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1.1 ODOogogdgd

0000000000000 (linear system) 0000000000000 O0O0O0OO0OOOOOO
gboooboooobooooooboooboobooooboooboobooooboooboooon
gooooooOooooooooooDboo0ooooLCROOOOOOODODODODOOODOD
goboooooboobooobogobobooobobooooboobooooboooo

gbobooboobobooooooboobobooooboobooooobooooboooboobOoonn
gbooooboooboobooooooobooboobooOoobooooboooooobooobooon
gbooooooooobooooobooooobobooobobooobooboooboobooooaon

d™y(t) dy(t) d™x(t) dx(t)
an T a1 dtm dt
0000 () 0000000y 000000000000000000000000000
00000 (linear differential equation) 000000000000 #(¢) 00000000000
00000 () 00000000000000000000000000000000000
y(t dy(t
- y(t) y(t)

12 + r=a + ky(t) = z(¢) (1.2)

ag + any(t) = by + o+ bpa + ama(t) (1.1)

1.2 00000000000 (DO0O)

gogbobuoobobooboboooobooboobobooboboooboboboobo
x(t)J000000000000O00000000O0 110000 000000000 (homogeneous
equation) 0000000000 000000000O000O0O (inhomogeneous equation) O
googn

d™y(t) dy(t) _
2 +- ot an—1 gt +any(t) =0 (1.3)

00000000000 OOexp(st) 0000000 O0OOU0OOOUOOOOUOOOOOOOO
0000000000s00000 ANODODOOO0ODODODODOO00O0O0ODOODOODOO0O sO
gbooboboooboobooobobooboobooboobboooboooooooooobooon
gboooobobooooobooobooboooobOobooooobooooobooobn

O0D00y(t) =yexp(st) 000000000000 OOexp(st) 00000 sexp(st)0O0
gog szexp(st)DDDDDDDDDDDDDDDDDD 13000 buogoboooboon

ao

(aps™ 4+ -+ +an—15+an)y =0 (1.4)

000000000000 Oexp(st) 0D 00D0O0ODOO0ODO0ODOODOOOOOOOOD 00O
gboooobobboybO0obOoOobO o0OoDnOo

ags" + -+ ap_15+a, =0 (1.5)
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0000000000000 000000 (determinating equation) 0000000000000
oooooooooooOoOoOooooOoOOOO0OO0OO0O00O000 nOO0OO0O sq,s892,-+-,8, 000
O0s0000000000000000000000 000000000y(t) =yexp(s;t) 00
oooo0oO0oOoooooooO0oO0oOoOooooooOo0oOoooooOoOo0oOooOoooooOoOO0O000n
oooooooooooo

y(t) = yrexp(sit) + - - + yn exp(snt) (1.6)

0000000000000 (general solution) 000000000 nO0000OOOOOOOO
gbooooboooooobooooocoobooboobOobooooooooobooboooboobooo
(transient solution) O 0 OO

1.3 ODO00goooon

0000000000000 00000z(t) UOODOODODUDODOOOOOOOOOOOOOO
|:||]DD|:|DDDDDDDDDDDDDx(t)zxeXp(st)DDDDDDDDDDDDDDD xz(t) O
00000000000000000 (Fourier series) 0000000000000 OOOOOOO
0000000000000 00000000Oy(t) 00 exp(st) D0O00D0O0O0OOOODOOOO
00000 y(t) =yexp(s) JOD0O0OO00ODOOO0O 1100000000000 O0OOOOOO
oooooo

(aps™ 4+ -+ apn—15+ an)y = (bos™ + -+ + bp_15+ am)z (1.7)

