HW Solutions
Signals and Systems E3801 HW#3

1.4-6 (a) Necall that the derivative of & function at the jump discontinnity is equal to an impulse of strength equal 1o
the amiount of discontinuity. Hence, df /dt contains impulses 48(¢ + 4) and 24(¢t — 2). In addition, the derivative
i= =1 over the interval {(~4, 0}, and is 1 over the interval (0. 2). The derivative is zero for + « —4 and ¢ > 2.
The result is sketehed in Fig. S1.4-ba.
(b)Using the procedure in part (a), we find 4 f/dt? for the signal in Fig. P1.4-2a as shown in Fig. S1.4-6b,
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Fig. S1.4-6

1.4-T (a) Recall that the area under an impulse of strength k is k. Over the interval 0 < ¢ < 1, we have

&
u[r}=/1dzzx 0<er<1
(1

Ower the interval 0 < & < 3, we have

1 13
y(=)=f 1¢z+f(‘l}n!:'=‘..’—t 1<i<3
a 1

At £ = 3. the impulse (of strength unity) yields an additional term of unity. Thus,
1 1 ¢
y[t‘,l:fld.t+f(-l}d.r+j fz=3dr=1+(=2)+1=0 >3
(1] 1 J=x
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Fig. §1.4-7



1.7-1: ¢) Is non-linear (0 input gives non-zero output). e)is nonlinear h) is linear
1.7-2: d)is time varying f) is time invariant
(d) The system s time-varying. The input f(t) yields the output y(t) = ¢f(t). For the input f(t = T), the

output i tf{t = T). which is not lf (1) dclayed by T H!m:ﬂ the system | i time-varying.

(f) The system is time-mvariant, The mput [ (l) yields the output y[t] which 15 ke square of the second
derivative of f(t). If the input is delayed by T, the ostput is also delayed by T. Hence the system is time-
invariant.

2.4-11 () yit) = e tult) e e Hult) = (e = e *)ut)

(€) r Muft =3) = e ™~ # -y~ ). Now from the result in part (a) and the shift property of the convelution
[Eq. 12.34)):
‘i.f“} - r"ﬁ [r-—[fn.'.l!lm-.t] - rﬂi‘l!-ﬂﬂ]] "['r _ 3}
(d)  Jit) = ult) = uft = 1). Now y(t). the system respanse to uf) is given by
) = e ult) o ult) = (1= ¢ "Jult)

The system respanse to u(f = 1} is (i = 1) hecause of tine-invariance property. Therefore the respanse yit) to
Jit) = uft} ~ w(t = 1) is given by

wlt) = ;i) = mle =) = (1 e pft) - 1= ™" Muie-1)

The response is shown in Fig. 52.4-11.
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2.4-16
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