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PROBLEM SOLUTIONSCHAPTER 13

SOLUTION 13.1. Given
i GEt) +16i4(t) + 4Bi(t) = va(t) + 8v(t)

(a) withv(t)=vgt)=0 andi;(0)+i»(0)=0
(i) the characteristic equation is
s? +165+48=0
(i1) the characteristic equation has factors
(st4)(s+12)=0

and hence
S, =-4,-12
(i) Equivalentcircuitatt=0
(iv) Hereby KCL
i1(0) =i,(0) =6A
At point (1)
i1(0) +ixw(0) =i>(0)
6A +ix(0) =6A
iow(0) =0
and

V11 = VR2(0) =2iy,(0) = OV
Thenby KVL att=0
vL1(0) - Vew(0) +V 2(0)=0 P -vi 5 =-36V
Lz% =-36V
i€0)=i4(0)=-36A/s

(v) from part ii

i(t) = Ae "' + Be !
and then

iqt)=-4Ae ¥ - 12Be™ 1%
Then using the initial conditions

A+B=6
-4A-12B=-36

©R. A. DeCarlo, P. M. Lin
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solving yieldsB = 1.5and A =4.5. Then
i(t) = 4.5 4 +1.5¢ 1% A
(b)  If v(t)=12V and i(0) =i40) =0, then v&t) =0 and
i Gt) +16iq(t) + 48i(t) = Bv(t)
with
i(t) = Ae” ! + Be 12
i€t) = 4Ae”® - 12B¢ 1%
i¢t) =16Ae ! +144Be 12
Thenatt=¥ whenv(¥) =12V

i(¥)=C, iq¥)=0and i¢¢¥)=0

Thus
48C=96 b C=2
Then
i()=Ae M+ Be 12 42
and

i(0)=0=A+B+2
i€0)=0=-4A- 12B
Multiply thefirst of these by 4 yields
AA+4B=-8
-4A-12B=0
SolvingyieldsB =1and A =-3. Thusfort>0

i(t):-3e'4t+e'12t+2A

(c) If v(t)isasinfig. 13.1(b) then
i2t O<t£2

VO=1g 122

Thevalue of Cin part (b) will changeand at t = 2s, anew set of initial conditionswill be required
(obtainable from the solution at t = 2s) and these would be used in the decay portion described by
1¢€t) +16iqt) + 48i(t)=0 t3 2s
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SOLUTION 13.2.
(a) Usethefigure with the currents i;through ig designated in the circuit below.

Then work from vg to Vv;, using repeated applications of KVL, KCL and the elemental equations:

i1 =2V,
ip =2vge
i3 =iy +ip = 2(V§+ Vo)
with
V2=Vo
vy =0.5i3+vy = O.5[2(vg:+ vo) + vo] =Vvg+2v,
then
iy = 2u= ZEdt (& +2v5) =2(vg+ 2v9)
i5 = iz +ig = 2(V§ + Vo) + 2(vgh+ 2vg) = 2vg+ 6vg + 21,
Finaly
Vi, = 0.5i5 + vy = 0.5(2vg+ 6g + 2v,) + V§ + 2V, = Vight 4vg + 3V,
Hence

Vout (1) + 4Vt (t) + oyt (1) = Vip (1)

(b) Notefrom part (a) that
Vout (1) = vo(t)
and
V(1) = Vout (t) + Vour (1
Hence
Vout (0) = v2(0) =1V
Vout (0) = v1(0) - Vot (0) = 7- 1=6V

(¢) The characteristic equation
s?+4s+3=0
has factors
(s+1(s+3)=0
and roots
S,V =-1-3
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Thus, because of the input, vij, (t) =6V
Vout (1) = At +Be +C
Vout (1) = - Ae - 3Be™ ¥
Vgt ()= Ae™t +9Be

andatt=¥
Vout (%) + 4V (¥) + v (¥) =6V
0 + 0 + 3C =6V
c=2v
and

Vour ()= Ae t +Be 3 +2v

SOLUTION 13.3. (a) Fromthegiven differential equation, the characteristic equation is
$3+14s” + 525+ 24 = (5+6)(s” +8s+4) = 0
Thereforetheroots a=-6,b=- 4+ 2/3=-05359,c =- 4- 2,/3=-7.4641.

