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6.003: Signals and Systems

Conwolution

hetober 1h, AN

Multiple Representations of CT and DT Systems

Vertkal descriplions: preserese the rationale.

Crifference fdifferential eguations: mathermatically compact.
wlr| = =[n] | Hyle 1] wlLh = =(2) | apwit)

Block disgrams: illustrate signal fow paths,

X i = ¥ X A = ¥
o

Operabtor representabions: analyoe systoems as polymomisals.

¥ | ¥ A
X 1-gk X 1 A
Transiormms: representing diff. eguations sath algebraic eoquatons.
1
H - H ]
(5 - —— (3) — <

Convolution

Fepresenting o systemn by o single =gnal.

Although we have foomsed on responee=s o simple Sgnals (o), §())
we are generally interested in responses Lo more osmplicated signals.

Hemsy cloy v cormpute respenses Lo g more complicated input signals?

No problem for difference eguations [/ block diagrames.
o s step-by-step analysis.
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Superposition

Break input into additive parts and som Che respomses Lo the parks.
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Superrpesition weorks of the sy=tern s liovear.
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Lineary

A eysbern e of ks response o a weghted som of inputs s eousal
o Che waeighbed sum of ks respomses o each of the inpoits.

{ameeen

z[n] — wymtem e g ln]

amd

zz[n] —=| =ystem — yzin]

thee sy=tern s linear if

] | fizgin] —e| system [—e oyl | gl

i5 true for all a and 3.

Superposition

Break input into additive parts and som Che respomses Lo the parks.
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Repomses o parts are sasy o compute i system s Lirmee-mvareant.

(ol ]

Time-Invariance

A wystem s bime-insarnant if delaynng the inpot o the systern amply
deday= the oulput by the =arme amount of time

Camwezn

Ifm] —e] wymtem —s g

theer wy=tean 1= bime imvariant if

Zjn  ay| —e] symtem — gl Rl

i= true Ffor all .

Superposition

Break input into additive parts and sum Che respomses Lo the parks.
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SQuperpdsition = sy if the systern is lirsear snd Lemse-insarsant.

iy

Structure of Superposition

If & systesm i linear and time-invariant (LTI then its output s the
sum of weighted amd shifbed unil-sampls resporses.

] —e| wystem s ki

dlr k] —= pstem —s ke k]

[kl k] —= wystern | zlijbje k|

zu] = ¥ afklln k] —s| systemn e ¥ zlklhln k]

koo E—m

Convolution

Respomee of an LTI systerm bo an arbibrary input.

zfn] —w LTI —» pfn

vinl = 3 slklhln - k] = (x + A)jn]

E—n

This cperstuon s called Cormeolubion.
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MNotation

Comreolution s represented sath an asterisk.

% xfk]hln k] = (z «k[n]

b —eo

It & customany (but confusding) to abbreviate this notation:

[z # K] = fn] » Afn]

Motation

Cwo mot be fooled by the confusing notation.

Confusing {but conventional) motation:

3" zlifhjn k] = =fn] » hln]

b —mo

z[n] » kfn] looks like an operation of =ampiles; but it is not!

2[1] # h{1] # (= = &)[1]

Corpesiirtion operates on sgnals not sempHes,

Limzamy g mebabiom:
ne

¥ alidhin k] = (e bjfal

-

T symibscks & amd & regresent DT sigrals.
Cormeahing = with & generates a ey DT signal = e &

Structure of Convolution

T T
kE—nc

At & e

Z[kjhf2 k]
Ev—v—b—T—v—v—w

—2=10 1 2 3 4 &

L-1dF 1 X 3 4 0

Structure of Convolution

il = 3 el &

b —m
2[k| k|
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e e-2=10 1 2 3 4 &

Check Yoursell

[ Wihich plot shows the result of the comvolubion gk ]
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b, mome of bhe abowe

Convolution

Representing an LTI system by a single sigraal.

ln] —+| K] [ pin]

Unit-sampk: response bfg] s a complete description of an LTI system.

Given Al one can compuete the respomse gla o any arbitrary input
sigmal =]

whi = (zehiln] = ¥ xfklkin ]

E—m




