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3. Ubung

Aufgabe 1.7:
Fiir die gegebenen periodischen Signale bestimme man die Fourierreihenkoeffizienten cy:
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Wenn % — % # N ist, heben einander die Summenglieder auf,
weil der Kreis (& e/) (6fter) vollstandig durchlaufen wird.
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Aufgabe 1.8:

Gegeben ist ein unvollstindiges Spektrum eines reellen, periodischen, mittelwertfreien
Signals mit Periode N = 4:
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Bestimmen Sie aus diesen Angaben das Zeitsignal x[n], sowie die fehlenden
Fourierreihenkoeffizienten ¢y und c;.

Mittelwertfreiheit?!

CO:O

Reelles Signal?

*
Ck = Cn—k
*
C3 = C4—3
J— *
=1

Signal im Zeitbereich

N-1

'Z—nnk
x[n] =ch-eJN

k=0

! Der Gleichanteil (Anteil mit Frequenz f = 0) muss 0 sein.
2 Realteil ist symmetrisch zur y-Achse (gerade)

Imaginarteil ist punktsymmetrisch zum Ursprung (ungerade)
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Aufgabe 2.1:

Beweisen Sie fiir jedes der durch Eingangs-/Ausgangsbeziehungen gegebenen Systeme die
Giiltigkeit oder Ungiiltigkeit der Systemeigenschaften Linearitdit, Zeitinvarianz, Kausalitdit
und Stabilitéit. Wo es méglich ist, geben Sie die Impulsantwort h[n] des Systems an.

x ... Eingangssignal
y ... Ausgangssignal

Linearitat
x[n] =a-xqin]+ b-xy[n]
l
y[n]=a-yin]+b-y;[n]

Zeitinvarianz:
x[n+ ng] - y[n + ng]

Kausalitat
yln]=--+x[n+kj]-.., k<0

BIBO-Stabilitat
(lx[n]] <M < )

ly[n]] < C-M <

Impulsantwort

x[n] - &[n]
a) y[n] = x[n] — x[n — 1]
Linearitat
x[n] =a-x;[n]+b - x,[n]
l

y[nl = (a-x1[n] +b-x;[n]) — (a- x1[n — 1] + b - xz[n — 1])
=a-xn]+b-x[nl—a-x;n—1]—b-x,[n—1]
=a- (q[n] —x[n—1]) + b - (xz[n] —x2[n —1])
=a-y1+b-y,

— linear
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Zeitinvarianz
x[n+ng] — x[n — 1+ ng)
= x[(n + ny)] — x[(n + ny) — 1]
= y[n + ng]

— zeitinvariant

Kausalitat
y[n] = x[n] — x[n — 1]

— kausal

BIBO-Stabilitat
|x[n]| <M < o
lyln]l <C-M < oo

y[n] = x[n] — x[n — 1]
yln] <M+ M
yln]<2-M
— BIBO-stabil

Impulsantwort

h[n] = 6[n] — &[n — 1]
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b) y[n] = x[n]-x[n—1]

Linearitat
x[n] =a-x;[n]+b-x,[n]

l
y[n] = x[n] - x[n - 1]
=(a-xn]+b-xy[n])-(a-x[n—1]+b-xy[n—1])

— nicht linear

Zeitinvarianz
x[n+ngl-x[n—1+ng]
=x[(n+ny)] - x[(n +ny) — 1]
= y[n + ng]

— zeitinvariant

Kausalitat
y[n] = x[n] - x[n - 1]

— kausal

BIBO-Stabilitat
|x[n]] <M < o
ly[n]l <C-M < o0

y[n] = x[n] - x[n —1]
y[n] < M?
— BIBO-stabil
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c) y[n] = Xiia ,x[K]

Linearitat
x[n] =a-x;[n]+b-xy[n]

n+4
yinl= > a-xlnl+b-xln]

k=n-2
n+4 n+4
= z a-xq[n]+ Z b-x,[n
k=n-2 k=n-2
=a-y1+b-y,
— linear

Zeitinvarianz

n+4

Z x[k + ngy]

k=n-2
n+4+ng

- Z x[k]
k=n-2+ny
(n+ng)+4
- Z x[k]
k=(n+ng)—2
y[n + nel

— zeitinvariant

Kausalitat

n+4

ylal = > x[k]

k=n-2
=x[n—-2]+x[n—1]+x[n] +x[n+ 1] + x[n + 2] + x[n + 3] + x[n + 4]

— akausal
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BIBO-Stabilitat
|x[n]] <M < o
ly[n]l <C-M <o

n+4

yinl = > xlk]
k=n-2
ylnl<7-M

— BIBO-stabil

Impulsantwort

n+4

yinl = ) xlk]
k=n-2
n+4

hn] = z 5[k]
k=n-2

=6n—-2]+6[n—1]+8[n]+6[n+1]+86[n+ 2]+ 6[n+ 3]+ 8[n+ 4]
=o[n+ 4] — o[n — 2]

d) y[n] = x[n] + x[-n]

Linearitat
x[n] =a-x;[n]+b-x,[n]

l
y[n] = (a-x;[n] +b - xz[n]) + (@ - x1[-n] + b - x2[—n])
= a- (q[n] +x1[-n]) + b - (x2[n] + x,[—n])
=a-y1+b-y;

- linear

Zeitinvarianz
x[n +ngl + x[—n + ny
# y[n+ngl = x[n+ nyl + x[—(n + ny)]