(b) (i) v(0) =v3(0) =6V, asgiven.

(if) Tocomputev'(0) we write anodal equation at node 3. In particular
(V- vgp) + (V- veo) +0.5v'+v =0 which impliesthat

V(1) = 2vcq (0) + 2ve (1) - 6v(t) *)

Hence v'(0) = 2vc1(0) + 2vc2(0) - 6v(0) =24 +18- 36 =6 V/s.

(iii) Tocomputev'' (0) wefirst differentiate equation (*). Thisyields

V(1) = 2v'er (1) + 2o (1) - 6(2vcq (t) + 2veo(t) - 6v(t) (**)

To express vV'c1(t) and v (t) interms of the node voltages we write node equations at nodes 1and
2 respectively. At node 1

(Vo1 (t) - Vo) + (Ve () - V(1) +0.5ve1 (B) = i(t)
and at node 2

(Veo(t) - Ve1() + (Ve2() - V(D) +0.5vco(t) =0
Hence

V'c1(1) =-4veq(t) + 2ve (b)) +2v(t) + 2i (1)
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and

Voo (1) = 2vey (1)) - Ao (t) + 2v(Y)

Substituting these two equations into (**) yields the desired result when t is set to 0. However, this
quantity has no direct physical meaning.

V' (1) = 2(- 4y (1) + 2ve (1) + 2v(1) + 2i(t)) + 2(2vcy (1) - dvea(t) +2v(t)
- 6(2vc1 (1) +2vc(D) - Bv(t))

Hence, v''(0) = 2(-48 + 18 + 12 + 2i(0)) + 2(24 — 36 + 12) —6(24 + 18 — 36) = —72 + 4i(0) VIS,
Finally, using the characteristic roots found in part (a) and assuming a constant input, the form
of the solutioniis
v(t) = Ae 6t | pg 05359t | ~o- 74641t |
Following the methods of example 13.2,
A =0,B =(7.3301-1.0774" i(0)), C = (-1.3301 + 0.0774" i(0)), and D =i(0).

(c) (i) Not proportional to asingle voltage but it is proportional to i-3(0).
(if) Much more complex.

(iii) No.

(iv) No. Thisiswhy we use the Laplace transform approach.

SOLUTION 13.4.
@ f(@+To)]pey = F(t+To)

(b) € > cos(0.5pq + O.25p)] —— e 1% cog(pt +0.25p)

SOLUTION 13.5.
(@) LetT=1.
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(b) AgainletT=1.
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0.6 4

0.4} -

0.2+ 8

(e)

r
(f) & is(t- i)
i=0

(9)

-1 -0.5 0 0.5 1 1.5 2 2.5 3

(h) Pulses of height 1 and width T.
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SOLUTION 13.6.

\

(@) LIR(0] = Fi(9= Q. fa(t)e St == Q e Sar=S :—1(e' i g <T2)

(b) fx(t) = f1(t). Hence, theanswer isthe sameasin (a).

(©) L[ f5(t)] = Fa(9= (Sé fa(t)e Sat= 2@4 S(t)cos(4pt - 0.25p)e” Lt =- 2£ =2

¥ - ¥ - -
(d) Fa(9 = Q. falt)e Sdt=-2¢) 8(t- T)cos(4pt- 0.25p)e” *dt = - 2c0s(4pT - 0.25p)e”

¥

© F(9=Q fe(t)e Sdt = (8¥ [5(t)- 5(t- T)]e Fdt=1- & T

SOLUTION 13.7.

