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Continuous Distribution 

Exponential Distribution    

Q7: Let X be an exponential random variable with parameter 𝜃 =  𝑙𝑛(3). Compute the 

following probability:𝑃(2 ≤  𝑋 ≤  4) . 

Solution of Q7:  

𝑋 ~𝑒𝑥𝑝(  𝜃  ) ⇒       𝑓(𝑥) =  𝜃𝑒−𝜃𝑥               ;            𝐹(𝑥) =  1 − 𝑒− 𝜃𝑥        , 𝑥 > 0 

 𝑿 ~𝒆𝒙𝒑(   𝜽 = 𝒍𝒏(𝟑)  ) 

𝒇(𝒙) = 𝒍𝒏(𝟑) 𝒆−𝒍𝒏(𝟑) 𝒙   ;    𝒙 > 𝟎 

𝑭(𝒙) =  𝟏 − 𝒆−𝒍𝒏(𝟑) 𝒙         ;  𝒙 > 𝟎 

pdf:  𝑃(2 ≤ 𝑥 ≤ 4) = ∫ 𝑓(𝑥)𝑑𝑥 = ln (3)
4

2 ∫ e−ln(3)x   dx
4

2
 =

8

81
= 0.0988   

cdf:  𝑃(2 ≤ 𝑥 ≤ 4) = 𝑝(𝑋 ≤ 4) −  𝑃(𝑋 ≤ 2) = 1 − 𝑒−(4) 𝑙𝑛(3) – (1 − 𝑒−(2) 𝑙𝑛(3)) =  0.0988 

 

Q8: Suppose the random variable has an exponential distribution with parameter 𝜃 = 1. 

 compute 𝑃(𝑋 > 2). 

Solution of Q8:  

 𝑋 ~𝑒𝑥𝑝(  𝜃  ) ⇒      𝑓(𝑥) =  𝜃𝑒−𝜃𝑥              ;            𝐹(𝑥) =  1 − 𝑒− 𝜃𝑥        , 𝑥 > 0 

𝒙~𝐞𝐱𝐩 (𝜽 = 𝟏) 

𝑓(𝑥) = 𝒆−𝒙   ;    𝑥 > 0 

𝐹(𝑥) =  𝟏 − 𝒆−𝒙         ;  𝑥 > 0 

pdf:  𝑃(𝑥 > 2) = ∫ 𝑓(𝑥)𝑑𝑥
∞

2
= ∫ 𝑒−𝑥∞

2
 𝑑𝑥 = − 𝑒−𝑥    |∞

2
= −(𝑒−∞ − 𝑒−2) = 𝑒−2 = 0.1353 

cdf:   𝑃(𝑥 > 2) = 1 − 𝑝(𝑥 ≤ 2) = 1 − (1 − 𝑒−2) = 𝑒−2 

 

Q9:What is the probability that a random variable X is less than its expected value, if X has an 

exponential distribution with parameter 𝜃? 

Solution of Q9: 

𝑋 ~ exp(𝜃)  

𝑓(𝑥) =  𝜃𝑒− 𝜃𝑥          , 𝑥 > 0       ;    𝐹(𝑥) = 1 − 𝑒− 𝜃𝑥       , 𝑥 > 0 

 𝐸(𝑥) = ∫ 𝜃 𝑒−𝜃𝑥

∞

0

 𝑑𝑥 = 𝜃 
Γ(2)

𝜃2
=  1/ 𝜃  

 𝑃(𝑥 < 𝐸(𝑋)) = 𝑃 (𝑥 <
1

𝜃 
) = 𝐹 (

1

𝜃
) = 1 − 𝑒− 𝜃 (

1

𝜃
) =  1 − 𝑒−1 = 0.6321 
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Gamma  Distribution    

Q1: Show that the mean and variance of Gamma distribution are given by 

a) 𝜇 =
𝛼

𝜆
  

b) 𝜎2 =
𝛼

𝜆2  

Solution of Q4:  Same example in the book page 269 

 

Q2:Let X be a Gamma random variable with α = 4 and λ =
1

2
. Compute P(2 < X < 4) ? 

 

Solution: Gamma dis ∶  𝑓(𝑥) =
𝜆𝑒− 𝜆𝑥  (𝜆𝑥)𝛼−1

Γ(𝛼 )
   , 𝑥 ≥ 0     

 

P(2 < X < 4) = ∫   

1
2 𝑒− 

𝑥
2   (

𝑥
2)

4−1

Γ(4 )
 𝑑𝑥

4

2

=
1

24Γ(4 )
 ∫ 𝑥3𝑒− 

𝑥
2    𝑑𝑥

4

2

 

∴ Γ(4) = 3! = 6 

By use calculate we get  
1

96
   ∫ 𝑥3𝑒− 

𝑥

2    𝑑𝑥
4

2
= 𝟎. 𝟏𝟐𝟑𝟗 

 

 

Q3:If X has a probability density function given by 

f(x) =  { 4x2 e−2x            ; x > 0
          0                otherwise 

 

Find the mean and the variance?  

 

Solution : Gamma dis ∶  𝑓(𝑥) =
𝜆𝑒− 𝜆𝑥  (𝜆𝑥)𝛼−1

Γ(𝛼 )
   , 𝑥 ≥ 0     

 𝑋~𝐺𝑎𝑚𝑚𝑎 (𝛼 = 3 , 𝜆 = 2) ⇒   𝐸(𝑋) =
𝛼

𝜆
=

3

2
   ;    𝑉(𝑋) =

𝛼

𝜆2 =
3

4
   

Or  𝐸(𝑋) = ∫ 𝑥 𝑓(𝑥)
∞

−∞
𝑑𝑥 ⇒      𝐸(𝑋) = ∫ 4x3 e−2x∞

0
𝑑𝑥 = 4

Γ(4)

24 =
4 (3!)

24 =
3

2
=  1.5   

𝐸(𝑋2 ) = ∫ 𝑥2 𝑓(𝑥)
∞

−∞

𝑑𝑥 ⇒ 𝐸(𝑋2) = ∫ 4x4 e−2x
∞

0

𝑑𝑥 =  4
Γ(5)

25 =
4(4!)

25 =  3   

𝑉(𝑋) = 𝐸(𝑋2 ) − [𝐸(𝑋)]2 = 3 − (1.5)2 =
3

4
= 0.75 
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Q4:Let X be a gamma random variable with α = 2  and λ = 3. Compute P(X > 3)? 

 

Solution:  Gamma dis ∶  𝑓(𝑥) =
𝜆𝑒− 𝜆𝑥  (𝜆𝑥)𝛼−1

Γ(𝛼 )
   , 𝑥 ≥ 0     

𝑓(𝑥) =
3

Γ(2)
 (3x)2−1 e−3x =  

𝟑𝟐

𝚪(𝟐)
 𝐱 𝐞−𝟑𝐱  

P(X > 3) = 1 − P(X < 3) = 1 − [
32

Γ(2)
∫ x e−3x

3

0

𝑑𝑥] = 1 − 0.9988 = 𝟎. 𝟎𝟎𝟏𝟐𝟑𝟒  

 

 

Q5:Suppose the continuous random variable X has the following pdf: 

𝑓(𝑥) =  {
1

16
𝑥2 𝑒− 

𝑥
2        𝑖𝑓   𝑥 > 0

          0                𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒 
 

Find E(X3) ? 

 

Solution :  

𝐸(𝑋3 ) =
1

16
∫ x5 e−

x
2

∞

0

𝑑𝑥 =
1

16
 
Γ(6)

(
1
2)

6 = 480  

E(X3) = 480  

 

 


