ECE 417 Multimedia Signal Processing
Homework 1

UNIVERSITY OF ILLINOIS
Department of Electrical and Computer Engineering

Assigned: Tuesday, 8/25/2020; Due: Monday, 8/31/2020
Reading: Strang, Section 6.1 and Gallager, pp. 33-34, 36, 39-43, 45

Problem 1.1

Suppose that z[n] is the following time-shifted rectangle function:

z[n] = uln — 15] — u[n — 31] (1.1-1)
Find X (w).
Solution: 16 _
X(w) = e 715 1= _ —i2250 sin(8w)
1—edw sin(w/2)
Problem 1.2

Suppose that ¥ = [z1,72]T is a Gaussian random vector, with mean vector ji and covariance matrix 3

given by:
R 2 9 0
e (2] ==[1 0] 021
Remember that the standard normal CDF is defined to be:
1 z 142
O(2) = — e 2 dt 1.2-2
==/ (1.2:2)

In terms of ®(z), find Pr{x; > 4}, the probability of the event that x; is greater than 4.

Solution: .
Pr{z; >4} =1—Pr{z; §4}:1—q><;>

Problem 1.3

Let A be a 2 x 2 matrix, and let = be one of its elements. All of its other elements are known, and are
given as:

A= [ v 3 } (1.3-1)


http://math.mit.edu/~gs/linearalgebra/linearalgebra5_6-1.pdf
http://web.mit.edu/gallager/www/papers/chap2.pdf

Homework 1 2

The eigenvalues of A are given by

N
A= —g + % (1.3-2)

for some particular values of a, b, and ¢. Find a, b, and ¢, in terms of z, such that Equation (1.3-2)) gives
the eigenvalues of A.

Solution:
a=1
b=—(x+2)
c=2r+3
Problem 1.4

Let A be a 2 x 2 matrix, and let  be one of its elements. All of its other elements are known, and are
given as:
r 3
A= [ 1 9 } (1.4-1)
Suppose that you are given one of its eigenvalues, A\, and you want to find the corresponding eigenvector. As
you know, the scale of an eigenvector is arbitrary, so let’s arbitrarily set its first element to 1: ' = [1,v5]7.
Solve for its second element, vy, in terms of .

Solution: Setting AU = A\¥ gives two equations in one unknown: x + 3ve = A, and —1 + 2v5 = Av. These
will give the same answer if A is an eigenvalue:




