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We know from the last investigation that the zero state responses of linear time-invariant causal
discrete systemsto arbitrary inputs x[n] as follows

xnl= 8 ®K3[n- K

can be expressed as sums of impulse responses - as convolution sums - as follows
yinl = & X KIh[n- K
k=0

if x(n]=0 for x<0. Theobjective of this Investigation isto illustrate the graphical
interpretation of convolution sums as well as demonstrate some basic properties of convolution.

1. The objective of thisfirst problem isto review the calculation of a convolution sum. Given a
linear time-invariant discrete with input x[n] and impulse response h[n] as follows
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Find and plot the zero state response to y[n] by plotting and then adding up the responsesto
3d[n], 26[n- 1] and §[n- 2]

2. In Problem (1) weillustrated how to calculate a convolution sum of the form
ynl = & X KIh[n- K
k=0

by plotting and then adding up the responses X[0]h[n], X[1h[n- 1], ..., Xn]h[Q].
Alternatively we can find y[n] for any particular nlike n=2

V2= & XKIhi2- K

asfollows
(1) Plot k] asafunction of k
(2) Plot h[2 - K] asafunction of k
(3) Add up the products of the corresponding terms

We refer to this procedure as gr aphical convolution. Memorizeit.



a. Usegraphical convolution to find and plot y{0], y{1], . .., y[5] for the samelinear
time-invariant discrete system asin Problem (1) asfollows
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b. Put your results from part (a) above and from Problem (1) inaTable. Verify that they're
the same

. Given alinear time-invariant discrete system with input x[n] and impulse response h[n] as
follows

N0]=2, X1=-3, x2]=1
ho] =2, h1=1, h[2]=0, h[3]=0, ...

a. Find the difference equation for y[n] intermsof x[n], x[n- 1],...
b. Make use of your difference equation in part (a) to directly calculate the zero state

response to x[n]
c. Usegraphical convolution to find the zero state response y[n]
d. Verify that your resultsin parts (b) and (c) arethe same. UseaTable

. Use graphical convolution to find the zero state response y[n] at n =0, 1, 2 and 3 of the linear

time-invariant discrete syssem with input x[n] =u[n] and impulseresponse h[n] =0.5"u[n] at
n= 0,1, 2and 3. Describein words how you got your results.

. Verify that the following two sums give the same result for y[2]

2 2
i21=a Xklh[2- k]~ and  y[2]=@a h[K]X2- K]
k=0 k=0
for linear time-invariant discrete systems.

. Generalize on your result in Problem (5) to verify that in general
yin = A X[KIh[n- k] = & h[K]X(n- K]
k=0 k=0

for linear time-invariant causal systemswith inputs startingat n= 0. Hint - write out the terms
in the two sums. M emorize this result.

. Now make use of convolution to show that the zero state response of the following discrete
system

x[n] H y[n]
—se | hifn] > holn] |




isequal to that of

x[n] 3 y[n]
— | hofn] > hin] |5

with h, and h, reversed. Hint - make use of the following two relations
(D) wanl* v[n] = v,[n]* v[n]
@ W] * (wln]* wln]) = (w[n]* v[n])* vi[n]
to show that
h,[n* ([ * X[n) = hr]* (h, [ * X(n])

8. Math Review: Express X = TSSe'” as acomplex exponential of the form re’’

9. Math Review: ExpressthefoIIOW| ng sum of complex exponentlalsasasum of sinusoids if
X, =1, X, =3, X, =X, X, =2e"% X,=X
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