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[CZEAETINEEFLELD.
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A, h(s) = j ooh(t)e‘st dt
0

NhEESBRLI=ZLELIVMN?

14



TS ARMIIEEAREERARIH DTS

h(s) = f Ooh(t)e‘st dt
0

h(t): =% (5l% ¢ 1, F0ELES), BEELK
h(s): E%E% (Bl%st, TOELERY, BARHELR

s=o0+jw, SEC, o, w€R

R: ¥ RXTHOZEH (real number) DES
C: FRTHEEH (complex number) DEE

o: EER (real part) w: EEF (imaginary part)

j: EREEAL (imaginary unit) j = V=1
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mi(t) + dx(t) + kx(t) = f(t), y(t) = x(t)
x(0) &Ef)ZE5AT, y(t) &fiE<.
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h(s) = fooh(t)e‘“ dt
0
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J—)I&K#
h(w) = J Ooh(t)e‘j“’t dt h(t) = f ooﬁ(w)efwt dw

FrfEl ¢ DBEIFZREIRE o OERITHIE DTS

Fr R ICEFEN OB KRB EHRYHT
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" J
h(s) = jooh(t)e_“ dt

BER s [FRMEERREFFD.

0=0&ELVRFRIGIERZTEADE

s=o0c+jw, s€C, g, wER

e~St = e—(a+]w)t — e—ate—jwt

h(t)e St = e 9th(t) e /@t

h(w) = jooh(t)e‘j“’t dt
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J—1) T
h(w) = fooh(t)e‘j‘”t dt h(t) = joofl(a))ej‘“t dw
(FEDSTSREH
0 c+joo
h(s) = j h(t)e St dt h(t) = j h(s)est ds
0 c—joo

“eTIWt N oSt [ZEBHINFEDERBIEMNTES”
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J— ) IERWMNOTTIAEMA

J—I1) T2 E(w)=j h(t)e /@t dt

BEONBRTLHEOEWNGFZWD, BRREOB DGO TEENRSIND.

[A(@)] =

J h(t)e /@t dt

gjoo|h(t)e‘f‘“t|dt=joolh(tﬂdt

- — 00

|h(t)e 1@t = |h()| L=,
BI%K h(t) in [—oo, 0] AV f Ih(D)|dt <o HDSIE h(w) IZRELALY.
™ A S

T—TZMOEHREHELT () DI RIFESENRDLONS.
FrRIRCIE R T SRR AR AL,
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" A
ST SREH s=o0+jw

p~St = p—Otp—jwt

_ st
h(s) = fo A(t)e " dt h()e~] = et h(O)

t > o0 DEZITBRTHEAMTELRERFe %0 >0
DA ETRESIZ.

|h(t)] < Me*,a:const. M >0 &iEAKILEHEELLIE, STOREHRATHE
(FEE 2 B0

e IOt PN e St IZEBEINT-TEIZEST
& EB I KRT SRR E AR EEIC
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Question

What was a major social change at the
end of the 18™ century?
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Question

What was a major social change at the
end of the 18™ century?

Fig. 59. = Machine & balancier de Waltl.

¢. Tuyau de prise de vapeur: T, tiroir; J, eylindre; W, condensenr; PE pompe d'épuisement ; WY pompe alimentaire de la chandiére
UX pompe d'alimentation de la biche Bi: p Z'régulateur; dd excentrique; ABCD parallélogramme ; GM hielle et manivelle; V volant.
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" S
The Origin of Control Theory

ON GOVERNORS

J.C. MAXWELL

From the Proceedings of the Royal Society, No.100, 1868.

A GOVERNOR is a part of a machine by means of which the velocity of the
machine is kept nearly uniform, notwithstanding variations in the driving-power or
the resistance.

Most governors depend on the centrifugal force of a piece connected with a
shaft of the machine. When the velocity increases, this force inereases, and either
increases the pressure of the piece against a surface or moves the piece, and so acts
on a break or a valve.

In one class of regulators of machinery, which we may call moderatc
resistance is increased by a quantity depending on the velocity. Thus
pieces of clockwork the moderator consists of a conical pendulum revolvin
a circular case. When the velocity increases, the ball of the pendulum
against the inside of the case, and the friction checks the increase of veloc

1 IR e’ AL il i - | - |
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TEAM-POWER, it has
‘ { opened on the world an
J&D ) tined to continue a leadl
= this planet, man is the n
evolution of steam-power is by
In its present and prospectiy
tual, and moral advancement ¢
that comes near it. It is a
__a mover and even maker
are illimitable ; and, as the &
must its fruits increase
power may be got from
gives out within them.
Thus. the mechanical
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AIEIDEREAMNG, 7— TR IEFEARE %%
AW FERE S B (sin, cos)IZHfEL T
KT LHELEDTLL=.
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Q. EEZERDAINLD B7D"EKDDH, HHNE
MR TRYETICIEESITNIERLM?
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y %
BIZ(X, 2RITZEMICENT, RIRL v D
ey A x,y BRAERKDBHIZIE?
€y X

v =[] DEIHARREN TS, 102 EMYHTHIBOT
NIEIL v ITHT HIRIETEZDIE.
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y v
x A ERDOBEZIE, XTIV v D x BRI
ey AN\ DHFZERKOINIL KL,
0
€y X
x A7 = |v|cos8 = |v||ey| cos B le,| = 1D T