(S+4)tu 5
@ FO=q. e “dt=¢ 5 e “dt=-5 0 =——
s+4 %_ s+4

e 2"Fe'tEnd

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
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- s+t - (s+4) -4
_\¥ -g _\¥ —4t -g _ ) _5e _ -553
(b) F(s)—q_ f(t)e dt—QSe e T dt=-5 ) Ejll = —ra =e =2

go”P&rEnd

0 0.2 0.4 0.6 0.8

¥ - I _A(t-1) - y -
(© F(9=q. fve St = Q 5e At-Dg Stdt:-5e4Tu =S >

£ 2Pdxtend

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
t

(d) F(9)= (ié f(t)e Sdt= Q¥ 5e” 45 (1)e Lot = 5¢*

© F(s)= (34 f(t)e Sdt= Qf 5e” M5t - 1) Sdt=5¢
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(f)

F(s)= (ié f(t)e‘Stdt:2Q¥_ [u)u(t- t)]e %%e St = 2(3 e

¥

:2q_ e

1.8}
1.6
141

1.2}

T

f(H)

0.8}

0.6 |

0.4}

- 0.25t e Stdt

P13-10

R - i
-2Q e 0.25" Sty — s+(2)25(1_ e S)

IXtEnd

N\

F(s)= (ié ft)e Sdt=

SOLUTION 13.8.

@ F(9)= Q f(t)e‘S‘dt:Q

(© F(S):q f(t)e St

N\

¥ - st
(d) F(S):q_ f(t)e ~dt=

0 0.2

0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

©R. A. DeCarlo, P. M. Lin

Y A Stdt—(a Ae & Mtdt_%
0 FO=Q fe Sat=§ Ayt ne =g aete M ia=es A
t = (Sé A" D5y e St = Ae
(st
4 M-Sty e - A (1)
Q- Ae"e Tdt= o0 SO = k(l e )

10
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SOLUTION 13.9. Consider thefollowing inwhichg=atandt= g/a

¥ ¥

— A st 1o - (Sa)q 4, _ 1 _a80
L = == =ZF3=
[ f(at)] Qf(at)e dt 3 Qf(q)e dqg ez
0 0

SOLUTION 13.10.
(a)

el = cospt + j sinot

e 1Ot = cospt - j sinot
Add these equations and divide by 2 to obtain

jot e joot

cos(mt) = >

Similarly, subtract the equations and divide by 2j to obtain
jot - jot

: _ -e

sin(ot) = ]
Note that

L[ej“)t] = L., L[e' jmt] = L
S- jo S+ jo
(b)
galot | - joty
L[cosmt] = L& e =05, 05 5
5 2 g S jo stjo L+

and

-05) 0.5j ®
— + ——— =
S- jo Stjo L +@2

L[sinot] =

SOLUTION 13.11. From thetime frequency scaling property,

©R. A. DeCarlo, P. M. Lin

11



PrbsCh 13  March 18, 2002 P13-12 ©R. A. DeCarlo, P. M. Lin

1 o
2 T 2412
50 +1

ewo

L[sin(w) u(t)] = (%
Using the time differentiation property,

L[ cos(@t) u(t)] = Lg_gt (sin(@t) u(t))g= sL[sin(wt) u(t)] - sin(0) = Szoismz

Finally using the multiplication by t property

dee s 0_ o 208

L[- ot cos(t) u(t)] = 0582 1028 L+l (52 +(,)2)2

Hence

20 20S _20)(52+602)- 2(052 _ 20)3

L[sin(wt) u(t) - wtcos(ot)u(t)] = Zra? (52 +w2)z = (52 +w2)2 - (52 +0)2)2

SOLUTION 13.12. (a)

q (t) = Atsin(mt), f(t) =sin(t)u(t), F(s):i

$ +1
By the frequency scaling property
¢ u
é a . N
16 1 1€ 0?2 U o
L[f((‘)t)]‘Ge 2 U St 0lh 2102
@E?E_SO +10 e u
geos g

By the multiplication by t property

e
. B u_ é -
L[tsin(@t)u(t)] = - ds€Z + 28 g(sz +(,)2)23_ (32 +co2)2
u

By the linearity property

L[Atsint)] = A

12
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(b)

