it ARV
(Applied Mathematics 1V)

2.5 ARER HH L%

(Laplace Transform : Nature and Law)
(p.100-102)

TRV ATLMIRE E &

11



2.1 5T S5 RAZEHAD) TE 2% (Definition of Laplace Transform)

STIREBRDES:
f(t) 2 [0,00) TERIN-EREL LS.
s PHEE L, MIERFES

S: e~ () dt
ERD, COBRBESVPIEST 2 & &, 20fEx F(s) 22

oo

F(s):SO e~ (1) dlt

— S5 7S ATHMOEE
FOBEB (D) s DI F() 232 BB £ 2575 XTI 1k
|7

F(s)=x[/(t)]




ST S RAEMEFTE D153 & (Sufficient Condition) |

A1) 1[0, 00) TRAMITEETH D, HK o OB E T3, COE &
1 SPaTHDLZTRNTDsWDODNT () DT 77 AEH L[] BEET
=

A A A 1 Il {1 1l il il R A P o i A el e el 5 ol i g Al S P A il A B <l (1l

Al Al ol a1 P A gl o i

3

b . at
y—Me y:Meat_\

y=f(1)

\s

RBABORHK

FHEEHBHZHTERT & \
jo‘” f(t)edt <M j:e—“—“)tdt

O

Point: BE%L (D Lt (=), f(Hest—0 ELVSEFEEZEH>TLVS




22 T SAKMBDIEE
1 ' ﬁ ﬁ?ii& E“ Semnereey T T T AER

F(s)=x2£1(t)]
=:S: e~ F () di

4
Llaf(t)+bg(t)]=aF(s)+ bG(s) %
é

GERR 777 AEBMOEERCRALTERLTO IS,
£laf(£)+bg(D]=\ e=*{ar(t)+ bo( D)}t

S {lae StF (1) + be~%g(t)}dt

I

CZS: e‘“f(z‘)dz‘wLbSO e Sg(t)dt
=aZ[F(O1H+ b Lg()]=aF(s)+bG(s)  (GEIK)




2. BENERl | .

AT 4B A FOBRAEE -~~~

£ !

L 1) 2 (D=F(s-a) | 2

E (2] Zlut-a)(t—a)]l=e *F(s) : u(t—a)= —%- (t=a)

: (a>0)§ 1 (¢>a)
‘

2 i
lervroreorese Al Al A D A Al A AT~ il Al ol A

[1] 77 AFEBOEZERCRALTEELTOI S,
£le*f )=\ e~ {e*f (1)t

(s}

=\ e otyar=\ e~ s (r)dt

Ny (A
F(s)=2[AB]=\ es(t)at

ZBWT, sDRLYIC(s—a) #RALZHDRDT
Llef()]=F(s—a)

Theorem 4.5 : First Translation Theorem, p.101




Theorem 4.6 : Second Translation Theorem, p.101
(2] ¥Egut-a)f(t-a)ix AR ZO»TARL S, f(t—a) id F(2)
D777 &GN aRRTETREL (Bohs0T, W-a)f(t-a)p 75 7
HDX IR B,

]
u(t—a)
po 4
¢ u(t—a)f(t-a)

0 u ;

R f

AR (1)

0 3 7

F(s) = j:u(t —a) f(t—a)e dt

=~ Y

5
F(s) = f f(t—a)edt



575 ABBDEBEANRLRATS L

Lut-a)f (t-a)]=[ fut-a) f (t-a)le ™ dt
Ht) iF t=a @B TREHRLDT

:{:eﬂhmfu—nkﬁ+8 o-5t1- f(¢—a)dt

::Sw e Sf(t—a)dt
CIZTCt—a=u B Ei=uta

tla——-~>00

dt =du

U l () ——c0
DT

=S: eV f(u)du :S: e f(u)du
:S: e e f(u)du

U DOV TOESRDT e 2BAOHCHT L
=e"3“S: e~ f(u)du=e *F(s)

Llutt—a)f(t-a)]=e™F(s) (s>0) (REFARR) !



=81 -

BENEAIT, LTORBDSITIRAEBRERO K

1) f@t)=ut-1(t-1)°

2) f(t)=e*" cos3t

0 n! 6
L[t"]= gl = g
L[cosat] =

[ ] s’ +a’



-1 3. #15&BI(1) (Theorem 4.3, p.100) |

() 1% [0, o) THfE, WEABOBEK LTS, 512 F(1)i3(0,0) T
ROMNWESi 35, D& X
LLA(D)]=sF(s)—£(0)

-

WIS 5.

