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Review of Prerequisites:





	1.	Circumference of a circle



		The  circumference  of a circle is its length, or the distance around the circle.



	2.	Inscribed polygon



		An   inscribed polygon  in a given circle is a polygon for which the vertices lie on the circle.



	3.	Regular polygon



		A  regular polygon  is a polygon in which all sides are congruent and all angles are congruent.



	4.	Pythagorean Theorem



		The  Pythagorean Theorem  states that the square of the length of the longest side of a right triangle (the side opposite the right angle) is equal to the sum of the squares of the lengths of the remaining two sides.









Objectives:





	1.	To demonstrate the constant ratio of the circumference of a circle to its diameter;



	2.	To demonstrate a method of approximating  p  using polygons inscribed in a circle, the Pythagorean Theorem, and technology.







Materials List:



	1.	Triman compass

	2.	Geometer’s Sketchpad

	3.	TI82 calculator





�Activity:	Perimeters of inscribed polygons





1.	On each of the following pages, a circle has been constructed.  A number line has also been constructed for which the unit of measurement is the radius of the circle.  



	On each page, inscribe a polygon (not necessarily regular) with the given number of sides by selecting points on the circle and connecting them with line segments.  Space the points so that all the sides of the polygon decrease in length as their number increases.  



	Using as a unit the radius of the circle, approximate the circumference of the circle by using the compass to mark off the perimeters of the inscribed polygons on the lines provided.  Record each perimeter in radial units.



�	a.	4 sides					Perimeter ( ____________________

�

�	b.	6 sides					Perimeter ( ____________________

	��	c.	8 sides					Perimeter ( ____________________

�

2.	What is the relationship between your answers in (1) and  p ?  How would you estimate  p  with greater and greater accuracy?

























�Activity 2:	Using exhaustion to approximate (



Open the computer program Geometer’s Sketchpad.  Click the mouse on File, Open. Open the file square.gsp by clicking the mouse on the file name, then on OK. Open each of the files octagon.gsp, 16_gon.gsp, 17_gon.gsp, and 32_gon.gsp by repeating the procedure.



	In each of the sketches, a regular polygon has been inscribed in a circle; the perimeter of the polygon has been measured; the circumference of the circle has been measured; and the ratio of the polygon’s perimeter to the diameter of the circle has been calculated.



	1.	In each of the sketches, grab the point labeled  B  by pointing at it with the mouse, depressing the left mouse button (and holding the button down - do not release the button).  Drag  B  both away from and toward the center of the circle.  Watch the measurements as you drag  B.  What do you observe in each of the sketches?



















	2.	Record the calculated ratios in each of the sketches.

	

�Square�Octagon�16_gon�17_gon�32_gon��Number of sides�������Ratio of perimeter to diameter�������











	3.	In (a) and (b), you observed that one of the displayed quantities never changed in each of the sketches.  What is the mathematical reason for this?















�
Extension:






1
.	
In the diagram below, a square is inscribed in a circle
 of diameter one.
  Find  s , the length of an edge of this square, using the Pythagorean Theorem.  What is the perimeter of this inscribed square?






�









2.	
If four points are inserted on the circle midway between the vertices of the square in (
1
) and the resulting 8 vertices connected with line segments, a regular octagon is inscribed.  The edge of this octagon, t , can be calculated by using the value of  s in (
1
)
.  Use the 
Pythagorean 
Theorem
 to find 
t
.
  Use the 
TI82 calculator to approximate  t.  Approximate the perimeter of the octagon.



�











3.	The process you used in (2) to find the length of an edge of an inscribed regular oct
agon from the length of an edge of an inscribed square may be generali
zed.
  
