Archimedes’ Recipe for π
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Lesson Summary: 
This activity is based upon one that was designed for a PBS NOVA video called “Infinite Secrets.  The original lesson plan can be found on the following website:

http://www.pbs.org/wgbh/nova/teachers/activities/3010_archimed.html
Pi, π, is a constant that is irrational and represents the ratio of a circle’s circumference to its diameter.  This activity will be a variation of Archimedes’ method of determining pi by measuring the perimeter of regular polygons inscribed within circles.
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Lesson Introduction / Motivation:  
Archimedes (287 BC – 212 BC) was a Greek mathematician and inventor.  He is considered by some math historians to be one of history’s greatest mathematicians.  Among his many discoveries and observations, he is often known for the Archimedes’s principle.  While taking a bath he had realized that the buoyant force of an object is equal to the weight of the displaced fluid, and ran naked shouting down the street, “Eureka!  I have found it!”

Pi, π, is a constant that is irrational and represents the ratio of a circle’s circumference to its diameter.  No matter what size the circle is, the value of pi is the same.  Pi is an irrational number, meaning that the sequence of digits is infinite and non-repeating.  Pi cannot be represented as a ratio of two whole numbers; any rational value in fractional form or as a real number with a fixed amount of digits after the decimal point can only be an approximation.  In order to obtain a more accurate value of pi, Archimedes measured the perimeter of regular polygons that inscribed and circumscribed a circle.  By increasing the number of sides to the polygon, he could approach the true measurement of the circumference and approximate pi by the ratio of the perimeter of the polygon to the diameter of the circle.  Archimedes used a 96 sided polygon to reach his best approximation.
After determining a reasonable approximation of pi, show the students pi to a large number of decimal places and give a prize to the group that can recite the most decimal places at the end of class.

 Lesson Plan: 
1. Begin with an introduction to Archimedes and the concept of pi.

2. Each group of students should have a set of circles with regular polygons inscribed within them.  There should be many different polygons with increasing numbers of sides.  Students should note that as a polygon increases its number of sides, it will look more and more like a circle.  So an infinite sided polygon will actually be a circle.  (You can ask how many sides does a circle have and respond jokingly, “Two: an inside and an outside!” In fact, depending on the definition, a circle can have 0, 1, or infinite sides.)
3. Each group will measure the diameter and length of the sides of each polygon they have and make a chart of the measurements.  They will then calculate the perimeter and the ratio of the perimeter to the diameter.  Since the regular polygon is inscribed within the circle, the perimeter of the polygon must be less than the circumference of the circle.  (This is not necessarily true for concave shapes, i.e. stars.)  Therefore, the ratio of the perimeter to the diameter of the circle will be less than pi.  As the number of sides increases, the polygon “fits” the circle better and the perimeter becomes a better approximation for the circumference.

4. Have the students make a scatterplot and observe that there is an asymptotic trend towards pi.  Students should try to predict the value of pi.
5. Ask the students to tell you what the true value of pi is.  “Is pi equal to 3.14?  3.14159? 22/7?”  Make sure that they understand that each of these values are only an approximation.

6. Show the students your best approximation for the value of pi, calculated to a large number of decimal places.  Give them a short period of time to memorize and reward for reciting a certain number of digits correctly or reciting the most digits.

Assessment: 

· Students should observe the trend of increasing the number of sides of the inscribed regular polygon and the relationship to the circumference.  They should be able to explain how the polygons begin to look more “circular” and that the perimeter approaches the circumference.
· Collect the charts and the scatterplots.  Encourage students to draw the asymptote on the scatterplot by explaining that is the value the “curve” approaches as the number of sides approaches infinity.
· Students should have a good estimate of pi.  Showing them your best approximation along with the memorizing contest will help reinforce the lesson.

· You may also give extra credit to students that can recite pi in class to the hundredth digit, or something to that effect, later on or during the school year.



Lesson Extensions: 
Students can draw polygons that circumscribe the circle and measure the perimeter of those as well.  This would more accurately represent Archimedes’ method.  Using this method, students can determine both an upper and a lower bound for pi.

Students can also construct their own circles with a compass and try to inscribe and superscribe regular polygons using a ruler and protractor.  Depending on their abilities, this may be somewhat challenging and may be assigned as a homework assignment prior to the lesson.
Instead of giving the students the value of pi to a large number of digits, ask them if they can do some research and find it.  You may wish to give extra credit or other reward for students that can accurately recite pi to the hundredth digit in front of the class.

 
Materials List:

Circles with Polygons Inscribed

Metric Rulers

Multimedia Support and Attachments:  

· http://www.pbs.org/wgbh/nova/teachers/activities/3010_archimed.html 

· Activity worksheet
References:  

· Nova Online: Nova Teachers – Infinite Secrets
· http://www.pbs.org/wgbh/nova/teachers/activities/3010_archimed.html
· Wikipedia.org – Archimedes
· http://en.wikipedia.org/wiki/Archimedes


Please email us your comments on this lesson: 
E-mail to ljohnson@cvm.tamu.edu
Please include the title of the lesson, whether you are a teacher, resident scientist or college faculty and what grade you used it for. 



Teacher's Comments: 
Students should be able to measure to the nearest millimeter, and ideally, the ruler should be longer than the polygon disc.  Also, we found that the calculations could get somewhat difficult without a calculator, especially if several decimal places are required.
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