— zeitvariant
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Kausalitat
y[n] = x[n] + x[-n]
y[5] = x[5] + x[—5] < in Ordnung
y[—5] = x[—5] + x[5] « von Zukunft anhangig

— akausal

BIBO-Stabilitat
|x[n]] <M < o
ly[n]] < C-M < o

y[n] = x[n] + x[-n]
yln]<2-M
— BIBO-stabil

e) y[n] = x[2n]

Linearitat
x[n] =a-x;[n]+b-x,[n]

l
y[n] =a-x[2n] + b - x,[2n]
=a-y1+b-y,

— linear

Zeitinvarianz
x[2n + ng]
#y[n+ny]l =x[2- (n+ny)]

— zeitvariant

Kausalitat
y[n] = x[2n]
y[5] = x[10]

— akausal
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BIBO-Stabilitat
|x[n]] <M < o
lyln]| <C-M < oo

y[n] = x[2n]
ylnl <M
— BIBO-stabil

Linearitat
x[n] =a-x;[n]+b-x,[n]
)

yinl = —— - (a-xa[n] + b - xp[n)

" n+05

. a ] + b

" n+05 X1l n+ 0.5
=a-y;+b-y,

X [n]

- linear

Zeitinvarianz

1
n+ 0.5

- x[n + ngl

1

¢y[n+n0]=(n+n0)+0.5-

x[n + ngl

— zeitvariant

Kausalitat

_ 1
" n+05

— kausal

y[n] x[n]

BIBO-Stabilitat
|x[n]] <M < o
ly[n]] < C-M < o
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1

y[n]=n+05-X[n]
1

Y[Tl]<?'M

ylnl]<2-M
— BIBO-stabil

g) y[n]l =x[n—-1]+x[n] —x[n+1]

Linearitat
x[n] =a-x;[n]+b-x,[n]

l
yinl=(@ - xn—1]+b-x3n—1D)+ (@a-x;[n]+b-x3[n]) —(@a-x1[n+ 1]+ b - x,[n+ 1])
=a-(x[n—1]+xn] —x[n+1]) + b (x3[n— 1] + x,[n] — x,[n + 1])
=a-y1+b-y;

- linear

Zeitinvarianz
x[n—14+n] +x[n+ny] —x[n+1+n]
x[(n 4+ ny) — 1] + x[(n + ng)] — x[(n + ny) + 1]
= y[n + ng]

— zeitinvariant

Kausalitat
y[n] = x[n — 1] + x[n] — x[n + 1]

— akausal

BIBO-Stabilitat
y[n] = x[n — 1] + x[n] — x[n + 1]

ylnl]<3-M
— BIBO-stabil

Impulsantwort

hin] = §[n — 1] + &[n] — 6[n + 1]
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Aufgabe 2.2:

Ein lineares, zeitinvariantes LTI-System habe die Impulsantwort h[n] = a™ - o[n].
Berechnen Sie die Systemantworten y[n] auf folgende Eingangssignale:

o)

yin] = Gex Wln] = (h+0[n) = > xlkl-hin—kl= > hlk]-x[n -k

k=—o k=—o0

a) x[n] = o[n]

Geometrische Summenformel

N 1— g+

1-g¢q

n

«—
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k=n
= Y (a¥-o[k—n]) - ) (a® o[k —n)])

Geometrische Summenformel

N

qnzl_qN+1
n=0 1_q
l
_1—a°° 1—a™
11—« 1—«a
an
=1—a
1 <0
n<
yln] =412«
n>0
1—-«a

c) x[n]=0[n]+0o[-n+N]-1

x[n] = o[n] +o[-n+N] -1
=o[n] —o[n—(N+1)]

ylnl = > (@ -olkl-ofn— kD = > (@*-olk] - oln—k — (N + D)

k=—o0 k=—o0

lvgl. a)
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1 n+1 *®
= Zak oln —k — (N + 1]
k=0
1 n+l n—(N+1)
-«
= ol -oln-W+D]- Y o
k=0
l
Geometrische Summenformel
N
q" = Lo
n=0 1 B q
l
1— an+1 1— an—(N+1)+1
=—1—, olnl- T— o oln— (N +1)]
1 dn+1 1-— an—N
=72 -on] — T—= oln—N —1]

d) x[n] =o[n+ N]:o[—n + N]|

x[n] = o[n+ N]-o[-n+ N]
=ogn+N]—an—(N+1)]

y[n] = Z(af oln— k+N)—Z(a oln—k—-(N+1)]

k=—o0 k=—o0

- Z(ak-a[n—k+N]) —Z(ak-a[n— - (N+ 1D
k=0 k=0

n+N n—(N+1)

o[n + N z(ak)—an—(N+1) Z (")

3

Geometrische Summenformel

N

qnzl_qN+1
n=0 1_q
l
1_an+N+1 1 _an—N
=?-a[n+N]—ﬁ-a[n—N—1]
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e) x[n] =pB"-o[n],auchfirp =a, |a| <1,|B| <1

o)

ylnl = > a*-olkl- g7 ofn — k]

k=—o0

oo

= @k prk ol — k)

k=0
n
Z ak _ﬁn—k
k:

= g[n]
= o[n] -

dk'ﬁn'ﬁ_k

n
=0

k

I l'hospital

=((n+1) -a™-o[n]



