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Exercise 1 Ezpand f(t) = t* in a Fourier series on the interval —m <t < .
Plot both f and the partial sums

k
S(t) = % + Y (an cosnt + by, sin nt)

n=0

for k=1,2,5,7. Observe how the partial sums approximate f.

Exercise 2 Fzpand

0 —m<t< =35
fy={1 -z<i<z
0 s<t<m

in a Fourier series on the interval —m < t < w. Plot both f and the partial
sums Sy for k = 5,10,20,40. Observe how the partial sums approrimate f.
What accounts for the slow rate of convergence?

Exercise 3 Let a > 0. Use the Fourier transforms of sinc(z) and sinc?(z)
derived in the notes, together with the basic tools of Fourier transform theory,
such as Parseval’s equation, substitution, --- to show the following. (Use
only rules from Fourier transform theory. You shouldn’t do any detailed
computation such as integration by parts.)

. 3 2
o] sinazx _ 3a°w
b ffoo ( T ) d‘,L. - 4



. 4 3
o] sinax _ 2a°w
* 2% (T) dr = =5*

Exercise 4 Show that the n-translates of sinc are orthonormal:

o . . 1 forn=m
/oo sinc(z — n) - sinc(x — m) dx = { 0 otherwise, 2™ = 0,+,1,---

Exercise 5 Let
1 —2<t <1
flzy=<1 1<t<2
0 otherwise,

e Compute the Fourier transform f()\) and sketch the graphs of f and f

e Compute and sketch the graph of the function with Fourier transform
f(=X)

e Compule and sketch the graph of the function with Fourier transform
f'()

e Compute and sketch the graph of the function with Fourier transform
f+f)

o Compute and sketch the graph of the function with Fourier transform

A

f(3)

Exercise 6 Deduce what you can about the Fourier transform f(/\) if you
know that f(t) satisfies the dilation equation

ft) = f(2t) + f(2t = 1).
Exercise 7 Let f(t) = 1 for a > 0.
o Show that f(t) = me . Hint: It is easier to work backwards.

e Use the Poisson summation formula to derive the identity

i 1 wl4e?m™

W n2 + (1,2 al — 6727ra

What happens as a — 0+ ¢ Can you obtain the value of >°7° 4 n—12 from
this?



Exercise 8 The Butterworth filter is a causal filter, used for noise reduction.

It is defined by
| Aem fort >0

h(t) = { 0  otherwise
where A, a are positive parameters.

o Compute the Fourier transform }Az()\) and verify that it decays as A —
oo thus diminishing the high-frequency components of the filered signal

(NS ()
e (Consider the signal

f(t) = e *(sin 5t + sin 3t + sint +sin 40t), for 0 <t < m,

and zero elsewhere. Filter this signal with the Butterworth filter: com-
pute (f * h)(t) for 0 <t < m. Starting with A = a = 10, try various
values of A = a. Compare the original signal with the filtered signal.