= (v, ex)

vDx RHIEvEx ARIDBELMEERTNL e, DNIEE
Mb5_ETROONS.
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y %
BIZIE, 2RITZERBIZEVTIE, FEDARIRL
e, A Zx, y AR DIEREREEZE T (ER) RIR
y
TEA.
€ X
V= xex tyey (ex,ey): EREREEK (cx cy): EEAE

(v,e, )y =elv =el(c.e, + Cyey) = Cxfey, ex ) + cy(ey ey ) = C,

MRXERRTY, ERNIMLORBHEET
EEDARIMVERBTESN, BIZILx FRD

BIEERDDIZIE, e, [CFTRESES MMl

Bog, vEe, EITMoLEDHLHIEMNTELL.

BERZR I, EDARUMILEEEDHNENORFES.

33



" S

NIRILDRFE

e p=[la=[]] = ®o-=

=25l 0=l1s2
P=12+3j]"17 |1+ 2/
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~orLORE  P.q)=q'p p,q € R"
@) =qp=7q'p p,q € C"
O 8B, () : ERAE, () EZLBES

XM[-T/2,T/2]D 1 (72
I EARE S =3 BN <f,g>:=;j g (&)f(t)de

~T/2

ZRAWT, CORDHEZRBDERTE G 21=30H
7= IR THD.
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eJwt = cos wt + j sin wt

= coswt — jsinwt = e /¢!

e/t DFR{E(L e/t

Im Im

ejwt ejwt
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J—) Tk ER: XE[-T/2,T/2]10 B AR %,
& BEE D sin, cosDFIZHHET 5

Euler's formula e/®t = cos wt + j sin wt

) =ABRHO () EREET

37 Systems Control |



X[E[—T/2,T/2)DFERE#ZEHfET S

[@%E%Eﬂ%& {e/okt) @, = #,k =0,1,- ld:IE%EIEB'E%’éﬁ?’}

(ejwkt, engt) —

1 T/2 1 T/2
For=g) osOf©a=5] O
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X[E[—T/2,T/2)DFERE#ZEHfET S

[@%E%Eﬂ%& {e/okt) @, = #,k =0,1,- ld:IE%EIEB'E%’é@?’}

T/2
<ejwkt, ejw£t> — lj el (@r—wo)t ¢

r ~T/2
k=¢DLZE, pl@r—wt — 1 (ejwkt,efwet>=1 BT TEZ01L
REIEDT=
L= (pwkt giwet) — 1 (T/2 2k,
k#+¢€® ,(e , e >_?fT/ze 2t gy
_py +T/2
. 1 j27'c(k f)t B
- 2m(k—0)j [e r ]—T/z =0

. {eJort) FERERRTHA.
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XRE[-T/2,T/2)DFEABEE h(t) &, BRBRBOEREZXEDMIZHET S

. 1 (T/? .
ay = (h(t), e/ “rt) = —f h(t) e 7@kt dt
r ~T/2
NIBEETEIZE T
RBIEEETOEBEORNENOKRFES ERHEBEBE)

EB1=8 e JOkt|Z153
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Advanced
BRFRYVDIGELEEREDIZE DX -
0.0) (0.0)
h(t) = z ap /Kt = aqp el + ) (a_j eIkt + g e/ @Kt)
k=—o0 k=1

a
— 70 + Z(ak cos wyt + b’y j sin wyt)
k=1

a, = a_;, + a; = 2 Re(ay) “h(t) ER - a, = (a_y)

b,k = —0_g ~+ dp = 2 Im(ak)]

42



" JE

ap = a_y, + a; = 2 Re(ak)

1 (/2 . 1 (7/2 .
== f h(t) e/@kt dt + - j h(t) e J@Kt dt
r —~T/2 r —~T/2

2 T/2
= Tf h(t) cos wy t dt
—T/2

T=2m&FHEINIX

1 T
—f h(t) cosnt dt
TJ)_ o

[ZZFLLY.
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b,k = —0_y + ap = 2 Im(ak)]

1 T/2 . 1 T/2 .
=—f h(t)ef‘“ktdt——f h(t) e J@Kt dt

T ~T/2 r ~T/2
2 T/2

= — h(t)jsinw; t dt
= f_m O sinwytde

T=2n &9HEINIX
1 (™ 1 (™ |
j by =j—f h(t) sinntdt, bk = —f h(t) sinnt dt
T)_ TJ)_n
[CFELW. LSO TERFRHEDIZED a, b, DEREESLTLS.
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TJ—)IHENIEDKSIZ'RIZIIDOM?

