
Study aid Probability 2   (the formulas on the formula sheet are given) 

Definitions:  

Discrete: 𝑬(𝑿) =  

Continuous: 𝑬(𝑿) =   
 𝒄𝒐𝒗(𝑿, 𝒀) = 

 𝒗𝒂𝒓(𝑿) =  
 

 𝝆(𝑿, 𝒀) = 
 

 

Calculation formulas : 

Discrete: 𝑬(𝑿𝟐) =  

Continuous: 𝑬(𝑿𝟐) =   
 𝒗𝒂𝒓(𝑿) = 

𝑬(𝑿𝒀) =  𝒄𝒐𝒗(𝑿, 𝒀) = 

 𝑬(𝑿|𝒀 = 𝒚) = 
𝑬(𝑿) = 𝑬[                      ] 
          = ∑ … … … … … … … … … … …..   

 

Properties 𝑬(𝑿), 𝒗𝒂𝒓(𝑿), 𝒄𝒐𝒗(𝑿, 𝒀) and 𝝆(𝑿, 𝒀):  

 

Independence 

Discrete: 𝑿 and 𝒀 are independent ⟺ 𝑷(𝑿 = 𝒙 and 𝒀 = 𝒚) =……………… 

General: 𝑿 and 𝒀 are independent ⟺ 𝑷(𝑿 ∈ 𝑨 𝐚𝐧𝐝 𝒀 ∈ 𝑩) =……………… 

If 𝑿 and 𝒀 are independent,  

                               then we have: 

 𝑬(𝑿𝒀) = 

𝒄𝒐𝒗(𝑿, 𝒀) =              and  𝝆(𝑿, 𝒀) = 

𝒗𝒂𝒓 (𝑿 ± 𝒀) =  

If 𝑿𝟏, … , 𝑿𝒏 are independent and 

identically distributed with ex-

pectation µ and variance σ2, then: 

𝒗𝒂𝒓(∑ 𝑿𝒊
𝒏
𝒊=𝟏  ) =  

 

𝑬(𝑿) =           𝒂𝒏𝒅  𝒗𝒂𝒓(𝑿) = 

 

Convolution-sum (Ch. 5):   𝑷(𝑿 + 𝒀 = 𝒌) = 

 

Convolution-integral (Ch. 7):       𝒇𝑿+𝒀(𝒛) = 

 

 𝑬(𝒂𝑿 + 𝒃) =  𝒗𝒂𝒓(𝒂𝑿 +  𝒃) =  

 𝑬(𝑿 + 𝒀) = 

 𝑬(𝑿 − 𝒀) = 

𝒗𝒂𝒓(𝑿 + 𝒀) =   
𝒗𝒂𝒓(𝑿 − 𝒀) = 

𝑬(∑ 𝑿𝒊
𝒏
𝒊=𝟏  ) =  𝒗𝒂𝒓 (∑ 𝑿𝒊

𝒏

𝒊=𝟏

 ) = ∑ 𝒗𝒂𝒓(𝑿𝒊)

𝒏

𝒊=𝟏

+ ∑ ∑ 𝒄𝒐𝒗(𝑿𝒊, 𝑿𝒋)

𝒋 𝒊    ≠

 

𝒄𝒐𝒗(𝒂𝑿, 𝒀) =  𝝆(𝒂𝑿, 𝒀) = 𝒄𝒐𝒗(𝑿, 𝑿) = 

 𝒄𝒐𝒗(𝑿, 𝒀 + 𝒁) = 



Study aid 2 

Definitions:  

Discrete: 𝑬(𝑿) =  ∑  𝒙𝑷(𝑿 = 𝒙)𝒙  

Continuous: 𝑬(𝑿) =  ∫ 𝒙𝒇(𝒙)𝒅𝒙
∞

−∞
 

𝒄𝒐𝒗(𝑿, 𝒀) = 𝑬(𝑿– 𝑬𝑿)(𝒀– 𝑬𝒀) 

𝒗𝒂𝒓(𝑿) = 𝑬(𝑿– 𝑬𝑿)𝟐 𝝆(𝑿, 𝒀) =
𝒄𝒐𝒗(𝑿, 𝒀)

𝝈𝑿𝝈𝒀
 

 

Calculation formulas: 

Discrete: 𝑬(𝑿𝟐) = ∑  𝒙𝟐𝑷(𝑿 = 𝒙)𝒙  

Continuous: 𝑬(𝑿𝟐) =  ∫ 𝒙𝟐𝒇(𝒙)𝒅𝒙
∞

−∞
 

𝒗𝒂𝒓(𝑿) = 𝑬(𝑿𝟐) − (𝑬𝑿)𝟐  

𝑬(𝑿𝒀) = ∑ ∑ 𝒙 ∙ 𝒚 ∙ 𝑷(𝑿 = 𝒙 and 𝒀 = 𝒚)𝒚𝒙   𝒄𝒐𝒗(𝑿, 𝒀) = 𝑬(𝑿𝒀) – 𝑬(𝑿)𝑬(𝒀) 

