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Report Summary

For problem 1, we determined that terminating decimal expansions are multiples of 2 and/or 5. For problems 2 and 3, we use the geometric summation formula to represent a repeating decimal in the rational number form p/q. Jacob Brozenick provide the solution for problems 2 and 3; Anthony Mayle helped to manage the team and wrote the PowerPoint presentation; Kenny Milnes checked the work and helped to solve problem 3; Timothy Sweetser provided the answer for problem 1 and authored the report.
Problem Descriptions
Problem 1
Determine which values of q in the expression p/q will cause the termination of the resulting decimal expansion. Likewise, find the conditions under which the expression will repeat indefinitely.

Problem 2

Provide a method which enables the student to convert a repeating decimal to the rational form p/q.

Problem 3

Represent the following repeating decimals in rational number form:

a. 13.201201…

b. 0.2727…

c. 0.2323…

d. 4.163333…

*Show that 0.999… represents the number 1. **Consider alternative decimal representations for rational numbers.
Solutions
Problem 1

Our conjecture is that the decimal expansion of p/q will terminate when q = 5x * 2y, where x and y are positive integers. Essentially, this means that the expansion will terminate if q is a multiple of 5 or 2, or a combination of multiples of 5 and 2. Any other value of q will cause the decimal expansion to repeat indefinitely. To establish this conjecture, we created a program which calculated the value of 1/q, where q is an integer between 1 and 3125 (approximately), inclusive. We then parsed this output for terminating numbers, resulting in a list of 37 values. The following list contains the first 10 values of q (for positive integer values of x and y) which resulted in terminating decimal expansions:
q = 50 x 20 = 1; 1/q = 1/1 = 1
q = 50 x 21 = 2; 1/q = 1/2 = 0.5
q = 50 x 22 = 4; 1/q = 1/4 = 0.25
q = 51 x 20 = 5; 1/q = 1/5 = 0.20
q = 50 x 23 = 8; 1/q = 1/8 = 0.125
q = 51 x 21 = 10; 1/q = 1/10 = 0.1

q = 50 x 24 = 16; 1/q = 1/16 = 0.0625
q = 51 x 22 = 20; 1/q = 1/20 = 0.05
q = 52 x 20 = 25; 1/q = 1/25 = 0.04
q = 50 x 25 = 32; 1/q = 1/32 = 0.03125
As you can see, these values can be written as multiples of 2 and 5. A cursory scan of the original list will show that no repeating values submit to this standard.
Problem 2

If you look at the example, they give 3.135 (with 135 repeating), which can be written as follows:

3.135135135135... 

You can see that this is nothing more than a repeating series of numbers. In the case of a repeating decimal, this repeating series of numbers is called a geometric sequence—that is, in order to get each term you must multiply the previous term by some constant value. For instance, we can multiply the previously noted 135 by .001 (or 1/1000) to get the next 135 in the series. If we know this, we can use the geometric summation formula to convert the original number into a ratio.

To find the sum of terms in a geometric sequence, use the following formula:

Sn = a1 * ([1-rn] / [1-r])

In this formula:

n is the number of terms you are adding up

a1 is the first term in the sequence

r is the common ratio in the geometric sequence

Sn is the sum of the first n terms in a sequence

For the problem 3.135135…, when r < 1, the top half of the formula simply reduces to a1.

We can then establish the following:

a1 = 135/1000

r = 1/1000

Using the formula, we reach the following conclusions:  

135/1000 / (1 - 1/1000)

= 135/1000 / 999/1000

= 135/1000 * 1000/999

= 135/999

= 135/999 + 3/1 (Add the 3)
= 135/999 + 2997/999

= 3132/999
= 3.135135… (Check the answer)

Therefore, 3132/999 = 3.135135….

Problem 3

a. Convert 13.201201… to rational number form

a1 = 201/1000

r = 1/1000

Solution:  

(Apply the formula) 
201/1000 / (1 - 1/1000) 

= 201/1000 / 1000/999

= 201/999

(Add 13) 

201/999 + 13/1 = 13188/999

(Check) 

12188/999 = 13.201201…

b. Convert 0.2727… to rational number form

a1= 27/100

r   = 1/100

Solution: 

(Apply the formula)   27/100) / (1 - 1/100)
= 27/100 / 100/99

= 27/99

(Check) 

27/99 = 0.2727…

c. Convert 0.2323… to rational number form

a1= 23/100

r   = 1/100

Solution:  

(Apply the formula)   23/100 / (1 - 1/100)
= 23/100 / 100/99

= 23/99

(Check) 

23/99 = 0.2323…

d. Convert 4.16333… to rational number form

       a1= 3/1000

        r   = 1/10

Solution:

(Apply the formula)
3/1000 / (1 - 1/10)
= 3/1000 / 10/9

= 3/900

(Add 4.16)

3/900 + 416/100 = 3747/900

(Check)

3747/900 = 4.16333…

* Show that 0.999… represents 1. (Using the formula provided by the book.)


Solution:




r = 0.999…




10r = 9.99…




10r – r = 9.99… - 0.999…




9r = 9




r = 9/9




Therefore, r = 1

** 0.9999… = 1.0 = 1.000…
�Good job!





