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If 𝑋1, 𝑋2, … , 𝑋𝑛 random sample from exponential distribution with parameter 𝜃 as: 

𝑓(𝑥) =
1

𝜃
𝑒−𝑥

𝜃,   𝑥 > 0, 𝜃 > 0 

Then, 𝑌 = ∑ 𝑋𝑖~𝐺𝑎𝑚𝑚𝑎(𝑛, 𝜃)𝑛
𝑖=1  where, 

𝑓(𝑦) =
1

𝛤(𝑛)𝜃𝑛
𝑦𝑛−1𝑒−𝑦

𝜃;    𝑦 > 0;    𝑛, 𝜃 > 0 

Moreover,  

2 ∑ 𝑋𝑖
𝑛
𝑖=1

𝜃
~𝐺𝑎𝑚𝑚𝑎(𝑛, 2)     or      

2 ∑ 𝑋𝑖
𝑛
𝑖=1

𝜃
~𝜒(2𝑛)

2  

Proof: 

Since the mgf of the exponential distribution is given as 

𝑀𝑋(𝑡) = (1 − 𝜃𝑡)−1 

Thus,  

𝑀∑ 𝑋𝑖
𝑛
𝑖=1

(𝑡) = (𝑀𝑋(𝑡))
𝑛

= (1 − 𝜃𝑡)−𝑛 

Which is the mgf of gamma distribution with parameters n and 𝜃. 

Moreover,  

𝑀2 ∑ 𝑋𝑖
𝑛
𝑖=1
𝜃

(𝑡) = 𝐸 (𝑒
2 ∑ 𝑋𝑖

𝑛
𝑖=1
𝜃

𝑡) = (𝑀𝑋 (
2𝑡

𝜃
))

𝑛

= (1 − 2𝑡)−𝑛 

Which is the mgf of chi-square distribution with degrees of freedom 2n. 
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Relationships Between Distributions:  

when X and Y are independent random variables 

• If 𝑋~𝐸𝑥𝑝(𝜃) ⇒ 𝑋~𝐺𝑎𝑚𝑚𝑎(1, 𝜃) ⇒ ∑ 𝑋𝑖~𝐺𝑎𝑚𝑚𝑎(𝑛, 𝜃)𝑛
𝑖=1 ⇒ 𝑋̅~𝐺𝑎𝑚𝑚𝑎 (𝑛,

𝜃

𝑛
). 

• If 𝑋~𝐺𝑎𝑚𝑚𝑎(𝛼, 𝛽) ⇒ ∑ 𝑋𝑖~𝐺𝑎𝑚𝑚𝑎(𝑛𝛼, 𝛽) ⇒𝑛
𝑖=1 𝑋̅~𝐺𝑎𝑚𝑚𝑎 (𝑛𝛼,

𝛽

𝑛
). 

• If 𝑋~𝐺𝑎𝑚𝑚𝑎(𝛼, 𝜃) and  𝑌~𝐺𝑎𝑚𝑚𝑎(𝛽, 𝜃) ⇒
𝑋

𝑋+𝑌
~ 𝐵𝑒𝑡𝑎(𝛼, 𝛽). 

• If 𝑋~𝑁𝑜𝑟𝑚𝑎𝑙(𝜇, 𝜎2) ⇒ ∑ 𝑋𝑖~𝑁𝑜𝑟𝑚𝑎𝑙(𝑛𝜇, 𝑛𝜎2)𝑛
𝑖=1 ⇒ 𝑋̅~𝑁𝑜𝑟𝑚𝑎𝑙 (𝜇,

𝜎2

𝑛
). 

• If 𝑋~𝑁𝑜𝑟𝑚𝑎𝑙(𝜇, 𝜎2) ⇒ ∑ 𝑋𝑖
2~𝜒(𝑛)

2𝑛
𝑖=1  

• If 𝑋~𝑃𝑜𝑖𝑠𝑠𝑜𝑛 (𝜃) ⇒ ∑ 𝑋𝑖~𝑃𝑜𝑖𝑠𝑠𝑜𝑛(𝑛𝜃)𝑛
𝑖=1 . 

• If 𝑋~𝐵𝑒𝑟𝑛𝑜𝑢𝑙𝑙𝑖(𝑝) ⇒ ∑ 𝑋𝑖~𝐵𝑖𝑛𝑜𝑚𝑖𝑎𝑙(𝑛, 𝑝)𝑛
𝑖=1 . 

• If 𝑋~𝐵𝑖𝑛𝑜𝑚𝑖𝑎𝑙(𝑛, 𝑝) and  𝑌~𝐵𝑖𝑛𝑜𝑚𝑖𝑎𝑙(𝑚, 𝑝) ⇒  𝑋 + 𝑌~𝐵𝑖𝑛𝑜𝑚𝑖𝑎𝑙(𝑛 + 𝑚, 𝑝) 

• If 𝑋~𝜒(𝑣)
2 and  𝑌~𝜒(𝑢)

2 ⇒ 𝑋 + 𝑌~𝜒(𝑣+𝑢)
2 . 

• If 𝑋~𝜒(𝑣)
2 and  𝑌~𝜒(𝑢)

2 ⇒
𝑋

𝑋+𝑌
~ 𝐵𝑒𝑡𝑎 (

𝑣

2
,

𝑢

2
). 

• If 𝑋~𝜒(𝑣)
2 ⇒ 𝑐𝑋~𝐺𝑎𝑚𝑚𝑎 (

𝑣

2
, 2𝑐) , 𝑐 > 0. 

• If 𝑍~𝑁(0,1) and  𝑋~𝜒(𝑣)
2 ⇒ 𝑇 =

𝑍

√
𝑋

𝑣

~𝑡(𝑣). 

• If 𝑋~𝜒(𝑣)
2 and  𝑌~𝜒(𝑢)

2 ⇒ 𝐹 =
𝑋 𝑣⁄

𝑌 𝑢⁄
~𝐹(𝑣,𝑢). 

 

 

 

 

 

 

  

 


