Historical PI (()
Abstract

This lesson is designed to introduce students to the origins of pi.  The activities and discussions enhance the student’s understanding of pi in a historical context.

Objectives

Upon completion of the lesson, students will:

· Be able to approximate pi using basic geometric figures.

· Understand the origins of pi in a historical context.

Standards

The activities and discussions in the lesson address the following NCTM Standards:

Geometry

Analyze characteristics and properties of two-and three-dimensional geometric shapes and develop mathematical arguments about geometric relationships
· Precisely describe, classify, and understand relationships among types of two-and three-dimensional objects using their defining properties;

· Understand relationships among the angles, side lengths, perimeters, area, and volumes of similar objects;

Measurements

Apply appropriate techniques, tools, and formulas to determine measurements

· Select and apply techniques and tools to accurately find length, area, volume, and angles measure to appropriate levels of precision;

Student Prerequisite Skills
· Arithmetic: Student must be able to:

· Add, subtract, count, multiply, divide
· Technological: Student must be able to:

· Use a calculator to square numbers

Key Terms

This lesson introduces the students to the following terms:

· Area

· Perimeter

· Pi

Lesson Outline

1. Focus and Review 

Remind students about what they have learned in previous lessons that is pertinent to this lesson and/or have them think about the words and ideas of this lesson:

· Ask students to recall information about squares, circles, and polygons.

· Ask students to recall how we calculate the area of a square and circle.

· Discuss what it means to talk about the area of a circle, square, or polygon.

2. Objectives

Let the students know what they will be doing and learning today.  Say something like:

· Today, we are going to learn more about areas and how Archimedes might have arrived at a value for Pi.
· We are not going to use a computer or calculator, since these tools were not available in 250 B.C.

· We are going to learn a little about the history of the time.

3.
Teacher Input 

· Discuss Archimedes and the time period in which he lived. 

· Lead a discussion about how the students think Archimedes might have arrived at a value for Pi.
· Discuss the relationships that were known at the time, between the area of a circle and the radius.
· Historical Notes: (C.A.287-212B.C.) In ancient Greece, Archimedes found that ( to be between 223/71 and 22/7 by circumscribing and inscribing regular polygons about a circle. 
Six hundred years later, in a set of Indian manuscripts called Siddhantes

(System of Astronomy, 400 A.D.) the value for ( = 3 177/1250 or 3.1416.

It is thought that fifth century Hindu mathematicians used Archimedes’

methods to find the value of  (, but this isn’t known for certain.


Chinese mathematicians who had always used the decimal system, also


searched for the value of  (.  In 718 A.D., one Chinese document shows


that ( = 92/29 = 3.1724. Liu Hui (250 A.D.) definitely used a variation of


Archimedes’ method, inscribing a polygon of 192 sides and finding (

between 3.141024 and 3.142704.  Taking it further, he found ( = 3.14159


by inscribing a polygon of 3,072 sides.

· Explain to the students how to do the assignment.  Demonstrate on the board or overhead the overview of how they are going to calculate Pi.
4. Guided Practice

Archimedes’ method for finding a numerical approximation for ( is elegant and easy to follow.  He chose regular polygons, both inscribed and circumscribed on a circle.  The first pair were regular hexagons.  He next produced regular 12-gon, then 24-gon, 48-gon, and ending with 96-gon. If we were to construct these figures you would see that the perimeter of the inscribed and circumscribed polygons would soon approximate each other.  Therefore, the areas would approximate each other.

We are going to use a circle with a radius of 6 inches and inscribe a square then find the area of the square.


We will circumscribe a square about the same 6 inch circle and find the area of the square.


From these two areas make a reasonable estimation of the area of the circle and justify your answer.


Archimedes knew there was a relationship between the radius and area of a circle.  We will use the relationship of Area = ( times the radius squared.
5. Independent Practice

Construct and find the area of the square inscribed in the circle of diameter 6 inches as shown below:
State any facts and relationships that are know about the figure in 250 B.C.
[image: image1.emf]
Find the area of the circumscribed square about the same circle with a diameter of 6 inches.

[image: image2.emf]
What is the area of the larger square?
What is the area of the smaller square?

We have an upper bound for the area of the circle and the lower bound for the area of the circle.

Estimate the area of the circle might be?

(Remember they knew there was a relationship between the area of a circle and the radius. Area = constant x radius squared)

________           = constant x 3 inches squared

Your estimate 
What is your estimate of pi (()?

What is a current approximation of ( to two decimal places?

6.
Closure

Archimedes’ used 96 sided polygons inscribed and circumscribed about a circle to show that the perimeters were very close to the same.  We used inscribed and circumscribed squares and estimated an area between them.  There is a lot of differences between the two approaches but in both cases we used geometry to obtain an estimate of ( which is used in our algebraic equations.

For a historical chronology of pi go to 
http://www-groups.dcs.st-and.ac.uk/~history/HistTopics/Pi_chronology.html
on the web.
Assessment Strategies
If you are looking for the student’s understanding or the mathematical calculation, have them compute another estimation of ( using a circle with a diameter of 10 inches.
If you are looking for an understanding of history have the students write a paragraph explaining Archimedes method.
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Appendix

Handout
Construct and find the area of the square inscribed in the circle with a diameter 6 inches as shown below:

State any facts and relationships that are know about the figure in 250 B.C.
[image: image3.emf]
Find the area of the circumscribed square about the same, 6 inch diameter, circle. 

[image: image4.emf]
What is the area of the larger square?

What is the area of the smaller square?

We have an upper bound for the area of the circle and the lower bound for the area of the circle.

Estimate the area of the circle.
(Remember Archimedes knew there was a relationship between the area of a circle and the radius. (Area = constant x radius squared)

________           = constant x 3 inches squared

Your estimate 

What is your estimate of the constant or pi (()?

What is a current approximation of ( to two decimal places?

Explain the difference in your estimation of ( and the current two decimal approximation of (.
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