Homework 3    STAT330   DUE MON. 2/9          Name________________________________

1. Let X and Y be independent and identically distributed (iid) random variables. Suppose that each of them has a uniform probability density function (pdf) over the sample space interval [0,1]; that is, 
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(a) Find 
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(b) The probability in (a) is called the cumulative distribution function (cdf) for the 2-D random variable, [X,Y]. Why?

(c) The cdf in (b) is a function of the variables x and y, and is denoted as 
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. This function exists for all types of random variables. By definition, a continuous random variable is one whose derivative of the cdf exists for all x and y in the joint sample space. From your answer in (b), prove that [X,Y] is a 2-D continuous random variable by showing that its 2-D derivative, 
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 is continuous in x and y contained in the 2-D sample space.

(d) If you did (c) correctly, then you should have found that 
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.  Verify that this is a valid pdf by graphically plotting it in the x-y plane, and computing the total volume associated with it.

(e) In the book (as in many books on probability and statistics) two random variables X and Y are said to be statistically independent if their joint pdf can be expressed as the product of their marginal pdfs; that is, 
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. From the information given at the top and (d), it should be clear that, using this definition, X and Y are independent. The problem with this definition is that, formally, it only holds for continuous random variables, since they have pdf’s. An alternative definition, and one that holds for ALL random variables uses the cdf, since, as noted in (c), it exists for all types of random variables. This alternative definition is: X and Y are statistically independent if the joint cdf factors into the product of the marginal cdfs; that is, if
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.  Use this definition to prove that X and Y in this problem are independent. 

(f) Textbooks in probability and statistics often include cdf, but not pdf tables for various common random variables. Even though probability information is contained in the pdf, to get it, one has to perform mathematical integration over the event in question. The cdf, being the integral of the pdf, does not require this advanced operation. Instead, one can get a probability using simple addition and/or subtraction. For X given in this problem, compute the P[0.3<X<0.6], using (i) the pdf for X, and then (ii) the cdf for X.

2. Book p.119 # 1

3. Book p.119 #2

4. Book p.123 #1

5. Book p.147 #1

6. Book p.156 #1

7. Very often, costly electrical systems include a power supply voltage limiter circuit, so that any voltage larger than a preset value 
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 is limited to this value. Suppose that prior to the limiter circuit, the voltage, V, has a uniform distribution over the range [4.9v, 5.4v]. Suppose that the limiter is set to 5.1 volts. 

(a) Graph the pdf of the limiter output voltage, and give a corresponding mathematical expression for it.

(b) From your answers in (a), graph and give the mathematical expression for the corresponding cdf.

(c) Is the limiter output voltage a discrete, continuous, or mixture type of random variable? Why?
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