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Sinusoidal Steady-State Analysis
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In this chapter, we’ll help learner understand the following contents.
The principle of sinusoidal steady-state analysis.
The concepts of phasor method,impedance and admittance.

How to approximate a frequency response curve.

The sinusoidal steady-state response.
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Sinusoidal Steady-State Analysis

B 5 e T m B By A& e L AR b IE 5% 8 45 I B2 (Sinusoidal Steady-State
Response) ., 5215 5 ki T v by R A B 5] B2 B AT P IV E R AL X ZH Y .

(D) EZESUREGFAMKBF AR FHARMIERAT , F LB KL &M
NHEMBEUEZET HEREFH,

Q) REFEH A BB FER(ES B) . AMANEETHELEI—FITH
BMEEZEZTWNEMm, B, AIAEAERENE M, TUEREZE TR T KN
R R AT, 3 B B B 5 Bom T o B 0 RS e B AT,

(3) FREMEMW EZE T T 0BT~ £ e R R o, B AL B A
Ko g, RHBEASNMMERELGN N EEANR A EHERENEZER,

WMES MRS T RN BEA N EREN  AETHANERESHM THENR
AWM AERFEREERETHM TN E RO MIEAA, TE 2.3.1 ¥t
EHBEEHHT—ME B RBAmEE AN 2T, TUR E RS E, BLE
A () =X,e =X o) ARY yO =Y, =Y (o) H X,
Yosws, 0, ¥ 0% B @ T d7L P ]/ de" = Go) P Bt L U o 7 R
R (242D T 5
La,Go)" + 4 a,Gw) +a, JYGaw)e =[b,, Go)" + 4+ b, Gw) + b, 1X (o)

(3-1)

j(wtt (28]

Bt LA
. b, Go)" + o +b,Gw) +b, .
Vo) = i o o) fag O )

DEHREmMARNRBE KRBT EZABERIN A REEZEETUAEZEHE T X
7, IE TR AR S B R LR T AR N B R A A B B R e AR A e R AT, ok
HiX —F R E AN RN EZRAREN T &2 — SHIHEIN ABESWEH
HEHEIEER).

R R G-2DFR(2-4-2), R T R A KRB KB EA 250, 8573, B Bk #K
BHEWFEEANMNURE ¢ B F E 8BS (Time Domain) # 3% , 2 % 2| U FE o K H
T & 855 (Frequency Domain) # 3£ F 5k |

S# (Complex Numbers) WX A EH TR T A BT T2 E, ehgl NEREZ A £
FAFEEL, EHRAFAAAERTIAR: FFILATRF(EAALTFRONER a W E
ok METRANE c Fok 0 £T .

A=a-+ib=cé (3-3)
Ho,e=Va"+b" stand =a/b, WAXRTHEHKIE R Z 4 W4 0k A K
(Euler’s Formula) (3-1-2) . R IXPMH A H L F AR X ZIFL B 5 B A H
FFEE, RFW cosd.sind f1 e’ W Z 77 MET RE H KB 7 4FE .
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%1n@—5*3f+5T*7T+ (3*5)
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2 E
v Lt _
e —1+1! +2! +3! + (3-6)

BHSENEWAIFERLE, R Rz o H AL AR B EE . R’
Hoat

Fr 5 MEHERTHBEERN, KFEEINE LT  FRARLFRAAEXTH A,

3.1 IEsZfaZs g /Sinusoidal Steady-State Circuit

3.1.1 ESEIE SRR

PLIE 5% s A ] R Rk oy
v(t) =V, cos(wt + ¢) (3-1-1)
Horb IRIE VAR o WIMAL @ FR D IEZEN =ADER, 2R - HfE,
IE 5% e — B T AR A S
&’ = cosl + jsind (3-1-2)

& /Phasor

A 3-1-D ] HEBIE LR RN
v(t) =Re[V, e ] =Re(V,_e¥ + ) =Re[V, (w)e" ]
=Re(/2 « V¥ « ) =Re[V(jw) V2] (3-1-3)

H EXmKREREN

Gl

V. Gw) =V, ¥ (3-1-4)
ENBYREHEEN
V(jw) =Ve* (3-1-5)
f&] #4802 (Phasor) , Ry & £k 73 BT . 4 L i v i A7 728 5 SR 1Y o TR0 A A 308 S
PRI I o R R — > 3R T 5% 45 5 14 I B RN A 2 P A~ 22 32 9 B 48, 16 vT DA S o
VoGo) =V,/¢ &® V(w) =V/¢ (3-1-6)
Fe 2 (3-1-D A (3-1-4) A WL, 1E 5% 45 5 19 2 808 2 (B0 & R0 8 ¢ i ) &
> B33 (Time Domain) #3484 # 2| Ui % « & B 48 5 19 “ 3538 ” (Frequency Domain)
R L AR5 — AR N jo AR R 2Ok R AR,
Wi 3-1-1 frzs . 7 LU & J 8 (Complex Plane) [ i £7 i) 28 BE ok R M, 1]
DUA ) e B K B2 R SRR IR FE V., DL 5 7Kl i 2 1 ok RO AH A o, R P T B X
R E A “48 2 B ” (Phasor Diagram) , A & & 3-1-1 B X i A9 B 38 3% T8 an & 3-1-2
FR .
AR Vo0 Go) TV, Go) AR AL INE 3-1-1Ca) 7R - W @, =@, s BRI 1F 5% i

