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PROBLEM 9.2:

(@) An exponentiation system is defined by the input/output relation y(¢) = exp{x(t + 2)} = e* t+2)

(i) Linear: The system is not linear because the sum of two inputs will give an output that is the
product of the corresponding outputs:

X1 (1) = yi(t) = 1102

x2(t) = y2(t) =e
X](t) + xz(t) — exl(t+2)+xz(l+2) — exl(t+2)exz(l+2) — yl(t)yZ(t)

x2(142)

(i1) Time-invariant: The system is time-invariant because the system definition is a point-wise
operator:

x1(t) = yi(t) = 11+

X1 (t _ t]) — }’Z(t) — exl(t+2—t1) — exl((t—t1)+2) =y (t _ tl)
(iii) Stable: The system is stable because the system definition is a point-wise operator. If the

input signal is bounded by M,, i.e., max{|x[n]|} < M,, then the output signal is bounded by
M, = eMx.

(iv) Causal: The system is not causal because the system definition involves a time-shift of (¢ 4-2)
which is a shift by —2. Here is a counter-example:

x1(0) = u(t) = yi(t) = "2 = elut +2)

In other words, the input “starts” at ¢+ = 0, while the output “starts earlier” at t = —2.

(b) A phase modulator is a system whose input and output satisfy a relation of the form y(¢) = cos[w.t + x(¢)]

(i) Linear: The system is not linear because the sum of two inputs will give an output that is the
not the sum of the corresponding outputs. Let one of the input signals be the zero signal to get
a counterexample:

x1(t) = y1(t) = coslwct + x1(1)]
x2(t) =0 = y2(t) = cos[w t + x2(t)] = cos[w,t]
x1(t) + x2(1) = cos[wct + x1(1) + x2(2)] = cos[wct + x1()] = y1(2) # y1(2) + y2()

(ii) Time-invariant: The system is not time-invariant because the system definition contains a
component that does not depend on x(¢). Here is a counterexample with a unit-step signal:

x1(t) = u(t) — y1(t) = cos[wct + mu(t)] = cos[wct]u(—t) — cos[wctu(t)
x1(t = 1) =nmu(t —1) = y2(t) = cos|wt + mu(t — 1)] = cos[w t]u(1 —t) — cos[wct]u(t — 1)
but, y1(t — 1) = cos[w.(t — 1) ]u(1 —t) — cos[w(t — 1)]u(t — 1)

Thus, y>(t) # y1(t — 1) which means that y,(¢) is not a shifted version of y; (z).
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PROBLEM 9.2 (more):

(iii) Stable: The system is stable because the output will always be bounded by one, independent
of the values of x (7).

(iv) Causal: The system is causal because the output y(¢) depends only on the value of the input
x(t) at the same time. No values of x(¢) from the future (or the past) are used.

(c) An amplitude modulator is a system whose input and output satisfy a relation of the form y(¢) = [A + x(¢)] cos(w.t)

(i) Linear: The system is not linear because the sum of two inputs will give an output that is the
not the sum of the corresponding outputs. Let one of the input signals be the zero signal to get
a counterexample:

x1(t) = y1(t) = [A + x1(1)] cos(wct)
x2(t) =0 — yo(t) = [A + x2(t)] cos(w.t) = A cos[wet]
x1(t) +x2(t) = [A+x1(2) + x2(t)] cos(wct) = [A + x1(t)] cos(wet) = y1(2) # y1(t) + y2()

(ii) Time-invariant: The system is not time-invariant because the system definition contains a
component that does not depend on x (¢). Here is a counterexample with a unit-step signal:

x1(t) = —Au(t) - y1(t) = [A — Au(t)] cos(w.t) = A cos[wt|u(—t)
x1(t=1)=Au(t —1) = »n() =[A — Au(t — 1)] cos(w.t) = A cos[wtu(l —t)
but, yi(t — 1) = Acos[w.(t — 1)]u(1 —¢)

Thus, y2(t) # y1(t — 1) which means that y,(¢) is not a shifted version of y ().
(iii) Stable: The system is stable because the output will always be bounded by |A 4+ max{|x[n]|}|.
(iv) Causal: The system is causal because the output y(¢) depends only on the value of the input
x(t) at the same time. No values of x(¢) from the future (or the past) are used.
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PROBLEM 9.2 (more):
. . . . x(t) +x(—t)
(d) A system that takes the even part of an input signal is defined by a relation of the form y(¢) = Ev{x(#)} = — s
(i) Linear: The system is linear, so we have to prove both the scaling property and the superposi-

tion property:

x1(t) > yi(t) = 3x1(t) + 5x1(—1)
x2(t) = ya(t) = 2x2(t) + 3x2(—1)
xX1(1) 4+ x2(t) = 2(x1 () + x2(t)) + S(x1(=1) + x2(=1))
= 21 + x1(=1) + (2 (1) + x2(=1)) = y1(1) + y2(t)
Bxi(t) > S(Bx1(1) + 3(Bx1(—1) = B (3x1() + 3x1(—1)) = By (1)

(ii) Time-invariant: The system is not time-invariant because the system definition contains a flip.
Here is a counterexample with a unit-impulse signal:

X1(0) = 8(t) = yi(1) = 3{8@) +8(=0)} = 8(1)
xit—=1) =8t —1) = yi(1) =3{8¢ = ) +8(—t — 1)} = 5
delta(t — 1) + 18(t + 1)}
but, yi(t — 1) =6 — 1)

Thus, y(¢) # y1(t — 1) which means that y,(¢) is not a shifted version of yj(¢).

