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Buffon’s needle problem

A journey from an old recreational problem to modern mathematics
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An old recreational problem
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(a) Georges-Louis Leclerc, (b) de I'Acad. Roy. des. Sciences (1733), 43—-45
Comte de Buffon,
1707-1788
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An old recreational problem
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(a) Georges-Louis Leclerc,
Comte de Buffon,
1707-1788

(b) de I'Acad. Roy. des. Sciences (1733), 43—-45

Suppose we have a floor made of parallel strips of wood, each the same
width, and we drop a needle onto the floor. What is the probability that the
needle will lie across a line between two strips?
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Oups! The match boxes has fallen! @

(a) Buffon’s nreedte match problem
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Oups! The match boxes has fallen!
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31 out of 100 needles are crossing
Empirical probability = 31 %
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(b) Computer simulations

(a) Buffon’s nreedte match problem
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(b) Computer simulations

(a) Buffon’s nreedte match problem
B Is 31% a good estimation of the real probability?
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(b) Computer simulations

(a) Buffon’s nreedte match problem

B Is 31% a good estimation of the real probability?
| [f | throw again 100 needles, will | see again 31% of needles crossing a line?
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I ran out of matches. But luckilly | have a computer.
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31 out of 100 needles are crossing
Empirical probability = 31 %

(a)lsit31% ?

Buffon’s needle problem - 12 Nov 2021 - Page 4




RIS

I ran out of matches. But luckilly | have a computer.
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33 out of 100 needles are crossing

31 out of 100 needles are crossing
Empirical probability = 31 % Empirical probability = 33 %
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(a)lsit31% ? (b) 33%?
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I ran out of matches. But luckilly | have a computer.
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31 out of 100 needles are crossing 33 out of 100 needles are crossing 36 out of 100 needles are crossing
Empirical probability = 31 % Empirical probability = 33 % Empirical probability = 36 %
(b) 33%2? (c) or 36%?

(a)lsit31% ?
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A million experiments!

s}

1e+06 experiments with 100 needles
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A million experiments!
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1e+06 experiments with 100 needles
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B We need to throw more needles!
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How many needles do we need?

10000 experiments with 100 needles

Nb of experiments
400 600 800
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Empirical probability
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How many needles do we need?

10000 experiments with 100 needles 10000 experiments with 1000 needles
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How many needles do we need?
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How many needles do we need?

10000 experiments with 100 needles

400 600 800

Nb of experiments

200

10000 experiments with 10000 needles
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Buffon’s needle problem
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Empirical probability
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Nb of experiments

Nb of experiments

10000 experiments with 1000 needles
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10000 experiments with 1e+05 needles
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Results of our simulations... and a surprising observation.

Empirical probability of crossing = 0.318
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Results of our simulations... and a surprising observation.

Empirical probability of crossing = 0.318

1 1

= =3.14...
Empirical probability of crossing  0.318
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Empirical probability of crossing = 0.318
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Let’s compute it!

L)

B 1 = distance between the most left point of a the needle and the next vertical
line,

B 0 = angle between the needle and a horizontal line.
Two observations:
1. z € [0,2] and 0 € [—7/2, /2] are uniformly distributed

2. The needle crosses a line precisely when x < cos 6.

/2 2
d deo
Probability = / / 1(z < cosf)— e
—7/2 0
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line,
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Two observations:
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2. The needle crosses a line precisely when x < cos 6.
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Let’s compute it!

L)

B 1 = distance between the most left point of a the needle and the next vertical
line,

B 0 = angle between the needle and a horizontal line.
Two observations:
1. z € [0,2] and 0 € [—7/2, /2] are uniformly distributed

2. The needle crosses a line precisely when x < cos 6.

/2 2
dx df 1 1
Probability = // 1(z < cosf) —x—:? / cosG‘def
7
-n/2 0 —m/2
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Two observations explained by two theorems

Doing our simulations we have observed.

1. When we throw a loooooot of needles the proportion of needles crossing a line
is always close to the probability of crossing.

10000 experiments with 1e+05 needles

6000 10000

Nb of experiments

0 2000

T e e ]
00 02 04 06 08 10

Empirical probability

Buffon’s needle problem - 12 Nov 2021 - Page 9




I

Two observations explained by two theorems

g

Doing our simulations we have observed.

1. When we throw a loooooot of needles the proportion of needles crossing a line
is always close to the probability of crossing.

2. When we do many experiments with many needles the histogram has the shape
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Two observations explained by two theorems

Doing our simulations we have observed.

R

1. When we throw a loooooot of needles the proportion of needles crossing a line

is always close to the probability of crossing.

2. When we do many experiments with many needles the histogram has the shape

of a bell
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Go study mathematics!! and learn about
1. The law of large numbers.

2. The central limit theorem.
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Questions

1. What if the needle has a different size?
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Questions

1. What if the needle has a different size?

2. What if the needle is longer than the space between the lines?
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Questions

L)

1. What if the needle has a different size?
2. What if the needle is longer than the space between the lines?

3. What if the needle is not straight? (Buffon’s noodle problem)
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Questions

L)

-

What if the needle has a different size?
What if the needle is longer than the space between the lines?

What if the needle is not straight? (Buffon’s noodle problem)

> 0D

Can we play this game in 3 dimension? (stereology)
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Questions %%
1. What if the needle has a different size?

. What if the needle is longer than the space between the lines?
. What if the needle is not straight? (Buffon’s noodle problem)

. Can we play this game in 3 dimension? (stereology)

o » O N

Thank you for your attention!
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