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Mean, Variance, and Moment Function
of Discrete Distributions

Bernoulli f(x) = px(1− p)1−x, x = 0, 1

M(t) = 1− p+ pet; µ = p, σ2 = p(1− p)

Binomial f(x) = n!
x!(n−x)!

px(1− p)n−x, x = 0, 1, 2, . . . , n

b(n, p) M(t) = (1− p+ pet)n; µ = np, σ2 = np(1− p)

Geometric f(x) = (1− p)x−1p, x = 1, 2, . . .

M(t) = pet

1−(1−p)et
, t < −ln(1 − p)

µ = 1
p
, σ2 = 1−p

p2

Hypergeometric f(x) = C(N1,x)C(N2,n−x)
C(N,n)

, x ≤ n, x ≤ N1, n− x ≤ N2

M(t) = ×

µ = n
(

N1

N

)

, σ2 = n
(

N1

N

) (

N2

N

) (

N−n
N−1

)

Negative Binomial f(x) = C(x− 1, r − 1)pr(1− p)x−r, x = r, r + 1, r + 2, . . .

M(t) = (pet)r

[1−(1−p)et]r
t < −ln(1 − p)

µ = r
p
, σ2 = r(1−p)

p2

Poisson f(x) = λxe−λ

x!
, x = 0, 1, 2, . . .

M(t) = eλ(e
t−1); µ = λ, σ2 = λ

Uniform f(x) = 1
m
, x = 1, 2, . . .

M(t) = 1
m
· et(1−emt)

1−et
; µ = m+1

2
, σ2 = m2−1
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Uniform, Exponential, Gamma, Chi-Square, Normal,
Beta, Student-t, and F Distributions

Uniform U(a, b) f(x) = 1
b−a

, a ≤ x ≤ b

E(X) = a+b
2
, V ar(X) = b2−a2

12
, M(t) = etb−eta

t(b−a)
, t 6= 0.

Exponential f(x) = 1
θ
e−x/θ, 0 < x < ∞

M(t) = 1
1−θt

, t < 1
θ
, E(X) = θ, V ar(X) = θ2.

Gamma f(x) = 1
Γ(α)θα

xα−1e−x/θ, 0 < x < ∞, α > 0.

M(t) = 1
(1−θt)α

, t < 1
θ
, E(X) = αθ, V ar(X) = αθ2.

χ2(r) Chi-Square f(x) = 1
Γ(r/2)2r/2

x(r/2)−1e−x/2, 0 < x < ∞

M(t) = 1
(1−2t)r/2

, t < 1
2
, E(X) = r, V ar(X) = 2r.

N(µ, σ2) Normal f(x) = 1√
2πσ

e−(x−µ)2/(2σ2), −∞ < x < ∞

M(t) = φ(t) = eµt+
σ2t2

2 , E(X) = µ, V ar(X) = σ2.

Beta Distribution f(x) = Γ(α+β)
Γ(α)Γ(β)

xα−1(1− x)β−1, 0 < x < 1

E(X) = α
α+β

, V ar(X) = αβ
(α+β+1)(α+β)2

.

Let Z ∼ N(0, 1), X ∼ χ2(n), Y ∼ χ2(m), define T = Z√
χ2(n)/n

and F = χ2(n)/n
χ2(m)/m

, then

Student-t Distribution fT (t) =
Γ((n+1)/2)

√
πnΓ(n/2)[1+(t2/n)](n+1)/2 , ∞ < t < ∞

F Distribution fF (w) =
Γ((n+m)/2)(n/m)n/2w(n/2)−1

Γ(n/2)Γ(m/2)[1+nw/m](n+m)/2 , 0 < w < ∞
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f(x) =
1√
2πσ

e−(x−µ)2/2σ2

(1)

✷ (X − µ)/σ ∼ N(0, 1)

✷ Z ∼ N(0, 1) ⇒ Y = Z2 ∼ χ2(1)

When µ = 0, σ = 1, X ∼ N(0, 1) is said to have the standard normal distribution. The
cumulative distribution is denoted as

♦ Φ(z) =
∫ z
−∞

1√
2π
e−x2/2dx, −∞ < z < ∞


