ECE3084 LO3 - Impulse and frequency response

Wednesday, January 18, 2017 3:11 PM

We talked a (ot about LTI. Uut why are Fhese poperties
;m/\DOfWJ-?

Viscrete (E¢E 2026) Review
Can View any signal xCn] as a sum of scaled, shiFied
delta  Lunct rons. Xt I

S e~

T+ even matches how “ - I S

-1
~ ¥C S0+ x[0]5Lm) + X0 $0n-1) - - -

W@ Plot +Hhenn (s1em P'o#—)
X(n]= ZE X(k]) [ n-k]

Vefine “he impulse response hin) X(n]= y(n]=

as the output When x[n)= $[n] Sn) —| System \—>h[n)
'S Pfa(tgco on e | npPut

Then +he output fHor any Sighaa| x[n) (an be wrirten a5:
Vin]) = Zk X(k] h[n-k]
v\_/

\t Time Invariance
SCC(II‘V\9

SM'PgrPOSI\‘h\OV\ — Llﬂ?@f"}\/

Al we did s replace dhe SIn-kJ widh ;\[m,k].

we call #his operation “conpolution” and use dhe ¥
symbol Yo denvre I+
XCn) ¥ hirn)= 2= XCndhin-k] = (¥ % h)[n]

Arother Wiy 1+ (e
be wyrittren,

The system s characierized by hln] — T+ (ontaing all

al

Jhe (nformation about what Hhe sysrem does
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W)uﬂ/, Con We a{() HC SaV€ H%l\l’\j I'n (0/\+|\mu0u8 "H‘MQ?

(0/\‘/)1/'0{()09 TI‘MFI
Con we (ons1rult any X(£) In he supe WAY Using 5(€)
dust replace Hve cum With an /‘n‘/éjml (+4e contiruous version of

Swmn/\ah\on)_
Voes Hhis work ™’

)
)(({) ::j'oo X(’t) g({_’t> AT Not as ohvious as 'n discrete ime
Smh/l/r),fr\y Prvpef%/

Deline continuous 4ime  impulse X ()= yle)=
response, h(+), 45 ouwtpud 8(‘0“7\ S\/§“l'”€f”\\’_> h(€)
when  $(£) ¢ TJ/A(QJ on 1nput,

Like with diserete +ime, we can now construct e output for
any Input (M,/‘nj h(€):

v(e) :f: x(t) h(t-T)dT

Onte asain, h(t) charucterizes the ¢yotem
This is continuous time convolutions  (Uses the came notation)

W(t) ¥ hle) = (x xh)(t) = ioo X(/t)h(t-’t.’)af’t‘J

we'll revisit  convolution & 144 FWPW*’A(OS soon.
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Frequency Kesporse

196 ofven weekul o krow bhow a § y§ tem /‘€§y>ar\ds do e rent Wft‘e&

Complex exporentials gre elegeart [convenient Jor representing siausolds

Ederis fmda: | 302 oo foh 4 sin(o)

Shee we care about 4ime and Lreqguency, we split © up inde  wt
237" = cos (we) + 5 sin(wt)

/rr
Note: w=72TE = /L

N n 41\/]/16
/\Mllar ;re'a,/ /t/ Period (“"‘*%yclz)
GT$+‘MQ> (“’d%;’:ﬁ or HZ}

What happens when we feed a sinusord e3**
Discrere +ime eview: X[n])=e Swi
yln]= X[n] ¥ hin) = hin]) % xCn) = Z h( k] xCn- [,\]

comm UWtat e
Preperty - c6ming geon

into an LTL §/<+€m?

N

:%Mk] o it - k)_ZMk]e On 3k
— ernZ h[kje——)wk
L____,

A
— 3wv’\ )VJ
= )

]

X [n) Frequency RCQM%

We' re definin
4[/\;5 j

Nove trot dhere is no " in He3¥) . This means H(e®) is just

a complex -valued  (onstant Wi+ respect to N,

Euiest o interpret Hle’©) in Polar form — wih a magnitude & a phase
T+ con scale and shid+ Hee Phase of X[r\]/
e Ffea[/uw\oy, S'nusord 1In — S«Nr\usofo(ﬁotﬂ‘

A more general $inusoid: X[nJ= A €3¢ Hp

Mmaghi+tude J /C-Pkase $bt+

\/[h];AeSd’e}wn H(e_)w) A)H(f"" le ¢+A§H )})eﬂ(‘)n

XIR) real s X[n)= A o5 (@0 + ¢) yInd = AlHle??)| cos (on + ¢+ [{H(fi‘”)})

but+ 1+ can't &/\ahﬁé
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Continuous T ime : ;
Teed in a sinuswid: X&) = e " /9@_—_7 Y=

W= [ h) (e dr =7 hx) P de
= (" hv) e o = e fv: hir)e T dr

- \eJWt, H()w), de€ine as H(jw)

X (%) L]—:Feﬂ, Jeesponse
No “€'5 in defimvion of H(5w) — ifs 508% a Complex cnstont uwith
respect o £ Snusord in =D $nusord gud (ot same Fr*efp)
Nore ot w is in Hljw) — $, i+ can scale & shibt he phases of
Aiferent frequencies by dtHferent amounts.
IF vou +ake dhe real part of dhe input & output !
X(O)=A coslwe+d) = ylt) = A[HGwW)| o8 (et b+ LEH0Y)
Fourier Transforms®
The §teps we Hwok Jo Hansform an impulse fesponfe nto &

trequeacy response (an be amplied fo any $ignal — not jusd o
impulse  responses.

‘ Note:
. ; - —30n C se N and t |nstead
D} FI . X(@ )w) — % X["‘]@ T owachlrahd %f‘ I;C(a’:gz

we no longer have both

oo YW () and h(:) ‘o ke
CTFT: X(3W>:jw x(t)e)tdt Sy 3

truck ofF indep vars Fr.

And dieir inverses (for completeness)

rf .
Ll | 'IT a P Simi|ar Ho the
Il’\\/ (DT”' . X [V\ ——_ J ow jwhn rward transforms,
] el -1l X (e ) e dw ;RI\I\ Aiference

ok i | ] o0 . 5 e Srgn in
Iny CTHT: X(f)—aiw X(5w) e’  dw

+He exponent

The WIFT pair s here for context. We'll be /OO/(I\V\ﬂ ot Hae
(TFT ezl
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We've assumed dhe ¢um$ & imbegruf} d@ﬂm‘nﬂ Freg, responses and
Focrier 4ranstorms exist (ie. dont blow up or be undefined). The
Laploce +runsform will allow us o m\a/yze s/\ﬁmls For which Hhe
fourier  trarsform 5 undefined.  (Z tronsform does vhe sime for dizcrete
-Hmc.)

There are otler Yransfrm$ — you (an [epresent Signaly ag sums of
other +things as well.  Snusolds are é!PeU\a”t/ yMmporaht because
they are "ec‘gen%vxcﬁons“ of LTI systems, with +he freguency
response  heing au«m'o.erU$ to +hee el\ﬁer\(/alues. Sinusord in, sinusord out.

AR = XX
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