O HREZEM AL LA — 02 RSk FoR M. V=V,
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Sinusoidal Steady-State Analysis

V()= V acos(mi+p,)

P=P1=@2 =p,—>
(a) (b)

Y va(f)

%&w VA % e ot

i - |
0=50° 0=180°

© ()
K 3-1-2

[ 4107 . 5 FR B 48 (In Phase) , [l MRS 0, (0) F v, (o) Tl B 3 51 88 K 8 R /M 400
E 3-1-2(a) IR,

FHE Vo Go) F Vo, Go) AL NE 3-1-1(h) FiR 0 ¢, >¢, R 0=¢, — ¢,
N ov, (£ F v, (2) F)FE AL Z (Phase Difference) , 314 v, () #B 8 (Leading) v, (z)0 F {7,
s H Ui v, () # JF (Lagging) v, (1)0 HIHL, W& 3-1-2(b) fiR .

W o (O v, (O BIMIAE 2 =90, Bl ¢, =, +90°, W 3-1-2(c) i, A

le (Jw) :le ej(Fl :le ej<<;2+9o°>
=V € (c0s90° + 35in90°)
. iy . le .
=jVaue =] ‘TV,“Z (Gw) (3-1-7)
m2
K G-1-DFRR—MARE T LN 1 j, 76 A0 & 15 (8] 3-1-1(0)) R B N W6 £ 07 0] i %
90°; —AHIRTRBAH T —i. W BU M IR ELIER: 00°, FTLARR j=¢” N 90" B E T
IR v, OF v, (O BRI 0=, — ¢, =180°, W& 3-1-2(d Fi7R , A

ip iCp, +180° V. .
Vi Qo) =V, e’ =V ej(hﬂgo = — Vo e == Vilez (Gw) (3-1-8)
m2

B oy (o) 3k BE A B RAB RS v, (OB BN TR RAE . X B 0y (O M0, (O IR
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HA K, {8 Fx & 48 (Out of Phase) & ¢ &, WA 3-1-1(d) IR,

T IE 5% S S2 B (] ¢ 7 oR 55, LI B 04 11 53 A S 30 (8 L BT AL £ TR B &
W 1 B 3L {E (Effective Values) ( X 5 4 77 ¥ #R {2 (Root Mean Square Values, Rms
Values) ) 2k R~ ,

_ LJ'Tz _ LJ’T pq, L -
Vﬁ«/T o (t)dt 7«/T 0[Vmcos(wz‘,+go)] dt —ﬂVm (3-1-9)

e RAE A AU 1 AH B 2 B AR B L 3 T IE 55 05 5, R KAE A 80 RV2
A5 o AL U o (AR kA MR E 2 A A LA Bt 19/2 %  ZE R AR L 1 A DX

3.1.2 W EEEOR

15 #5578 /Phasor Model in Circuit

YT 313 R o AT 0 90 B 9040 00 o
v(t) =V, cos(wt +¢,) =Re[V, Gw)e” ] +
(31100 N
i(t) =1I,cos(wt +¢,) =Rel[ I, (jw)e" ] ]
ie . ie 3-1-3
Vaolw) =V e, I, ,Gw) =I,¢e" (3-1-11)

1. WP E 09 #H 8T X (Resistance)
HL BT AR VCR W 2 2 M BRI 2 3L B v () =R « i (), [tk A
Re[V, (o) ]=R « Re[I,, (jw)e"' ] (3-1-12)
bk A
V. Gw) =RI, (jw) (3-1-13)
3 (3-1-13) 156 BA FeL BHL T 4 - 17 o F A 52 5 F 30 4 B 22 ) ) O R AT AR A 5 BRI s L L
H, R A HE 3t (DA G 8] 3-1-4 Fi

Ih(jo)
2
Vmum) [] R
= Re o— |
(b)
B 3-1-4
2. WA e B 2 (Capacitance)
e — T st 1 A S S . Ldo ()
HLATEIE I VOR R3O X &8 i () =C '”dt I A

Re[I, (o) 1=C d%Re[Vm (i) e ] =Re[jwCV, (o) ]  (3-1-14)
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Sinusoidal Steady-State Analysis

JiLh A

I,.Gw) =jwCV, (o) B V,(ow) =GoC) "I, (w) (3-1-15)
K 3-1-15) LW L 25 o F b 09 v R AH i 5 0 3 AH 5t 22 [8) AH 25 907, WA Ik IR 1 2 FL e R
WY o C A5, L I A A7 8 JITHL He 90°, A&l 3-1-5 firzn . 20 (3-1-15) W B A Wl 13
BB 2 AT LR R A A T R o T BRI E R A I, BT oC HfAHR
RN, EX Be=wC JHZH 9, &5 FRZ 4 (Capacitive Susceptance) , B0y & P4 [ ]

\) 1 1 Ay e Y. Yrard o 2 oy .

