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Chapter 4. Bivariate Distributions
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Chapter 4. Bivariate Distributions

§ 4.1 Bivariate Distributions of the Discrete Type

§ 4.2 The Correlation Coefficient

§ 4.3 Conditional Distributions

§ 4.4 Bivariate Distributions of the Continuous Type

§ 4.5 The Bivariate Normal Distribution
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Definition 4.5-1 A bivariate r.v. (X ,Y ) is called the bivariate normal(or gaussian)
distribution if the joint pdf is given by
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A joint pdf of this form is called a bivariate normal pdf .
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The marginal pdf of X is

f1(x) = fX (x) =
1
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√
2π

exp
[
− (x − µX )

2

2σ2
X

]
and so the conditional distribution of Y , given that X = x , is a normal
distribution with conditional mean

E(Y |x) = µY |x = µY + ρ
σY

σX
(x − µX )

and conditional variance

Var(Y |x) = σ2
Y |x = σ2

Y (1− ρ2).
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Example 4.5-1 Let X and Y have a bivariate normal distribution with parameters
µX = −3, µY = 10, σ2

X = 25, σ2
Y = 9, and ρ = 3/5.

(a) Compute P(−5 < X < 5).
(b) Compute P(−5 < X < 5|Y = 13).
(c) Compute P(7 < Y < 16).
(d) Compute P(7 < Y < 16|X = 2).
Ans.
(a) 0.6006;
(b) 0.7888;
(c) 0.8185;
(d) 0.9371.
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Theorem 4.5-1 If X and Y have a bivariate distribution with correlation coefficient
ρ, then X and Y are independent if and only if ρ = 0.
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Exercises from textbook: 4.5-1, 4.5-3, 4.5-6, 4.5-7, 4.5-8.
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