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PROBLEM:
The system function of a linear time-invariant filter is given by the formula

H2=z'1-zYHA-jzhld+jzh

(a) Write the difference equation that gives the relation between the input x[n] and the output y[n]. (Hint:
First multiply the factors to get a polynomial.)

(b) What is the output if the input is X[n] = §[n]?
(c) Use multiplication of z-transform polynomials to find the output when the input is

X[n] = 8[n] — 28[n — 1] + 28[n — 3] + 8[n — 4].

(d) If the input to the system is of the form

x[n] = el ®N — 00 < N < o0,

for what values of @ will the output be zero for all n? We cannot use z-transforms directly to solve
this problem, but we can find the frequency response from H(z) and then solve the problem. Note
that the factored form will tell you the answer and so will the pole zero plot for H (2).

McClellan, Schafer and Yoder, Signal Processing First, ISBN 0-13-065562-7. [ ]
Prentice Hall, Upper Saddle River, NJ 07458. (© 2003 Pearson Education, Inc. ‘ SO L UT I O N




T,

Hz) = 27 (t-2-") (t—gz") (A +jz")
(@) Hzr= (27'-272) (L+22) =

-2t 3ol

il

hin) = 8(n-1) -8(n-2) + §(n-3) -8(n-4)

'jm’: X(N-1) = X(N-2) +X(Nn-3) - X(n-4)

(b> hin)y = 8n-1) —S(n-2) + &(n-3) —3d(n-4)
(c) X(n) — S(n) —28nN-1)+ 28(n-3) + &(n-4)

X(Z) = 4§ -2Z~'+2z-3% 4+ 274

Y(z)= H2)X(2) = [ 2'-22 23z ¢]1(1-22"v22"34+27¢]
= 27 -2z +2z74 + 275
-z72 .2z3 2275 _z2-6
£ -2t +22°¢ 4+ 2-%
-274 +22-5 -22°% _?-8
= 37V 3224323 _2°%+25 r2-6_-377.37°

Then  y(n) = Bn-1) =38MNM-2)+ 3 8(N-3) -§8(n-4) +8(n-5) +T(n-6)

~-8(n-3)-8n-%8)
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d> X(n) = err‘\ —o0 LN 4 o0

we need Htuse & for which H(Q)=0
"-"‘”’[1 e*‘"’][4-e. e-"w_.l[i ze:iG]

HQ) = H(z) ) =
=ed® : "-T"
2=e 3 o
H(&) =0  for 1-e¥% 20 = Q= o, tam, 24m, ..,

Let's restrnct & -T<A8<T ~ Q=0 1is one soluhon.

S YR (Ve - j 2rrm
1-ed ed¥ - 0o = e_"( )=l= g (m=o)
o -& = 2rtm =P G= %—’ZWM m=c Jor -Twel<w —~
Q= T/
o <& -J(th‘::) A= J2um )

Summ-avizinﬂ) v med T tha 3 possibilitier ave:

SE

Ia)
Q= 0,
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