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Prefacio

Este manual apresenta a solug@o de todos os problemas B sem respostas. Em alguns
deles, a solugdo apresenta informagdes adicionais ao resultado exigido pelo problema, que
visam auxiliar o leitor.

O livro pode ser utilizado de vérias maneiras, dependendo dos objetivos e da carga
horaria do curso a ser ministrado. Alguns exemplos:

Curso abreviado:

4 horas-aula/semana, além de
2 horas de revisdo/semana

Total: 40 horas-aula, além de
20 horas de revisao

Curso completo:

4 horas-aula/semana, além de
2 horas de revisdo/semana

Total: 56 horas-aula, além de
28 horas de revisao

Capitulo 1 Capitulo 1
Capitulo 2* Capitulo 2*
Capitulo 3 Capitulo 3
Capitulo 4** Capitulo 4
Capitulo 5 Capitulo 5
Capitulo 6 Capitulo 6
Capitulo 7 Capitulo 7
Capitulo 8 Capitulo 8
Capitulo 9 Capitulo 9

Capitulo 10 Capitulo 10

Capitulo 11
Capitulo 12

* Este capitulo podera ser deixado de lado caso os alunos tenham conhecimento prévio dos
conceitos de transformada de Laplace.

** Este capitulo podera ser deixado de lado caso haja pouco tempo disponivel.
O professor pode deixar de lado determinados itens dependendo do objetivo do curso.

Katsuhiko Ogata
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CHAPTER 2

B-2-1. . '

| _ S+0,4 — Sto %
(a) F6) = (S+o2)* +/2% S 4 0.8 + /4516
(b) ‘

$a#) = 4w (474 F) = 0.5 din 2t + 0.84 Cox 47

() _OSXL | 05865 _ 240.P54S
£26) stpgt ¥ Tsapgr = S24-/8

B-2-2.
(a)  Fiff)= Bain (5445 = 2./2/ 43 ST +2./2/ Coe ST

E{S) = 2.2/ x s 2./2]/s  _ /0.609% 2./2/s
I L Ty~
(b) F6) =0.03~ 0.03 cn 27
F,6)=-293_ _ 0.03s _ ¢03s'+0./2-0.035?
- 9/2
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B-2-3. 2
L[#*l=% |
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(b) Define _ ‘ .
j(t): e ‘e St

Then

L] =L [eFunst] = (s+/)=+;.5 —@(x) |

| Using the complex-differentiation theorem, we have

| L[ g0] = ~ 22 |
L[tetanst] = L[t gw] =-2[66)]
_4_ ] ~70 (s1/)
TAS [(y+/)3~ +28 [( .,,/) +25~J7?
' f(f')- CoR24/¢ - coe 3WT -'—L(m;uf-rmd)t)- o
=J_ s s
FG) 5*+ 25wt + S‘-Hd_")
___ (s*+/30%)s.
(st+2s@*)(s*+ w?)
) =(t-a) 1(¢-4)
— e-¢8
F6) = 51
Y= ti(t) -(¢-7T) i(-é——T)
_ e"’TJ' /- e-'r.s' |
| F(f)- st s2 = st

B-2-8. f(t)'___,._z_‘"_f._ ﬁi[f-f—)- ({—a)i(é—d)
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B-2-9.

lan 5O = .&'n s'F‘S-) ,&:‘, —;?;/—)' = /0 .

To verify this result, note that

2" S(.s'+/)] (r0-10€7%) 160
f:::(// r0e ‘)i(l') /0

B—é-lo. :
$01) = Lin S FG6) = Lin

sp00- s»00 (s ‘\"2)"-— o

L[$0] = sFE - fo+) = sFE)
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for) = Lin S*FE) = Lom =/

S 00 5900 (S+2)

B-2-11. -
Fo) = —3t _ L _ __Stes—os
s(s*t+st/)) S (s+o.s)*+ o078
A _ XX a8 0.26f
S ' z+
(stas) +o.s6® 084 (s+as)* + e.866*
F) = 1 - crarbit + /7/32 e ":t,&u‘,ﬂ 26t
B-2-12. s\e—s

F6) = Py

‘Note that for a translated function g(t -of )1(t —of ), We have

toj[z‘—'o() 1({-—«)_] = e~ G (5) (o(,}o) o

Define

. - S
Then G{’) S+ /
ga-)=s\e’t
So we have o
-({.-) _ — -5 S
_ L[se™ 7 10¢-1)] = €757
f(g)_:.— ,["[Fﬁ')_] = .S*C-(t-’) 1¢¢- :L)
n—2—13.'
FI(’) .s-zb -T.l- sz
| f@®) = 6+ 3¢
(b) . $s+2 - 8 ® 2

e = (s+-1)(s+2)* ~ s+/ _"' (.r+z)’-+ s+2
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B-2-14.

