
Review for the second midterm

1. X is a continuous r.v. with p.d.f. f if

• f(x) ≥ 0 for all x

•
∫∞
−∞ f(x)dx = 1

• P (a ≤ X ≤ b) =
∫ b
a f(x)dx

2. The d.f. of X is

F (b) =
∫ b

−∞
f(x)dx

• F ′(x) = f(x)

3. Expectation

µ = E(X) =
∫ ∞
−∞

xf(x)dx

• E(g(X)) =
∫∞
−∞ g(x)f(x)dx

• V (X) = E((X − µ)2) = E(X2)− µ2

• If a, b are constants, then

E(aX + b) = aE(X) + b

V (aX + b) = a2V (X)

4. X has uniform distribution on (a, b) if

f(x) =
1

b− a
, a < x < b

• µ = a+b
2

, σ2 = (b−a)2
12

5. X has exponential distribution with parameter θ

f(x) =
1

θ
e−

x
θ , x > 0

• µ = θ, σ2 = θ2
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•

Γ(α) =
∫ ∞
0

xα−1e−xdx

Γ(α + 1) = αΓ(α), Γ(n) = (n− 1)!∫ ∞
0

xα−1e−
x
β dx = βαΓ(α)

• Waiting time between two Poisson points is of exponential distri-
bution with θ = 1

λ

6. X has gamma distribution with parameters α, β if

f(x) =
1

βαΓ(α)
xα−1e−

x
β , x > 0

• µ = αβ, σ2 = αβ2

7. X has normal distribution with parameters µ, σ2 if

f(x) =
1√
2πσ

e−
(x−µ)2

2σ2

• If µ = 0 and σ = 1, then it is called the standard normal

• If a, b are constants, then aX + b is also normal

• Z = X−µ
σ

is standard normal

• Use table

8. Joint p.f. or p.d.f. p(x1, x2), f(x1, x2)

• Marginal
p1(x1) =

∑
x2

p(x1, x2)

f1(x1) =
∫ ∞
−∞

f(x1, x2)dx2

•

P (a1 < X1 < a2, b1 < X2 < b2) =
∫ b2

b1

∫ a2

a1

f(x1, x2)dx1dx2
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• Conditional

p(x1|x2) =
p(x1, x2)

p2(x2)

• X1, X2 indep. if and only if f(x1, x2) = f1(x1)f2(x2)

9.

E(g(X1, X2)) =
∫ ∞
−∞

∫ ∞
−∞

g(x1, x2)f(x1, x2)dx1dx2

• If X1, X2 indep., then

E(h(X1)`(X2)) = E(h(X1))E(`(X2))

10.

Cov(X1, X2) = E((X1 − µ1)(X2 − µ2))

= E(X1X2)− µ1µ2

• If X1, X2 indep., then Cov(X1, X2) = 0

• ρ = Cov(X1,X2)√
V (X1)V (X2)

is the correlation coefficient

11.

Cov

 n∑
i=1

aiYi,
m∑
j=1

bjXj

 =
n∑
i=1

m∑
j=1

aibjCov(Yi, Xj)

V

 m∑
j=1

bjXj

 =
m∑
j=1

b2jV (Xj) + 2
∑
i<j

bibjCov(Xi, Xj)

12. Multinomial distribution

• n trials, each results in k possible outcomes with probabilities
p1, · · · , pk, Yi = occurrence of ith outcome

• E(Yi) = npi, V (Yi) = npi(1− pi)
• Cov(Yi, Yj) = −2npipj, i 6= j

13.

E(X1|X2 = x2) =
∫ ∞
−∞

x1f(x1|x2)dx1
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