
Selected Discrete Distributions

Distribution PMF Expec./Var. MGF

X ∼ Bin(n, p) pX(k) =
(
n
k

)
pk(1− p)n−k,

k ∈ {0, · · · , n}
E[X] = np
Var(X) = np(1− p)

MX(t) = (1− p+ pet)n

X ∼ Geom(p) pX(k) = p(1− p)k−1,

k ∈ {1, 2, · · · }
E[X] = 1

p

Var(X) = 1−p
p2

MX(t) = pet

1−(1−p)et ,

t < − ln(1− p)

X ∼ Geom(p) pX(k) = p(1− p)k,
k ∈ {0, 1, · · · }

E[X] = 1−p
p

Var(X) = 1−p
p2

MX(t) = p
1−(1−p)et ,

t < − ln(1− p)

X ∼ NegBin(r, p) pX(k) =
(
k−1
r−1

)
pr(1−p)k−r ,

k ∈ {r, r + 1, · · · }
E[X] = r

p

Var(X) = r(1−p)
p2

MX(t) =
[

pet

1−(1−p)et

]r
,

t < − ln(1− p)

X ∼ Pois(λ) pX(k) = e−λ · λk

k! ,

k ∈ {0, 1, · · · }
E[X] = λ
Var(X) = λ

MX(t) = exp
{
λ(et − 1)

}

Selected Continuous Distributions

Distribution PDF Expec./Var. MGF

X ∼ Unif[a, b] fX(x) =
1

b− a
· 1{x∈[a,b]} E[X] = a+b

2

Var(X) = (b−a)2

12

MX(t) =

{
etb−eta

t(b−a) if t 6= 0

1 if t = 0

X ∼ Exp(β) fX(x) =
1

β
e−x/β · 1{x≥0} E[X] = β

Var(X) = β2
MX(t) = (1− βt)−1, t < 1/β

X ∼ Gamma(α, β) fX(x) =
1

Γ(α)βα
xα−1e−x/β · 1{x≥0} E[X] = αβ

Var(X) = αβ2
MX(t) = (1− βt)−α, t < 1/β

X ∼ N (µ, σ2) fX(x) =
1√
2πσ2

exp

{
−(x− µ)2

2σ2

}
E[X] = µ
Var(X) = σ2

MX(t) = exp

{
µt+ σ2

2 t
}

Calculus Results

• Product Rule:
d

dx
[f(x)g(x)] = f ′(x)g(x) + f(x)g′(x)

• Power Rule:
d

dx
(xn) =

{
nxn−1 if n 6= −1

ln(x) if n = −1

• Gamma Function: Γ(r) :=

ż ∞

0
tr−1e−t dt if r > 0

• Quotient Rule:
d

dx

[
f(x)

g(x)

]
=

f ′(x)g(x)− f(x)g′(x)

[g(x)]2

• Chain Rule:
d

dx
f(g(x)) = f ′(g(x)) · g′(x)

• Recursiveness of Gamma Fnt.: Γ(r) = (r−1) ·Γ(r−1)

©Ethan P. Marzban, 2024 Page 1



Selected Statistics Results

• Standarization of Normals: If Y ∼ N (0, 1), then Y 2 ∼ χ2
1.

• Closure of χ2 under Sums: Given independent random variables {Yi}ni=1 with Yi ∼ χ2
νi , then

(Y1 + · · ·+ Yn) ∼ χ2
ν1+···+νn

• Closure of Gamma under Scaling: if Y ∼ Gamma(α, β), then (cY ) ∼ Gamma(α, cβ) for c > 0

• Sample Mean: Y n :=
1

n

n∑
i=1

Yi Sample Variance: S2
n :=

1

n− 1

n∑
i=1

(Yi − Y n)
2

Sample Standard Deviation: Sn :=
√

S2
n =

√√√√ 1

n− 1

n∑
i=1

(Yi − Y n)2

• Modified Standardization Result: Given Y1, Y2, · · ·
i.i.d.∼ N (µ, σ2),

√
n

(
Y n − µ

Sn

)
∼ tn−1

• Sampling Distribution of First Order Statistic: fY(1)
= n[1− FY (y)]

n−1fY (y)

Sampling Distribution of nth Order Statistic: fY(n)
(y) = n[FY (y)]

n−1fY (y)

• Factorization Theorem: L~Y
(θ) = g(U, θ)× h(~Y ) ⇐⇒ U is sufficient for θ.

• Equivariance Property of MLE: τ̂(θ)MLE = τ
(
θ̂MLE

)
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