) Fo = / e

si(s'+df) @2 (sF :H-m‘-)

Z

(b) Fafs) = L - (0<5</)
S(s* 25ams+ &n) -
- L St23c/y
S + 25wns twad
—_ _L/_ $+.$—Wn - . ;%
S (3tSam) *+ @F—FWE  (st5an)*+ en —5
Hence
f.6)=/-~ ¢ Car am J/- oy A /__3_1 Rl A Gl //— % 2

—"~‘/-é"‘""t (ca:«...//—- s + —‘i"" MWnW“S’ )

f2(t) can also be written as

fz(‘t) /- \fl—_s'—“- e_-fath (k/nJ/ S"l‘ +¢)

¢= t«« “’
B2-13.  Fe) = /0 (S+2)(s+ %)

(s+1)(s+3) ( s+ 35)*
'A MATLAB progran to obtain the partial-fraction expansion of F(s) is given below.

nnm-eonv([lo 201,{1 4D,
[ den=conv([1 4 3L[1 10 25]);
[r.p.k] = residue(num,den)

r=

-2.1875
3.7500
1.2500
0.9375




-5.0000
-5.0000
-3.0000
-1.0000

k=

_
From the MATLAB output, the partial—fracticn expansion of F(s) can be given as |
follows: '

_=2/375 . 3085 . 125  0.937¢
FE) ==t t Tracr * 513 Py

The inverse Laplace transform of F(s) is

- st -¢
S@)=~2/805e"F+3 prre>t+ 25 e 0. 9375

B-2-16. y Sty Ss3+ 65+ 95+ 30
F& .— st+ 453+ 2/5*+ ¢6.s+ 30
A MATLAB program to obtain the partial-fraction expansion of F(s) is given below.

mm=[1 5 6 9 30
dn=[1 6 21 46 30};
[r.p.k] = residue(num,den)

r=

-1.0812+ 1.7051i’
-1.0812- 1.7051i"
<0.1154
1.2778

‘pg

-1.0000+ 3.0000i
-1.0000- 3.0000i
| -3.0000

- -1.0000




Fram this MATLAB output, the partial-fraction expansion of F(s) can be given as
follows:

~/,08/2%) /.F05/ ~/.0812 =4 /. 705 3 , 2 ,
J + J /_o//.:g_+ / Ma__'_/

Ff) = .
) S+(-j3 St1+j3 s+3 st
- fq S2L2¢ (5#/)= 10-2308 oLLSE /2798
(5t7=j3) (s+1 +53) s+3 sS+/

g 2LRE(sH)  _2402X3 OSE _ 12778
Gt )*+3* (st/)*+3* s+3 s+/

The inverse Laplace transform of F(s) becomes as follows:
$60) = 30 —2./624Q "a= 3¢ ~ 3. 9(02 € ucs: 3t~ e’ 20057

z = [-1; -2]
p = [0; -4; -6]

B-2-17. Zeros at s = -1, 8 = -2:
Poles at s = 0, s = -4, 8 = -6:
gain K = S: K=4
A MATLAB program to obtain B(s)/A(s) is given below.

z=[-1;-2);

p = [0;-4;-6];

K=4;

{num,den] = 2p2tRz,p X);
printsys(num,den,'s’)

num/den =
42+125+8
#3+1052+24s

From the MATIAB output, we obtain
BE) _ _#s*+/25+8

AG) S st 424

| B—Z—lﬁ.w - . .
2X+7X+3x =0, AQ)=3, X@=o0

2[s*X(® -,Sx(o)» -] + 7 [sX® - 2] +3X®) =0
(25*+7s+3) X =65 +2/ |
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X(f) = ' ‘$+2/ = IS+ /0.8
25*+7s +3 Gros)(s+3)

3.6 0.6

S+6.5 S+3

X(t)= 3.4 et~ 0.4 e3¢

B219. |
X+2x = () , Zl-) =0

sXO - 20-)+2XxE) =/
(s+2)X6) =/

-t
X6 S+2

At =e~*F 1%

T . B—z—m.

oy -Sant | — £+ as a/y
x&)—de (Cﬂ(das)/)’ z+ m%af,h- z‘)
| Cos¥</)
At)= a e+ (brw,a) @ e (s' 2

o (FE) - b e
{ ( ‘f"_'—"" b } o (5Tt
t s o

(5>7)

B-2-21. Laplace transforming both sides of the differential equation, ve. get

SX6) - xp) ta X)) = A =2—

s’+”l



or ’
| | Aw b

(st)IXE) = < +
Solving for x(s), we obtain : |
Xo= 24 4 &

4
(s+a)(s*+w?)  ste

T et \ sta siyw? S'+0\—
o AW N\ [ A @

Aw s
adi+t st

~ Inverse laplace transtorm of X(s) giv&

% =L ' [ X&)

' Aaq | Ax S
<b+ i) ¥ prw z»u«a:z‘ aiear T
- (#29)

B-z-zz. [ [ » | [ ]
X+3x+EX =0, XP)=06, o) =3

The Laplace transform of this differential equation is -
SIXE) = s @) -20) + 3[5KE) ~ Ale)] +EXC) =0
By substituting the given initial condition to the last equation, we obtain:.
SEX) -3+ 35 X0s) +EXG) =0
from which we get

XG) = s -3 ____ ¢ Z .
s*+3546  (Srps )y (BEF E Grrs ) +(E)
Hence . |

£ — v
X(t)= p= €™ a2




B-2-23. ,
5£+2z‘+/41-—-c't) X(@E)=0 , 2@ =0

The forcing function e-t is given at t = 0, when the system is at rest Taking
the Laplace transform of the differential equation, we obtain : .

$2XG) - 5 H2) - o) + 2[sXE) - x(0)] + 1 X&) = v
Byﬂsubstiat‘ing the given initial condition into this last equation, we get
S*XG) + 25 X5 +/p2((5)_ pory

X{;) - / / - L .—L_— __L S+/
s*+2s40 s+/ 9 st/ 7 (+1)*+3*
The inverse Laplace transform of X(s) gives

x(E)= .;Le-"‘t; }Le"tef: 3¢ (2‘?.{)
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