() = Ae™ sint)ut), f(t)=sin(t)u(t), F(s)= L

% +1
By the frequency scaling property,
. )
L[sin(t)] = 2o
By the damping property
at - _ ()
L[e Sln((,!)t)] = m

and by the linearity property

L[gz(t)] = A(s-a)++wz

(c) Before beginning, note that
sin(mt +0) = cos(8)sin(wt) + sin(®)cos(wt)
Here

g(t) = Ae® sinft +8)u(t) = cos() Ae? sin(wt)u(t) +sin©)Ae cos(mt)u(t)
f()=sSnOu(t), F(9=——
s +1
From the linearity property and part (b),

G4(9) = Acos(0)——3— +L{sin(8) Ae™ cos(wi)u(t)}
(s- a)“+w

By the differentiation in the time domain property cos(t) = Hdt sin(t) which implies

L{cost)] = { L[sin®)]} - f(0)= st+1' 0= 328+1

By the frequency scaling property

[ ] 12 %o H 1€ g2 U s
L]cosmt]| = — & > u:_zé 20: 5
% 5 ;

8(%)) +1g © 8% +0’g S +w

Then by the linearity property

13
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L[ Asin(8)cos(@t)] = Asin(®) st :
(O]

Then by the frequency-shift property

L[AS' n©)e Cos(wt)] = Asn®) (s- )% +w?
Tt _ _® L Adn)—
G3(9) = L[Ae sr(o)t+6)] = Acos(6) 5 a2l + Asin(6) 5 a2 +0?

= T 00 SO )

SOLUTION 13.13. (a) Wearegiven that
(9 =sn) P FO=5—

And must find the transform of
q (t) = Atcoqm)tu(t)

By the time differentation property

cost) = Edt sn(t) b Lcos(t)] = Szil' sin(0") = Z

By the frequency scaling property with

u
1 1
ot ol
(Q))

Using the multiplication-by-t property
L N 2, 2
L{tcos(et)] =- Eg Sto -2 S -0
dsg

s
2+ @
Finally, by the linearity property

L[ Atcogwt)u(t)] =

©R. A. DeCarlo, P. M. Lin
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(b) Let gp(t) = Ae® cos{wt)u(t) . Recall from part (a) that

L[ Acos(et)] = Ao +m2

By the Frequency-shift property
L] A cos(ot)] = A—22
[ ] s- a)°+o°
(c) From Trig identities,
cos(wt +6) = cos(wt)cos(®) - sin(mt)sin(0)
Recall from part (b) that

L| Ae® cos(ot)| = > a
] s- @)%+ w2
Hence
L[ Ae™ cos(e)cos(wt)] = Acos(®) %
(s- @) +o
[t follows that
'—[Aeat COS(COHG)] ACOS(G)S—Za- Asm(G)L[e sin mt)]
(s- a)°+w
- é U
= ACOSE)——p— - Asin) ——a— = AeONS ) ‘”;‘”(9)
(s-a)+o (s 9°+0” @ (s-a)°+ 6
SOLUTION 13.14. (a) We are given that
L t)=———
[cos(t)] =

which implies by the frequency scaling property that

s
L[cos(mt)] =7 —
Using the multiplication-by-t property

u_ +?- 25 _ -

s
&2+t (32+2)2 _(32+c02)2

L[t cos(wt) ] =- dg

15
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(b) If gt)= te cos(mt), then using part (a) and frequency shift property,

2 2
L[teat cos((nt)] S G V¥
2, 2]?
(s- @)+
SOLUTION 13.15. (a) With
at _-at
: e’ -e
nh(at) =
sinh(at) >
. 1é 1 1 u_lés+a-(s-au_ 1é 2a u a
L nh :—'_-—f:—é—,:_ pfi
[sinhie) 28s- a s+all 28 £- a2 U 26&2- &2 - a?
(b) With
at , _-at
+
Cosh(at):i
2
1é 1 1 0_1lé-a+s+au_1¢€ 2s u_ s

