ooono o 20

gooo
00000000U0o0oUoo (boooo)

20140 100 90

020 000000 2100000000000 (0oo)
0oooooO

0000 (1) 0000000 00000000000000000000000000000000000000
0000000000000000

0000 (2) 0000000000000 00000000000000000000000000000000
00000000000000000000000000 (00000)

000 0000000000 D0000D00000D0000D0000000000000000000000000
00000000000 [1)0

00300 0000000000000000

0000 00000000

000000 00000000

0000 0OO00000D000D000D000D000D000000000000000

(b0)oooDOoOooooOoOooo

a{ [ cwstenin} = [ i@t

212 0D0OO0O (00O)

000000000 (270000000 (28) 0000000000 UOOOOUOUOODOUOOUODOOOOO
OwOdOoODOOOO0oOOOoOoobOOoOooooooooOoooobOooooooooboooooOoboOooDOoOooooo
0000000000000 000O00000O0U0DO0O0OD0DUODODOO (Laplace) DO

X(s) = /000 e *ta(t)dt (2.10)

gobooobooooooooobooooobooooooooooooooooboooooboboooobooooobooboOooonn
ooooooooooO0oO0oooOoooboo0oOooOooO0oOoooOboO0t+t=00000000000000000000
w(t) D00 ¢<000000000000O000O0OO0O0OO(()O0DOooooo

wa)Amuwguﬂmﬂ (2.11)

000000000D0z(t) 00000000 ZL{z®)}0000000W(s) = ZL{wt)}0U(s) = L{u(t)}0
E(s)=2{¢t)}00000(211)00000000000000

W(s) =U(s)Z(s) (2.12)
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00(29) 000000000 E(s) 0000000000 DOODOOOOODOOOOOOOODOOOOODOODOD
0000000000000 000000DO000000ODO0000000O0D0D00DD0OOD (Do)oO s(ODOoD
s~ 000000000000000000000000000000000
000s00000000O000O0D0ODOs—eo+wO000w(#) 000 ¢>00000000000000
000(212)0000000 —co0000DOD0ODODODODOODODOOODOODODOOODOODO (28)000
000000mO00O00o00o000OUoD (212)00000000000000O0ODOOOODOOOOUODODOODOO
s=w000000000000D00000D0000000000000000 WHw)ODOOODODODOOOOO

213 DOO0ODO0ODDODODODOODODOODOOO

0(14)00V,00006L,0000000

w(t) = Ru(t), w(t):Lleit) , w(t):% / Lt (2.13)
DDDDDDDDDDDDDDD(1.4)D J0d000oooooboo0o0o00o00oooooooOooo0oOoOooa
gooo0o0o0doobo0oooboooobooooooa (equivalentcirquit)DDDDDDDDDDDDDDD

(2.13)0 3000000 RO L(d/dt)0 (1/C) [*dt DD (2.3)0(24) 00000000000000000000
0000000 s-0000000000000000000000000000000O0 s=w 00000000
gooood

O000=E= / e *'[RO(t)] dt = R, (2.14a)
= > —st d .
O0O00O0O0E = e La(S(t) dt =iwL, (2.14b)
DDDDDDT—/OO Tt 1/t6(t’)dt’ dt = (2.14c)
o = . e C = ’L(JJC’ .14acC
(29000
W(iw) = RU(iw), W(iw) =iwLU (iw), W(iw)= %U(iw) (2.15)

00000000000D00000(iw) =2{L26)}0V(iw) = F{Vi2(t)} 00000
V(iw) = Z(iw)I (iw), (2.16)

000000 (Ohm'slaw) 0O0OODO0OODOOO

0000Z(iw) = R, (2.17a)
1
000o000Z(iw) = — 2.1
(iw) PRol (2.17b)
000000Z(iw) = iwL (2.17¢)

0000Z(iw)0 200000000 0000000000 (impedance) 0000000000000 Y(iw) =
1/Z(iw) 0000000 (admittance) D00 DO

22 00O0O0O

(216) 0000000000000 0 WwOOO (OD)0D0ODOODO0D0ODOODOOOOD (DO)ODODOODO
(00D0)00D0000D0DMUO0O0D0OD0O0O0 wODOOOODOD (D0)0D000O0O0O0ODOOOODOOOODOO
gogoboobooobooobboobboooboobboobbooboobboobbobDboobLboobo
00000000000 (electric power source) 000000 (electromotive force) 00000000000
000 (source) 00 000DDO0O0OO0DOODOODOOODOOODOODOOOODOODOODOOOODDOOODOO
goobooboboooo
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221 ODOOOOOOODO

