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Approximating area of irregular figures using 
Pick’s Theorem
[image: image1.png]You know how to find the area of polygon
regions, but how would you find the area
of the dinosaur footprint at right?

You know how to place a polygon on a
grid and count squares to find the area.
‘About a hundred years ago, Austrian
mathematician Georg Alexander Pick
(1859-1943) discovered a relationship,
now known as Pick's formula, for finding
the area of figures on a square dot grid.
Lets start by looking at polygons on a
square dot grid. The dots are called lattice
‘points, Lets count the lattice points in the

interior of the polygon and those on its boundary and compare our findings to the
areas of the polygon that you get by dividing them into rectangles and triangles.

Polygon A Polygon B
5 boundary points 5 boundary points

Tinterior point 0 interior points

Polygon C

3 boundary points

5 interior points




[image: image2.png]How can the boundary points and interior points help us find the area? An
important technique for finding patterns is to hold one variable constant and see
‘what happens with the other variables. Thats what youll do in the next activity.

In this activity you will first investigate patterns that emerge when you hold the
area constant. Then you will investigate patterns that emerge when you hold the
number of interior or boundary points constant. The goal is to find a formula that
relates the area of a polygon to the number of interior and boundary points.




Activity
Dinosaur Footprints and Other Shapes
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Step 1:

Prove that each polygon D through G above has an area A = 12.

Step 2:

Let b be the number of boundary points and i be the number of interior points.  Complete the table below for the polygons above with A = 12.

	
	D
	E
	F
	G

	Number of boundary points (b)
	
	
	
	

	Number of interior points (i)
	
	
	
	


Step 3:


Study the table above and look for a relationship between b and i.  Graph the pairs (b,i) from the table and label each point.  Write an equation that fits the points.




















































Now you will take a look at what happens when you hold the interior points constant.

Step 4:

Polygon B has b = 5, i = 1, and A = 1.5.  Using square dot paper, draw other polygons with no interior points.  Calculate the area of each polygon.

Step 5:

Complete the table below for polygons with interior point i = 0.

	Number of boundary points (b)
	3
	4
	5
	6
	7
	8

	Area of polygon
	
	
	
	
	
	


Step 6:

Polygon A has b = 5, i = 1, and A = 2.5.  Using square dot paper, draw other polygons with exactly one interior point.  Calculate the area of each polygon.
Step 7:

Complete the table below for polygons with interior point i = 1. 
	Number of boundary points (b)
	3
	4
	5
	6
	7
	8

	Area of polygon
	
	
	
	
	
	


When you hold the interior points constant, what happens to the area of the polygons as the boundary points increase?  Write your observation below.

__________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
Now you will take a look at what happens when you hold the boundary points constant.

Step 8:

Polygon C has b = 3, i = 5, and A = 5.5.  On square dot paper draw other polygons with exactly three boundary points.  Calculate the area of each polygon.

Step 9:

Complete the table below for polygons with boundary point b = 3 constant.  When the boundary point stays the same for each polygon, what happens to the area?
	Number of interior points (i)
	0
	1
	2
	3
	
4
	5

	Area of polygon
	
	
	
	
	
	


Step 10:

Organize all your data and complete the table below.  Look for any patterns and then generalize the formula to find the area of an irregular shape if you know the number of boundary points and the number of interior points.



Area (as a function of b and i)

	
	
	
	
	
	
	
	

	
	
	3
	4
	5
	6
	7
	8

	
	0
	
	
	
	
	
	

	
	1
	
	
	
	
	
	

	
	2
	
	
	
	
	
	

	
	3
	
	
	
	
	
	

	
	4
	
	
	
	
	
	

	
	5
	
	
	
	
	
	


Let b be the number of boundary points and i be the number of interior points.  Then the 
area, A can be calculated using the equation: ________________________________.
Now that you have an equation, you can use it to approximate the area of an irregularly shaped region.  Below are three examples.  Use what you have to approximate the area of each shape.  Be sure to use the proper units.
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Number of boundary points (b)





Number of interior points (i)








