EECS 451 FREQUENCY RESPONSE

A

— |H(2)| — H(z,

zl'. Eigenfunction of LTT.

n
o
2 2 = etIWe — |H(z)| — H(eTIwe)etiwon,
n
o

= e Iwo — |H(z)| — H (e /we)e Iwon,

— |H(2)| — |H(e7%°)| cos(won + arg[H (e7¥°)]).

: Amplitude increases by factor of |H(e?“°)].
: Shift by arg[H (ei*°)] = tan—! L2 22)]

_ Re[H (eiwo)] *
H(ci“e) = Y~ h(n)e=3*m = DTFT[h(n)].

: H(z) has a zero at e™/*“> — y(n) = 0 in steady-state.
: H(z) has a pole at e¥7“> — y(n) — oo blows up.

: h(n) = (3)"u(n) and z(n) = {...—1,0,1,0,—1...} = cos(

wlé‘

)-
H(e) =1/(1 - Le ) =1/(1+ 1) = 0.89¢~ 72667 ot =
y(n) = 0.89 cos(™ — 26.6°) = {...0.8,0.4, 0.8, —0.4,0.8,0.4...}.

w|=1

EX #2:

Why %?

h(n) = (3)"u(n) ?nd z(n)=4{...—1,1,—1,1,—1...} = cos(mn).

w=T— y(n) %COS(?TTL) = 2(-1)™.

2 at. . .
y(n) = h(n)x(n) = 3(3)" (-=1)"" = (-1)" X(-3)" = (-1 13-

EX #3a:
EX #3b:

Notch:
filter:

Comb:

h(n) ={3,+1} = H(e?*) = (1 + e79%) = cos(%)e7*/2. Lowpass
hin)={3, -3} = H(e/)=3(1—e %) = sin(%)ej(”_“’)ﬂ. High.
H(z) = (z—e/*°)(z — e %)L = 2z — 2cos(w,) + 2™ 1.

H(e’%) = 2 cos(w) — 2cos(w,). h(n) = {1, —-2cos(w,), 1}.

H(z) = g3 2oh=— 2~LE _, geros at z = ¢ TEMFD

Reson-

ator:
r— 1:

H(z) = B2?/[(z — re?¥e)(z — re77¥e)] = Bz?/[2? — 2r cos(w,)z + r?].
On unit circle |z| = 1, H(e’*) peaks at w = :bcos_l[% COS W,

Resonant freq.~ w,; 3 dB bandwidth~ 2(1 — 7). See p. 342.

All- H
pass:

-z A(l/z jw
H(z) = 2P [] {5 or 2y — H(2)H(1/2) =1 — [H(e™)| = 1.
|z;| < 1 —stable and causal; A(z) = Z{causal signal}.




EECS 451

DTFS AND FREQUENCY RESPONSE

Signal:
System:
Goal:
Goal:

x(n)=4...4,0,1,0,1,0,4,0,1,0,1,0,4...} has period=N=6.
y(n) = 3(x(n) + z(n — 1)) (average the 2 most recent inputs).
Compute Discrete Time Fourier Series (DTFS) of input z(n).
Compute Discrete Time Fourier Series (DTFS) of output y(n).

DTFS:

Compute:

x(n) = ]kv_ol X, e72™k/N for all n where N=period of z(n).

Xp = % Zn 0 ' x(n)e=2mk/N for kb =0...N —1. Use ££t/N

Note:
Compare:

Like Fourier series, except for finite number N of harmonics.
x(t) o Z(iooo XkejQﬂ‘kt/T Where Xk‘ — % fOT Qj’(t)e_j27rkt/Tdt-

Compute:
Note:
Note:

fft([4 01 01 0],6)/6=[1 .5 .5 1 .5 .5]
x(n) real and even — DTFS coefficients real and even (extensions).
x(n) = 0 for odd n — DTFS coefficients repeat (the last 3=first 3).

DTFS:
DTFS:

( )_ 1+ 5€j27rn/6_|_ 5€j47rn/6_|_6j67rn/6+ 5€j87rn/6_|_ 5€j107rn/6
z(n) =1+ cos(En) + cos(%n) + cos(mn) after simplifying above.

Average

Power:

£(4%2 4+ 0% 4+ 12+ 0% + 1% + 0%) = 3 in time domain agrees with
124 (2)2+(3)2+ 12+ (3)% + (2)? = 3 by Parseval’s theorem.

DTFT:
DTFT:

y(n) = 3(z(n )*‘x(”‘—l)) h(n) ={3, 5} — H(e’) = 5+ 3e77~.
H(el*) =1+ 1e77% = (cos £)e~7%/2 after simplifying. Then have:
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cos(Zn)
27 /3

0.5/~ 2

Q
@}
n
—~
3

r(n): 1  cos(3n) n)
w: 0 /3

H(e™): 1 0866/ — T
Gain: 1 0.866 0.5
Phase: 0 —7/6 —m/3

=
:Looﬂ

Then:

y(n) =1+ 0.866 cos(5n — %) + 0.5cos(Zn — Z) + 0 simplifies to
y(n)=4...2,2,.5,.5,.5,.5,2,2,.5,.5,.5,.5,2,2...} Period still=6.

Note:
Thus:

Higher frequencies of xz(n) reduced in amplitude (attenuated) in y(n).
This system smoothes the input signal (n) (running 2-point average).




