Solutions to Homework Problems from Chapter 2

Problem 2.4
The requiredsignalsare presentedespectivelyin Figures2.4a,b,c,d.
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Problem 2.6

Thesignal f(t) = u(t + 1)+ u(t — 1) — 7(t — 1) + r(¢ — 3) is presentedn Figure 2.6 with dashedines
denoting particular signals.

f(ty=u(t+1)+u(t-1)-r(t-1)+r(t-3)
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Problem 2.8
Seecommentsmadein the solutionsto Problem2.7. In this problem,one of possibleseveralsolutions
is given by
ft)y=u(t)—r(t=1)+r(t-3)+ u(t—5)
The correspondingsignalsare lotted in Figure 2.7 using dashedlines.
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Problem 2.20

/ (2 + sin(t) + ¢ [8(0) + 36(2¢ = 1) + 460 (1 = 2)]at

— 00
o0

- / 70 [8(0) + 362t = 1) + 460t - 2)]

= f(0)+ 3%f(%) +4(-1)fD(R) =1+ ;G +sin (%) + e‘l) — 44+ cos(2) - 2¢7")

Problem 2.21

o0

/ (tsin(t) + e ) [6(3)(75) — 6D - 2)} dt = / f(t) {6(3)@) — 6@ - 2)} dt

o0

= (=1)?f®(0) = (=1)*f@(2) = —(=35in(0) — 0 cos (0) — €°) — (2cos (2) — 2sin(2) + €7?)
=1—2cos(2)+ 2sin(2) —e?

Problem 2.22

(a) /6_4tu(t)5(t — 4)dt = e y(4) = 716

e '6(t — 6)dt =0 since §(t — 6) is outside of the integration limits
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(©) /e—% sin (t — 3)8(t — 5)dt = / FO8(t = 5)dt = S 7(5) = Le=10sin (2)

Problem 2.26
(a) The scaledand shifted rectangularpulse signalsare definedby

1, —1<3t<le —1/3<t<1/3 1, —1<3t-2<1&1/3<t<1
SST8BSISUB [ ISHo2S e sss

3t) =
P2(3) {0, elsewhere 0, elsewhere
1, —2<4(t-5)<2& —05+5<t<05+5o45<t<5h5
At—5)=4 0 = = == ==
pa(4(t =5)) {O, elsewhere

The plots of thesesignalsare presentedn Figure 2.10.
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Figure 2.10

(b) The analyticalexpressiongor the scaledand shifted stepsignalsare given by

u(%—3)={é’ 2t—320<:>t23/27 u(_3t+2):{(1), —3t4+2>06t<2/3

elsewhere elsewhere
Graphicalpresentation®f thesesignalsare given in Figure 2.11.
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Problem 2.29
Using the derivative product rule and the property of the delta impulse function, which statesthat
f)o(t —to) = f(to)é(t — to), we obtain

Dlj;(tt) =u(t—2)+ (t+2)6(t —2) —sin (t)u(t — 3) + cos (¢)6(t — 3) — 4e~* gin (1) + e cos (1)
= u(t — 2) 4 46(t — 2) — sin (t)u(t — 3) + cos (3)6(t — 3) + e *(cos () — 4sin ())
Problem 2.30

The graphsare presentedn Figures2.13 and 2.14
£, (y=r(t-2)-r(t)u(-t+2)+p,(t)
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The correspondinggeneralizedderivativesare given by

~1, t< —2
(0, t—2 undefined, ¢ =2
o(t+2), t=-2 0, -2<t< -1
0, -2<t<0 o(t+1), t=-1
D]élt(t) = { undefined, t =10 , Dgt(t) =<0 0<t<?2
-1, 0<t<?2 o(t—2), t=2
o(t—2), t=2 0, 2<t<4
1, t>2 undefined, t =14
-1 t>4
Problem 2.38
D at at at at
m{e u(t)} = ae*u(t) + e**6(t) = ae®tu(t) + 6(t)
D? D (D D
Haieult)} = E{E{e“u@}} = o lae u(t) +5(0)} = o’ u(t) + ad(t) + 8 (1)

