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Figure 15-9. 10,000 random values with ,LI = 0 and cr = 1, 
created by using the NORMINV worksheet function. 

The solid curve is the theoretical distribution. 
(folder 'Chapter 15 Examples', workbook 'Randomize', worksheet 'Normal Distribution') 

Monte Carlo Simulation 
The Monte Carlo method is any technique of random sampling employed to 

approximate solutions to quantitative problems. Often the system being 
simulated is clearly one that involves random processes, as, for example the 
Random Walk problem, sometimes described as the path a drunk takes as he 
staggers away from a telephone pole. If he takes N steps, each of length I, and 
each in a completely random direction, how far will he be from the telephone 
pole after the N steps? The problem can be solved algebraically (the answer is 
d = l f i ) ,  but it's apparent that a suitable answer can be obtained by using a 
random number to obtain an angle (the direction of each step relative to the one 
before), and thus the distance from the start point after each step. Figure 15-10 
illustrates the result of such a calculation. Phenomena such as collisions of 
molecules in a gas, or neutron shielding, can be modeled similarly. 

In other examples, the simulation appears little more than a game or 
diversion, but provides unexpected information. A classic example is the 
problem called Buffon's Needle, first proposed in 1777. A needle of length 1 is 
dropped on a sheet of paper with parallel rulings of spacing D. What is the 
probability of the needle crossing one of the lines? The surprising result is that 
the answer provides an estimate of the value of 7c. 
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Figure 15-10. Random walk, 2000 steps of length 1. 
The large diamond symbol is the position at the end of 2000 steps, a distance of 48.9 

from the start point at 0,O. The "theoretical" distance 1 f i  = 44.7. 
(folder 'Chapter 15 Examples', workbook 'Random Walk', worksheet 'Random Walk') 

We can solve the problem in the following way: (i) generate a random 
number to calculate an angle 8, (ii) generate two more random numbers to obtain 
the x and y coordinates of one end of the needle, (iii) from the coordinates of the 
end, the length 1 of the needle and the angle 8, calculate the coordinates of the 
other end of the needle, (iv) use these two pairs of coordinates to determine 
whether either end of the needle crosses a gridline, (v) repeat the process N times, 
counting the number of needles that cross a gridline. Figure 15-1 1 illustrates the 
situation after 2000 needles of length 1 = 2 have been dropped on a sheet of paper 
with ruling spacing D = 2 (the calculation is simplified when 1 = 0). According 
to statistical theory, the ratio N/Nc ( N  = total needles dropped, N, = number of 
needles that cross a line) is equal to 7d2. 