F(S), ik E X X, :E:Bij\j%%i% L BT . A7 R B $1 (Capacitive Reactance) ,
.
PN SRR (Q)
!“‘Li(u)
"ru: +
I"In(j(o)
Inj) o) Tiac
= Re o—

(b)
K 3-1-5
BY X HSEABEC IR o B, YK C —E R, B A T X 5 50 8 i 2 PR
NPT B (0 =0) BRI BF PN I K (X =0 i MAETF . ik, B 2%
wEARBEER.
3. HLE o) M 5 X (Inductance)

e . s 1 . di (¢)
5 R L L ROT P VCR RO 2L B o (O =1 ldf B I A
Re[an(jw)ejw’] =1 d%Re[Im(jw)ej””] :Re[ijIm(jw)ejw‘] (3-1-16)
LA
V.Gw) =jwL], Gw) B Im(jw)z(ij)fle(jw) (3-1-17)

K B-1-17) VLA L TTF b0 v A & 5 L i AH 5 2 [A) AH 25 907, H R I 1 2% F, A 4
R o L A% H S 98 AH 8088 1T L U 90°, A T&] 3-1-6 /R . 2 (3-1-17) b A7 Wl 1
BB 2 W] DL R A S AT RO T SRR E A AR R . BT oL B AR
RIEN,E X X, =wl A BT, @ F% B 5 (Inductive Reactance) , 5.0 2 KX 1}
Q) gk, EX B, =1/X, NI H94, f7 K B 40 (Inductive Susceptance) , HL{i/
BV F(S) . It X, SHIERL M o BIE T, B, H RO 1 40 3 3 i B A5 AR
FH IR K 5% L (o = 0) AT 4 A 4 i B X, =0,

4. PHLHLAISHN (Impedance and Admittance)
R — ALt E W O TR B L M Al 3-1-7 s 7R IE X R S 1B 00 R . 5 X H
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fm('Ff-‘J)
o———

Ji'm(.i o) i"mUﬁ)) i ij

> Re —

(b)
K 3-1-6

JEAE V, Go) 5O BEEMHE I, Go) Z L RHHET. HGS Z Go) T, & CEEECH

V. Gw)

Z(jw) = = ZGw | /¢, () =R +iX (3-1-18)
I, Gw)
. o ] . Il]]<]w) . . . . _ _
Y(o) =7 =7 5= Yo | /oy (w) =G +iB (3-1-19)
Hr R AHH; G A S & X X JyH#H1 (Reactance) ; E)‘( Bk 8 4} (Susceptance) .
BREHM Z (o) FIEWRY (jo)REH . BRME o WEE., EFH RN IEZES
EFRF ENTH MEIBOC R,
L(je) IGo) =7 77 7 1 ey T— 77771
o I I
* + I . I : I
V.(jo) N Vo (jo) : : Vo(io) : [].:, [] iB
[ » | [
o—o| o I o |
By = | o e |
(a) (b) (©)
K317

2 (3-1-18) M2 (3-1-19) {7 HY [R] — A 90 46 X R[] B 30 R o S5 80 8 AS () 14 BHL 0
Y X TP AACAAA KNI B Z G [ LY Goo) | 1972246, A5 8 7 14 72 £k (BE
$1 2 (Impedance Angle) ¢, (w) .y (w) [ZELL) }J\Wﬁ@ﬂg/\néﬁﬁéfﬂmﬁﬁﬂ‘]lﬁﬁ
PERT, B S EMESFEN . MEXNELGEEERESZ, X, EUENE T PN

BN X=X, — X =00 (8 X, =X 0,0, =0, /455 e B, B R L B
AR 24 X=X, — X >0 X, > X)W, o, >0, B R A 7. R4 58 B
(Inductive) ; X X=X, — X <<0(H} X, <X O, 0, <0, B R 5 . M4 2B
(Capacitive) V', X, 76947 1IE X B 240 A sk 1 50 A M AR & AR 32 56 R R

O E: KT XX By Be W5 SCA LEHM BG40 09 A1 BRI X o <<0.B, <0 & XI5k . Piff
SE AN B W) Hi 2 5 R A BEL BT RN S N TR
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WA BELBT A b s & R BELE A9 A5 — A Bl R kg BELTL o FH oF sz e Do 286 A B 1) AT ik, 5 T
R H T OE . HAR 4002, BHPUAS R T IE 5248 B i B HGRR . BN 2 A i L 2
—ANEHOTE R, XS, RS T 5491,

