CS422/522: Image and Pattern Analysis
Homework 3 (Spring ' 05)

1. Characterize the following as linear, or non-linear, assdeven, odd, or
neither, and prove your characterization. In these funstois real, andz
is complex.

2. The [ operator takes a functiorf,, as its argument and returns the anti-
derivative of the functionf [ f(t)dt. Prove that thg operator is:

(a) Linear.
(b) Shift-invariant.

3. Prove that sifx) = ejxg}‘r'—x.

4. The impulse response function of a linear, shift-invargystem is:

h(t) = sin(Tt)
Tt
and its input is:
X(t) = cog4rt) + coqTt/2).
What is its output?
5. The impulse response function of a linear, shift-invatrgystem is:

_mt?

h(t)=e "2

and its input is: .
X(t) = elZmot,

What is its output?



10.

11.

12.

. The sine Gabor function is the product of a sine and a Gauskit)

e T‘Izsin(ZTIsot). Give an expression fdt(s), the Fourier transform off(t).

Prove that the sum of two Gaussian random variables witarveeso? and

2 . . . . . 2
03 is a Gaussian random variable with variawget- o3.

. The function f(t), is defined as:

1 ifjat—Dbl<3
o _{ 0 otherwise

Give an expression fdf (s), the Fourier transform of (t).

. The transfer function of a linear shift invariant systeshlis) = 1/s. The

impulse response functioh(t), is  ~1{H(s)}. Give an expression fat)
where:

g(t) = /Zejz@rh(t —1) dt.

Compute the Fourier transformfoft) = — 2t et cog 2rspt ). Hint: What
] d(e*"‘2>

IS =47

Prove the following statement: 4f{ f } (s) = F(s) then# {F }(s) = f(—9).
Hint: If & {f}(s) = F(s) thens ~{F}(t) = f(t).

Prove that {7 {f}} = f



