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Now that we have an understanding of Monte Carlo’s approach to probability, we will work a tougher, more interesting problem.  I will calculate a close estimate of the land area of the state of Georgia.  There are preliminary steps that cannot be shown explicitly, but they have been simulated in the above diagram.  What I must do first is create a figure that resembles dart board in the previous example.  Basically, I need a sketch of Georgia that is drawn to scale and is a good estimate of the state’s exact shape.  To do this, I used a state map.  On the map, I constructed segments that marked the boundaries of the state.  The border of the white portion of the figure above represents the segments I drew.  As you can see, the diagram of Georgia includes too much area in places and excluded area in other places.  This is fine as long as the outlined area seems to be the best fit.  From this point, I simply used a ruler, using centimeters, to measure the lengths and heights of the segments that serve as the state’s border.  I have scaled my measurement down.  The scale of my figure is 70 : 1. So, when my diagram shows the south eastern corner of the state 3.3 centimeters from the south western corner, that distance translates into (3.3 * 70) or 231 miles.

Now that the problem is set up and the particulars have been explained, let us try to find the area of Georgia.  The logical thing to do would be to find the area of the white figure above.  For starters, that would not necessarily require Monte Carlo’s approach.  If we did make it a point to incorporate Monte Carlo’s approach, we would probably use the exact same steps we used in the first example.  Either of those two ways may be a bit easier, but they lack the breadth of content knowledge and use of technology compared to another, more alternative method.  The method I will use uses knowledge of slopes, inequalities, understanding mathematical logic, and technology, including spreadsheets and computer programming.  As you can see, students would have much more to gain using the third, more demanding way.

Let me explain my chosen method.  I will use the coordinates of the points the find equations for the boundary of Georgia.  I will end up with 5 equations in all.  Remember, simply finding the area of the figure is not my only desire.  I want to find the area, yes, but I want to go about it using Monte Carlo’s approach.  Therefore, I must find a way to simulate the randomness of dart throwing from the previous example.  I know the domain and range of the larger outer square (the pink portion plus Georgia) is 
[image: image2.wmf] and 


[image: image3.wmf].  I can use a spreadsheet to randomly select points with coordinates that meet this requirement.  I will keep track of the how many points, out of n, are located inside the state and set up a ratio, similar to the one from the first example.  

Let me first state the five equations I will use: 
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Using a spreadsheet allows me to use a series of "If…Then…" statements to test whether the randomly generated points satisfy each of the five inequalities above.  (Actually, the inequalities should be equalities, but that presents the problem of points that fall on the border.  These points are so few, I chose not to include them, hence the use of inequalities.)  Since I only have the spreadsheet produce points with x and y coordinates greater than or equal to zero, I only have to use "If…Then…" formulas for three inequalities.  These formulas make up the 4th, 5th, and 6th  columns of my spreadsheet.  The 1st column is simply a counter to let you know how many trials I perform.  The 2nd and 3rd columns are randomly generated numbers between 0 and 5 that serve as the x and y coordinates, respectively, of my random points.  Once I run my "If…Then…" formulas, I tally the number of points that land inside Georgia.  (A "1" means the point passed the first "If…Then…" test.  Each one implies a satisfactory point.)  This total is labeled "Total # of Trials out of 5000 Falling Inside Georgia".   This gives me all my experimental data.  Now I must set up a ratio and solve it.  This is the essence of the Monte Carlo approach to probability.  The ratio is:  
[image: image5.wmf].  In this formula, n is not a variable. It stands for the number found in the previous step.  Since my diagram enclosing Georgia is 5 cm by 5 cm, I use 25 in the denominator to represent 25 sq cm.  Once I solve for x, I multiply this number by 4900 (remember my scale is 1 cm = 70 miles) to convert to square miles.  I have calculated this value to be around 55,000 - 65,000 square miles.  Since the spreadsheet is producing randomly generated points every time the spreadsheet is altered in any way, the calculated land area will change, sometimes drastically.  

Other problems that could be explored include finding the average land area produce by the spreadsheet.  Determine the average deviation of all areas from the average area.  The problem does not have to be over just because an answer for the area of Georgia is found.  Have the students explore as needed.
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