(6] 3-1-1] WK 3-1-8 () iR B I ML, B Z, =10+j10 Q,Y,=2—
12 So T A M 2 1 BT S 25 Y BEBTRRME . SRR A R R M 48 TAEAE f=5 Hz 1Y
AT A5 1 I 2 ) 2% A5 RS R B T A AT L D R b B 45 HL S EL O £ R A

B RTINS Z, FY, H3ICAY fR] B R 2%, BT LA, X 4% S B LT

Z=Z +1/Y,=10+jl0+1/(2—2)) =10.25+j10. 25 (Q)

IR M I 2%, ATl — A4~ R =10. 25 Q A —4 L =10. 25/2xf =2. 05/2x (H)
P4 R JER 11 BB BB O A5 80 (/T 3-1-8 (b)) . L 4% H R H 3 A A 2 T (BT 3-1-8 (o)) i 2
Vi Gao) | =V, Go) | =10. 25 Gu) |,

(jo) i(f)

i’(_l ®)

+ Vilio)

Hjw)

Vijo)

(a) (b)

5. EH A EIE A (Law’s Phasor Model)
214 i, % v 45 b 1) i R T EEL AT AT 2 TR — A5 1 1 5% e 5F, KCLL (4 e Jak 3 3k 2K (1-1-9)
] LLERIR N

K K K
Dli () =D Rell,; Gw)e” ] =Re{ {Z I qm} ej‘“’} =0 (3-1-20)
k=1 k=1

k=1

YR El
Zlm, (jw) =0 (3-1-21)

é%ﬂ%*%&ﬂ’]ﬁﬁ)‘%ﬂ%oﬁﬁmﬂ WA TE 5% I, KVL Al ik X (1-1-13) Af
VIR N

K K K
Do, (1) = D Re[V,, Gw)e® ] :Re{ {va (jw)} ej‘”’} =0 (3122
k=1 k=1 k=1
Y E]
ZV,(]w)—O (3-1-23)

PRI 7 TE 2% AR A5 L B v ,%/J\EJQEETUEEH%EEF%DEEML 4 A 1 B U e
EATR .
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3.1.3 FaZHL% s Br/Steady-State Circuit Analysis

WRZE IF 5% 52 25 H 4% v A 6 7R 8 O AR R KU S A AR e B L 5 IR ESE 1 F v
2 2] 11 F, B A, B A 1 B TR XM [R] A TR 22 A ARSI FH F R R A R e T IR
MR VR JHEEST 24 7 HLBE B S AR Sl oXE 1 G &R, 58 4 i) DU 4 B e
RHL Fi, 3% P — 4 2 5 A i 3L 9 (A0 55 0 A4 g e 3L 0 % 0 2 38D FH 28] 1 5% 2 2 I 4% 1)
STk

PRI o T 52 285 9 465 1 R 122 20 A ik 1 2 20 TR 9 45y

(1) 5 sf il o) 2 0 e o 1) 8% 118 A o A5 80 R AH Bt S 78 WL B FF SRR B 5

(2) AR BE 7K 28 R 2 a5 R KR A 3 ) A o 00 o S AR RO 2

(3) BB H ORI

C4) B i A5 118 i 17 72 it 1) R T X i i it 3l mp 1) eR S0 2K

DL 3 o 5481 R i i

(61 3-1-21 S HANE 3-1-9(a) Frn i IE X F2 B M 45 1,0 = 1000 rad/s, K M4 1)
IESZREZS MR £ ()R i, (1),

30 11500 pF 30 c2e
+ + + +
7-5{:)=I(]cos{mr}C) 4n1|-|3 QD 2i(0) IU&C) 40 <>21’m|(jf01
i) is(1) Ini(j®) Ia(jo)
(a) (b)

E  3-1-9

R - I RS TR A A SRk T LA B A Ak A A 2 AT 0 2% 0 45 F) R R A R
AN 3-1-9(b) BTz » #3278 o ml AR 25 L I A oR A — 0 A 5 LB 57, KVIL D5 e
31, Ga) + 4L 1, Gw) — I, Go) ] =10

(3-1-24)
21, Ga) + 34l 1., Go) — I, Go) ] =21, Ga)
e

20 20/90°

| ST L —— o0 —1.24/29.7° (3-1-25)
8+jl4  16.12/60.3°
20+ 14.72/116. 6°

I, o) — 201340 [116.6° —2.77/56. 3° (3-1-26)

8+il4  16.12/60. 3°
B2 (3-1-25) =l (3-1-26) i J5 A B 38 0E 52 R 25 i g, A5
i, (1) =1.24c0s(1000t +29.7°) A
i,(t) =2.77cos(1000¢ + 56.3°) A
A] UL, FHAH B o AT IE o e A ) g 2 A R TR A A .
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Sinusoidal Steady-State Analysis

1 AR A A5 5 AR BE 20 i o — R PR R R RS2 (5 S BB GRS 5 =
LT o R M L B Y B i T LU AE S0 S R T 4 A R 2
IO B R A 3 A7 32 4 B — MRS SRl I 2% B R A i L 23 #

