EEL 6545 Random Processes Final, Dec. 3, 2003. Open book & notes. Two hours.

NO CALCULATORS! IT IS EASIER FOR ME TO GRADE FORMULAS THAN NUMBERS.

1. (13 points) Starting now, a coin is flipped every hour. If it is heads on the first flip, a marker is place at x = +1; if it is tails, the marker is placed at x = -1. At the second flip, it is moved one unit to the right if the coin reads heads, and 1 to the left if it reads tails; but then it is shifted one-third of the way back to the origin. (So it's true position is either x = 0, 2/3, or –2/3.) The position of the coin is measured to be +0.5, with a measuring device that is unbiased but has an error standard deviation of 1. What is the least-squares estimate for the position of the marker?

2. The experiment in Problem 1 is run until the process becomes stationary. 

a. (13 points) What are the values of the autocorrelation function rX(0), r​X​((1), rX((2)?

b. (7 points) What is the standard deviation of X(n)?

c. (7 points) What is the mean of X(n)?

d. (13 points) Use these 5 autocorrelation values to estimate the power spectral density of X.

e. (13 points) Use the transfer function approach to compute the power spectral density of X.

3. (13 points) The experiment in Problem 1 is run until the process becomes stationary. After 100 hours, the marker position is measured to be 0.4, with the same erratic measuring device. What is the least-squares estimate of its previous position, at 99 hours?

4. (13 points) What is the difference equation for an ARMA(1,0) process driven by white noise with power = 4, whose autocorrelation function is given by rX(k) = 6/(k2+1)? How many of the values of the autocorrelation does your model fit, exactly?

5. (8 points) The standard deviation of the length of the alligators in the Everglades is known to be 2 feet. If you measure the lengths of 100 alligators and take the average, which is the standard deviation of your value? Should you throw each alligator back into the lake and take a chance on catching and measuring him again, or should you separate out the ones you have measured?

