EECS 216 LECTURE NOTES
FREQUENCY RESPONSE OF LTI SYSTEMS

Note: /" — |h[n]| — H(el*)el®on

where: H(e/¥) = >0 h[n]e~7“"=frequency response function.

Huh? Single freque?a_cy oiomto LTI system—Same single frequency out.
Why? yln] = hlnjzeso" = 57 Rl (=) = en 53 plfle=det = oo H (),
So? eTIwon — |hln|| — H(eTiwo)etiwen,
and: e 79" — |h[n|| — H(e I%)e Iwon,
Add: cos(w,n) — |h[n]| — |H(e?“°)| cos(won + arg[H (e7¥°)])
since: LTI system and H(eTw0) = |H (efwe)|etiaralH(e’)]
Gain: Amplitude increases by factor of |H (e/“)].

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

EX #1: hln] = (3)"u[n] and z[n] ={... - 1,0,1,0,—1...} = cos(7*).
H(e?*) =1/(1— —e—jw) =1/(1+ %) =0.89¢ 77266 at w =2
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).
(63”)—1/(1—|— )z%&}tw:ﬁ%y[ n] = gcos( ):%(—1)”.
Why 37 yln] = hln] z[n] = 32(3)" (=1)" " = (=1)" 22(=3)" = (=1)" 13-

EX #3a: hln] = {,+3} — H(e/*) = 3(1 4+ e77%) = cos(%)e 7“/2. Lowpass.
EX #3b: hln] = {3 W) =1(1-ev) = sm(“)ej(” «)/2. High.

Notch: H(e’¥) = 2cos(w) — 2cos(w,). h[n] = {1, —2cos(w,), 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 X.
3. Then Xye/2™*/N — Th[n][ — H(e7>™/N) X},ed?™*/N (note w, = 22k).
4. Then z[n] — |h[n]| — L SOV (e32R/N) X ed27 /N

Huh? The k" frequency component of x[n] is multiplied by H (e/2™*/N),
EX: h[n] = (3)"u[n] and z[n] = 1 + 2cos(5n) + 3 cos(mn).
Then: y[n] = =11+ |55 7)) + p3cos(mn)

— y[n] =2 —|— 1.78 cos(5n — 26.6°) 4 2 cos(mn).

2 cos(En + arg[—!



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

3| — mag for[L-1/21]]—, Py phase for [1 |—1/2 1]
1 L
2 N
0 N
1 L
_1 N
0 ' -2 : ' :
-10 -5 0 5 10 -10 -5 0 5 10
— mag for[1/2 1/2] — phase for [1/2 1/2]
1 : : - 2 : :
1 L
0.5} 1 Of
_1 L
0 ' ' ' -2 ' ' '
-10 -5 0 5 10 -10 -5 0 5 10

— mag for[1/2 -1/2]

1 - 2
1
05 - of
_1}

0 - ] - -2

-10 5 10 -10 -5 0 5 10

— phase for [1/2 -1/2]




