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Distributions Table

Discrete Distributions

The geometric distribution counts the number of trials up to and including the first success. Its MGF is finite only for 𝜃 <
− ln(1 − 𝑝).

Distribution Support P(𝑋 = 𝑘) PGF 𝐺(𝑧) MGF 𝑀(𝜃) Mean Variance

Bernoulli(𝑝) {0, 1} 𝑝𝑘(1 − 𝑝)1−𝑘 1 − 𝑝 + 𝑝𝑧 1 − 𝑝 + 𝑝𝑒𝜃 𝑝 𝑝(1 − 𝑝)

Binomial(𝑛, 𝑝) {0, …, 𝑛} (𝑛𝑘)𝑝
𝑘(1 − 𝑝)𝑛−𝑘 (1 − 𝑝 + 𝑝𝑧)𝑛 (1 − 𝑝 + 𝑝𝑒𝜃)𝑛 𝑛𝑝 𝑛𝑝(1 − 𝑝)

Geometric(𝑝) {1, 2, …} (1 − 𝑝)𝑘−1𝑝
𝑝𝑧

1−(1−𝑝)𝑧
𝑝𝑒𝜃

1−(1−𝑝)𝑒𝜃
1
𝑝

1−𝑝
𝑝2

Poisson(𝜆) {0, 1, …} 𝑒−𝜆 𝜆
𝑘

𝑘! 𝑒𝜆(𝑧−1) 𝑒𝜆(𝑒𝜃−1) 𝜆 𝜆

1



Continuous Distributions

The MGFs of the exponential and gamma distributions are finite only for 𝜃 < 𝜆, and that of the chi-squared distribution 

only for 𝜃 < 1/2. The lognormal and Student 𝑡 distributions have no MGF: E[𝑒𝜃𝑋] is infinite for every 𝜃 > 0.

Distribution Support Density 𝑓(𝑥) MGF 𝑀(𝜃) Mean Variance

Uniform(𝑎, 𝑏) [𝑎, 𝑏] 1
𝑏−𝑎

𝑒𝜃𝑏−𝑒𝜃𝑎

𝜃(𝑏−𝑎)
𝑎+𝑏
2

(𝑏−𝑎)2

12

Exp(𝜆) [0,∞) 𝜆𝑒−𝜆𝑥
𝜆

𝜆−𝜃
1
𝜆

1
𝜆2

Gamma(𝛼, 𝜆) (0,∞) 𝜆𝛼

Γ(𝛼)
𝑥𝛼−1𝑒−𝜆𝑥 ( 𝜆

𝜆−𝜃
)
𝛼 𝛼

𝜆
𝛼
𝜆2

𝒩︀(𝜇, 𝜎2) ℝ 1
√2𝜋𝜎2

𝑒−
(𝑥−𝜇)2

2𝜎2 𝑒𝜇𝜃+
1
2𝜎

2𝜃2 𝜇 𝜎2

Chi-squared(𝑘) (0,∞) (1/2)𝑘/2

Γ(𝑘/2)
𝑥𝑘/2−1𝑒−𝑥/2 (1 − 2𝜃)−𝑘/2 𝑘 2𝑘

Lognormal(𝜇, 𝜎2) (0,∞) 1
𝑥√2𝜋𝜎2

𝑒−
(ln 𝑥−𝜇)2

2𝜎2 𝑒𝜇+
1
2𝜎

2 𝑒2𝜇+𝜎2(𝑒𝜎2 − 1)

Student 𝑡(𝜈) ℝ ∝ (1 + 𝑥2

𝜈
)
−𝜈+1

2 0 if 𝜈 > 1
𝜈

𝜈−2
 if 𝜈 > 2

The characteristic function of each distribution with an MGF follows by setting 𝜃 = 𝑖𝑢. The cumulant generating function 

is 𝐾(𝜃) = ln𝑀(𝜃), and for 𝑋 ∼ 𝒩︀(𝜇, 𝜎2) the lognormal moments follow from E[𝑒𝑛𝑋] = 𝑀(𝑛) = 𝑒𝑛𝜇+
1
2𝑛

2𝜎2
.
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