
A random variable 𝑋 has probability distribution given by: 

𝑃(𝑋 = 𝑥) = {

2𝑥

𝑛(𝑛 + 1)
for 𝑥 = 1,2, … , 𝑛

0 otherwise

 

where 𝑛 is a positive integer. 

Prove that 𝑉𝑎𝑟(𝑋) =
(𝑛+2)(𝑛−1)

18
. 

 

 

𝐸(𝑋) = ∑ 𝑥𝑃(𝑋 = 𝑥) = ∑
2𝑥2

𝑛(𝑛 + 1)
=

2

𝑛(𝑛 + 1)
∑ 𝑥2  

𝑛

𝑥=1

𝑛

𝑥=1

𝑛

𝑥=1

 

=
2

𝑛(𝑛 + 1)
×

𝑛(𝑛 + 1)(2𝑛 + 1)

6
=

2𝑛 + 1

3
 

 

𝐸(𝑋)2 =
(2𝑛 + 1)2

9
 

 

𝐸(𝑋2) = ∑ 𝑥2𝑃(𝑋 = 𝑥) = ∑
2𝑥3

𝑛(𝑛 + 1)
=

2

𝑛(𝑛 + 1)
∑ 𝑥3  

𝑛

𝑥=1

𝑛

𝑥=1

𝑛

𝑥=1

 

=
2

𝑛(𝑛 + 1)
× (

𝑛(𝑛 + 1)

2
)

2

=
𝑛(𝑛 + 1)

2
   

 

𝑉𝑎𝑟(𝑋) =  
𝑛(𝑛 + 1)

2
−

(2𝑛 + 1)2

9
  

=
9𝑛(𝑛 + 1)

18
−

2(2𝑛 + 1)2

18
  

=
9𝑛2 + 9𝑛 − 8𝑛2 − 8𝑛 − 2

18
 

=
𝑛2 + 𝑛 − 2

18
 

=
(𝑛 + 2)(𝑛 − 1)

18
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