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000 s=—-a+j4000000000O
?j(_i u ?%)) = Qi +jQz = ci(—a+jB) + (3.16)
ooooooooog
Q1= —aci +c2, Q2 =fc1, . 1= %2, c2 = Q1+ %Q2
goooo
_1(s+a)Q2+ Qs 1 s+ o B
Fo) =5 Grapre THP=5 {Q2(8+a)2+52 +Q1(s+a>2+ﬁ2}+ﬂ(s)
oooooooooo
F(s) f(t)
(s—a)/{(s—a)?’ +w?} «— ecoswt
w/{(s —a)? +w?} — eYsinwt
o
F(t) = L F(s)} = ;eat(Q1 sin Bt + Qs cos Bt) + £~ {Fi(s)}
= @+ @ sin (Bt +0) + LUE(), 9 =t 2 (3.17)

000000 f)0 o, 8,1, Q0000000000000000
s+ 1

OOFE) = 2613

gboobooobooooooo

_ Q(s) _ s+1
P(s) (s—34+72)(s—3—j52)
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0000 a=-3,3=2,Py(s)=10 (3.16) 00

QEB+j2)=4+2=01+7jQ2, .. Q1=4,Q2=2
00000 (3.17)00
f(t) = V5 sin <2t + tan ! ;) (3.18)

3.2 00000000 Laplaced I

00000000000000000000000000F(s)=/2L{f(t)},G(s)=L{g(s)}000

f*g /ft—T (319)
LL{f * g} =F(s) - G(s) (3.20)

(3200000000000
frg=LHF(s) -G(s)} (3.21)

000000 f(t),¢)000000000000D0OO00O000(3.21)0000000000000
O VNOft)=e git)=e(a>b>00000000000000
1 1

5 F(S):s+a’ G(S):s—i—b

B B 1 1 /(1 1 1 0
frg=£L 1{F(8)'G(S)}:£ 1{(s+a)(s+b)}:ab£ 1<5+b_s+a) :a—b(e e )

(0 2)0f(t)=e, g(t)=t0000000000000

1 1
0 F(s)=——, Gls) =

lﬂg:ﬁ*@@yG@H:£4{§(l}:154{51—1—a}:1@“—M—D

s—a) a? —a s s

4 QOQUOO0OQOO0oOooogd
41 000OO0DOOCOOOOO

gbooodbooboobobooobobooboobobobooboboobobg sboboooo
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gbobobobobobobooboooboboboobooboboooobooooobo

411 1000000
e, ft)00000D0 1000000
y'(t) + ay(t) = f(t) (4.1)

goooobooooo

Ly )} +al{y()} = L{f(B)},  F(s) = L{f (1)}
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gboboooooon

L{y' ()} = sL{y(t)} —y(0) = sY(s) —y(0)  (OOD Y(s)=L{y(t)})

000 (4.2)0
sY (s) = y(0) + aY (s) = F(s)
gooooood
vis) = F6) 30
s+a s+a
dddddoodooooooooooOoobooo0ooooooon

y(t) = L7HY (s)} = £ {i(si} +L7 {ff)a}

gbo1l10o000oooooon

E1{m$}—f*g—Av@—Tk“WT—eMA}ﬁkmm

s+a
{22 -

goobooo20d

gooond
¢
y(t) = e“t/ f(m)edr + y(0)e™ ™
0
goooog
(DmDD1DDDDDDDDDDDDDDDDDDDDDDDDD
y'(t) +ay(t) =b, y(0)=c

goooooboogon

1 b c b (1 1 c
sY(s)—y(O)—i—aY(s)—bS—>Y(s)—S(S+a)+s+a—a{s—s+a}+s+a
goOooon ;
y@)zﬁ_uyTﬁ}:;ﬁl—em%+%_m
4.1.2 2000000
a, o DO OOO0O0OO 20000000
y"(t) + a1y (t) + aoy(t) = f(t) (4.2)

000000000
L{y" ()} + ar L{y' (D)} + aol{y(t)} = L{f(1))]
000000000000000

L{y" ()} = sY (s) + sy(0) =/ (0), L{y'()} = sY(s) — f(0)
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y'(0) + a1y(0) + sy(0) + F(s)
s2 4+ ais + ag

Y(s) =

O00000000Q0oOoODO0o000y@OoO0O0oooo

(0)O0y"(t) + 2y +y =sint, y(0)=¢'(0)=0
OOoooO0oo0oon

1 1 1 s

1 1 +1
N h _ =
s+1 2(s+1)2 2s2+41

s2Y (s) 4+ 2sY (s) + Y(s) = Y(s) = (s+1)2(s2+1)

