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Summary:

An activity designed to lead students to the understanding of the sequence of figurate numbers – square, rectangular, and triangular.  The students then explore the formulas for the sequences using explicit formulas.  Also includes a short history of figurate numbers.  While I use this lesson in Algebra II, it could be adapted to levels from 7th grade to 12th grade.

Objective:

To introduce the history, terminology, and notation of the sequences of figurate numbers.  To develop the explicit formula for each of the sequences and to use as an introduction to recursive formulas.

Materials:
Student activity sheets, calculators.
Lesson:

Place the students in groups of three.  Hand out student Activity Sheets.  Read the history/introduction as a class.  Have the students complete the activity sheets, while circulating and answering questions.  At the end of the class period, wrap up the activity by having the students share their finding on the activity.  End the lesson by giving the formulas for each sequence.

Assignment:
Have students summarize their finding in a math journal.
Student Sheets
In Class Activity

Figurate number sequences

The Pythagoreans studied a great deal of mathematics from about 550 B.C. to 300 B.C.  Among their study of geometry, music, and astronomy was the study of numbers themselves.  They studied the properties of numbers.  They developed a system to identify even, odd, prime, and composite numbers.  They also represented numbers arranged in a geometric figure.  The figures that were used were polygons, for instance triangles, squares, pentagons, etc.  

The Pythagoreans were a secretive society.  They were founded by Pythagoras, who was born in about 580 B.C.  The noble born Pythagoreans were so secretive that they did not write down any of their great work, but rather passed it from member to member through oral lessons. 

Nicomachus of Gerasa (A.D. 100), of Greece, wrote Introductio Arithmetica, which included a complete discussion of figurate numbers.  While Nicomachus was not the originator of the works, he concisely compiled many generations of work.  From his documents we are able to get a feel for the work of the Pythagoreans.  

Today we will study some of the same number patterns studied by Pythagoreans.

In groups of three students, please continue the following patterns
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Return to the three above problems.  
1. Count the number of dots, place that number below the figure.  This number is called a figurate number.
2. What geometric shape is used for each sequence? 

#1.

#2.

#3.

3. What patterns do you notice?  How are successive terms related to each other in each sequence?  Or how is the term related to the term position in the sequence?
#1.
#2.

#3.
The next section we will develop an explicit formula for the above sequences.

1.
Find the nth term for sequence #1.
2.
Find the nth term for sequence #2.

3.
Using the explicit formula for #2, find the nth term for #3.
Teacher’s Sheet
In groups of three students, please continue the following patterns
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Return to the three above problems.  

1. Count the number of dots, place that number below the figure.  This number is called a figurate number.

2. What geometric shape is used for each sequence? 

#1.
square
#2.
rectangular
#3.
triangular
I recommend drawing the rectangular figures on the board or overhead, then having students share the patterns they see.  
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This will also lead to the triangular numbers pattern, by shading half the rectangular figures.
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3. How are successive terms related to each other in each sequence?  Or how is the term related to the term position in the sequence?

#1.
May say adding successively larger odd numbers, or n2  
#2.
May say adding successively larger even numbers, or something to the effect of n(n+1)
#3.
May say adding successive whole numbers between terms.  Hopefully someone will see that triangular numbers are ½ the value of the rectangular numbers.
The next section we will develop an explicit formula for the above sequences.

1.
Find the nth term for sequence #1.  
 Tn = n2
2.
Find the nth term for sequence #2.

Tn = n(n+1)
3.
Using the explicit formula for #2, find the nth term for #3.
Tn = ½ n(n+1)
