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Bitte lassen Sie geniigend Platz zwischen den Aufgaben
und beschreiben Sie nur die Vorderseite der Blatter!

| Zum Bestehen der Klausur sollten 9 Punkte erreicht werden. |

1) 2) 3)

Punkte: Note:




1. By using the two-sided z-transform a so-called LTI system is described in
the z-domain through: Y'(z) = H(z) X (z), where

= 3 bz, 0<r<[|f <R,

n=—oo

is known as the system function. What is the output sequence y,, of the sy-

. . L . 1 , n=0,
stem if the input is given by the impuls z,, = 6,0 = { 0 . otherwise,
and the complex sinusoid =, = €™ ™ respectively. (6P)

1, 0<t<i,
2. The Haar wavelet is defned as: ¢(¢t) = ¢ —1 , 3 <t<1, Show that
0 , sonst.
for any @ < 0 and f the wavelet transform is given by:

W(f(#)(a,b)

(4P)

3. Let f be square integrable [ |f(¢)|”dt < co. Suppose that for any integer
k there holds:

o0

/ () FE— k) dt = 6.

—0o0

. . 1 , .
Show that the Fourier coefEcients ¢y, = o /g(w)e‘”“”dw of the 27 peri-
™

odic function

=Y IFU@)w+2mi)f

j=—o0

. . 1 . .
satisfy the relation: ¢, = oy dk0 - Hint: use the Parseval-Plancherel iden-
T

o0

tity and note that: Z(£(£))(w) = — / F(£)emiwt dt . (8P)

V2T



Solutions

1.) By using the convolution theorem of the z-transform we obtain the impulse
response:

Yn = b % 2y = i hy 5n—u,0hn

V=—0o0

and the frequency response:

0o
Yn = hn*xn: Z hufrn—u

= i h, elv ) = ( i h, (e“”)”) ern
= I;_(e“") Ty - )

2.) Since a < 0 we have:

t—b 1
0< - = b2t>b+g,
a 2 2
1 t—b
- < <1 < b+2>t>bta.
2 a 2

After scaling and translation the Haar wavelet takes the form:

- 1, b>t>b+2,
w( ): -1 , b+5>t>b+a,
a 0 , otherwise,

and the wavelet transform becomes

WO e = o= |- [ 10a+ [ roa



3.) The Parseval-Plancherel identity gives:

o0 o0

[r0fe=Ra = [ 7w e = FTme d

o0

= [ F

70000 27 (j+1)
- > [ el d

J=700 o

27

(In the last step we interchanged integration and summation. This needs a careful
justifcation by Levi’s theorem). Finally, the following identity holds:

/ S F(FO)w + 27 )2 €4 dw = 6o

0 J==o°

Therefore, for the fourier coef£cients ¢y, of the 27-periodic funktion

> IFFO)w+2m )

j=—o0

we obtain: .

C_p = =—O0k0-
27

Hieraus folgt dann die Behauptung.



