
ST 705 Linear models and variance components

Lab practice problem set 12

April 16, 2024

1. Let X ∼ Np(µ,Σ). Show that for any partition of components, i.e.,

X =


X1

...

Xm

 , µ =


µ1

...

µm

 , Σ =


Σ11 · · · Σ1m

...
. . .

...

Σm1 · · · Σmm

 ,

X1, . . . , Xm are mutually independent if and only if Σij = 0 for every i ̸= j.

2. Suppose that (X,Y ) has a bivariate distribution (not necessarily Gaussian) with mean

(µX , µY )
′ and covariance matrix (

σ2
X σX,Y

σY,X σ2
Y

)
.

(a) Show that if E(Y | X) = β0 + β1X, then β1 = σY,X/σ2
X and β0 = µY − β1µX .

(b) Show that if E(Y | X) = β0 + β1X and Var(Y | X) = τ2, then τ2 = σ2
Y − σ2

Y,X/σ2
X .
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