1
2

googd

1 1 1
ft)=L7{Y(s)} 5¢ + 2te 2cos.t

4.1.3 00O0O0O0ODOO

gbooooaoo

00000 2(0) ==, y(0) =y 00000000000000000

0 L{z()} = X(s), L{y(t)} =Y(s)
LLF@)) = F(s),  L{g(t)} = G(s)
0000 44)00000000000O0ODOO
{ (s+a)X(s)+bY(s) =x9+ F(s)
cX(s) + (s +d)Y(s) = yo + G(s)

X(s),Y(s)0OODODOODO

xo+ F(s) b
X(s) = Yo+ G(s) s+d :xw+¢@—mM+@+@F@y4@@)
s+a b s2+ (a+d)s+ ad —be
c s+d
s+a x0+F(s)|
Y(s) = s+d yo+G(s) _ Yos+ ayOQ— cxo + (s +a)G(s) — cF(s)
s+a b s2+ (a+d)s+ ad — be
c s+d

0000000000000 %), y()00000000
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goooodboboboboboobobuoobobobooboboobosbobobooo
gbobodgboobbooboobboobuoobboobuoobboobuooboobbooboo
000000000000000000000000000000000000o0O!tS
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m, (m) | _ (_q1ym 2 (n)
c{emy™} = (- fy) (4.5)
gooooooboooooooooooooooooooo
(D)Oty" +2(t—1)y' +(t—2)y=0, y0)=¢(0)=000000000

O L{ty"} +2L{(t— 1)y} + L{(t - 2)y} =0
d d d
—g{szY(s)} — 2£{3Y(s)} —2sY(s) — £Y(s) —2Y(s)=0
(s+1)Y'(s) +4Y(s) =0

gobobobbobob

Y'(s) 4 . a
U Ye T srn YW= re (HE0)
3/_51{(8_:1)4}—>y—ct36t (@Ooo)

4.3 0O0O0O0OO0OOOO
z,t 00000000 y(x,t) DODODOOOOOODOODODO

oy %y Jy L
i a(ﬂf)@ + b(l‘)% +e(@)y+e(zt) (=120 (4.6)

goboogoboobooobooboobbooboobobooon

0? 0?
Laplace 00O 0O @y(:n,t) + @y(:r,t) =0
2
ooooooo gty(x,t)—;ﬂy(x,t)
0? 0?

00000 2000000-c0=22x=2cc00000000000t00St<occ000000O0O
0000000000000 O0y(x,t)0 c00000¢tO0000O0OO0OODOO

o0
Y(s,t):/ e Sty(x, t)dt (4.7)
0
0000000000 Y% 000000000000 y(z,t) DO O0O

lim y(z,t) =0 (4.8)
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gbobobobobboboobobooboooo
lim Y(z,s) =0 (4.9)
Tr—00

Ubodbz00000000D00D00DO0DODODODODODODOD

([ L{y(x,0)} =Y (z,5)
L {my(w,t)} = aaxY(:c,s)

Va0)h =¥ (2.9) = .0 (4.10)

\

gboogboboobobooooboboobobooboboobobobbo sboobobooo
gobodgbobooobooobuodobbobobodoboobbooboobobooboay

(O)boooooooooooooo

oy(z,t) ,0y(x,t) 82

gotbogoboobbooboobboobol1boobooboobooooog

d
d—Y(:r, 8) — (3s + 1)Y (x,5) = —9e %"
x

00000000000000000Y'000o000000

3 3c
Y _ —8x 3s+1
(z,s) 8+3€ +7S+36

y(z,t) DOO0O0OOOOO0O lim Y(x,s)=00000000000 ¢=0000000000000

T— 00
gooog
3

Yiws)= s+3

e — y(x,t) = L7HY (2,5)} = 3e ¥
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Opooo0D0o0o0o00DOO0O0O0DoOoOoOooonoO



1. boobooboboobooboooo 22

0O
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1 OJo0boooooobuoobboobod
1.1 ODOUooooogd

§210 (22)00000000f)00000000 F(s)0000

F(s) = /OOOGStf(t)dt = /Ooo{f(t)egt} et (s=o0+iw, o >0) (A. 1)

0000000000 f()0000000 e °00000000000000000 f#)0t— o
gobobobobobooboboboboboboboboboboboboboo

000000 f()DDOD0O0O0ODOO0O0OODOO0OOO0OOOOOOO
gboobooboobooboobooboobobooboobobobo

t2
D000D0000D00000 f(t)=e"0000000(A.1)00

(&

0o 0o ) 5 00 ) gooooooood
F(s) :/ e‘Stf(t)dt:/ estet dt = e~ /4/ e!=s/2 gt 0000000000
0 0 0

O00t—s/2=w00000000

F(s) = 682/4/ e du = 400 1
—s/2

0000000000 ®¥ 0000000000000 0000000000000D0D0DODODODOO0
0000 f¢)0000000000000000000000O000000O0O0O0O0A),(B)DDOO
goooo

(A) f() 000 «000000000Res>e 00000000 s0000000000000000
YHoo<t<ooDDODDOOD®0
7)) < Me™ A2

