
�
�
4�
�
�
�
5�
�
�
�



After making five folds, discuss the pattern in the number of thicknesses.


Fill-in the blank: The number of thicknesses is ____ raised to the power of the number of folds.�So, the number of thicknesses after n folds is ________.


Measure in inches or centimeters the thickness of a ream of paper and divide that number by 500 (the number of sheets in a ream).


One sheet of paper is about __________ inches thick or about __________ mm thick.


Fill in the third column with the actual thickness in inches or mm.


By way of example, suppose one sheet of paper is 0.004 inches thick. Clear the Home Screen on your calculator, type .004, and press (. 


Press ( ( to recall the previous answer which is stored in �.


Type the multiplication key, the number 2, and press (.


The display �is called the “Entry.” Since � is the answer to the previous calculation, or .004, the entry � gives the result .008 (Figure 1). After the second line, � is now the previous answer.


Press ( ( to paste the Entry �onto the third line of the Home Screen. Predict the value of the entry �__________ (Figure 2).


Press ( to confirm.








If you continue to press (, you will simply replay the previous entry. As you press ( repeatedly, count until the twentieth fold is completed.


The result after the 20th fold is __________ inches. 


Convert this to feet. Answer: ______________ feet.





Graphical Procedure


Scatterplot


Enter the data into lists:�L1 = number of folds �L2 = thickness


Graph the scatterplot (L1, L2).


Use the screens shown in Figures 3 to 6 as examples.


Exponential Model


Determine a best-fitting model for the data of the thickness after n folds.


The third column of the table above shows that the second thickness is .008 inches = 0.004 


The next thickness is .016 inches = 0.008  = 0.004 2.


In the same manner, the thickness after the third fold is.032 inches = 0.004 3.


Continuing this pattern for 20 folds shows that the thickness of the paper is 4194.304 = 0.004 20. 


Therefore, the thickness of the paper after the 40th fold is 0.004 40 inches.


What is the exponential function for this data?


Determine a decimal equivalent of the thickness after 40 folds: �0.004 40 inches= ____ inches.= ------ feet = _________miles. 


Discuss why this thickness is not twice the thickness of the paper after 20 folds.


How does the answer for the thickness after 40 folds compare to the circumference of the Earth (approximately 25,000 miles)?





Graph the model (Y1=0.004*2^x) and the data (create a scatterplot) together. See Figure 7.


Use a graph and a table to answer the following questions:


How thick would the folds be if you could fold a piece of paper 25 times?


How many times would you have to fold the paper to reach the top of your school building? Assume your school is 40 feet = 480 inches tall.


Test your conjectures.


Set up the ( feature of your calculator to verify your conjecture using ( by pressing ( ( (Figure 8).


Go to (, and type in a guess.


The table immediately evaluates the output value of the function in Y1.


Continue to make guesses until you reach the desired accuracy. See Figures 9 and 10.


The domain of the problem situation is a set of whole-numbers that represent the number of folds, but numerically “zooming in” on the real number solution to the equation gives an algebraic solution to the discrete problem.






































Teacher Notes


Answers to selected questions:


Numerical Procedure


6-10.Take a piece of paper, and begin to fold it. Fill in the table below after each fold. 


Participants will quickly see that the number of thicknesses is 2 raised to the power of the number of folds. Therefore, the number of thicknesses after x folds is 2x.


Now, address the question about the thickness of the paper. Measure the thickness of a ream of paper and divide that number (in inches or centimeters) by 500. One sheet of paper is about 0.004 inches thick.





Folds�
Thicknesses�
Thickness (in inches)�
�
0�
1 = 20�
~ 0.004�
�
1�
2 = 21�
~ 0.008 = 0.004 • 2 �
�
2�
4 = 22�
~ 0.016 = 0.004 • 2 • 2 = 0.004 • 22�
�
3�
8 = 23�
~ 0.032 = 0.004 • 2 • 2 • 2 = 0.004 • 23�
�
4�
16 = 24�
~ 0.064 = 0.004 • 2 • 2 • 2 • 2 = 0.004 • 24�
�
5�
32 = 25�
~ 0.128 = 0.004 • 2 • 2 • 2 • 2 • 2 = 0.004 • 25�
�
x�
2x�
~ 0.004 • 2x�
�



Fill in the third column with the actual thickness in inches. After the first fold, the paper is 0.008 inches (0.004*2=0.008) thick. After the second fold, the paper is 0.016 inches thick.


To use your calculator, enter 0.004 on the Home Screen, and press (. Press the multiplication key followed by the number 2, and press (. The result is .008. Continue to press (, and count until the twentieth fold is completed.


The result after the 20th fold is 4194.304 inches. Convert this to feet. Answer: 3490525 feet.














Graphical Procedure


13.  Determine a decimal equivalent the thickness after 40 folds: �0.004 40 inches= 4398046511 inches�= 366503875.9 feet = 69413.61286 miles


16.	Use a graph and a table to answer the following questions:


How thick would the folds be if you could fold a piece of paper 25 times? Ans: 134217.728 inches.


How many times would you have to fold the paper to reach the top of your school building? This would be an appropriate place to demonstrate “guess-and-check” solving using a table in the ASK mode.
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