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Summary for the day

Common Distributions

Linearity of Expectation:
⋄ Mean of binomial random variable.
⋄ Fermat primes.

Chebyshev’s Theorem:
⋄ Application: Monte Carlo Integration.

Questions from the class

Dependence
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Chebyshev’s Inequality (Statement)

Chebyshev’s Inequality
Let X be a random variable with finite mean � and finite
variance �2. Then

Prob(∣X − �∣ ≥ k�) ≤
1
k2

.

Sometimes called Chebyshev’s Theorem.
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Chebyshev’s Inequality (Proof)

Proof: Letting f denote the density of X :

Prob(∣X − �∣ ≥ k�) =

∫

∣x−�∣/k�≥1
f (x)dx

≤

∫

∣x−�∣/k�≥1

(

x − �

k�

)2

f (x)dx

≤
1

k2�2

∫ ∞

−∞

(x − �)2f (x)dx

=
�2

k2�2
=

1
k2

.
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The n-dimensional sphere

Volume of the n-dimensional sphere

Consider the n-dimensional sphere of radius 1/2 centered
at the origin, which lives inside the n-dimensional unit
cube. Let �n be the ratio of the sphere’s volume to that of
the cube (i.e., the sphere’s volume). How large must n be
before �n < .01 (i.e., before the n-dimensional sphere
occupies less than 1% of the volume of the n-dimensional
cube)?
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The n-dimensional sphere

Volume of the n-dimensional sphere

Consider the n-dimensional sphere of radius 1/2 centered
at the origin, which lives inside the n-dimensional unit
cube. Let �n be the ratio of the sphere’s volume to that of
the cube (i.e., the sphere’s volume). How large must n be
before �n < .01 (i.e., before the n-dimensional sphere
occupies less than 1% of the volume of the n-dimensional
cube)?

(a) 2 (e) 10
(b) 4 (f) 20
(c) 6 (g) It is always greater than 1%.
(d) 8 (h) Beats & is beaten by 1% infinitely often
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