J—ITRBDEH: 2AEXDHAEFRIERE

2% :http://cr.math.sci.osaka-u.ac.jp/~y-wakasugi

ou 0°u
—_ 2
at(x,t)—c —axz(x,t), O0<x<Lt>0

u(0,t) =u(L,t) =0, t>0

u(x,0) = f(x), 0<x<L

1R ITERE 7T DILER

? NERE D
N=| I'Ll/l\
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TJ—)IHENIEDKSIZ'RIZIIDOM?

J—ITRBDEH: 2AEXDHAEFRIERE

2% :http://cr.math.sci.osaka-u.ac.jp/~y-wakasugi

ou 0°u
—_ 2
at(x,t)—c —axz(x,t), O0<x<Lt>0

u(0,t) =u(L,t) =0, t>0
u(x,0) = f(x), 0<x<L

953 B
u(x,t) = F(x)G(t)

F(x)G'(t) = c2F" (x)G (t)

G'(t) _F'(x) MiBED ¢, xITIRFLALY
c2G(t)  F(x) TE M TRIT IR,
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G'®) F'(x)
c2G(t) F(kx)

k
k>0-u(xt)=0&EEYRE(ERR) k<0DEE, k=-221>0 &BL
G'(t) = —A%2¢2G(t),  F"(x) = —A2F(x)
G(t) = Ce¢*t,  F(x) = A cosAx + B sin Ax

C=0-G=0-u=0&Y C#0
FTHREEREHEMNS FO)=A4=0, F()=BsinAL=0
B=0->F=0-u=0&Y B#0

nrt
cj:’D—C Siﬂ/lL:0—>A=T, (n: 1,2’)
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A= "L—” =4 BF,G% F,G, &3 5.

nm
E,(x) = B, sin (Tx), G,(t) =C, e—n2n2c2t/L2

nr

Un(x; t) = Dy, sin (T.X') e_nZnZCZt/LZ;Dn = B,Cy

[FRAEXNEBRZMZH-I. ERELELY
- nm 2.2 .24 /72
u(x,t) = Y D, sin(—x)e T ct/L
5 en(it)
[FFEEGS. FIEAS LY

u(x,0) = i D,, sin (%x) = f(x)
n=1
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Fx) BERIRER R ESHEL, BE f &5, i)
0 \

I \
f(x) DT7—)THHRBERIE
fx) = z b, sin (nL—nx),bn _ %LLf(y) sin (nL_ny) dy
n=1

&2T D, = by, ETNIEMEAFHZREET S. UELYRE

u(x,t) = i (% j fOysin () dy) sin (2 x) e
0

n=1

L
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" J
7= ) TR T ) TEHA

J— T L WJ—I1) T
(Fourier Transform) (Inverse Fourier Transform)
h(w) =j h(t)e @t dt h(t) ZJ h(w)e/*t dw
—1
h(t)——h(w) R (0)—Lh(e)
T—1) TR

oo

. 1 [T/2 . .
@ = (h@, ) = [ MO h) - Y ap el
] 2
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TJ—)ITHEMHIST—) TEHA

T— ) TRBORILE R T O RE RIS

NEEEOBEBIZIEARLI=L T -

2k

CHUITHSTREM o= k=12

DEFEA RIS

BRELSE RS o OEREKICLD
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" J
T—TRES ST TE A

J—1) TiR#E

co

. 1 (7/2 . .
ay = (h(t), e/ *kF) = ?j T/Zh(t) e Jkt dt h(t) = Z o, eJ@Kt
B k=—o0 /I\
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" J
J—) TR S T— T EA

T—)THE (T - o0 DEE)

o (1 (T2 . .
h(t) = lim (Tj h(t) e JWkt dt) el Wkt

T—co
k=—o0 ~T/2
_ 21k i . 27T
W =~ Aw = Wy — Wi_q =

Aw = 0 (T = ) (B BB R R S AR (272 5)

= [(Aw (T/? . .
h(t) = lim lim (Ej h(t) e J@Kt dt) oJ @kt

T—oo Aw—0 = ~T/2
1 i T/2 _ _
=— lim lim (f h(t) e 7@kt dt> ekt Aw
27T T—00 Aw—0 _T/2
k=—o0
- ek m, Y Hme LN
k=—o00 H(a)k): — (j h(t) e JWikt dt) el Wkt
XaRIgE ~T/2
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" JE

(0e]

1 1
h(t) =— lim lim Z Hwp)Aw = o lim H(w) dw

7'[ T—00Aw—0 T T—>o0 o

(D) = ooﬁ jot g
= <j h(t) e J@t dt) el 9t de (t) j_oo (@)e ©

= h(w) A = | " eIt de
T/2 A Ho)
H = f h(t) e @kt dt) eJ Wkt @
(wy) ( o (t) \
T/2 . .
H(w) = (j h(t) e~ 7@t dt) el @t
_T/2 >

Wi w
— Aw+—

BozHEiZall, Aw -0
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To Do (5[q])

1) WeblZ77EALTZOERESAHO—KT5.)

2) 188

3) BFEE 24~27 ZFHD

4) EEMIRE2.1, 2.2 %ﬁwt% ZZ1=1TIENG.
%’Cbhf*&%l:ﬁﬁﬂb\féééi’)k
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