%{e“tu(t)} - %{%{emu(t)}} = %{oﬂe%(t) +ad(t) +60(1)}
= a’e®tu(t) + a26(t) + asM(t) + 6@)(1)

Dt} = %{D—ﬁ{e‘”u(t)}} = 2 {aPeu(t) + a28(0) + a®(1) + 60(1)}
= ateu(t) + a36(t) + a26W(t) + ab@ (1) + 6O)(1)

Following the samepattern,we have

D’n
Din

{etu(t)} = a™etu(t) + o™ 16(1) + " 26W (1) + - - + a6 D (1) + 6 V1), a>0



Answers to Problems Similar to Homework Problems from Chapter 2
Answer 2.5

The graphsof the requiredsignalsare plotted respectivelyin Figures2.5a,b,c,d.
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Figure 2.5
Answer 2.7

(@) L) = () =2r(t =)+ 7t =2);  (0)fe() =r(t=2) —r(l = 3) —u(t - 1)
() fs(t)y=r(t—1)—r(t—2)—u(t—2)

Answer 2.23 Given in the textbook.

Answer 2.24
00 +2 4
e 252t — 1) + / sin (w(t — 1))[6@) (¢ — 1) + 6(t - 2)] de + /tan (20)6(2t — 4)dt + /5(5(t +2)dt

= e 258(2t = 1) + (=7 (=1 sin (r(1 = 1) + sin ((1 — 1) + 3 tan (4) + 5

— e 62— 1)+ %tan (4)+5



Note that the first term was evaluatedusing the following result

F(0)6(at — to) = f(%o)é(at 1)

Answer 2.25 Given in the textbook.

Answer 2.27

The rampsignalis defined by r(t) = tu(t), t > 0 andr(t) = 0, ¢t < 0. Using this definition, we have

)= { )

Note also that

—4(t + 2)u(—4(t + 2)),

elsewhere

elsewhere

I, —4(t+2)>0et< -2

wi-ta+2)={

-4@+%>0@t<—2_{

—4t — 8,
0, elsewhere

< =2

u(—t—2)

The scaledand shifted step and rectangulampulse signalsare analytically given by

. 1, =3t-1>0&t<-1/3 o AN
(=3t - 1) = {0, elsewhere » =24 = {
The above signalsare plotted in Figure 2.12.

r(-4(t+2)) w(-3t-1)
4
12 —|~1
t —A { —ﬁ —i 131 0
4 3 2 0
(@ (b)
Figure 2.12
Answer 2.28
1, t<1
undefined, t=1
Dfi(t) Dfa(t)
Dr = 0, 1<t<3, D
o(t—3), t=3
0, t>3
0, t<0
undefined, ¢ =10
- ? ?
Dt §(t—2), t=2 Dt
1 t>2

Y

1, -1<-—

0, elsewhere

p,(-2t-4)
[
T
(©

0, t<2
undefined, t =2
1, 2<t<4
—6(t—4), t=4
1, t>4
1, t< —2
undefined, t = -2
0, —2<t<5h
—6(t—5), t=5
0, t>5

AU—4<1e —5/2< 1< —3/2



0, t< -1
§(t+1), t=-1

0, —1<t<1
DIW _ sy, =1
Dt -1, 1<t<3
undefined, t=23
0, t>3
Answer 2.35 Given in the textbook.
Answer 2.36
—{W()} t6() + u(t) = 06(1) + u(t) = u(t)
D2
o ) —{—{t } = Dty
Dstintt)) = oo prstint} ) = o5} = 600
D* D [ D? 1 )
D ttuiy) = Dt{mg{ )} } = P {l >(t>} — s)
Answer 2.37

D feos (t)ult)) = — sin (t)ult) + cos (D8(1) = — sin (u(t) + (1)

D feos (tu(t)) = %{%{ (t)u(t)}} = D sin(u(t) + (1)} = — cos (u(t) + 800
steos (0u(t)} = pr{ Preos )} = o~ cos(Ou) + 60000} = sn (Vu(o)-s(0)+60)
cteos () = 2 { Prsteos utn} | = 2 fsin (0ut0) = 60+ 6900}
= cos (t)u(t) - s0)(1) + 6 (1)