0000000000000 0000000 (ideal power source) 00 0000000000000 DOOOOODO
goobooboobobooboobobooboobobooboooDbooboobobooboo
0000000000000000 (000000000000 00D00o0oooO (load)DDD)DDDDDDD
goobooboooboooboobbooobooboboobbo0obooboboobbobobooboboooo
000000000000000000000000000000000 22()00000000000O00O0O0OD0O
goobooon
Q — oo, C — o0, Vz%zconst.

gobobooobooboobbooboobboobooboobobooboobbooboobboon
000000000000 22(0b)000000000O000O0OO0O0O0OOOOO

V=00, R— o0, I:%:const.

gboocooboobooboooboooobobooboooboooboooobooooOoOoobOOoOobOOoOoOoOooboOooboboOoDnn
0200000000000 00000MOo0obOooboOooOOo0ooOoobO0oDOOoDOoOoDOoOOobobOODO
gobooooood

— ° — ° —_ o © ©
R —_—
— V=% — —_ s
R
— L———O -————O0 O O
(a) (b)

022 (a00000000DOO0O(M)ODOOO0OOOOOOODOODOODDOOOODDOOODOOOO)D

222 00OO0OOOOOOO

gobooooooooooboooobobobooboooooooboboboobbwbbobooboobob oD
gogooboooboooboobobooboooboobbooboboboboobboobbobboobboobo
gboboboboooooooboboboboboooboooboon

0000000000000000O00 (controlled power source) 000000 (00)000D000OOOO
000000000000 0000000000 (0000000000000 D0D0)0D0000DO0O0DO0O0OO0
gooboboboooooooooobobobobobobobooooooboobOoboo

goooboboobo 2300000 DD oLobDOo
0000000000000 0000000000D00O0000DDO0O00DDO0O00DDO(d)0 DDODO0OODDO
00000000000 DOD (voltage controlled voltage source, VCVS)O (b) D0 DO0DO0D0O0DOO0DOOOO

o O o O
1

[

-

(a)

KV

.

L

(b)

023 0000000000() 0000000 (VCVS)DO(b)0OODO0O0O0 (VCCS)O(c) 0000000
(CCVS)O(d) 0oooooa (CCCS)
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00000000 (voltage controlled current source, VCCS)O (¢) 0000000000000 00DO00O0O0OO
00 (current controlled voltage source, CCVS)O (d) 000D DO0D0D0O0O0DO0OO0O0ODOO0DOOOO (current
controlled current source, CCCS) 00 00O

23 OO0

231 O00OOoOOOooDoOoO

goooguoooooooooooooooooooo
goboooobooobbooobooooboboboooo
0000 (216)00000000O0OOOOOOOOO
gobooobooooboooboooboooboboooo
goboooobooobooboboooboooboboooo
(Kirchhoff’s law) 00000 240 AOBOODOODOOO
gooooobooobooobooobooboooo
Oo0odooooooDJ;00000000o0gooood
gboboooooobooboboboooo

024 0000000000 ZJi:() (2.18)

i

000 (00D AODO 1 ~J;000)000000000DO0OOODOOOOO

%erivJ:()

000000/000000000 (Op/ot=0)00000000000000000000O000O00O0O0O0O0O0
ooo

000000000000000 0000000000000 (0000O)0V;000000000000BO
oooooooooooo0o00 BOOOOOOOOODOOOOODOOOOODOOOOODOOOOOO

Y Vi=0 (2.19)
i
000000000000000000(2.18)0(219)000000000000000000000 (000000
0ooooOo)oooo
232 0O0000O0OOOOO

000000000000000000(000000)Y,Ys....Y, (Z1,%2,,...Z,)000000000000
00000000000000 Ve (00000000 Ziot) O

n n -1
I (z z) 220
i=1

i=1

ooboooobooooboooooboooobooo

n -1 n
Vit = (Z Yﬁ) . Ze=Y 7 (2:21)
=1 =1

gooo
0000000000000000000000000000000000 (node) 0000000000000
goboooboboooooooooooobooooooooooooooooobo0oooboboooobOoOoooOboOoonn
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0 2. O-0doooooooo
(b) >

oooVv;(¢i=1...n)000 R;bOODODODDODOOODOO (DODODOOOOOD V;=R;,=000000000D0O

ooo
Ji Wi Ry

AR | =] R=|: AD ROOOOOO
T v, R,
00000000 JO A™'VO0O0O00D000000000000000000000000000000
0D000000D00000000000000000000000000000000000000000000
00000000000(@M0000000000000)
0-000000000000000000000000000000000 ROODOOOO0D0D000000
0V0000000000000000000000000000000 R,00OO

