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Exponential Growth Introduced
Answer Key

Handout 1:  “Exponential Growth”

	Chess Square Number
	Number of Grains of Rice
	Number Sentence Producing the Number of Grains of Rice

	1
	1
	1

	2
	2
	1 x 2

	3
	4
	1 x 2 x 2

	4
	8
	1 x 2 x 2 x 2

	5
	16
	1 x 2 x 2 x 2 x 2

	6
	32
	1 x 2 x 2 x 2 x 2 x 2

	7
	64
	1 x 2 x 2 x 2 x 2 x 2 x 2

	8
	128
	1 x 2 x 2 x 2 x 2 x 2 x 2 x 2

	9
	256
	1 x 2 x 2 x 2 x 2 x 2 x 2 x 2 x 2

	10
	512
	1 x 2 x 2 x 2 x 2 x 2 x 2 x 2 x 2 x 2

	11
	1024
	1 x 2 x 2 x 2 x 2 x 2 x 2 x 2 x 2 x 2 x 2

	12
	2048
	1 x 2 x 2 x 2 x 2 x 2 x 2 x 2 x 2 x 2 x 2 x 2


1. A number in a column is always two times the number above it. This is because according to the video, the king has to put twice the number of rice grains on the next chess square.

2. The number of 2’s in column 3 is always one less than the number of the square of the chessboard. For example, on chess square number 1 there are zero 2’s while in the second chess square, there is one 2. In the 12th chess square there are eleven 2’s.

a. 24 = 2 x 2 x 2 x2 = 4 x 4 = 16

b. 32 = 3 x 3 = 9
c. 53 = 5 x 5 x 5 = 25 x 5 = 125

d. 102 = 10 x 10 = 100

3. y = 2(x-1)

To see why this works, try writing out some examples. We’ll skip the first square for the moment, and start with the second square, that is, x = 2.  

For the second square, x = 2, and y, or 2(x-1) becomes 2(2-1) or 21 , or 2, which is the number of grains of rice on the second square.  

For the third square, x = 3, and y, or 2(x-1) becomes 2(3-1) or 22 , or 4, which is the number of grains of rice on the third square.

Make certain that students see why this pattern can continue forever as the number of the squares increases.

Now, what about square 1, which has only a single rice grain.  How does the algebraic expression explain this?

Note to teachers:  This allows you to extend your lesson to the exponent 0, which was created as an extension that satisfies the rules of all the other exponents. It would be valuable to students at this stage to develop an understanding of how the 0 exponent is an essential extension of rules of exponents that satisfies the structure of the exponential notation.  To work through the following explanation for the students, you can have them build a table that is essentially the reverse of the table of increasing powers of 2 in problem 1, that is, starting from a higher value exponent and working back to 20, and the value of 1 for both the square and the number of rice grains.  This is described in words in the following:

For square 1, x = 1, and y, or 2(x-1) becomes 2(1-1) or 20 .  And this value must be 1 for the expression to work.  But how can we understand this?  By building the pattern of whole-number exponents in reverse:  


So, working from a convenient value, say, an exponent of 5, and the value of 25.  Each time we divide by the base, we decrease the exponent by 1.  So—


To go from 25 to 24, we divide by 2.  So 25, or 32, divided by 2, is 16, or 24.

Next, 24, or 16, divided by 2, is 8, or 23.

Next, 8, or 23, divided by 2 is 4, or 22.

Then, 4, or 22, divided by 2, is 2, or 21.

Finally, 2, or 21, divided by 2, is 1.  So how do we write the exponent?

1 = 20.

Note that any base to the 0 exponents is also 1, to maintain consistency of all exponential structures.  For instance, an algebraic expression for problem 1 would be y = 3(x-1).

4. If the king triples the amount of rice then we can use the same table above, but each time we triple the amount of rice:

	Chess Square Number
	Number of Grains of Rice
	Number Sentence Producing the Number of Grains of Rice

	1
	1
	1

	2
	3
	1 x 3

	3
	9
	1 x 3 x 3

	4
	27
	1 x 3 x 3 x 3

	5
	81
	1 x 3 x 3 x 3 x 3

	6
	243
	1 x 3 x 3 x 3 x 3 x 3



We can therefore write the equation as y = 3x-1 and use the same logic as in problem 6 to justify our answer.

 Assessment A

	Number of the Month
	Account balance (amount of money in account), in dollars

	0
	1

	1
	2

	2
	4

	3
	8

	4
	16

	5
	32

	6
	64

	7
	128

	8
	256

	9
	512

	10
	1024

	11
	2048

	12
	4096


 Assessment B

	Day
	Number sentence for the number of e-mails sent
	Total number of e-mails sent each 2-day period

	1
	10
	10

	2
	10 x 10
	100

	3
	10 x 10 x 10
	1,000

	4
	10 x 10 x 10 x 10
	10,000

	5
	10 x 10 x 10 x 10 x 10
	100,000

	6
	10 x 10 x 10 x 10 x 10 x 10
	1,000,000


1. t = 10n.
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