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5. Ubung
Aufgabe 2.9:

Sie sollen ein zeitdiskretes System untersuchen, von dem die Beziehung zwischen

Eingangssignal x[n] und Ausgangssignal y[n] gegeben ist:
n+1

yinl = ) (alk + 1] - x[k] + xlk — 1)
k=n-1

a) Prifen Sie (mit Beweis), ob das System die folgenden Eigenschaften besitzt:
Linearitat
x[n] =a-xqin]+b-xy[n]
l
y[n] =a-y,[n]+b-y,[n]

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

Stabilitst
(Ix[n]| <M < o)
ly[n]| <C-M < o0

Zeitinvarianz
x[n+ ng] - y[n + ny)

n+1

yil = > (el + 1] = x[] + x[k — 11

k=n—1
=x[(n—1)+1]—-xn—-1]+x[(n—-1) —1] + x[n + 1] — x[n] + x[n — 1]
+x[(n+ 1)+ 1] —x[n+ 1] +x[(n+ 1) — 1]
=x[n]—x[n—1]+x[n—-2] +x[n+ 1] — x[n] + x[n — 1] + x[n + 2] — x[n + 1] + x[n]
=x[n+ 2] + x[n] + x[n — 2]

Linearitat
yinl] =(@a-xn+2]+b-xn+2])+ (a-x1[n]+b-x3[n]) + (a-x1[n—2]+b-x,[n—2])
=a-(x[n+2]+x[n]+x[n—2]D) +b-(x3[n+ 2]+ x3[n] + x,[n—2])
=a-yi[n] +b - y,[n]

— linear
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Kausalitat
y[n] = x[n + 2] + x[n] + x[n — 2]

— akausal

Stabilitat
y[n] = x[n + 2] + x[n] + x[n — 2]
yln]<3-M

— stabil

Zeitinvarianz
y[n+ny] = x[(n + ny) + 2] + x[n + ng] + x[(n + ny) — 2]

(n"=n+ny)
y[n'l = x[n" + 2] + x[n'] + x[n' — 2]

— zeitinvariant

b) Berechnen und skizzieren Sie die Impulsantwort und die Ubertragungsfunktion des
Systems.
y[n] = x[n + 2] + x[n] + x[n — 2]

)
hin] = 8[n + 2] + 6[n] + 6[n — 2]
)

Formelsammlung

5[n — Ny] < e~ /oMo

Herleitung der Formel:

co

X(eje) = Z x[n] - e~ /0"

n=—oo

= Z 8[n — Ny - e /o

n=-—oo

= e_jHNO

l
H(e/f) = /%2 4 700 4 /02

=14 2-cos(20)
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c) Welches Ausgangssignal liefert das System fiir x[n] = (—1)" VvVn?
y[n] = x[n + 2] + x[n] + x[n — 2]

=3-(-D"

d) Nun wird das System mit dem Signal x[n] = A™ angeregt. Wie ist A zu wihlen,
damit y[n] = 0 ist?
y[n] = x[n + 2] + x[n] + x[n — 2]

= JN+2 4 )N 4 N2
\)

AL AN+ =0
A2+2°4212)-1"=0
P+22+217%=0
M+22+1=0
(x=2%)
x*+x+1=0

1 1
xlz—_zi Z—l
1 V3
:——i]-_
2 2
1 V3
Apze == ) tj o

e) Geben Sie eine Realisierung des Systems an.
y[n] = x[n + 2] + x[n] + x[n — 2]

2T | 2T
ol [ yin
e +
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Aufgabe 3.1:

Berechnen Sie die Fouriertransformation X(ej") der folgenden Signale:

a) x[n] =a"-sin(@,-n)- o[n] firlal <1

(0]

X(e?) = Z x[n] - e~Jo"

n=-—oo

= z a™ - sin(6, - n) - o[n] - e 10"
n=—oo

[0e]

= Z a” - sin(f, - n) - eI

n=0
_ e/* — e J*
(sm(x) = T)
_ L. Z an - (ef9n — g=ifon) . g=Jén
2j
n=0
— i z a e]BOn e—jBn _ z am - e—]eon e—}Bn)
2j
n=0 n=0
= l <Z am - eiBo=0)n _ Z am - e—j(90+9)n>
2j
n=0 n=0
- 21 <Z(a GO Z(a : e—j(90+9)))
] n=0 n=0
l
Geometrische Summenformel:
N
qn _ 1— qN+1
n=0 1- q
l

J

1 (1_(a.ej(90—9))00 1_(a.e—j(90+9))00>

2 \1=(a-e/®0=0)) 1 —(a-e 6ot

(lal <1)

_ 1 1 1
o Z ' (1 —a- ej(eo_e) - 1—a- e‘j(90+9))

