
 

  

 

Some Continuous Distributions 

 
 



 

  

𝑓(𝑥) =
1

σ√2𝜋
𝑒

−
1
2

(
𝑥−𝜇

𝜎
)

2

 ;  −∞ < 𝑥 < ∞ 

𝐸(𝑋) = 𝜇 

𝑉(𝑋) = 𝜎2 

𝑀𝑋(𝑡) = 𝑒𝑥𝑝(𝜇𝑡 + 𝜎2𝑡2/2) 

Normal Distribution: 𝑋~𝑁(𝜇, 𝜎) 

Probability density function (pdf) 

Mean: 

Variance: 

Moment Generating function (MGF): 

 

𝑓(𝑥) =
1

𝑏 − 𝑎
 ;    𝑎 ≤ 𝑥 ≤ 𝑏 

𝐹(𝑥) = {

0  ;     𝑥 < 𝑎           
𝑥 − 𝑎

𝑏 − 𝑎
 ;    𝑎 ≤ 𝑥 ≤ 𝑏

1  ;    𝑥 > 𝑏              

 

𝐸(𝑋) =
𝑎 + 𝑏

2
 

𝑉(𝑋) =
(𝑏 − 𝑎)2

12
 

𝑀𝑋(𝑡) =
𝑒𝑏𝑡 − 𝑒𝑎𝑡

𝑡(𝑏 − 𝑎)
; 𝑡 ≠ 0 

Uniform Distribution:  𝑋~𝑈(𝑎, 𝑏) 

Probability density function (pdf) 

Cumulative distribution function (CDF): 

Mean: 

Variance: 

Moment Generating function (MGF): 

 



 

  

𝑓(𝑥) = 𝜃𝑒−𝜃𝑥 ;    𝑥 > 0, 𝜃 > 0 

𝐹(𝑥) = 1 − 𝑒−𝜃𝑥 ;    𝑥 > 0 

𝐸(𝑋) =
1

𝜃
 

𝑉(𝑋) =
1

𝜃2
 

𝑀𝑋(𝑡) =
𝜃

𝜃 − 𝑡
 ; 𝑡 < 𝜃 

Exponential Distribution: 𝑋~𝑒𝑥𝑝(𝜃) 

Probability density function (pdf) 

Cumulative distribution function (CDF): 

Mean: 

Variance: 

Moment Generating function (MGF): 

 

 

 

 

 

 

 

𝑓(𝑥) =
𝜃𝛼

Γ(𝛼)
𝑥𝛼−1𝑒−𝜃𝑥 ;    𝑥 > 0, 𝛼 > 0, 𝜃 > 0 

𝐸(𝑋) =
𝛼

𝜃
 

𝑉(𝑋) =
𝛼

𝜃2
 

𝑀𝑋(𝑡) = (
𝜃

𝜃 − 𝑡
)

𝛼

 ; 𝑡 < 𝜃 

Gamma Distribution: 𝑋~𝐺𝑎𝑚𝑚𝑎(𝛼, 𝜃) 

Probability density function (pdf) 

where Γ(𝑛) = (𝑛 − 1)! 

Mean: 

Variance: 

Moment Generating function (MGF): 

 

 

 

 

 

 

 

 



  

𝑓(𝑥) =
1

2𝑘/2Γ(𝑘/2)
𝑥𝑘/2−1𝑒−𝑥/2 ;    𝑥 > 0 

𝐸(𝑋) = 𝑘 

𝑉(𝑋) = 2𝑘 

𝑀𝑋(𝑡) = (
1

1 − 2𝑡
)

𝑘/2

 ; 𝑡 <
1

2
 

Chi square Distribution: 𝑋~𝜒𝑘
2 

Probability density function (pdf) 

Mean: 

Variance: 

Moment Generating function (MGF): 

𝑓(𝑥) =
Γ (

𝑣 + 1
2 )

√𝑣𝜋Γ (
𝑣
2)

(1 +
𝑥2

𝑣
)

−
𝑣+1

2

 ;  −∞ < 𝑥 < ∞ 

𝐸(𝑋) = 0; 𝑣 > 1 

𝑉(𝑋) =
𝑣

𝑣 − 2
; 𝑣 > 2 

t Distribution: 𝑋~𝑡𝑣 

Probability density function (pdf) 

Mean: 

Variance: 

 



 

 

  

𝑓(𝑥) =
𝑥𝛼−1(1 − 𝑥)𝛽−1

Β(𝛼, 𝛽)
 ;    0 < 𝑥 < 1 

𝐸(𝑋) =
𝛼

𝛼 + 𝛽
 

𝑉(𝑋) =
𝛼𝛽

(𝛼 + 𝛽)2(𝛼 + 𝛽 + 1)
 

