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Bivariate Gaussian

Lecture 8

EE 640
Stochastic Systems

Outline

Linearity of Expectation
Correlation Coefficient
Joint (Bivariate )Gaussian pdf 
Conditional Statistics
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Linearity of Expectation

}{}{}{ YbEXaEbYaXE +=+

∑∑
==

=
⎭
⎬
⎫

⎩
⎨
⎧ N

i
ii

N

i
ii XEXaE

11

}{α

{ }{ }

∫ ∫∫ ∫

∫ ∫
∞

∞−

∞

∞−

∞

∞−

∞

∞−

∞

∞−

∞

∞−

==

⎥
⎦

⎤
⎢
⎣

⎡
=

dxdyyxfyxgdxdyxfxyfyxg

dxxfdyxyfyxgXYXgEE

XYXXY

XXY

),(),()()|(),(

)()|(),(|),(

|

|

Conditional Expectation

Correlation Coefficient
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Uncorrelated

Orthogonal

If X independent of Y, then uncorrelated
If uncorrelated and μx=μy=0, then orthogonal 

If ρ = 0, then uncorrelated
If ρ = 1, then σxy = σxσy = σ2
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Joint Gaussian pdf (Bivariate 
Guassian)
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Example 2.33
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(1)fZW (z, w) = ? (2) find marginals (3) Are Z and W independent?

Sum or difference of Gussians is another Gaussian 
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Example Cont’

(2) E{Z} = ½ (E{X} + E{Y}) = 0  E{W} = ½ (E{X} + E{Y} ) = 0

σz
2 = E{Z2} = ¼ E{X2 + 2XY + Y2}

= ¼ (E{X2} + 2E{XY} + E{Y2}
= [σx

2 + σy
2 ]/4

σW
2 = E{Z2} = ¼ E{X2 - 2XY + Y2}

= ¼ (E{X2} - 2E{XY} + E{Y2}
= [σx

2 + σy
2 ]/4
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Example Cont’

(3) E{ZW} = ¼ E{X2 – Y2} = [σx
2 – σy

2 ]/4
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If σx
2 = σy

2, then Z and W are independent, else not independent  
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Example Cont’

(3)

Where σ2 = σz
2 = σw

2, ρ = ρzw
2
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Conditional Statistics

Where
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