000000000 exp(st) 000000 DOO0OOODOOODOOOOO sOOODOOODOOOO
gbooooboobooooobooooboboooobooooobooboon

bos™ + -+ byp_18+ am,
aps™ + -+ ap—18+ay

0000000000000 (particular solution) 00000000000 O00O0OO (stationary
solution) 000000000 yO 20 sO000O0O (rational function) 0000000000
ggboogobboooboboooboobboobboobboobbboobbbooobo
O (transfer function) 000000

gbobooobooooooboobooobooooboooboooooboooboooooonn
gboooooobooooooa

bos™ + -+ bp—15+am
aps™ + -+ ap—15+ an
00O00s,---,s, J00000000O00 (zeros)DOOOO0OO0ODO0OODDOODOOODOOOOO
O (poles) DO OO

goboobobooboobooboobon

y(t) = yrexp(sit) + -+ yn exp(snt) + zexp(st) (1.9)

e JI00OOD exp(st) IDDODUIODOODUOOODDUDOOUDODOOUOOOD sOOOOO
ooooooooo

e IUUDO sOOOOOODLOOODLOOOD £tUDbOOODLOODOO

e JO0IDOO0OOOODOODOOOODOO sOODOODOO
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0000000000000000000000000000000000000 sin(wt) O
cos(wt) 0D O0D0OU0OU0DUUODOexp(wt) 00D 0D0OD0OD0OD0OOOOODOODODOOO
000000000000 0000D0D000 exp(st) 0000000 OOOOOODODOOOO

2.1 0JO00oooboogo

0000000000000 00000000Oexp(st) 0 s=jo 000000000000
gbooooboobooooboboooboobo s=jw 0000000000000
0000000000000 00000000 =) 00000000000 y(t)OOOOOO

y(t) = é/dtm(t) (2.1)

gboooobobooooobooooboboooboobooon

dy(t) 1
=) (2.2)

O0O0exp(st) 00O0OD0OOO0O0ODO0OOOODOOODOOOOO

1
Y= (2.3)

ggoo
1

:ax
00000000000 (capacitance) J 1/Cs 00000000 O0O0O0O0O s=jw 0000
1/jwC 0000000000000 0O0DO0O0O0UCOO0O0OOOOOUOLOOOOUOOOOUOO
0000000000000 0o00do0000 (D0Do000UoO)000oUooOoUooOoOn
gboooobooobooooo
0000000000000 CROUOOOOOOOOO 2z(t)D0O00DCOOO0OOOOO y(t)
0000000000oO0O0o0oooo «(v)oooo

y (2.4)

8
—~

~
~

Rilt) + / dtift) (2.5)
() = é / dit) (2.6)

0000000000d/dt—s000000 s00000000 [dt—1/s00000000
gbooooog

1
_ ; ; 2.
x Rz—i—csz (2.7)
1

al



000000o000000Os00O00O00O0l/Cs0000000D00OU0OOD0OOOOUODOD
gbooboobooooboobooboboooboooobooobob.0000b000b000000

obooooo )

:1+CRsx
ool wOhOoooooobbbbooooU0 s=jw00oooobobobbog

y (2.9)

1

= 2.1
1+ jwCR . (2.10)

Y

22 JOO0O0oOboOoO0

00000000000000 1/Cs000000000 (inductance)d Ls 00000000
gooooobooooooooooobo bbb ooooooonooooono
000000000000s=4w000000/0000000000 (impedance)D00000
000000 (resistance) D00 0000000 (reactance) 100000000 /0000000O
0000000000000000000000000 (admittance) 000000000000
0000 (conductance)D 000000000 (susceptance) 00 00
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000000000000000000000 (transient response) 00000000000
gobooobooboboobooobogn

3.1 oo

gboooooboboboboboboooobobobobobooooobobobobon
gbobooobooooooooooooobooobooboooboobooobooboooboobooon
gbooooooooboooooooboooboooboOooboOooooooooooooboooon
ggbogoboboboobooboobodobuooboobooboobobbobooa

