
Random Variables

Family Range Density Mean Variance Generating function

Poisson P(λ) 0, 1, . . . P(X = r) =
λre−λ

r!
λ λ E(sX) = eλ(s−1)

Geometric Geom(p) 1, 2, . . . P(X = r) = p(1− p)r−1 1
p

1− p

p2
E(sX) =

sp

1− s(1− p)

Binomial Bin(n, p) 0, 1, . . . n P(X = r) =
(

n

r

)
pr(1− p)n−r np np(1− p) E(sX) =

(
ps + (1− p)

)n

Uniform U[1, n] 1, 2, . . . n P(X = r) =
1
n

n + 1
2

n2 − 1
12

E(sX) =
s(1− sn)
n(1− s)

Negative Binomial NegBin(λ, ν) 0, 1, . . . P(X = r) =
(

r + λ/ν − 1
r

)
e−λ(1− e−ν)r λ

ν
(eν − 1)

λ

ν
(eν − 1)eν E(sX) =

( e−ν

1− s(1− e−ν)

)λ/ν

Uniform U[a, b] [a, b] f(x) =
1

b− a

a + b

2
(b− a)2

12
E(etX) =

ebt − eat

(b− a)t

Exponential Exp(λ) R+ f(x) = λe−λx 1
λ

1
λ2

E(etX) =
λ

λ− t

Gamma Γ(γ, λ) R+ f(x) =
λγxγ−1e−λx

Γ(γ)
γ

λ

γ

λ2
E(etX) = (1− t/λ)−γ

Normal N(µ, σ2) R f(x) =
1√

2πσ2
e−(x−µ)2/2σ2

µ σ2 E(etX) = exp(tµ + 1
2 t2σ2)

MVN N(µ,Σ) Rn f(x) =
exp

[
− 1

2 (x− µ)TΣ−1(x− µ)
]√

(2π)n det Σ
µ Σ E(etTX) = exp(tTµ + 1

2 tTΣt)

Cauchy Cauchy R f(x) =
1
π

1
1 + x2

undefined undefined E(etX) =∞ for t 6= 0

If Nt is a Poisson process of rate λ then the time until Nt = 1 is Exp(λ), the time until Nt = n is Γ(n, λ), and Nt is Poisson(λt).

If Nt is a Markov birth process with birth rates λ + nµ then Nt is NegBin(λt, ν). If λ = ν then Nt + 1 is Geom(e−ν).
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More Random Variables

Family Range Distribution Notes

Chi-squared χ2
n R+ χ2

n ∼
∑n N(0, 1)2 χ2

n ∼ Γ(n
2 , 1

2 )

Student t tn R tn ∼
N(0, 1)√

χ2
n/n

t1 ∼ Cauchy. Etn = 0 if n > 1; Var tn =
n

n− 2
if n > 2.

F ratio Fm,n R+ Fm,n ∼
χ2

m/m

χ2
n/n

EFm,n =
m

m− 2
for m > 2.

Weibull Weibull(α) R+ f(x) = αxα−1e−xα

Weibull(α) ∼ Exp(1)1/α

Beta Beta(r, s) [0, 1] f(x) =
xr−1(1− x)s−1

β(r, s)
Beta(r, s) ∼

(
1 +

Γ(s, λ)
Γ(r, λ)

)−1

. Mean
r

r + s
.

Logistic Logistic R f(x) =
ex

(1 + ex)2
Logistic ∼ log

(
Pareto(1)− 1

)
. E(etX) = β(1 + t, 1− t).

Pareto Pareto(α) [1,∞) f(x) = αx−(α+1) Pareto(α) ∼ eExp(α) ∼ Beta(α, 1)−1.
EX =∞ if α ≤ 1; VarX =∞ if α ≤ 2.

n! ∼
√

2πnn+1/2e−n. Γ(n) = (n− 1)!. β(r, s) =
Γ(r)Γ(s)
Γ(r + s)

.
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