 𝑬(𝑿|𝒀 = 𝒚) = ∑ 𝒙 ∙ 𝑷(𝑿 = 𝒙|𝒀 = 𝒚)𝒙  
𝑬(𝑿) = 𝑬[ 𝑬(𝑿|𝒀)] 
          = ∑ 𝑬(𝑿|𝒀 = 𝒚) ∙ 𝑷(𝒀 = 𝒚)𝒚  

 

Properties 𝑬(𝑿), 𝒗𝒂𝒓(𝑿), 𝒄𝒐𝒗(𝑿, 𝒀) and 𝝆(𝑿, 𝒀):  

 

Independence Discrete: 

 𝑿 and 𝒀 are independent ⟺ 𝑷(𝑿 = 𝒙 and 𝒀 = 𝒚) = 𝑷(𝑿 = 𝒙) ∙ 𝑷(𝒀 = 𝒚), 

General:  
𝑿 and 𝒀 are independent ⟺ 𝑷(𝑿 ∈ 𝑨 𝐚𝐧𝐝 𝒀 ∈ 𝑩) =  𝑷(𝑿 ∈ 𝑨) ∙ 𝑷( 𝒀 ∈ 𝑩) 

If 𝑿 and 𝒀 are independent,  

                               then we have: 

𝑬(𝑿𝒀) = 𝑬(𝑿)𝑬(𝒀)         

𝒄𝒐𝒗(𝑿, 𝒀) = 𝟎         and   𝝆(𝑿, 𝒀) = 𝟎 

𝒗𝒂𝒓 (𝑿 ± 𝒀) = 𝒗𝒂𝒓(𝑿) + 𝒗𝒂𝒓(𝒀)  

If 𝑿𝟏, … , 𝑿𝒏 are independent and 

identically distributed with ex-

pectation µ and variance σ2, then: 

𝒗𝒂𝒓(∑ 𝑿𝒊
𝒏
𝒊=𝟏  ) = ∑ 𝒗𝒂𝒓(𝑿𝒊

𝒏
𝒊=𝟏  ) =  𝒏𝝈𝟐  

𝑬(𝑿) = 𝝁     and    𝒗𝒂𝒓(𝑿) =
𝝈𝟐

𝒏
 

 

Convolution-sum: 𝑷(𝑿 + 𝒀 = 𝒌) = ∑ 𝑷(𝑿 = 𝒌) ∙ 𝑷(𝒀 = 𝒏 − 𝒌)𝒌   

 

Convolution-integral: 𝒇𝑿+𝒀(𝒛) = ∫ 𝒇𝑿(𝒙)𝒇𝒀(𝒛 − 𝒙)𝒅𝒙
∞

−∞
 

 𝑬(𝒂𝑿 + 𝒃) = 𝒂𝑬(𝑿) + 𝒃 𝒗𝒂𝒓(𝒂𝑿 +  𝒃) = 𝒂𝟐 𝒗𝒂𝒓(𝑿) 

 𝑬(𝑿 + 𝒀) = 𝑬(𝑿) + 𝑬(𝒀) 

𝑬(𝑿 − 𝒀) = 𝑬(𝑿)– 𝑬(𝒀) 

𝒗𝒂𝒓(𝑿 + 𝒀) = 𝒗𝒂𝒓(𝑿) + 𝒗𝒂𝒓(𝒀) + 𝟐𝒄𝒐𝒗(𝑿, 𝒀) 
𝒗𝒂𝒓(𝑿 − 𝒀) = 𝒗𝒂𝒓(𝑿) + 𝒗𝒂𝒓(𝒀) − 𝟐𝒄𝒐𝒗(𝑿, 𝒀) 

𝑬(∑ 𝑿𝒊
𝒏
𝒊=𝟏  ) = ∑ 𝑬(𝑿𝒊)𝒏

𝒊=𝟏  𝒗𝒂𝒓 (∑ 𝑿𝒊

𝒏

𝒊=𝟏

 ) = ∑ 𝒗𝒂𝒓(𝑿𝒊)

𝒏

𝒊=𝟏

+ ∑ ∑ 𝒄𝒐𝒗(𝑿𝒊, 𝑿𝒋)

𝒋 𝒊    ≠

 

𝒄𝒐𝒗(𝒂𝑿, 𝒀) = 𝒂 ∙ 𝒄𝒐𝒗(𝑿, 𝒀) 𝝆(𝒂𝑿, 𝒀) = 𝝆(𝑿, 𝒀), 𝒂 > 𝟎 𝒄𝒐𝒗(𝑿, 𝑿) = 𝒗𝒂𝒓(𝑿) 

 𝒄𝒐𝒗(𝑿, 𝒀 + 𝒁) = 𝒄𝒐𝒗(𝑿, 𝒀) + 𝒄𝒐𝒗(𝑿, 𝒁) 