J =Vo/(R+ Ro) (2.22)

00000000000 V,00000 R, 00000000 ROODDOOOO0000O0O0000000000000C0
0000000000000000000000000000000000000000000 ROOOO V,00
00 (0250 ROODODOOOOOOO0O0OOO0OO0OOOO0O00000O0O0OOOD V,00000000000000
0000000V, 0000 RO R O0000000000OO000000000000000 Jo0 —Vy/(R+ Ro)
000000000000000000000000000000 J+J,=000000000(2.22)000000
000000000000000000000000000000 (0000, reciprocity theorem) 000000
0000000000000000000000000000000000000000000000000000
00000/000000000000000000000000000000000000000000000

233 0000

00000000000000000000000

R ¢ L 000000000000000000000000

o—{ | [ YYYY\—o 000000000000000000000000

) 0000000000000000000000 20
0000000000000000 Ziw O

Viot (iw) = Ve (iw) + Vo (iw) + Vi (iw) = Ziot (iw)1 (iw),
I(iw)

Vr(iw) = RI(iw), Ve(iw) = , Vi(iw) = iwLI (iw)

iwC
oo
Ziot(iw) = R+ —— +iwl = R+i(wl — — ) = R+ iwL (1 i (2.23)
ot (Tw) = oC iwl = i|w o) = Tw 2 .
gooooooa )
Wy = —— 2.24
o= (2:24)



ImzZ%4 ImY

————eeee e -

(a) (b)

026 0000000 (a) 000000 Z(iw)D(b) 000000 Y(iw)0DOOODDOO00wD 0— 0000
00000D0000000000 wo0000000000000000 wiDw,0000(c) 00000000
000 wOD000000

000000 (resonant frequendy) 000D (223)0 w=0000000000w=wy 00000000000
O000Dw=wy 0000 LOCOOO0O0O0O0DO0O0O00DO0O0O00ODO0O0O00oooooooon
goodobbbooodooooooobobbboboubbbbobboogo

R
— oooooooooo
Loe(@) = 29 4o (w) + V)
R CH . tot = R il
L gooooooooooa
tot (W) = 7 i|w I .

oooo

wODDDOOO0O0ODZ(iw) 0D 26(d) 0000000000000000 QO (Qcircle) 00000000
00YOO26>b)00000000000000000000000000/Z(iw)|0 w0000000000
000 26(c)000000000000000(2.25)0 |Zw(iw)>?000000000000000000000
(Lorentzian) 0 0 000 Z 000000000000 0000000000000 wy,we(0 26(a))00000 |Z]
000000 1/v20000|w; —w,|000000000000000 w000

Q=2  ~wCR (2.26)
w1 — wa
0000 QO (quality factor, Q-value) 1000000000000 LO CO0O000D00000000000
000000000000000000000000000000000000000000000000000
(000)0000000000 ROOOODD QDODO0O00ND00000000000000000000
CROODOOOODDOOOO000000DD00000000000000000000
D00D000000000000000 27()00000000000000000000000000000

od

R+ iwL R+ iwL
Z(tw) = = 2.27
(W) = =210+ iwOR 1— 2 1 iwCR (2.27)
wo
O0D0D0OROODODOODODODOD w=w, 000000000 D0OO0O0D0O0 QOO
L
Qrwg (2.28)

gobooooboooooooooboocOoooOoboOoOoboOoobooOoOooooOooOooon
0000 Z(s)DOODOOOO0OODOO0ODO0O0D0D0OD w/2r0000000000DO0O0ODOOODO 27(b)00O0OO
00000 wOOOOOO0OOOO logllog(DO)O00ODOO0ODOODODOODOO
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|Z / R|

0.1 b

0.01F b
1 L1 . . . .
0.001 0.01 0.1 1 10 100

027 (1000000000000
00000(b) (000000000
wO00ODO0OO0OO0o0D000 (000

L T T 00)o
0.001 0.01 0.1 1 10

arg(Z2)/(n/2)

(@) (

(=5
—~

goon

[l] 0000000000000 0O0O00ODO0OO0U0OD0OOU0OD0OODODOODODOODODODODOODDOODOO
000000000000 000000000000000(O0000000000O000000O0UO0O0OO0
0)00000000DO00O0D0ODO0OODOoDOO 210

[2] Temple Grandin ”Thinking in Pictures, Expanded Edition: My Life with Autism” (Vintage, 2010).
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