SEPTEMBER 30, 1996 EE 4773/6773: LECTURE NO. 18

PAGE 1 of 7

/

Frequency-Domain Characteristics of Linear Time-Invariant Systems

Response to Complex Exponential and Sinusoidal Signals:

ym = % hKx(n-K

K=—o0
x(n) = Ae'“"

Y = hRiad

k=—o0

A{ Z h(k e—j wk} ej wn

K=—o0

Note that the term in brackets is the Fourier Transform of the impulse
response:

Hw = Y h(ke 1 ¥k

kK =—o
H(w) exists if the system is BIBO stable:

00

S I <e

n=—oo
Hence, the response of the system to a complex exponential is given by:
jwn

y(n) = AH(w)e

Note that if | vary w, | can compute the frequency response.
Suppose | apply a “chirp” function?
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Example:

Moving Average Filter (Median Filter):

V() = Z[(n=1)+X(n) + x(n+ 1)]

1
'3

Wil

h(r) = %

o

H(w)= %(ejw+1+e_1w) = %(1+ 2CoSw)

H(@)| = 3/(1+2cosw)
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Example:

Linear Interpolator:

[H(w)| A

[H(w)|

Y(r) = 50 + X(n—1)]

M 10
h(n) = .50
EIEZD

H@= (1 +e%)

%I1+ COSW — j SinW)|

%J(l + cosoo)2 + (sinoo)2

%J(l + 2cosw + (cosoo)z) + (sinoo)2

%A/Z + 2Cosw

L A+ cosw
J2
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Example:

Differentiator:

[H(w)|

[H(w)| A

V() = 504 —x(n-1)]

1
2

NI

hr) = O
[

O

H(@)= 3(1-¢ %)

%Il — cosw + jSinw)|

= %J(l - cosoo)2 + (sinoo)2

= %J(l — 2Ccosw + (cosw)z) + (sinoo)2

= %A/Z — 2C0SW

= L A-com
J2

o
N

NI —+—
w
|
=

\




SEPTEMBER 30, 1996 EE 4773/6773: LECTURE NO. 18

PAGE 5 of 7

/

Steady-State and Transient Response to Sinusoidal Input Signals

Consider:

y(n) = ay(n—-1) +x(n)
Its response is given by:

n
yn) = a" lyn) + S axn-K  n=0
k=0

Suppose:
x(n) = Aee" n=0
It can be shown:
n+1 Aa" g iwin+l) jown A jown
yin =a  “y-1) - . g +-—a=e
_ —]W _ —]W
1-ae 1-ae
Note that:
ydn) = fim y(r) = —2 el
n - o 1-ae
= AH(oo)ern
and,
n+1 —jo(n+1) .
n+1 Aa e wn
V(M) =@ “y(-1) - o el n=0
1-ae

/.
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Steady-State Response to Periodic Input Signals:

N-1
j2mkn/ N
x(n) = z ckeJ m
k=0

21T, . _j2mkn/ N
y, (n) = ckH(T\l—k)eJ n

N-1
_ 2T . j2mkn/ N
y(n) = Z ckH(Wk)e
k=0

Response is periodic with same period as input. The amplitude and phases
of the output sinusoidal components can be changed.
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Response to Aperiodic Input Signals:

x(n) y(n)
' H(w) '
A X(w) A H(w) Y(w)
- | - | - |
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