In the diagram below, � EMBED Equation  ��� represents the length of a side of a regular polygon with  � EMBED Equation  ��� sides inscribed in a circle of radius  � EMBED Equation  ���.  
(So,  
�
 
EMBED 
Equation 
 
�
�
�
 is the length  
s
  that you calculated in (1).)  
Use the Pythagorean Theorem to write expressions for each of the designated quantities:



� EMBED Word.Picture.6  
�
�
�

	�EMBED Equation����seq User_Box  \* Arabic  \h
�
 = _______		





	h2 = _________
_______





	h  = ____________
____





	
� EMBED Equation  ���= ________
_____



















	
�
 
EMBED 
Equation 
 
�
�
�
  = ___
___________
___________________________________________________



          
 (Express  in terms of  
�
 
EMBED 
Equation 
 
�
�
�
.)















4
.	By 
applying the formula found in 
(3)
 and the value for  
�
 
EMBED 
Equation 
 
�
�
�
, the lengths of edges of regular polygons having 
8, 
16, 32, 64, 128, . . . sides and inscribed in the circle can be found and approximated
.  






	
Use 
X(Plore) 
to
 approximate
 
the edges of these regular inscribed polygons
.  To do this, 
load the 
program.  Press 
F10
 to switch to the 
Subroutine Window
.  Define the sequence
 that you discovered in 
(3) by entering the lines in the following figure.






�
+------------------------X(PLORE) - Prentice Hall 1993-------------------------+


¦ F1 Help       F3 Mark Text      F7 Save     No Last Graph      sF8 Dir       ¦

¦ F2 Printer    F4 Insert Text    F8 Load     F10 Input Window    Insert       ¦

+---------------------------------Subroutines----------------------------------¦

¦function s(n)                                                                 ¦


¦s1=1/sqrt
(2)  
                                                                ¦

¦for k=2 to n                                                                  ¦

¦s2=sqrt((1/2-sqrt(1-s1^2)/2)^2+s1^2/4)                                        ¦

¦s1=s2                                                                         ¦

¦end                                                                           ¦

¦return s1                                                                     ¦

¦end                                                                           ¦

¦                                                                              ¦


+------------------------------------------------------------------------------+



	
Return to the 
Input Window
 by pressing  
F10
 again.





	In the 
Input Window
, enter the lines in the figure below.





+------------------------X(PLORE) - Prentice Hall 1993-------------------------+


¦F1 Help     F3 Mark Text    F5/F6 Output �         F7 Save   No Last Graph    ¦

¦F2 Printer  F4 Insert Text  Ctrl-Q  Quit           F8 Load   F10 Subroutines  ¦

¦Insert      Radian          Ctrl-Enter  InsLine   sF8 Dir   sF10 Clear All    ¦

+---------------------Input----------------------------------Output------------¦

¦                                                ¦ANS = 0.19509                ¦

¦table(s(n),2^(n+1),n=1,8,1)                     ¦                             ¦

¦table(s(n)*2^(n+1),n=1,8,1)                     ¦                             ¦

¦                                                ¦                             ¦


¦                                                ¦                             ¦

+-----------------------Last Result---------------------------Memory Available-¦

¦Table Complete                                             ¦     253696       ¦

+-----------------------------------------------------------Last Graph in Memory






	
Entering t
he 
first line 
yields a table that
 gives the lengths of edges of regular polygons having  4 sides (recognize this?), 8 sides, 16 sides, 32 sides, 64 sides, 128 sides, 
256 sides
, and 512 sides
 respectively, all inscribed in a circle of diameter 1.  
What
 values are in the table yielded by entering
 the second line
?










	
Use th
e
s
e
 
tables
 to complete the 
following
:



�PRIVATE ���PRIVATE ��No. Sides:       n 
�
Length of a side:  s
�
Perimeter:       n.s
�
�    4
�
�
�
�    8
�
�
�
�   16
�
�
�
�   32
�
�
�
�   64
�
�
�
�  128
�
�
�
�
  256
�
�
�
�
  
512
�
���
�seq User_Box  \* Arabic�
2
�









































5
.	Discuss the relationship between the 
preceding
 and finding an approximation for  p.  The method outlined requires the approximation of what type of numbers?



�
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