EE 451 Fall 2001

EE 451

Solution of Difference Equationsin the Time Domain
Thedifferenceequation
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wherethe \;’s aretherootsof the characteristipolynomialof the system:
doXN + di AN 4+ dyi A+ dy = 0.

(For repeatedoots,useAy, nAZ, n%\’,@, etc. Forexample,if A1 = A9, youwouldusea; AT + aan AT instead
of al)\? + ag)\?.)

yp[n] is the particular(steady-stategolutionwhich dependon theinput:

z[n] yp[n]
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A cos|wen] + Bsin[wen| | f1 cos[wen] + B2 sinfwen]

If the characteristigpolynomialhasa root at the value of aninput exponential(e.g., A1 = % andz[n] =
(%) ) youwould useBnA} for y,[n] (€.9.,y,[n] = Bn (%) ).

ThereareM — N «;'s.If M < N thereareno-;'s.

To find theimpulseresponsethereis no y,[n], andthereare M — N + 1 4;’s. If M < N thereareno
~;'sfor theimpulseresponse.

Solve for the unknavns by finding y[0], y[1], ¥[2], - - - until you getasmary equationsasyou have
unknavns. Solve theseequationdor the unknavns.

You can solwe the differenceequationfor the casexz[n] = 0, subjectto the initial conditionsof the
system.Thisis thenatural response or zero-input response, y.;[n], of the system.You canfurthersolve for
the casey[n] = 0 for n < 0 for the actualinput z[n]. This is the forced response or zero-state response,
y»s[n], of thesystem.Thetotal responsés thesumof thetwo: y[n] = y,i[n] + y.s[n].

A systemis BIBO stableif, for every boundednput, theoutputis boundedIf theinputz|n] is bounded,
thenthe particularsolutiony,[n] will be bounded.Thus,the only possibleunboundedermsin Eqg. (1) are
the A\7’s. Thesetermsarebounded A} — 0 asn — o0) if [Ax| < 1. Hence,the systemis BIBO stableif
|Ak| < 1 forall thek’s. (A} doesnt blow upif |\;| = 1. However, if |A\;| = 1, theinputz[n] = A} will
producetheoutputy[n] = a1 A} + BnAg, andthe SnA} termwill blow upasn — oc.)