000000 CcCROUODODOODOUDOOOO s=-1/CROOD0O0UOOOOOODOOOOOOOO
gboooog

y(t) = g1 exp <CtR) (3.1)

gbooooboobooooobooooboobooooboobooooobOoooooan
00 CO0O000000O000 s=0000000yexp(0)i000000O0O0O0OOOOO
gboooboobobooboooobooooboboobooboboobooooboooo
LCROODODOUODOODDOD (1) 000D0OD yt)OOODOODODODUDOOOOOOODOOOO

1 Cs
7L5+R+1/Csx7 LCs? + CRs+ 1"

y (3.2)

gooooooOoOoOoOOO0OO0OO0O0O0OO0OoOoOoOoOoOoOoOOLCROODDOOOOOOOOOOO
00000000 (Do)00oo0oDO00OU00OU0000O0OU0O00O0O0DO0OO0OOooOOooOoOoO
000000000000 00000000 (dumping function)00 00000 (critical dumping
function)0 0 00000 (dumped oscillation function) 0000000000000

ooooLcrROOOOOOOOOOOOOOOOOOOOOOODOOOOOOOOOOOOO
gboooooboooobooooboooboobbooooboooobooobooobboobooOoooonoon
ggobbooobbooobobooobboboooobboobbooDoobbuooUo o
gboooobob obobooobooobooooobobooooon

gbooooboobooboooooboobooboooboooooooboooboooooo
gboboooooboooooboboooooboboooboobooon
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ggoobooboooobooobboboooobbuooobboobbbooobboobobboo
000000000000000000000000000000000000000 (negative
feedback) 0000000000 DOOODOOOO (operational amplifier) 000000000000
O0000000000000000 (feedback)DO0ODOOO0OOO0OO0O0OOOOOOOOO (stability)
ggodooboboooooobo

4.1 0O0O0OO0O0OOOOO

041000000000000000G(s) 0000 2000000000000 —H(s)yO
O000O0OD0z—-H(s)yOOOOOOO G(s)DOUODOO yOUOOOOOOOOOO

y=G(s)(z - H(s)y) (4.1)

ubooooyDbO0O0 2000000000

G(s)

REREErCN .

Y

4.2 O0O000O0O0OO0OO0OOOO

0000000000 —G(s)H(s) 000000000000000000000000000
0000000000 G(s)H(s) 00000000000000000000 F(s) = G(s)H(s)
00000000000000014F(s)000000000000000000

000000000000000000000z=000000y0000000 —F(s) 00
00000 y0OOOO0O00O0O0O0000—-F(s)=100000000 sO000000 exp(st) O
0000D000000000000 s00000000000000000000

0000000000000000000

&) = (s—s1)(s—82) - (s—8n)
e PRy [P P P )
Ng' G(s) y
H(s)

0 41: 000000000
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4.3 O0O0OOOO0OO0OO

000000000000s=jw000wd —co00 co0O0000000 arg(l+ F(jw)) O
gobooooogo

axg(1+ F(jw) [, = arg A+arg(jw—s1)-+- -+ arg(jw—sn) —arg(o—s}) = - —arg(jo—s5) =
(4.4)
U00s, 00000000D00arg s 0000000 O0ODOOO0OO 1 OO0O0OO0OOOCODOOOO
ggoooo
arg(l + F(joo)) —arg(l + F(—joo)) = n(ng —ny — dy + d;) (4.5)
gooooooon O00DCOCOO0O00ODCODOOOR, 00DDOODOO0O0O0ODODGOd.- 000
00000000000000000000 14 F(s) 00 arg(l+ F(jw)) 000000000
ooo0oO0 2r0000D00CO000DODO0O0OODO NOOOOD-2zNOOODO
00000000000s—oo00000000O0OF(s) —000000000000014F(s) —
1000000001+ F(s) 0000000 0ODUODOOOOOOO0 m+n,=d+d. 000000
oooooo 27ad-—n,,) 0000OOOO

ny, =N +d, (4.6)

gooooooboobobobbob0 oobobUobUoboobDUobOOooboUbUuboboo
00o0oO0ooUo0ooo0od.=000001+F(jw)0O0O0O0ODO0OO0DDOOOOUOOOOO
O000F(jw)O -1 0000000000000 OOOOO0OOCOOOOOOODOOOOOO
000 (Nyquist criteria) 0 000