3.2 IRk E /Powers

I 28 53 AT %) S5 B SR I 984 5 ) A% i S A 5 70 A i ol R v B B A R 4, DR T R 4y
Be TG GE 2 — MRE LM TR . EIEZREMNE b, i TR A B AR
Z (8] Y RE 2 1T R A2 48t , 3 PP 0 G2 7 4l H BEL I 2% v 2 A 1), DR UG O 5 R A I 4% 1 B 3
Oy e,

X T HA 5 0 B B T 4% U HL R R R R

i(t) =1, coswt =2 Icoswt il w() =V, cos(wt + ¢) =/2Vcos(wt + ¢,)
(3-2-1)

H o, =0, — ¢, =¢, AT % HZ 5 0 25 0 D505 SO, I BAR e B D R ps i

1. i} I (Instantaneous Power)
TE S 4% 1 B B 20 3R SRy ) 465 B4 B s L R ORTD L Y O TR AL

p @) =v)i(t) :%IanmcosgoJr%Imecos(Zwt + @)

=1Vcosg + IVcos(2wt + ¢) (3-2-2)

RIBXG-2-DFE— NN AIEA 7 0 TS5 T iR W48 0 i 5
Ry B 27 ) 4% Hn D e TR I I ) ) SR A SRR S R T B 1 R 4 g U 2 T RE 1 S A0
PER AR ZE 4 . FIR WA — I [ Veose S H 5 B 8] TG 3¢, 1A B X 45 1) - 259 9
Fe. RIBEXME I [Veos(2wt + @) 2 1F 5% J5 148 £k, (R BH 1 ) 2% 5 Y5 22 (8] ) g o
AR

A =0, | BT 45 A 2l B B I 4%, 23R 30 (3-2-2) T4kl p () =1V [1+cos2we) >
0, 2 I KT ZNY , T UL 4k A BH X 28 0 Z2AERE 1 . AW ISk FHIR I RE & & o=
90°, JUJ BA. 11 ) 2% Sy 2l B B ) 2%, 263k 2 (3-2-2) ik N p (1) = —1TVsin(Qwt)  E—1JH
W IR B, HOE R A, Fom KA S A ST A i B 2O R IH FERE i L (H IR
AR 5 U5 Z 8] Y S I P e A R A0 #k

FH T Ik B 2y 238 JE v AE TR v S B et AR AT PR O A T B A L R BB
SR IR SCAE W AT, O ELZ Al T 0 2y 3R AT AR ) R 1 BR A

2. ¥R A B3 % (Average Power)

JE SCI 2% 11 3 345 Th 2= Sk Ik B ) 38 A8 — A JE I N TH FE P 24 1A

T
P:%J p()dt =1V cosg (3-2-3)

L 0 T X I P 0 SR B 3 A — A, P 2 D R 3 0K 5K (3-2-3) T I IR 2 R Y R
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KA (3-2-2) B — I, FESEPR AR, - 4 Dl AT DL o D) 3 1w RL R S B )
RAT B % L SIHFE R D), Rt . R B T T 2R (Active Power) , S0 FURF (W),

3 (3-2-3) 7R T IE %A 25 W 2% (4 7 34 Dy R JF N 55 T 1 He L I A 80 fE A e AL
WET L) cose, LR cose A Th 2 [E £ (Power Factor) . FREHPL M ¢ WINEEH .
TEM A — € B DU, D3 P BCSE 4 ph 0 26 2 BORT 0 D 45 0 BT D B 0 I b i
HL 28 R R R 1 . PR 2 R P SR R 28 RO TH AR B B o (EL 2 (1 0 2 5 vl 95 22 ] 1 3
RE R 1R 2SS 4 LG, X Fh JC ) 1) B S 1 2R 587 00 285 114 Ty 238 PR 807K GE ARG 7 i Hl, BEL I 245 1) 2
RE (cosp=1) . T34 FEARI B EAER T, O 78 80015 [ A RN T 2, 1)
B cose B/, Fir T 1Y AL AL 0B O, B n B IR A Y B HE L I, 0 RE AR B
BUA A o0 WUREIS/N LU . — AT B A I 1 R X A M B 8 T IR A U L e JER M £ 2k
FRERHLZS o AN, — e fulT FH A FE 2 A0 2 B M A o R IR 3 O FE 8 O IR P ok Gk B D
/NPT AR E Y.