1 1—a- e—j(90+9) —14+a- ej(90—9)
) <(1 —-a - e](eo—e)) . (1 — - e_](90+9))>
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JjOo — p—Jbo
R N
_ te 2
- (1 —a - 31(90—9)) . (1 —-a- e_j(90+9))
B a-e 19 . sin(6,)
T 1—q-el00=0) _ g .e=j60+0) 4 o .i(60=0) . g . o—i(60+6)
B a-e 19 . sin(6,)
T 1—a-el60-0) — g.e—J(00+0) 4 2. p—2j0
B a-e 19 . sin(6,)
T 1—a-e 0 (eff + e00) + q2 - 2/0
B a-e 79 - sin(6,)
T 14 a?-e 29 —2a-e79 - cos(6,)

b) x[n] = 2™ o[—n]

Geometrische Summenformel:

N 1_qN+1
1-¢q

l
eje
_ 1‘(7)
-2
1‘(7)
1

1
1_7.91

n —

o)
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c) x[n] _ sin(g-n) ) sin(%-n)

mn mn

Formelsammlung
1 .
x[n] - yln] & ——- (X x¥) - e/

sin(an) X(ej9)={1 0<l|f|<a

m 0 a<|bl<m
i
e =g (33 5

Grafisch Falten

0 20
rect (—) * rect (—)
s T

2
k0 - - ' 1 L 0
i1 5 i 0 i 3
S
2
R
*
) T T ] T T e I
= E 5 0 : ¥
£ -1
(m/2 3w 3n T
/2 s T3 <b<—3
1 T T
X(e/) =5 2 2<9<3
T /2 0 3 n<9<3
/2 4 4 4
0 sonst
( 1 ( 37'[) s
— |0 +— - .
1 7t<9<7t
= ) 4 4 4
1 (9 37‘[) 7t<9<37t
2r U 4 4 4
\ 0 sonst
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-2 e
2 () ) 2 (@)
2.5 55
-2(7) () -

Geometrische Summenformel:

N

N 1_qN+1
q =—""
n=0 1 q
l
jO\® —jo\®
1-(7) 1-(5%)
el® + e~Jo -1
1‘(7) 1‘(—2 )
_ 1 1
e19+ e‘19_1
I=5% 1=-=~
e‘je eje
>+l
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el +e°0
Z_T
el® o
22
_ 2—cos(0)
"5 elf4e 0
4 2

2 — cos(6
_2—cos®)

% — cos(6)

8 —4-cos(0)
- 5—4-cos(0)_
8—4-cos(8) —5+4-cos(8)
- 5—4-cos(0)
3
~5-4. cos(0)

-1

+
AN

e) x[n]=n- G)lnl

Formelsammlung

0
n. x[n] (_)] ) dXC(lee] )
l
y[n] =n-x[n]
In|
<t = 3)

. 3
X(ejg) ~5-_4. cos(0)
l

dx(e’)

y(eﬂ) =j g
. 0-(5—4-cos(8)—3-(—4-(—sin(9)))
=/ (5— 4 - cos(6))?
12 -sin(8)
=~ 54 cos(8))?




f) x[n]=(-D"

g)

x|n|
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x[n] = (=D"

— ejnn
\)

Formelsammlung

el & 2185, - (60 —6,)

8

X(e?)=2m- 8- (60— 1)

,MH

-20 -15

09

08

o7

06

05

04

03r

0zr

o1r

-10 -5 0 5 10
n
;
/\
I
/
/
/
/
/
/
/
/
/
/
/
/
/
/
L vf L L L L
-1.5 -1 -05 o 05 1 15 2

A(t) = rect(t) x rect(t)

10 iy
/N
9 / N\
/ \
8 / \
/ \
7 /_/ \
) \
§ / \
/ \
8 / \
4 / \
/ \
3 / \
/ \
2 / \
/ \

1 / \

/ ) \
0

10 5 o 5 10

. —)=rect|—|) *xrect|—

k k k

10-4(g5) = rect (g5 + rect ()
. ] = — | * —_
10 rec 10 rec 10
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<l =4 (55)
L ( () «rect (%))
_ (ﬁ (%)) : (% _ (%))
Formelsammiung

8[n — Ny] & e /6Mo

x[n — Ny] & e /N0 . x(e/9)

£\ g2 °
rect(E) =e’’2-F ZS[n—NO]
9
_ 0045 Z o—Jon

Formelsammlung

(x *y)[n] © X(e/?) - Y(e’9)

sin ((ZN1 +1) %)

x[n] = {1 In| <N, o
0 |n|>N; sin (Q)
2
l

2

sin <(2 45+ 1) %)

X(e/0) = e — (g)

2

1 [ sin(560)

o \an )




