CS 522: Digital Image Processing
Homework 3 (Fall ’11)

1. Characterize the following as linear, or non-linear, and as even, odd, or
neither, and prove your characterization. In these functions, x is real, and z
is complex.

(@ f(x)=Tx+1

2. The [ operator takes a function, f, as its argument and returns the anti-
derivative of the function: f J, [ f(¢)dt. Prove that the [ operator is:
(a) Linear.
(b) Shift-invariant.
. JX _ =X
3. Prove that sin(x) = “—5—
4. The impulse response function of a linear, shift-invariant system is:

h(t)

_ sin(mt)
om

and its input is:
x(t) = cos(4nt) 4 cos(mt /2).

What is its output?

5. The impulse response function of a linear, shift-invariant system is:

and its input is:

What is its output?



. The sine Gabor function is the product of a sine and a Gaussian, f(t) =
e sin(2msot). Give an expression for F(s), the Fourier transform of f(z).

. The function, f(¢), is defined as:

1 if |ar—b| <}
ft)= { 0 otherwise.

Give an expression for F(s), the Fourier transform of f(z).

. The transfer function of a linear shift invariant system is H(s) = 1/s. The
impulse response function, A(t), is F ' {H(s)}. Give an expression for g(t)
where:

2(r) = / ¢ 201 1) .

. Compute the Fourier transform of f(z) = —2mt e ™ cos(2msot ). Hint: What

d(e—m2>
\C g
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