3. &Y 5#E (Reactive Power)

W RAT 2y By 8 S e ) 255 v e, BEL I #E BB 12 1 BE 0, IR 4 AT L E SCTE Th T 28 R i e 99
Zrh A TTE S IR Z R RE AR IR S H Y BE ) . 5 I 45 Sy 4l B BT I cose =0,
sing =1, % X oY) Y%

Q =IVsing (3-2-4)
XA E SCRR IR AE DL iR i 2 D R AR RS LM BCAIE X BTG . B A
i L A LUK A IR (3-2-2) AR IR IFRE N
p (@) =1IVcosp[ 1+ cos2wt)] — IVsingsin(2wt) (3-2-5)
K (3-2-5) 5 — IR & KT &, RN W 2% b v BHAE RE 19 A D D 2688 43, 3Rk Uy 48
T — A JE A I R A LR S EL A SR B W 4% b Al BT 5 IR 2 1) RE AR
R TCNHI Iy, NG T AR, TR LA R THRR”, MK Z
(Volt-Ampere-Reactive, VAR) ,

TEX A E U, AT LAAR A5 460 f 25 08 I 46 19 0 D) B8 Q- R0 4l H ST 17 I 4% 1) Tt

WA Q, A
Qr=—IV=—aCV'=—2wW, (3-2-6)
Q. =IV=wLl’=20W, (3-2-7)

1 J— e . g
W= CVEW, = LT 5P 2 P T B

4. MAEY)#E (Apparent Power)
E XA PR R KA A MENE,
S=1V (3-2-8)
FE DRSO ST R B TR IR A, BEUE B
VAR HL O, A0 HL S R0 2 LR 302 A R T AT e B S A 7E T 3R 02 i 3R AT
PR S5 A B 0 AL bt W07 T 2R A 55 oK 3R 7% BUE Th #8 (Power Rating) . B0 2 X
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IR (VA . TR A DY) LT IR A R0 2 R
S*=P*+Q° (3-2-9)
5. H Y% (Complex Power)
ST AR i E A R R R e BT TR I R R R R L T 4% ) R T R A
B.EXTEWER,

1
P :?Vm(jw)l; (jo) =V (o) " (o) =V (w) I(jw)

=VIcosg + jVIsing=P +iQ=S/¢ (3-2-10)

AL, 2 TR 58 MR RS T AT DI TR T T Hy A AR DR ) S PR, AE TR B AL
AR E A M. BT AR BR AT A D, P, R R AN T B AR B AR
E . ST E BRI AT B, BT LU A AE D 08 B R (VA SRR IR .

[ 3-2-1 & 3-2-1 H—4> 220 V 287 M JE 8 Kjo)
WA AR R, BHZ, =Uti2) Q. 7, =
(15—310) Qs 43 3 3 330 V8 0 6 480 Wi 1y A Dy 2 6. ()m’w) nioll z
T & %, V(o)

M. 220 VRRATHH , BRI, KRGS AR AT =
RO B E MR T AR RV, o) =220/0° V, A 321
TR

ZGw) =Z, +Z, =4 +i2+15—jl0 =20. 62/ —22.83° Q

V. Gw) 220/0°
[Ga) =227 = [ —10.67/22.83° A
ZGw) 20,62/ —22.83°

S LA 70 28 B 8T B 52 20 2% 4 i) Ry
Po.=—V. (o)l (jw)=(—2163.5+j910.8) VA (3-2-11)
Po =V, G " Gw) =Z,Go)IGo) " (o) = (455.4+j227.7) VA (3-2-12)
P =V,Gow)I" Gw)=Z,Gw)] o) Gw) =(1708 —j1139) VA (3-2-13)
K (3-2-11) . (3-2-12) F =X (3-2-13) 1y S 43 Ay 5 0 67 48 0% A By Dy 5, g 8 43
AR T DA, I H 38 G 33X A 1 5 H B R DAGE S 7R — B0 2 7% 7 )
T HLBK 5 D) A T AR T My AR
P..+Py +Pey =0, P, +P +P,=0, Q. +Q +Q,=0
— et T LR R

EP”:O, ZPk—O, ZQk—O (3-2-1)

Hoon ATCHEA%L L@IEEE%E/JMK—J"I‘EEEE Eﬂ%ﬂ?%ef 1 2 45 T 45 A 57
AR AT B R Z A
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6. I KINEAL 3 AL (Maximum Power Transfer Theorem)
RS R B D AL S B R IR AL 3 A AR R AR R E A SR IR,

z ] 3-2-2 T 7% 14 HhL 84 o . 22 W% S 1 P BEL T 735 g5 15 290 B kg
== SEALAE O P LB — i R R KT R AL ) I 1 Y A
O+"’- g B—SE RN BUT . Aol e G B BT . = 275 R 3l 3
- fhik,
(1) $i# Z, =R, -+jX, e BRI 5T AT LA 7 i 45
i 522 CHEE TR R B ESE 33w
P, =I'R, = ViR, (3-2-15)

(R, + RO + (X. - X
AR A B-2-15) e R kBT e, &6 X+ X, =0, Tk ¥ (3-2-15) %
R, RS . BRI SFHANE. A
. R, R.—R,
" =V5d<7(RS +Rl‘)z)/dRL =V TR (3-2-16)
B, (GB-2-16) KR FHLERIE R. =R, . LEA AN HrEs 3R 78 A5 & KR %
196 1R 25 A 2 SR BEL AT S R I BB B A 2 48 &2 40, B

