EECS 206 LECTURE NOTES Fall 2005
FREQUENCY RESPONSE OF LTI SYSTEMS

Note: e/“o™ — |h[n]| — H(e/¥o)elwon

where: H(e/¥) =3 _ h[n]e /“"=frequency response function.

Huh? Single frequency into LTT system—Same single frequency out.
Why? y[n] = hin]xe/vem = 3 hli]ed«e (=1 = eiwen 3™ pliledwot = edwon [ (o).
So? etiwen — |n[n]| — H(etiwe)etivwon
and: e /%" — |h[n]| — H(e 7% )e Iwen,
Add: cos(w,n) — |h[n]| — |H(e?“°)| cos(won + arg[H (e7¥°)])
since: LTI system and H(e/w°) = |H(ejwo)‘eija?“g[H(€j‘”°)].
Gain: Amplitude increases by factor of |H (e/“)].

Phase: Shift by arg[H(e/“)] = tan™1 %'

EX #1: hn] = (3)"u[n] and z[n] ={... —1,0,1,0,—1...} = cos(ZL).
H(e?) =1/(1 - g~ Jw)_1/( + 1) =0.89¢~ 266 atw="71
y[n] = 0.89 cos(* —26.6°) = {...0.8,0.4,—-0.8,-0.4,0.8,0.4 .. .}.

EX #2: h[n] = (3)"u[n] and z[n] ={... —1,1,—-1,1,—1...} = cos(mn).
H(edw)=1/(14+1) =2 at w=m — y[ | = %COS(W?%) = 2(-1)™
Why 27 yfn] = hln] afn] = X(5) (=1 = (—1)" (=) = (1) =i,

EX #3a: hn] = {1 e77%/2. Lowpass.
EX #3b: hin]={3,—3} — H(e/¥) = 69(77 «)/2. High.

Notch: H(e/¥) = 2cos(w) — 2cos(w,). hln] = {1, -2 cos(wo), 1}.
Why? This filters out a frequency component at frequency w,.

\/\_/

So? Use superposition property of LTI systems and Fourier series:
1. Let z[n] be any periodic signal. Let z[n] have period N.

2. Then z[n] = S0 " X;e/2™*/N for some constants Xj.
3. Then Xe/2™k/N _, \h[ || — H(e??™F/N) X, e72mk/N (note w, = 25k),
4. Then z[n| — M — g:_ol H (eI2mk/N) X} e72mnk/N.
Huh? The k" frequency component of x[n] is multiplied by H (e/2™*/N),
EX: hln] = (3)"u[n] and z[n] = 1 + 2cos(5n) + 3 cos(mn).
Then: y[n] = = 1+\ 7 1+J])+1+%3008(7m)
— y[n] =2 —|— 1.78 cos(§n — 26.6°) + 2 cos(7mn).

12 cos(5n + arg|



NOTE: Plots of several periods of frequency response for h[n].
Remember: H(e/¥) is periodic in w with period 27!
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