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The DT sequence x[k] = 2ku[k] is applied at the input of a DT system described |
by the following difference equation:

ylk + 11— 0.4y[k] = x[£].

By iterating the difference equation from the ancillary condition y[—1] =4,
compute the output response y[k] of the DT system for 0 < k < 5.

Solution
Express y[k + 1] — 0.4y[k] = x[k] as follows:

y[k] = 0.4y[k — 11+ x[k — 1)
=04yk - 1]+ 2k = Duk —1) {- x[k] = 2k ulk]},

which can alternatively be expressed as

0.4y[k — 1] k=0

ylk] = {0.4y[k—1]+2(k—1) k>1.

By iterating from k = 0, the output response is computed as follows:
y[0] = 0.4y[—1] = 1.6,
y[11=04y[0]+2x 0= 0.64,
¥[2] = 0.4y[1]+2 x 1 = 2.256,

y[3]1 =0.4y[2] + 2 x 2 = 4.902,
y[4] = 0.4y[3] + 2 x 3 = 7.961,
Y51 =0.4y[4] +2 x 4 = 11.184.

Additional values of the output sequence for k > 5 can be similarly evaluated
from further iterations with respect to k. The input and output sequences are
plotted in Fig. 10.1 for 0 <k <S5,
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Fig. 10.1. Input and output
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(a) Input sequence x[k]; . 6 v 0o d1...
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Solution
(i) The zero-input response of the system is obtained by solving the following
difference equation:

ylk + 1] — 0.4y[k] = x[k],

with input x[k] = Oand ancillary condition y[— 1] = 4. The difference equation
reduces to

yzilk] = 0.4yxlk — 1],
with ancillary condition y,;[—1] = 4. Iterating fork =0, 1,2, 3,4, and 5 yields

y4[0] = 0.4y;[—1] = 1.6,
ya[1] = 0.4y,;(0] = 0.64,
yal2] = 0.4y,[1] = 0.256,
ya(3] = 0.4y,(2] = 0.1024,
y4i[4] = 0.4y5[3] = 0.0410,
yal5] = 0.4y,(4] = 0.0164.

(ii) The zero-state response of the system is calculated by solving the fol-
lowing difference equation:

yas[k] = 0.4yzs[k — 11+ 2(k — Du[k — 1],

with ancillary condition y,[—1] = 0. Tterating the difference equation for
k=0,1,2,3,4, and 5 yields

y,5[0] = 0.4y, [-1]1+2 x (1) x 0= 0,
yus[1] = 0.4y,5[01 +2x 0 x 1= 0,
yis[2] = 0.4y55[1] +2 x 1 X 1=2,
yas[3] = 04y5[2] +2x 2 x 1= 4.8,
yas[4] = 0.4y,5[3]1+2x3 x 1= 7.92,
yus[5] = 04y[4]+2 x4 x 1= 11.168.

(iii) Adding the zero-input and zero-state components obtained in parts
(i) and (ii), yields

y[0] = ya[0] + y25[0] = 1.6,
y[11 = yall] + yas[1] = 0.64,
y[2] = yal2] + yas[2] = 2.256,
y[3] = yul3] + yus[3] = 4.902,
y[4] = yul[4] + yus[4] = 7.961,
y[5] = yal5] + ys[5] = 11.184.

Note that the overall output response y[k] is identical to the output response
obtained in Example 10.1. By iterating with respect to k, additional values for
the output response y[k] for k > 5 can be computed.
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