L[cosh(at)] =

Z + = == =
28s+a s-al 28 2- a2 U 2&2- 224 - a2

SOLUTION 13.16. (@) From Problem 15

L[sinn(at)] = - _"J‘az
So that by the multiplication by t property

esinh(an)] =- D62 Y- -2 28

(- (2. (202

(b) From Problem 15
S

L[cosh(at)] = 7 2

2

So that by the multiplication-by-t property

16
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y sz-az-s(Zs) 2,42 2 2 2
L[t cosh(at)] =- de s u_ ( ) _-s"+a”+2s" _ s'+a

SOLUTION 13.17. Here

S+2
s+1
(a)  Since g (t)=5f(t- 2), usethetime shift and linearity propertiesto obtain

F(s) =

_p.-2s€S+ 2l;l
o] =5e Bs+1H

(b)  Since g(t) =5e 2t (), use the frequency shift and linearity properties,

&s+2)+2U_ _és+4Q
(s+2)+1f ~&s+3H

L{go(1)] = 5¢

(c) From part (a),

-2s€S+2(

Bs+1H
Therefore, since gz(t) = 5e 2t f(t- 2), by the frequency shift property

L[5f (t- 2)] = 5e

_ - 2s+2)&(s+2) +20 -2(s+2)€8+40
L{g3(t)] = Gy(s+2) =5e Ssr2) 14" Se 85+ 3f

(d)  Since gy (t) = 5tf (t) , use the multiplication-by-t and linearity principle to obtain

d &(s+2)u_ 5[(s+1)- (s+2)] 5

L[g (t)]_' e s+1 Hz_ (S+1)2 (S+1)2

SOLUTION 13.18. Inal parts

L] =F© =5

ds&-a?ll (-2 (2 (2

17
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e 'S5

2 +4

(@)  L[Af(t- T)ut- T)]= A

dé s u_ g(sz+4)-s(28)8_ (82-4)
dsg&s? +4 Aé (52 +4)2 H_ (52 +4)2
u

(© Note that the answer is ssimply atime shift of the function givenin (b).

(b) LAt (Hu)] =- dﬂSAf(s) =-A

£

L[A(t- T) f(t- Tut- T) = AeST 3
(s +4)

(d) Thisfunction isthat of part (&) multiplied by t. Hence, by the multiplication by t property,

dée TSsU g(e'Ts- Tse'TS)(s2 +4)- 25" s T8
L[ Atf (t- T)u(t- T)] =- Ag e 0= Ag > G
S@SZ+ 4g é (82 +4) H

€ 2 2 U € 3.2 U
. Te®2s7- (1- TY)(s“ +4) U, _TsETs” +s” +4Ts- 44
= Ae é > > u— Ae e 2 U
é (s +4) 0 é (52+4) i
€ a € Y
SOLUTION 13.19. Inadl parts
®
F(s)=L[f(Hu(t)|=
9= L[F(Oud] = 57—
we—Ts
(a) By thetime shift property, L| Af(t- T)u(t- T)]=A
[ R e
Using the multiplication-by-t property,
. .d _ ,dé o uO_ o(2s) 20s
L[ At (u(t)] =- A dS[F(s)]— A S A =A

N

18
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© The answer hereis an application of the time shift property to the answer of part (b).

20S

L[At- T) (- Tut- T)]=Ae ST ——==_
[ ] E +@2)2

(d) Theanswer here uses the multiplication-by-t property applied to the answer of part (a).

-Ts -Ts

e 15(s? + ) +2se

= Aw (32 +(D2)2

é
_ de e
L[Atf(t-T)u(t-T)]—-AwdS:52+w2

[(@NeaYeYey
MDD D, Q (O}
ceonono

e , 5 U
B -Ts€Ts™ +2s+Tw " U
= Awe g 2\2 0
e (52+c0 ) U
e U
Solution 13.20. (a)
f(2t) =o(2t) +o8(2t- 1)
For the first term on the right, the peak occursat t = 0 and
o* o
03(2t)dt =0.5 d(t)dt =0.5
) 0

under the transformationt = 2t. For the second term, the function peaksat t = 0.5 and

0.5 o*
0 8(2t- 1)dt=0.5 d(t)dt =0.5
0.5 )

under thetransformationt =2t —1. Hence

f(2t) =8(2t) + 8(2t- 1) =0.5[8(t) + 8(t - 0.5)]
Therefore, a= 0.5=Db.