Beta Distribution:  𝑋~𝐵𝑒𝑡𝑎(𝛼, 𝛽) 

Probability density function (pdf) 

where Β(𝛼, 𝛽) =
Γ(𝛼)Γ(𝛽)

Γ(𝛼+𝛽)
 

Mean: 

Variance: 

 

𝑓(𝑥) =
(𝑛𝑥)𝑛𝑚𝑚

(𝑛𝑥 + 𝑚)𝑛+𝑚
 ;    𝑥 > 0 

𝐸(𝑋) =
𝑚

𝑚 − 2
; 𝑚 > 2 

𝑉(𝑋) =
2𝑚2(𝑛 + 𝑚 − 2)

𝑛(𝑚 − 2)2(𝑚 − 4)
; 𝑚 > 4 

F Distribution: 𝑋~𝐹(𝑛, 𝑚) 

Probability density function (pdf) 

Mean: 

Variance: 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

  

  

 

Some Discrete Distributions 
 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

𝑓(𝑥) =
1

𝑏 − 𝑎 + 1
 ;    𝑥 ∈ {𝑎, 𝑎 + 1, … , 𝑏 − 1, 𝑏} 

𝐸(𝑋) =
𝑎 + 𝑏

2
 

𝑉(𝑋) =
(𝑏 − 𝑎 + 1)2 − 1

12
 

𝑀𝑋(𝑡) =
𝑒𝑎𝑡 − 𝑒(𝑏+1)𝑡

(𝑏 − 𝑎 + 1)(1 − 𝑒𝑡)
 

Uniform Distribution: 

Probability density function (pdf) 

Mean: 

Variance: 

Moment Generating function (MGF): 

 

𝑓(𝑥) =
𝜆𝑥𝑒−𝜆

𝑥!
; 𝑥 ∈ {0,1, … }, 𝜆 > 0 

𝐸(𝑋) = 𝜆 

𝑉(𝑋) = 𝜆 

𝑀𝑋(𝑡) = 𝑒𝑥𝑝[𝜆(𝑒𝑡 − 1)] 

Poisson Distribution: 

Probability density function (pdf) 

Mean: 

Variance: 

Moment Generating function (MGF): 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

𝑓(𝑥) = {
1 − 𝑝;   𝑥 = 0
𝑝;           𝑥 = 1

; 0 < 𝑝 < 1 

𝐸(𝑋) = 𝑝 

𝑉(𝑋) = 𝑝(1 − 𝑝) 

𝑀𝑋(𝑡) = (1 − 𝑝) + 𝑝𝑒𝑡 

Bernoulli Distribution: 

Probability density function (pdf) 

Mean: 

Variance: 

Moment Generating function (MGF): 

 

𝑓(𝑥) = (
𝑛
𝑥

) 𝑝𝑥(1 − 𝑝)𝑛−𝑥; 𝑥 ∈ {0,1, … }, 0 < 𝑝

< 1 

𝐸(𝑋) = 𝑛𝑝 

𝑉(𝑋) = 𝑛𝑝(1 − 𝑝) 

𝑀𝑋(𝑡) = [(1 − 𝑝) + 𝑝𝑒𝑡]𝑛 

Binomial Distribution: 

Probability density function (pdf) 

Mean: 

Variance: 

Moment Generating function (MGF): 

 



 

𝑓(𝑥) = (
𝑥 + 𝑟 − 1

𝑥
) 𝑝𝑥(1 − 𝑝)𝑟; 𝑥 ∈ {0,1, … }, 0 < 𝑝 < 1 

𝐸(𝑋) =
𝑟𝑝

1 − 𝑝
 

𝑉(𝑋) =
𝑟𝑝

(1 − 𝑝)2
 

𝑀𝑋(𝑡) = [
1 − 𝑝

1 − 𝑝𝑒𝑡
]

𝑟

 

Negative Binomial Distribution: 

Probability density function (pdf) 

Mean: 

Variance: 

Moment Generating function (MGF): 

 

𝑓(𝑥) = 𝑝(1 − 𝑝)𝑥; 𝑥 ∈ {0,1, … }, 0 < 𝑝 < 1 

𝐸(𝑋) =
1 − 𝑝

𝑝
 

𝑉(𝑋) =
1 − 𝑝

𝑝2
 

𝑀𝑋(𝑡) =
𝑝

1 − (1 − 𝑝)𝑒𝑡
 

Geometric Distribution: 

Probability density function (pdf) 

Mean: 

Variance: 

Moment Generating function (MGF): 

 