(iii) Stable: The system is stable because the output will always be bounded by max{|x[#]|}|.
max{|y[n]l} = max{|3x (1) + 3x(=0)|} < 3 max{|x[2]]}| + 5 max{|x[n]]}|

(iv) Causal: The system is not causal because the flip component of the system definition creates a
component in negative time. The signal §(¢+ — 1) provides a counterexample. From above, the
input “starts” at + = 1, while the output “starts earlier” att = —1.
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PROBLEM 9.3:

@ §(2-10)* [&(2+19) + Q.e_i/%) + cre(1009)]

=J(E-10) X 8 (#+10) + J[,zf-/o_)*zgi[z) + 8(£10)X coe (10072
-(2t-10)
SN t 22 w(t-10) + cop[1007(¢10)f
Y ou ioomt)[s02) + 8 - 003)]
= Cou (100M0)d(2) + coa(100TH(002)) § (% - 002)

= [ 4(#) + cow (0.2158 (X - 003) = §(%) + 0.809 8§ (* - 003)

@ Y] fofit

- -2z
::2% [ S e -,—g] s o) )t s E L sl
-2(2) ¢

= 20" T uf#-2) + S sppa)

= —-2-&4-&&2;{,«,#-2) -+ J[z‘—;z)

@;) /;(/007}7)[&(7) + 5(7‘—.00.2)]&7"

* *
:]W(/ﬂdﬂaa}é(ﬁ 47 %fm[mdﬁﬁw.z)) §(T-.03) 47

= B+ coe (0.2 a(2-.002) = (B + 0,807 a(Z~.003)

McClellan, Schafer and YodeBignal Processing FirstSBN 0-13-065562-7. This page should not be copied or electronically transmitted unless prior written
Pearson Prentice Hall, Inc. Upper Saddle River, NJ 0745003 permission has been obtained from the authors. November 5, 2004



PROBLEM 9.5:
Selve for h(t) in
[ €M ue-0)) x Reb) = 2€turt)
Th orden +o find RlE), vse He sh(ﬂ—.‘nﬂ
property of He impulse
x(+) ¥ §(t-t,)= x(t-&)

Thus we can write +he first term above
* éta(f) x S(t-4) = c‘({'4)u(é—4)
Thew we wmust solve :
e*ult) *(6(6—4) *#&))-f 2 &tul®)
which recbuires +hat
((t-4) % RE) = 25(+)
Siwce  S(t-o) % S(t-b)= S(t-a-b) we conclude
ot [Rer- 26(te4) | = -
S(4+4) % 2§(k+4) = 25(F)

ie.
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PROBLEM 9.6:

(&> xEI8(t+1) + §(¢-1) ]

M
=X@E)E(E+1) + x(#) L(¢-1)

= x(-NEG+D + x(M)E(E-1)

S x(t) L(t-1) dv

x(l)&('t’-l) dr = xX(1) Swg(‘t'-l)dt: x (1)

®y

-

_“

8D g 8

e replace T with t in x (%)

o0

( x(e)§(e-0)dr

< /___—-——ARFA of £() is eme
x(é)g ((¢-t)dt = x(¢)

L

i

@) Sy e wlt) = xU(bo) Using oy (47)
Recall +hak X4 is +Hhe fivst derivalive.
_m - = .:4—-— ({"l
o xOD = X )
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PROBLEM 9.9:

*k({)-.; Su(t-1) —5ult-4) 5]{

(a)

Y= ul¥) ¥ R(¢)
= u(t) ¥ [Salt-D —-b’u(f—4)]

—

= Su)®ult-n-— Sult)»ut-4)

Use the fact that ult) * wlt)= tult)
Whick can bc. GG'MbI‘HQ-J wi th He Shff{' PmPe_Y-)L:’
o write u(t)xult-a)= (t-a)u(t-a)

7}105, )/('t): 5-(.&__,) u(-é—l) - 5-('&’ 4) u({"'4)

(%) The Hiree regions are: t<1, |2t<4, and t>4.
when t<1, both unit-siep signals are zero, so y({—)_-.-.o

Por 14t5%4, ult-N=1 awd u(t-4)=0, se yl¥)=5¢-5
alt-)=1 and ult-4)=] so ylh= st-g-5tr20=15

Fer t>4,
Tn sv wmwory, (o) <4l
y(t)= ) st-5 (1&t24
15 4<t
( C.) y (+)
IS}~ « =~ -
*
L]
3
L]
L 4
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PROBLEM 9.22:

&) (] = a (% +3) —alt~3)
()= o) = () X8(t~141) =8(2-2)% )
n(t) =5(%)
A = a3 -2y) (£ -5 )
, A2
,f IR
~3+.44 5+24

U) 2423 Jecause A(#)=0 por £<0
) #| and #2 are nst alebte Secause
f/}%[t)/a/i > [/,e (BJit —> ==
H3 ie olibto
He overall aplom <o olifle Secewras
]@f)/# <eo
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