19
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(b) (i) Here F(s)=L[f ()] =1+e °. By thetime scaling property

L[ f(20)] = —; F(s/2) = o.5(1+ e 0-56)
(b)-(ii) For this part,
L[ f (2] = 05L[5(t) +3(t - 05] = 0.5(1+e )

SOLUTION 13.21. (a)

LIv())] =2L[g" (0] - L[g(t)] =25°F(s)- 259(0")- 2g'(0")- SF(9 +g(0")
- 22~ JF - 2200 2000 ) + g0 )= 5
(b)
L[v(t)] =21 £ ()] - L[f'(t)]ZZSZF(S)- SF(9- 2sf(07)- 2f'(07) +f(0)

2s- 1)(s+1)

:(232- s)F(s)- 2s- %+1:( 2 -2s- 24 +1

(©)

¢! U G

o .
Lvo] = Lg(v] - Lgog@"qa SB(9- 00)- =2 T Qalada=F- 609
¥ -¥

~

_a& los+l_ 10
= éS- _sﬁ_?’ = (S+l)és—2 - ?

e

(d)

ét u
L) = Fo)- Lgof(q)dqu F(9)- 107)- FS’)-—lof()o!q
¥

-1
1u A

=(s+1 - =5 1- —
( ) S4H S

Uﬁfﬁ‘

assuming | >0. Theexpressionisill-definedif | £ 0.

20
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SOLUTION 13.22.

(a) (i) If

F(s)= L[ f (u()] = m?zs; 4; =n(s? +4)- m(s?)

Then by the multiplication-by-t property

L[- tf (t) u(t)] = +d£s Zn(SZ + 4) - Kn(sz)]

25 2s_ 2s 2_25-25°-8_ -8

_52+4 2_32+4 s s(sz+4) s(sz+4)

(i)  Using the solution to (a)-(i), by the frequency shift property

-2t _ -8 _ -8
L{- te f(t)U(t)] - (S+2)((S+2)2 +4) - (S+2)(82 +4S+8)
_ -8
B s> +6s+165+16
(b) If
-8

G(s)= q_)sz 2

apartia fraction expansion may be employed
-8 Ki As+B -2 2

(9= ;(32 +4i__S+ 2+4 5 £2+4

Hence,
o(t) =[2cos(2t) - 2| u(t)
and
f(t)=- %t) :—f- —fcos(Zt)

SOLUTION 13.23: Part (a)-(i): From table 13.2, the multiplication by t property implies that

21
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d 1 1 -2
L[- tf () u(t)] = F(s) ds §:+:§ Slnls+a]- mls- al)= ——- —= = 22
Part (a)-(ii): Let usmake use of the answer to part (a)-1. Let G(s)= L[- tf (Y)u(t)]= Sz_zaaz'
Then by the frequency shift property in table 13.2,
- at _ - at _ _ -2a _ -2a
L[- te” * f (f)u(t)] = L[e” & (- tf ()u(t))] = G(s+a) = Gra? S+ 29)
=] _ —1€‘ 2a u_ 161 0 1él U _(.a _a
Part (b): ot) = LG(9)]= mH—L i UEahe =(e® - e)uqy
More specificaly,
5%at _ e- at('j
ot)=(e® - e®)u(t) =- 2" u(t) =- 2sinh(at) u(t)
&€ 2 g
Hence f(t) = 9_(:) _ ZSin:l(at) _
SOLUTION 13.24.
(a)-(i) If
F(s)= L[ f(tyu(t)] = zn bg—ﬁn(s+ a)- /n(s+b)
Then by the multiplicati on-by-t property
1 1 s+b-(s+ta _ b- a

