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How-to Approximate π Experimentally or

Having a Piece of Pi with the Count

Relevant Subject: Mathematics
This lesson is aimed for Algebra II, Pre-Calculus or Calculus students.  This is also well suited for an AP Calculus or Statistics class.

Grade Level: 11th or 12th Grade

Topic of the Lesson/Demonstration: Buffon’s Needle (Statistics, Algebra, Calculus)


In 1777, Le Comte de Buffon, a French mathematician, posed perhaps the first problem in the field of geometric probability.  If you drop a needle on a piece of lined paper, how likely is the needle to touch one of the lines?  Amazingly, the probability is inversely related to π!  Let’s take the simplest case, where we use a needle of a length we will call one and lined paper where the distance between the lines is that same length.
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       to nearest line = d


  If we drop a needle randomly onto the paper, there are two variables.  The angle at which the needle falls relative to the horizontal (θ) which can vary between 0 and 180 degrees or 0 and π radians.  The other variable is the distance from the center of the needle to the closest line (d) and this can vary from between 0 and ½ the length of the needle as it can never get more than ½ d which would bring it closer to the next line.  The needle will touch the line of the lined paper if the distance to the nearest line, d, is less than ½ sinθ.  If we plot a graph of “hits” with d along the y-axis and θ on the x-axis, we get a curve like the following.
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This shows that the probability of getting a “hit” would be the ratio of the shaded area to the whole rectangle (1/2 times π or π/2).  Now to find the area of the shaded portion, let’s use a little calculus (if you are not familiar with this, you’ll have to take my word on its validity!).  The shaded area is equal to the definite integral ½ sin(θ) evaluated from zero to π, which is 1.  The probability of a hit is then 1/(π/2) or 2/π.  Since the probability of a hit is # of hits/# of attempts, we have # hits/# attempts = 2/π and if we flip both sides and multiply by 2, we get 2 * (# attempts/# hits) = π.  There are two ways this can be shown; using a PowerPoint demonstration, or using a document camera to develop this concept.  I find the latter to get the students more involved than passively observing.  This method also invites questions and responses more readily creating an active learning environment.


Now that the theory is out of the way, here comes the fun part.  Demonstrate this exact process by taking a piece of paper and drawing a whole bunch of parallel lines one inch apart.  Then take a one inch long piece of wire and drop it repeatedly on that piece of paper being displayed on an AverVision Document Camera and recording the number of attempts and the number of times your “needle” hits a line.  A couple of features I find especially helpful are the AVerBox feature and the AverVisor.  For the first few drops, apply the AVerBox feature by expanding only the area around the needle and determining whether or not it clearly touches.  The AVerVisor portion can be useful by starting at the top of the lined paper and moving down, clearly showing whether to register a “hit” or “miss”.  If you are in a classroom where there are uniform tile floors, create dowels the same length as the distance between tile rows; this can be your lined paper!  Try to make this process as random as possible by rotating the paper frequently and not dropping your “needle” from the same position every time.  After fifty or so drops, calculate 2 * (# attempts/# hits).  What number did you get?  If you did this with others, check out their results and add them together and you will find that your experimental values for π get closer and closer to 3.141592654.


If you want to see lots and lots of results and have access to the internet, there are many interesting Java Applet programs that will drop a needle for you.  Two examples that I find visually helpful are http://www.angelfire.com/wa/hurben/buff.html and http://www.mste.uiuc.edu/reese/buffon/bufjava.html.  These can be demonstrated after results have been condensed in class if you have a SmartBoard or a monitor with an S-video cable with which to display the results.  Remember, have fun and enjoy this piece of π!

