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Linear Coding (2 pages; 8/7/21) 

 

To establish the effect on �̅�, 𝑠 & 𝑟 of the transformation 

𝑦 = 𝑎𝑥 + 𝑏 : 

 

�̅� =
∑ 𝑦𝑖

𝑛
=

∑(𝑎𝑥𝑖+𝑏)

𝑛
=

(𝑎 ∑ 𝑥𝑖)+𝑛𝑏

𝑛
= 𝑎�̅� + 𝑏  

 

𝑠𝑦
2 =

𝑆𝑦𝑦

𝑛
   ,  where   𝑆𝑦𝑦 = (∑ 𝑦𝑖

2) − 𝑛�̅�2 

= (∑(𝑎𝑥𝑖 + 𝑏)2) − 𝑛(𝑎�̅� + 𝑏)2  

= (𝑎2 ∑ 𝑥𝑖
2) + (2𝑎𝑏 ∑ 𝑥𝑖) + 𝑛𝑏2 − 𝑛𝑎2�̅�2 − 2𝑛𝑎𝑏�̅� − 𝑛𝑏2  

= 𝑎2{(∑ 𝑥𝑖
2) − 𝑛�̅�2} , since   ∑ 𝑥𝑖 = 𝑛�̅� 

= 𝑎2𝑆𝑥𝑥  

Hence  𝑠𝑦
2 =

𝑎2𝑆𝑥𝑥

𝑛
= 𝑎2𝑠𝑥

2   , and so  𝑠𝑦 = 𝑎𝑠𝑥  

 

Suppose that we are considering the correlation between  𝑥𝑖 and 

𝑧𝑖 . 

Then  𝑟𝑥𝑧 =
𝑆𝑥𝑧

√𝑆𝑥𝑥𝑆𝑧𝑧
   and  𝑟𝑦𝑧 =

𝑆𝑦𝑧

√𝑆𝑦𝑦𝑆𝑧𝑧
 

Now  𝑆𝑦𝑧 = (∑ 𝑦𝑖𝑧𝑖) − 𝑛�̅�𝑧̅ 

= (∑(𝑎𝑥𝑖 + 𝑏)𝑧𝑖) − 𝑛(𝑎�̅� + 𝑏)𝑧̅  

= (𝑎 ∑ 𝑥𝑖𝑧𝑖) + (𝑏 ∑ 𝑧𝑖) − 𝑛𝑎�̅�𝑧̅ − 𝑛𝑏𝑧̅  

= 𝑎{(∑ 𝑥𝑖𝑧𝑖) − 𝑛�̅�𝑧̅} , since  ∑ 𝑧𝑖 = 𝑛𝑧 ̅

= 𝑎𝑆𝑥𝑧  
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Hence  𝑟𝑦𝑧 =
𝑎𝑆𝑥𝑧

√𝑎2𝑆𝑥𝑥𝑆𝑧𝑧
=

𝑆𝑥𝑧

√𝑆𝑥𝑥𝑆𝑧𝑧
= 𝑟𝑥𝑧 

 

 