L S AP A - -

GEH 777 AEBOEELD

~~ SRR B
:ff[f’(r)]=8: e““f’(t)drﬂing: e~Sf'(¢t)dt [ £(2) lﬂ
HatE R E-> TEHET 2 & p. 36

—tim{[ () '~} (~s)e-ppar] (BB

A it S e A A A A A
e A SIS AR e

-

1)

So-rai=g5- g1

:Liﬂ{[e‘S‘f(t)]j+ s S: e‘“f(t)a’t} (%)

RELD A ISR DT, HAEOFERM L a2 F-T
777 ARBHFEEDRE | 1(4)|= Mo
XD s>aDEE LI BEET S, £z

lim|e™**/(6) |<lim e * Me® =M lim e™="* =0

Lifge‘Sbf(b):O
Wz (%) XVHTT
LU O)=timle 7(8)~1- 7O} 45\ e f(D)ar

={0—F(0)} +sZ[F(8)] «F(s)=2£1f()]
LLF()]=sF(s)—£(0)

(ST AE R



3. #53#%RI(2) (Theorem 4.4, p.100)

(&), f(8)y -y FUU(E) T RT[0,00) TSR, FBEMIBOBEHL T
B, BB ) 13 (0,0) TRAWICESTE T, ZDLE,

LLfP()]=s"F(s)—s" f(0)—s"2F(0) =+ — s 2(0) — £ 1(0)
HEALT 5.

T — 7y

f(tyo—"¢¥ ] e F(s)

f’(zf)'-—”“T“T-sF(gf(o)
F() e/ N\ e F(s)—s" 1 F(0)— - — F10)

10



- - il
§

4. B4 iERI(L)

F(1) 13 [0, 0) THEE:, EEMEOBEKETE, 0L

DHILT D,

(Theorem 4.10) e[ § 1] =

|

R - - -

-

RELD (1) SR OBER2 DT, HLTFOER M L FOEH o
PHE-ST

| F(B) = Me® (£20)
FETS, WA

15; fu)du ’éS: |7 dus M= e au

t
:M[—l—e‘”‘} =M(e‘” ~1)§Me‘”
a b a a

EiB5DT

o=\ Fu)au
rBE, d)IEEIROBK. Lo T o 7 ATEDGEET S, #LT

g()=r(t) o=l

5O TR ER R {E-> T g‘ LU ()]=sF(s)—f(0)
Llg(1)]=sG(s)—g(0)

DT S, 2T

p. 56

Gls)=£Lo() o=\, S du=0
ZDT
£lg (D=5 2lo(D) -0

£lo(] =L £Lg (O] =—L£IAD]=LF(s)

2|, rdu |[=LF(s) G

11



4. F|/WaiERI(2)

F(£) 1[0, 00) THERE, IWHUBOEKETE, oL &

S5 A (5 et -t

5 YA I

EERR] #=2 OBE DO

e[ 55 o] oo
ZRLTHED.
RoZER 2S5 to
e[ st 2 L[5 o)L L et -Aets

A Y
Iz DRTIERO—BASKE 5 (BECRBFAIRMNEICE S),

R S SD F)du dus D5 75 AERSEET 5. 2 LT

W)

£ o~

4 H N
| . 3 -

A0 R BN S P BRI

|

S; f(u)dui \ \'- %*F(s)

12



B2 :

a
s’ +a

1) B ARIT Licosat) =——— &Y L(sina) -
£S5

s% + ?




5. tf&iRAI(1)
(Theorem 4.8)

A A A -~ ~- - - -

. ‘}
[}

f(t) it [0,00) TRRAENCHESL, FREOBORBRMET S, DL
_ d
L1t F(]=—-EF(s)
DIRIALT .

- ol A A A Al A AT AT A A AT A A ~

T O ST ST

| .

£(8) BIRE & 0 BT ROBR R DT, HIEOKM, a BWHEEL
| /(2) 1< Me™
LETB, WA
[t (2)|< et Me™ =M
DT () biEMERTHY, 7SI AEMMEET S, 22T

F(s):S: et (2)dt
DA% s T TLH*L

%F(s)z—da;— S: e/ ()dl
Z OO L BAONEFE 255 L T
:S: a—i{e‘“f( 1)} dt :S: f(t) {—(%e"“}dt

3
4

&

BEOWTIE | bEREDT, RHSORE & 2> Ths, MES LS

o THELTOL &
(" )~ etar=—" (e A}
=—2[t f(2)]
£t /(D))= ~—2F(s) (EEBHE)



| 5. t{EERI(2)

f(2) & [0,00) TRAHNEE, FFHUBOBEKET S, DL &
LI (D) =(= D25 F(s)

NS AVACRE N

MR n=20DrEXERLTHLD. BRI 2/ () 3HEE
M DS E D, 77 AERBELET S, ©Z I

rlef()]=£lt{t f(1)}]

t{ﬁ d_ t 5 d
=~ Ll O] =~ LR

=<—1>2i(—F<s>)
—(~17 L F(s) LF(s)=F"(s) : n BB
EL)

Ll2f(B)]=(- 1)2 17(5)

Zh%n@<0ﬂﬁ@p®%®ﬁﬁﬁﬁfgé(ﬁ%ﬂ@ﬁ?%ﬁm%%ﬁ

7). (REBA#E)

15



6. & REAI
(Theorem 4.12)

BHREDES

(1), g(t) #12[0,00) TEZESNIBHET S, ZDEE
 Fa)g(t =)

L™y

f(t)* g(t)=

2 (1) L g(t) DEREE VS,

(

g

&

H1557)

1~ 1l e e~

o4

SRIRICET HEA ...

