
Math/Stat319 Formulas for chapter 6

Calculate mean and variance:

• E(
∑n

i=1 aiXi) = a1E(X1) + a2E(X2) + . . .+ anE(Xn).

1. E(X̄) = µ;

• V (a1X1 + . . .+ anXn) =
∑n

i=1

∑n
j=1 aiajCov(Xi, Xj).

1. Cov(Xi, Xi) = V (Xi);

2. IfX1, . . . , Xn are mutually independent are independent, V (
∑n

i=1 aiXi) =
∑n

i=1 a
2
iV (Xi).

3. If X1, . . . , Xn is random sample, V (X̄) = σ2

n

• When X1, . . . , Xn are independent and normally distributed, suppose Xi ∼ N(µi, σ
2
i ), then

for any linear combination Y = a1X1 + . . .+ anXn =
∑n

i=1 aiXi,

Y ∼ N(

n∑
i=1

aiµi,

n∑
i=1

a2iσ
2
i ).

1. A random sample X1, X2, ..., Xn from a normal distribution with mean µ and variance

σ2
(
Xi ∼ N(µ, σ2)

)
then X̄ ∼ N

(
µ,
σ2

n

)
Tools:

Let X1, X2, . . . , Xn independent random variables with mgfs MXi(t) and Y then for any linear

combination Y = a1X1 + . . .+ anXn =
∑n

i=1 aiXi, then

MY (t) = MX1(a1t)×MX2(a2t)× . . .×MXn(ant)

LLN: If X1, . . . , Xn is a random sample from a distribution with mean µ and variance σ2, then

as n→∞, X̄n converges to µ :

• In mean square E[(X̄ − µ)2]→ 0

• In probability P (|X̄ − µ| ≥ ε)→ 0

CLT:. If X1, . . . , Xn is a random sample with mean µ and variance σ2, then as n → ∞, the

limiting distribution of
√
n(X̄n − µ)/σ is standard normal, written as

√
n(X̄n − µ)

σ
→d N(0, 1).
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Distributions:

• χ2
ν distribution.

• If Z ∼ N(0, 1), then X = Z2 ∼ χ2
1

• If Z1, . . . , Zn are i.i.d and Z1 ∼ N(0, 1), then X =
∑n

i=1 Z
2
i ∼ χ2

n.

1. If X1 ∼ χ2
ν1 and X2 ∼ χ2

v2 and X1, X2 independent, then X1 +X2 ∼ χ2
ν1+ν2

2. If X3 = X1 +X2, with X1 ∼ χ2
ν1 , X3 ∼ χ2

ν3 , ν3 > ν1 and X1, X2 independent, then

X2 ∼ χ2
ν3−ν1

• Let a random sample X1, . . . , Xn ∼ N(µ, σ2), then

1. X̄ ∼ N(µ, σ
2

n )

2. X̄ and S2 are independent

3. (n−1)S2

σ2 ∼ χ2
n−1

• tν distribution.

If Z ∼ N(0, 1), X ∼ χ2
v and X,Z are independent then

T =
Z√
X
v

∼ tv

1. If X1, . . . , Xn are i.i.d with X1 ∼ N(µ, σ2), then

√
n(X̄ − µ)

S
∼ tn−1.

• Fdf1,df2 distribution.

If X1 ∼ χ2
v1 , X2 ∼ χ2

v2 and X1, X2 are independent, then:

F =

X1

v1
X2

v2

∼ Fv1,v2
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