Z, =27 (3-2-17)
IR, SOFR 1 28 593X A B R 2 2R DL it >y 41 %8 IT &L (Conjugate Matching) . A, fx KIER K
PLmnx :V? /4R L :an\/SR L (372718)

(2) 18R Z, =R, +iX. = | Z, | [o, HHHfM ¢, — . (A8 Z, |0 LI
B kA A D U R Rk KR
, lz s
P, =I'R, = Vo [ 2, | cosg — (3-2-19)
(R.+|Z, | cos@,)° + X+ Z, | sing, )
X GB2-1DX | Z RS R RN FHAE A

dpP
dl z, |

(R 4| Z, | cosp)* + (X +| Z, | 'sing,)* =2 Z, | [(R,+| Z, | cosp,)cosp, + (X +| Z, | singﬂz)sin(pzjvz

= - 7 2 s COSQy

(R, +| Zy | cosp)® + (X 4| Z, | sing,)* T <050z

-0 (3-2-20)
LESLITIEES

| Z, |=JR* + X% (3-2-21)
PRI B 288 BEL 0 (S AL A T 080 7 ) I A, R A e B 38 A% 38 114 4% 14 2 B 2 BHL BT A A5 25
[) T U N BELBT AL . DR 670 48 ) 3 o e R D) ARV C A RS I BE I L e R IR R
p _ Vfcosgoz
b 2(] Z, |+ R cosg, + X sing,)
o, 55 P LT B2 R T R 2L B R I SR SRR A f R AR 1 B SR R

(3-2-22)




EI3E EZRTSEBINW
Sinusoidal Steady-State Analysis

=/R:+X?,MAE R, =R,
3.3 &% ek £ 50 % v /Network Functions and

Frequency Responses

A HL 2 AL R B BT OC R 2 (3-1-15) R (B-1-17) AT LA HY , H 28 F0 L JE i BEL T K
/N5 2% Y AR A 3 A O L ) i U o AN TR 0048 14 1E 5205 55 SN T T 2% 114 R 285 el i i
ANTEI Y o AR TG T 6% 1 A 285 e 07 5 T AR A A8 G ) 5% 178 i 285 el by XoF AN [i] A3 38 1)
WU AT 5 A S S AR R 7T A b BT I 4 SRR R L 51O R 4 R L 3T
MR, LA Kz 3.4 715 4l 1A 1) iR iR =% O ME A

I 28 bR KRCAT AR SC A T 265 1 i R et 0 486 1 i AR B 22 L B I 10 AH S5 0806
tHEEZ Il RS F8 N RR,

Y
N G (J“’) — | NGo) | [g(w) (3-3-1)

D) 2% bR ES AT 43 SR R 2 M**ﬁijﬂﬁzﬁﬁ #1 (Driving Point Functions) . B[ ]
7 A 5 R AR B 57 T 4 1) [R) — 3 1, AT DA A A o .t RT DL i e s 2R 2R
N e ¥ R # (Transfer Functions) , BV i )37 AH 52 00 AH & A7 T 00 28 (4 A W] siig 11 PRI
MR R R W RS R H 2R © . B S i A S e N S S S ) FR R I )
W A BLIE A% 38 PR s T2 o R A I ) e % 1R B80S S 1) A% 38 R B

1. BRZ) 45 R % (Driving Point Functions)

TE W25 19 [l — s 1, 5 U 5 A = T Goo) » TN {5 5 0 LAV G
W 3-3-1Ca) fir s, W 3K 50 i R B0ORE 2 3K 30 BT Z (o) , B
V(jw)
I(w)

NG T R A V Go) W N AR 5 A T Go) , 0Kl 3-3-1(b) s,
W 5K By o5 bR EOBE 2 IK B AL Y o) 5 B

N (jw) = =Z(jw) (3-3-2)

) I Gw) )
NGe) = =Y 3-3-3
(Jw ) V(]w ) (_]a) ) ( )

[jo)

* +

Ijew) Vie) | N () Vo) N
(a) (b)
K 3-3-1

O M RBONTFH N KR A Network I 781 H FRICA 3 (2-3-16) 1 h (O TEBUHIN IR H (o) .



