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5 Highlight: The bivariate normal distribution

5.1 Density function 
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5.2 Moment generating function and moments
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5.3 Marginal and conditional densities
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1 Introduction 

• Real-life examples often present themselves with far more complex density 

functions that the one described so far.  

• In many cases the random variable of interest is a function of one that we 

know better, or for which we are better able to describe its density or 

distributional properties 

• For this reason, we devote an entire part on densities of “functions of 

random variables”  



Probability and Statistics                                  Chapter 4: Distributions in the presence of multi

 

K Van Steen  

 

2 Expectations of functions of random variables

2.1 Expectation two ways
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2.2 Sums of random variables
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2.3 Product and quotient

  

Probability and Statistics                                  Chapter 4: Distributions in the presence of multi-dimensionality and functions of random variables

     

2.3 Product and quotient 

dimensionality and functions of random variables 

                              115 



Probability and Statistics                                  Chapter 4: Distributions in the presence of multi

 

K Van Steen  

 

  

Probability and Statistics                                  Chapter 4: Distributions in the presence of multi-dimensionality and functions of random variables

     

dimensionality and functions of random variables 

                              116 



Probability and Statistics                                  Chapter 4: Distributions in the presence of multi

 

K Van Steen  

 

  

Probability and Statistics                                  Chapter 4: Distributions in the presence of multi-dimensionality and functions of random variables

     

dimensionality and functions of random variables 

                              117 



Probability and Statistics                                  Chapter 4: Distributions in the presence of multi

 

K Van Steen  

 

Important consequence 

  

Probability and Statistics                                  Chapter 4: Distributions in the presence of multi-dimensionality and functions of random variables

     

dimensionality and functions of random variables 

                              118 



Probability and Statistics                                  Chapter 4: Distributions in the presence of multi

 

K Van Steen  

 

3 Cumulative-distribution

3.1 Description of the technique
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3.2 Distribution of minimum and maximum
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3.3 Distribution of sum and difference of two random variables
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3.4 Distribution of product and 
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4 Moment-generating-function technique

4.1 Description of the technique
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4.2 Distribution of sums of independent random variables
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The central limit theorem

• One of the most important theorems of probability theory is 

limit theorem. It gives an approximate distribution of an average.
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5 The transformation Y=g(X)

5.1 Distribution of Y=g(X)
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5.2 Probability integral transform
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Why is this an important result?
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5.3 The transformation 
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A note on the Cauchy (-Lorentz) distribution 

• The Cauchy distribution is important as an example of a pathological case. 

Cauchy distributions look similar to a normal distribution. However, they 

have much heavier tails.  

• When studying hypothesis tests that assume normality, seeing how the 

tests perform on data from a Cauchy distribution is a good indicator of how 

sensitive the tests are to heavy-tail departures from normality.  

• Likewise, it is a good check for robust techniques that are designed to work 

well under a wide variety of distributional assumptions.  

• Finally, the mean and standard deviation of the Cauchy distribution are 

undefined. The practical meaning of this is that collecting 1,000 data points 

gives no more accurate an estimate of the mean and standard deviation 

than does a single point.  
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where x0 is the location parameter, specifying the location of the peak of the 

Cauchy distribution, and γ 

width at half-maximum  
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γ is the scale parameter which specifies the half
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