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PDF of the uniform distribution is given by 

𝑓 𝑥; 𝐴, 𝐵 =  

1

𝐵 − 𝐴
, 𝐴 ≤ 𝑥 ≤ 𝐵

0, otherwise
 

The mean and variance of the uniform distribution is given by 

𝜇 =
𝐴 + 𝐵

2
 and 𝜎2 =

 𝐵 − 𝐴 2

12
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Find the probability that 𝑃 𝑋 ≥ 3 , if we have 

𝑓 𝑥; 0,4 =  
1

4
, 0 ≤ 𝑥 ≤ 4

0 otherwise

 

We have 

𝑃 𝑋 ≥ 3 =  
𝑑𝑥

4

4

3

=
1

4
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Normal Distribution 
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PDF of the normal distribution with mean 𝜇 and variance 𝜎2 is given by 

𝑓 𝑥; 𝜇, 𝜎 =
1

 2𝜋𝜎2
𝑒
−
 𝑥−𝜇 2

2𝜎2  

for −∞ < 𝑥 < +∞. 

The mean and variance of the normal distribution is given by 

𝜇 and 𝜎2 
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Example 
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Example 6.2: For a standard normal distribution, find the area under the 

curve that lies to the right of 𝑧 = 1.84 and between 𝑧 = −1.97 and 

𝑧 = 0.86. 
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The area under the curve that lies to the right of 𝑧 = 1.84 is 

𝑃 𝑍 ≤ 1.84 = 1 − 𝜙 1.84 = 1 − 0.9671 = 0.0329 

Similarly, the area under the curve that lies between 𝑧 = −1.97 and 

𝑧 = 0.86 is 

𝑃 −1.97 ≤ 𝑍 ≤ 0.86 = 𝜙 0.86 − 𝜙 −1.97  

= 0.8051 − 0.0244 

= 0.7807 
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Example 6.3: For a standard normal distribution, find the value of 𝑘 such 

that 𝑃 𝑍 > 𝑘 = 0.3015 and 𝑃 𝑘 < 𝑍 < −0.18 = 0.4197. 
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We have that 

𝑃 𝑍 > 𝑘 = 0.3015 = 1 − 𝑃 𝑍 ≤ 𝑘 ⇒ 𝜙 𝑘 = 0.6985 ⇒ 𝑘 = 0.52 

Similarly, 

𝑃 𝑘 < 𝑍 < −0.18 = 0.4197 

= 𝜙 −0.18 − 𝜙 𝑘  

⇒ 𝜙 𝑘 = 0.0089 

⇒ 𝑘 = −2.37 
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Example 6.4: Given an RV 𝑋 with normal distribution with 𝜇 = 50 and 

𝜎 = 10, find the probability that 𝑋 is between 45 and 62. 

We can write 

𝑃 45 < 𝑋 < 62 = 𝑃  
45 − 50

10
< 𝑍 <

62 − 50

10
  

= 𝑃 −0.5 < 𝑍 < 1.2  

= 𝜙 1.2 − 𝜙 −0.5  

= 0.8840 − 0.3085 

= 0.5764 
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Example 6.6: For a normal RV 𝑋 with 𝜇 = 40 and 𝜎 = 6, find the value 

of 𝑥 that has 14% of the area to the right. 
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We have 

1 − 𝜙 𝑘 = 0.14 ⇒ 𝜙 𝑘 = 0.86 ⇒ 𝑘 = 1.08 

𝑘 = 1.08 =
𝑥 − 40

6
⇒ 𝑥 = 46.48 
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PDF of the gamma distribution is given by 

𝑓 𝑥; 𝛼, 𝛽 =  
𝑥𝛼−1𝑒−𝑥/𝛽

𝛽𝛼Γ 𝛼 
, 𝑥 > 0

0, otherwise

 

where 𝛼 > 0 and 𝛽 > 0 and Γ is the gamma function defined as 

Γ 𝛼 =  𝑥𝛼−1𝑒−𝑥𝑑𝑥

∞

0

 

where 𝛼 > 0. 
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PDF of the exponential distribution is given by 

𝑓 𝑥; 𝛼, 𝛽 =  
𝑒−𝑥/𝛽

𝛽
, 𝑥 > 0

0, otherwise

 

where 𝛽 > 0. 