0000000000000 0s000000 F(s)OUDOOODOoOooooooooooooo
gbobooboboboobobdsbOobooooboooooboobooboboboboon so
gbboooboobooooooooobooobooboobooooOoobooOoOobobosObOOoooan
F(s)00OUOU Fju)yOOUODDODOOOO —co 00 co0O0OOOOOOOOOOOODOOOO
0000000000 -100000000000F(Jw) O -1 000000000000 OO
gboooooao

4.4 0O0O0O0OO

gbooogbobobooooooboboboboooboboboboooooobooboon
0000000000000 000000000000000000Ologw ODO0O0OOlogl|F(jw)l
0O arg Fjw) 000000000000 (Bodediagram) 0000000000 OO0OOOOOOO
gboooooo-1000000 1000 —sO00O0D0OO0OO0OO0OO0OO0ODOOO00O0O00 10000
ooo0o0o —« 00 (DOOO0)DOOOOOODOOOUODOOD —sO0D0O0ODOODOODOODO
gi1oogboooboobooobobog

gbob0 1o00boo0oo0oobobob —rO0O0DOO0ODOOOOODOODOOOOODOODOOOO
00 - 00D00CO00DO0OOD 100D0O0O0O0CO0OO0ODOO dBODOOOOOODODODODOOOOD
goboooboobooboobod
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admittance (000D 0O0O), 7
Bode diagram (00 O00O0), 10

capacitance (00000 0ODO), 6
conductance (00O 0OODO0O), 7
critical dumping function (00O O00), 8

determinating equation (00 O0O0O0), 5

dumped oscillation function (0000 0O0),
8

dumping function (0000 ), 8

electric circuits (00 OO ), 3

feedback (00O OOOO), 9
Fourier series (0O O0O0OO), 5

general solution (0 0O0), 5
homogeneous equation (D 0000 ), 4

impedance (000O0DO00O), 3,7
inductance (00 O0O0OODO), 7
inhomogeneous equation (0000 00), 4

Laplace conversion (0 O0O0O00O0O), 3

linear differential equation (00O O000DO),
4

linear system (0O O0OOO), 4

negative feedback (000 ), 9
Nyquist criteria (0000000 0O0O), 10

operational amplifier (0 0000), 9

particular solution (0 O), 5
poles (0 O), 5

rational function (00O O), 5
reactance (000D 0O0O), 7

11

resistance (00 O00ODO0O), 7

stability (00 D), 9
stationary solution (0 O 0O), 5
susceptance (000 0O0O), 7

transfer function (0O00O0O), 5
transient response (0 0 0O0), 8
transient solution (0O O ), 5

zeros (0 0O), 5

000000 (admittance), 7
000 (stability), 9

000 (general solution), 5
0000000 (inductance), 7
0000000 (impedance), 3, 7

00000 (operational amplifier), 9

0000 (transient response), 8
000 (transient solution), 5

0000000 (capacitance), 6
00 (poles), 5

00000 (determinating equation), 5

0000 (dumping function), 8

000000 (dumped oscillation function),
8

0000000 (conductance), 7
000000 (susceptance), 7

00 (zeros), 5

000000 (linear system), 4

0000000 (linear differential equation),
4



000 (stationary solution), 5
0000 (electric circuits), 3
0000 (transfer function), 5
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00 (particular solution), 5

000000000 (Nyquist criteria), 10
000000 (inhomogeneous equation), 4

0000000 (feedback), 9
000000 (Fourier series), 5
000 (negative feedback), 9

00000 (Bode diagram), 10
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000000 (Laplace conversion), 3
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