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EE 570 MID-TERM EXAM PART 1
Give short answers, either verbal or mathematical, to the
following questions:
1. How does a random process differ from a random variable?
2. What is the correlation coefficient?

3. How is the power spectral density related to the
autocorrelation function of a stationary random process?

4. What is the definition of a stationary random process?

5. What is the common perception of an ergodic random
process? '

6. Under what conditions does zero correlation imply
statistical independence of two random variables?

7. Statistically independent random variables are always
uncorrelated (true or false).

8. Statistically orthogonal random variables are always
— uncorrelated (true or false).

9. Which of the following functions are valid mathematical
models for the autocorrelation of a random process:
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10. Consider a white noise process with a power spectral
density of 10 volts-squared/Hz.

a) Justify the name "power spectral density" for a
quantity with units "volts-squared/Hz".

; b) Give the associated autocorrelation function with
the correct units.
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1. The resistance values of resistors nominally rated at
1000 ohms are uniformly distributed between 900 and 1100
ohms. If two resistors are selected randomly and
independently, what is the probability that the re51stance
value of the series connection of the two resistors is
between 1900 and 2100 ohms.

2. The power spectral density of a stationary random
process is given below. What is the associated
autocorrelation function.

4 - 20W" + b4

3. Three samples of a stationary, Gaussian process taken at
one unit intervals are to be considered. The
autocorrelation function of the process is given below.

What is the joint probability density function relating the
three random variables.

-1l
R(T) = 4 + 10¢

4, Consider the bandpass bandlimited white noise process

with power spectral density

S(iw) = .005 200 <&iwl4a50T.
=0 Elsewhevre

a) Sketch the spectral density.
b) What is the bandwidth in Hz?

c) What is the mean-square value of the process?
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1. Continuous observations z of an unknown constant x are
corrupted by multiplicative noise v i.e.,

z = (1+v)x

where

E[x] = E[v] = E[vX] = 0

2, B[v?] = 5,2

E(x2] = s o

X

(a) Find the optimal linear estimate of x based on a
measurement z. That is, for X = k z, find k and use it to
estimate x.

(v) Find the rms error in this estimate.’

(c) Find the bias in this estimate.

2. Consider the system

x(t)' = =2 x(t) + w(t) X(0) = 1
with discrete measurements

Zk =Xk+vk
made at one second intervals. w(t) is continuous white
noise with mean 0 and power spectral density 2. vy is zero
mean and has covariance 2.
Design a filter to give minimum variance estimates of x at
one second intervals where the filter is mistakenly, but
unknowingly, is based on the system egquation

X(t)' = -1 x(t) + w(t)

and the initial value of x is known to be 1.
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(a) Compare the actual mean value of x with the estimated

mean value of x when t is two seconds.

(b) Compare the actual variance in x with the estlmated

variance in x at two seconds.

(c) Comment on the results of (a) and (b).

3. A system with transfer function

T(s) =1/ (s + 3)

is driven by a white noise input with power spectral density

2.

(2) Find the power spectral density of the output.

(b) Find the autocorrelation of the output.

(c) Find the rms value of the output.

(d) Find the crosscorrelation between the input and the

output.

4. Assume the system of problem 3 is drive by correlated

noise with power spectral density

S(jw) = 18 / (w + 9)

(a) Find the power spectral density of the output.

(b) Find the autocorrelation of the output.

(c) Find the rms value of the output.

(d) Find the crosscorrelation between the input and the.

output.
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