Gamma and Exponential Distribution 

Fatih Cavdur – fatihcavdur@uludag.edu.tr 
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Example 6.17: A system contains a certain type of component whose 

time to failure is given by the RV 𝑇 (in years). The RV is modeled nicely 

by the exponential distribution with mean time to failure is 5 years. If 5 

of these components are installed in different systems, what is the 

probability that at least 2 are still functioning at the end of 8 years? 
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We have 

𝑃 𝑇 > 8 =
1

5
 𝑒−𝑡/5𝑑𝑡

∞

8

= 𝑒−8/5 ≅ 0.2 
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If we let 𝑋 be the number of components functioning at the end of 8 

years, then, 𝑋 is binomial with 𝑛 = 5 and 𝑝 = 0.2. 

𝑃 𝑋 ≥ 2 = 1 − 𝑃 𝑋 ≤ 1  

= 1 −  
5
𝑥
  0.2 𝑥 1 − 0.2 5−𝑥

1

𝑥=0

 

= 0.2627 
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The mean and variance of the gamma distribution are 

𝜇 = 𝛼𝛽 and 𝜎2 = 𝛼𝛽2 

The mean and variance of the exponential distribution are 

𝜇 = 𝛽 and 𝜎2 = 𝛽2 
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PDF of the chi-squared distribution is given by 

𝑓 𝑥; 𝑣 =  

𝑥
𝑣
2
−1𝑒−

𝑥
2

2𝑣/2Γ  
𝑣
2 
, 𝑥 > 0

0, otherwise

 

where the degrees of freedom 𝑣 ∈ ℤ+. 

The mean and the variance of the chi-squared distribution are 

𝜇 = 𝑣 and 𝜎2 = 2𝑣 
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PDF of the beta distribution is 

𝑓 𝑥; 𝛼, 𝛽 =  

𝑥𝛼−1 1 − 𝑥 𝛽−1

Β 𝛼, 𝛽 
, 0 < 𝑥 < 1

0, otherwise

 

where 𝛼 > 0 and 𝛽 > 0, and Β is the beta function defined as 

Β 𝛼, 𝛽 =  𝑥𝛼−1 1 − 𝑥 𝛽−1𝑑𝑥

1

0

=
Γ 𝛼 Γ 𝛽 

Γ 𝛼 + 𝛽 
 

where 𝛼 > 0 and 𝛽 > 0 
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The mean and the variance of the beta distribution are 

𝜇 =
𝛼

𝛼 + 𝛽
 

and 

𝜎2 =
𝛼𝛽

 𝛼 + 𝛽  𝛼 + 𝛽 + 1 
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PDF of the log-normal distribution is given by 

𝑓 𝑥; 𝜇, 𝜎 =  

1

 2𝜋𝜎2𝑥2
𝑒
−
 ln 𝑥 −𝜇 2

2𝜎2 , 𝑥 ≥ 0

0, otherwise

 

where 𝑌 = ln 𝑋 . 

The mean and variance of the log-normal distribution are 

𝜇 = 𝑒𝜇+𝜎
2/2 and 𝜎2 = 𝑒2𝜇+𝜎

2
 𝑒𝜎

2
− 1  
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PDF of the Weibull distribution is given by 

𝑓 𝑥; 𝛼, 𝛽 =  𝛼𝛽𝑥
𝛽−1𝑒−𝛼𝑥

𝛽
, 𝑥 > 0

0, otherwise
 

Where 𝛼 > 0 and 𝛽 > 0. 
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The mean and variance of the Weibull distribution are 

𝜇 = 𝛼−1/𝛽Γ 1 +
1

𝛽
  

and 

𝜎2 = 𝛼−2/𝛽  Γ  1 +
2

𝛽
 −  Γ  1 +

1

𝛽
  
2

  



End of Lecture 

Thank you! Questions? 
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