
 

Section 2.4   The Correlation Coefficient 
 
Let X and Y be two random variables. The correlation coefficient of X and Y is defined to be the covariance of 

X and Y, divided by the 2 2
1 2  .   
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Note: 1 1    
 
If 1  , there is a line with equation , 0y a bx b   .  Hence, the probability for the distribution of X and 

Y comes from the points on the straight line, so   1.P y a bx    

If 1   , we have the same thing but 0b  . 
 
 
Question: Is there a line in the XY-plane such that the probability for X and Y tends to concentrate 

around this line?  

If y has a linear conditional mean, that is,    E Y x y f y x dy a bx



    , we can find the constants  
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Hence, the linear conditional mean of 
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If  Y  has a linear conditional mean:    2
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E Y x x
  


    , then the variance of the conditional 

distribution is    2 2 2
2 1Y x   
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Results from the conditional variance of Y given X.  Note: Since the variance is greater or equal to zero, it 
implies that  
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5. If 2 is near one then
2
Y x  is relatively small, meaning there is a high concentration of the probability 

for this conditional distribution near the conditional mean of Y given X;    2
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Note:  If the random variables are discrete the results will still hold. 

 

Example 2:  Given the conditional means     1
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Example 3: Consider the pdf  , ; 0yf x y e x y     . 
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Example 4: Consider the joint pdf  , ; 0yf x y e x y     .   From Example 3 we know that 
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Since the conditional means are linear  we can use 2
1 2bb  to find  the correlation  .  
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Now use the information given in this example to compute  
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omework 2.4:   1,  3,  4,  9,  10  pages 108-109.  

  



 

Homework 2.4 

1. If the pdf of X and Y is given by  , 0 1f x y and x y    , give the formulas for the following. 

 a.  xy   

 b.   E E X y   

c. ( , )Cov X Y   

d. If X and Y have linear conditional means, then  E X y   

                          E Y x   

e. If X has a linear conditional mean, then 2
X y   

 

2. Given the conditional means     1
52 1 2E Y x x and E X y y      , find  1 2, , and   . 

     

 

3. Consider the pdf    21
2, ; 0yf x y x e x y     .  Compute the correlation between X and Y. 

 

 

4. Consider the joint pdf    2, 4 ; 0yf x y e x y     .  
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a. Compute    xy   
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c. Use the information given in the problem to compute the 
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