000000000000 M,a00000D0O0D0f(t)0DUO0O «0OD0OO0OODOOOOOOOOODO
f) 0000000000000 0000000U000 f)U0D «0000000O00ORes > «
0000020000 s00000000000000000000000000000000
gbobooboobbooboobobooo
gbooooooboobobobooobobobobooooobobobooboboboboooo
gbboobooboobbooboobbooobooan

/Ooof(t)e—stdt} < /Ooo}f(t)e—st\ dt (A. 3)

oboboobobodbDs=c4+wdddooonon

/Ooof(t)e—stdt g/Om’f(t)e—(ff”“”’dtg/Ooo|f(t)e—"t\ et dt (A. 4)

[F'(s)| =

[F(s)| =

BopooooD00000D0O000D00000D00000D0000Do00o0oooooon
YOopoooooOoo0oO00o000oO0ooOooooooon
NVg=g+iwld00 Res>al000c>al0000000O0O
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0000000l 0000000000000

e = |coswt — isinwt| = Veos? wt + sin®wt = 1 (A.5)

O000O0Oe>0000000
oo o0
F(s) < / F(0)e " dt < / F ()] et (A. 6)
0 0
(A.2)00 |fH)|SMe**DDDOO00000DOODODOOOO0O0O
<M/ (o=a)t gy (A.7)
0000000000000 Res>a(c>a)000000000000000O0

]FKS)§<A{/Q e~ qt = M
0

00020|F(s)|00000000000000000000000000000000 (@
000000000000000 (A)000000000000000 0000000000
000000000000000000000000000000§2520000000000
0 (A.2)000

1
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(A. 8)

[6(t)] = Me
0000000 M,«000000000000000000000000

oo
C{0()} = / 656 (1)t =
0
goooooooooa
(B)DD f)0O0D000000 s=50 000000000 Res>Reso0 00000000 DODOOOOOO

0 t
DDDDDDDD/ e f(u )duDDDDDDDDDtHooDDDDhm‘/ T f(u)du| OO

gbgobobuoobobodobuobboug obobds=spbubooouooobobaan

Flso) = [ (o (A.9)
000000 ¢t(>00000
a(t) = /0 om0 f ) (A. 10)
00D00(A.9)00 lim GHOO000000G(#H 000000000
|G(t)| = K (A. 11)

oboobooooo

te_s“ w)du = te_(s_so)“ e % f(u)}du = te_(s_so)t "(u)du "(u) = U
[ rtan= [ e puyau = [ G (wdu (G (u) = G du)

2l00 Res<a00D0DOOOODOOOO
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/Otes“f(u)du = [67(3750)“G(t)}; + (s — s0) /te(sso)“G(u)du

0

t
:e@%ﬁcxﬂ-+(s—sof/ne(ss””Gﬁodu (A.12)
0

000000000 t—ooc000000OOORe(s—sp)>000 G)DOOODOODOOOOOO
go100

lim
t—oo

000000000000 200000000(A.11)0 (A.5) 000000 ty,t(t1 < t2) 00
00000000000000

to
/ e~ (750U G (w) du

t1

ef(sfsg)tG(t) — lim efRe (s—s0)-t |G(t)| =0

t—o0

to
<K e—Re (sfso)-udu
t1

000000 A=Re(s—sp)0000O0OOO

to
/ e~ (750G (u)du

t1

to [e') T

<K e Mdu < K e Mdy = K lim e My
t1 t T—o0 t1

g

—Au
e 1 K
=K lim |— — K 1 f(fm_ fAT>: A\ A0
ngo[ h\ ]tl el W e 3¢ (A>0)

O000(A.12)00 QDDDDDteooDDDDDDDDDDDDDDDth
—00
0000000 B)Uoooooooo

/te_suf(u)du
0

(C)s=so0 F(s)) 000000000 0Res2s 0000000 s0000 F(s)00000000
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Res=a000000000000000Res=a0000 F(s)000 400
000000000000000000000F(s)00000 sO000
00000 a=-«~0000F(s)00000s00000000000
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ProblemO (1) f(t)=1 (2)f(t)=e (@@ OO0 (3)f(t)=e (4) f(t) = cost
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o T —st1T —sT
— 1—
F(s) = / e tdt = lim [ e *'dt = lim [ < ] = lim —
0

T—oo Jg T—o0 S

s=c+wOoOoOn

lim ‘e_ST‘ = lim ‘e_"Te_i“T‘ = lim ‘e_"T(cosz—isian)‘
T—o0 T—o0 T—o0
< 1im \e—aT;:{ 0 o=
T—o0 oo 0<0

goooooobobobbooooooo
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00 00 e—(s—a)t) T
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T—00 s—a 0 oo o<a
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0 0
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2 Joooobboboooboobboooo

uoobobooobobooobbooobobooobobooobbooooboooobooooo
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