ERBICOWTIROBFERIBERILT 5,
(1) f(8)xg(t)=g(t)* f(¢)
(2) {f(£) % g(2)}* h(t)=7(t) * {g(t) * h(1)}

(3) ()% {g()+n()}=7(2)* g(t)+f(¢) * h(¢)

- -

BREOEELY

(1) DAFEEAS 5, fIEES TR > TH LD,

-

(0% g(t)=\ F)g(t—w)du

CCTit—u=v Bl u=t—v

du=—dv, W 0=
v | t—0

ZDT

F(0) % g(8)= 71— v)g(w)(—dv)=—( F(t—v)glv)av

=\, 97— v)dv=g(t) % £(1)

L f()xg(t)=g(2) % £(2)

(ZZ#aEERY)
(RE&:AlD)
(S BLE:AY)

P s

a
B st et

(RERA#)

)



6. & ACGER

(Convolution theorem) .
Lf(t)* g()]=F(s)G(s)

PR P ST SRR o

2

575 AR E GRBEOEER LD
fi[f(i)*g(l‘)]:f[S:f(u)g(t—u)du]
=S: e‘“{&j f(u)g(t—u)du}a’t

=S°° {So &=t il u)du}dt
I THRADIEFREEXZB Ik, HEOH

D={(t, u)|0=t<0, 0Su=<t}
ROTSEREC t THAT AL

=S: {S: e *f(u)g(t— u)dt}du

+uv

DT

=S: f(u){S: e”“g(t—u)dt}a’u
( YohoBAICBV TR v BEHE A
BRLTWBDT, t—u=v B L i=u

| « =0

={Sw e f(u)du

le———wo

f(u){S: e‘s‘””’g(v)a’v}du

f(u){S: e“s“e“s”g(v)dv}a’u

}{S: e‘s”g(v)dv}

17



83

1) tEEBITRDSTIREMERD &
f(t)=tcosnat
2) AREITROTTSRERERDS &
f(t) = j; cos(u) cos(t —u)du

18



2.3 14

STSRAEH|R L OHE

f(¢) F(s)=2[f(#)]
wo af(t)+bg(t) aF(s)+bG(s)
_— e®f(t) F(s—a)
, H.()f(t—a) e ®F(s) (a>0)
() sF(s)—£(0)
w5 F(¢t) s"F(s)—s"1f(0)—s"%(0)—
D i (1) Bl e (1)
S: ) du LF(s)
% 5} t Cun-1 73}
SOSO So flu)duy -+ dun ?]}TF(S)
- t f(¢) —F'(s)
) () (—1)"F™(s)
BHHE f(t)* g(2) F(s)G(s)

19



STSRAEMR(ERE)

(1)

=

F(s)=2£[F(#)]

: 5
1
4 T
I'p+1
v (p> Vl) (;?DH )
e Jr
it &
eat S—l_a
n!
tneat (s—'a)n-*—l
i a
s pad
]
cos at Py
tsin at (822f22>2
s —at
tcos af IE?;:;S?
sinh at 52302
cosh af Sz_sa2
e*ﬂs
Ho(2) :
3(¢) )
a(t_a) e ad
1
S P =i
A=£A0)] =

l*ﬁ%jﬁz@gﬁiif.

F(s)

20



24 STSRAEBROHFHRADIGHFERE)

DERAICEEDL AT LDEZERER
AR 4jla?ifik tl:'.jj\ — = /JUJ 4>/\:9;fii%:s'§ Hjjj\
X T | 2772 e He e
y(t) = [ h(r)x(t-)dz - Y (s) = H(s) X (s)
N / \_ /

{=2ZE B £ (Transfer Function)

_Y(s)
H(s) = X (5)
H(s)
A —

_H

)

H,(s)

H(s) =TT, Hi(s)



)3T S AE DR DI FE

fill il xoF 5

HRE S X T A SoreT
BATZ 5. 7

. T
Eﬁflﬁ‘—io—- A 1+sL - Hs K — i =
u (1) =1 “1+sT, 1 y (2)

.

ol L o

K
s(1+sL)

u (
o y 0

1 + kK e
- s(1+sTy) o :
) |
0 x 0] Tmax

RENETNER-R T IHBERDES

H(s)
A
/’HO N

L
HD—’[ H,(s) ]_’[ H,(s) } > . H(@)= Hk:1 H,(s)




& Ra :

HFELE p.100-102% 55 A+ . 1578 (Solved problems) :4.14-4.26
ZEELTUTOREERELIE

1) f(t)=tsinat DSTFIREHERDO &
S EBIZF R %)

2) f(t)=3e" -5 MSTSAEHMERD &
(#RAZER EBEZAEFIAT )

3) f(t)=e”cos3t DTTFIREMERDH &K

(BEERIEFIAT3)
4) #55BIT Lsinat) = ——— kY L(cosat) = ———
S"+a S"+a

85
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