L[- tf (t)u(t)] = += [En s+a)- /n(s+b)]=

s+a s+b  (s+a)(s+b) (s+a)(s+h)

(i) By the frequency-shift property
- b- a b- a
L[- te atf(t)u(t)]z Y ~

a)(s+a+b) 2+ g3a+b)+2a(@+h)

(b) If
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b- a
G(s) = L[- tF (u(t)] = 5+ a)s+h)
apartia fraction expansion may be employed
b- a Kl K2 1 -1

G(g) =

(st a)(s+hb) - s+a+s+b - s+a+s+b
Hence, ot) :(e' a_ g bt)u(t)

and

_g(t)_e_bt e-at
f(t)_-t_ t ot

t

©R. A. DeCarlo, P. M. Lin

SOLUTION 13.25. Therelationshipis f(t) :%g(t) or equivaently, () = O f (¢]dg.
-¥

Now we havethat f(t) =63(t)- 125(t- 2) +6d(t- 4). Therefore,

F()=6- 12¢ >S+6e 4
From the time integration property,

F(_6 12¢% ee*
s s s s

G(s) =

t

SOLUTION 13.26. For0£t<T,, weseethat g(t) = Q f(g)dg. Thusone presupposes here that

-¥
t

therelationshipis f(t) :gtg(t) or equivalently, ot) = O f(g)dg. AssuchE=A-BandD=A -

-¥
B+C.
Further, f(t) =Ad(t)- Bd(t- T;) +Cd(t- T,) whichimpliesthat

F(s)= A- Be "5+ Ce 128
Thus
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F9 _A Be™™® L Ce T8

G(S) - S S S S

SOLUTION 13.27.

(@) f()=u)+ut-1) b f(s)—-i+e_szi(1- o5
(b)

f=urue-D-ue-9) b 191+ - EIies o)
(c)

-3s

F(0 = u()+ ut- - 2u(t- 3) b F(s)—-1+e?- 2 ares 2 %)
(d)

-2s -3s
f() =2u(®)- u(t- 2)- u(t- 3) b F(s):é-e—s-e_sz_i(z_e'zs )
SOLUTION 13.28.
@ fh)=2r@)- 2r(t-1) b F(9= 322 e :;2;(;@3)

23
(b) f(t)y=2r(t)- 2r(t- D+r(t-2) b F(t)‘32 2:2 + 2 %(2 2e +e2)
S

(© f()y=2r()- 2r(t- 1)- 2r(t- 2) +2r(t- 3). It followsthat

- 2s - 3s
2 2° 2 +2’3 :_2(1_ e S. e-25+e—3s)

FO2 2 2 "2 72
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SOLUTION 13.29. (a) Here f(t):gr(t)- 3r(t- 2)+§r(t- 4). Thus,

3 % 2s 3e—4s
282 &2 282

T

—~

N
1
1
+
1

(b) Here f(1) =%r(t)- %’r(t- T)+¥r(t- 2T). Thus

Y &1 2-T -2T0
F(S)==2¢c— - € e -

(c) Here f(t)=2r(t- 1)- 4r(t- 2)+4r(t- 4) - 2r(t- 5)

1/, . - . ;
F(s)=?(2e S. 46 B+ 4% 2 53)

SOLUTION 13.30.
(a) Here f(t)=2r(t)- 2r(t- 1)- 2u(t- 4) implies

2 e e
F(s)==
(9=1

Tzl

SOLUTION 13.31. (a) Here f(f) =2u(t)- r(t)+2r(t- 2)- 2r(t- 4) - 2u(t- 4)

-2 -4 -4

Thus F(S):_i_;l_'_Zeszs_ 2eszs_ Zes S.
2s -2s
(b) f()=-u()+r@®- rt- 2)- u(t- 2). Hence F(s):_—sl+?1- esz ; es
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(© f()y=2r()- 2r(t- 1)- 2u(t- 1)+2u(t- 2)- 2r(t- 2) +2r(t- 3).

-S -S -2s -2s -3s
HenceF(s):E-Ze _2e +2e _2e +2e _

£ £ s s £ &
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