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Problem: 

The correlation function 𝐾𝑋(𝜏) of the stationary random function 𝑋(𝑡) is given:  𝐾𝑋(𝜏) = 𝜎2𝑒−𝛼2𝜏2
. 

Find the correlation function of the random function 𝑌(𝑡) = 𝑎𝑋′(𝑡). 

Solution:  

𝐾𝑋(𝜏) = 𝜎2𝑒−𝛼2𝜏2
,   𝑌(𝑡) = 𝑎𝑋′(𝑡). 

We have the theorem: 

The correlation function of the derivative of the stationary random function is equal to the second derivative 

of its correlation function, taken with a minus sign: 

𝐾𝑋′(𝜏) = −𝐾𝑋
′′(𝜏), 𝐾𝑋

′ (𝜏) =
𝜕

𝜕𝜏
(𝜎2𝑒−𝛼2𝜏2

) = 𝜎2 ∙ (−2𝛼2 ∙ 𝜏)𝑒−𝛼2𝜏2
,  

𝐾𝑋
′′(𝜏) =

𝜕

𝜕𝜏
(−2𝜎2𝛼2𝜏 ∙ 𝑒−𝛼2𝜏2

) = −2𝛼2𝜎2(𝑒−𝛼2𝜏2
+ 𝜏(−2𝛼2𝜏)𝑒−𝛼2𝜏2

) = −2𝛼2𝜏2 ∙ (1 − 2𝛼2𝜏2) ∙ 𝑒−𝛼2𝜏2
, 

𝐾𝑌(𝜏) = 𝐾𝑎𝑋′(𝜏) = 𝑎2𝐾𝑋′(𝜏) ⇒ 𝐾𝑌(𝜏) = −𝑎2𝐾𝑋
′′(𝜏), ⇒ 𝐾𝑌(𝜏) = 2𝑎2𝛼2𝜏2(1 − 2𝛼2𝜏2)𝑒−𝛼2𝜏2

. 
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