2. ¥ A (Transfer Functions)

% PRI BRI ) IO A 5 98l A B A7 T I 5 A T) o 11 B A 90 4% BRI, LI [ 7 B R
BRI IEA 4 FhoE il 3-3-2 Fis . A EOE S i a1 AR 1T Go) i\
A S 2 2 B R A RV, Ge) s W0 3-3-2 Ca) Bz DU 0 4% pR B0t 2 S R PR 3L
Z+Gw) , Bl

V, (Gw)
NGo) =217 — 7 G (3-3-4)
I, Gw)
—0
+ +
Ljew) N Va(jw) () Vi(jeo) N hjm)y
—
(a) (b)
———0
+ +
Ii(jw) N | 209 () Vi(im) N Va(jo)
(c) (d)
& 3-3-2

WSRO S S 20 T 1 AR R ARV, Ge) s RN (S 5200 1 2 AR A& 1, Go) , 4
[l 3-3-2(b) i , M 45 R AU BB S Y (o) , B

I,Gw)
V. Gw)
BRGS0 1 B R A T, Ge) NS 50 0 2 MR RAE 1, Go) . W
[l 3-3-2Co) it , M R B R B BRI K, (o), B

I,Gw)
I, Gw)
RS S R 1 1 A EAR R V) Go) S VA5 520w 1 2 BB EME V, Go) . 0
Kl 3-3-2(Dfin, TRAHEBBIEL K, (o), B

N (jw) = =Y (w) (3-3-5)

N (jw) =

=K, (w) (3-3-6)

. ViGe) , N
N(lm—vl(jw) =Ky Gw) (3-3-7)
[ 3-3-1 1® 3-2-1 IEsZfa S g b B e Z, =R, +jwl.Z, =R, +1/jwC,

DI ETR V., Go) R T Ga) WV, Ga) WV, Ga ) IS 32843 51355 6T 17 1Y) /9 2%
PRIER L IR 2R A

B 255 R4S Inl i H g 1 ik =

V.Gw) B V.Gw)
Z,Gw)+Z,Gw) R, +R,+jwl —1/0(C)
FH LG 7] A5 45 X 2% R 550 S 28 1Y 43 5l A

I (o) = (3-3-8)




EI3E EZRTSEBINW
Sinusoidal Steady-State Analysis

I Gw) 1

o B v N
NG =3 Ga) "R, R, Fital — 1wl 0 (359
L ViGe) R, +iwl o
NG =3 G0) TR TR, Fitol — 1wl Tnle) (510
V,Gw) R, —j/wC

N, (w) =

N =Ky, ( -3-11
V.Gw) R, +R,+FilwlL —1/wC) ve (o) (3-3-11)

140 WL 5% 4% 0 2% bR 5 X (3-3-9) ~ 3 (3-3-11) AT LU Sk B, 90 2% o B0 1) 2 s 7 1R 50
B 43 2 A ) 118 O O A b 5 2 £ 0 B U B X L 1Y jeo BT A5 (B R 8 5 Pole) 2 A
FAY ., XA AR, MEE R (2-4-2) FIZ (3-2) , — b , AR 35 W0 2% pR B0 58 A
YGaw) by, Ga)" 4 b, Gw) + b,
XGo)  a, (o) 4 +a,Go) +ay
F(3-3-12) 3 B HUE 05 X5 7 11 oo BXU(EL A5 S22 Tk 43 T 5 38 ik BT 0T 107 7 R A0 AR o B IR 4%
P [T A A 5l D 4 ) [T A 0 A 2 T 8% 1 B T T 1) ER 486 1Y) JT A S BRI 0 45
Fa T D s S e I 4% 1) A A0SR R, B S R 5 A B AT 4R 3 A e R TG % L A
I I 265 pR K0 B3 3 X5 AR ] 1) jeo BRO(EL AL

FH T 0 285 pR K0T L Al s T 45 190 481 2 o o7 R 1 L DAL b, AT g — 28 il R R IR Y T
L LAIIR o R A AR 5, R 38 45 60 A [R]85 1 43 19 JE 5% 05 5 1 R 2 o) g R

3. 45 (Frequency Response)

P £ bR R 2 LR (3-3-1) 1 [N G | g 99 45 bR B A8, 320 1 MRl 7 -5 40l 9 Mt
Z LS HR B) 5 R L FKCh 18 851 (Amplitude-Frequency) i Bz 4515 . ¢ (w) A X 2% b5 5011
MEf . Fn T W N 5 8 6h 19 48 # (Phase Shift) 5 5 ¥ (1) 5& &, FX i 48 35 ( Phase-
Frequency) ff Bz $515E . HE W 4% sRECHE T A 00K o T AL S5 M0 15 B S 3R &
M iz

BTN G | BEAT S o A8 00 KA F 2367, BN I 45 IO @ ST 4 M o 2% R
o () BEATR o 25 AR 19 i 2R FR R 0 45 () 48 55045 1 B &% . o0 265 1% R0 A0 0 A 01
e e 4 BT R 4% B 351 2R i R 43 1 BR 2k (Frequency Response Curve) , & 5¢ 4 /1 M 4% 5
B 1 S BN 1 S U X (] A 980l 47 5 R A7 0 2 sl DB R

(6l 3-3-21 K 3-2-1 WIEZRSmE P WREW Z, =0 +je) Q.Z, =@+
jw) Q. VAW IR V., Go) BV, G e 7 o 222 P 5 9 26 1 431 552 e iy
PR ZE .

. AT LRI R (3-3-10) 5 % I 28 pR B0 R 1k =Xk
V,Go) 1+jw _J 1+
V.Gw) 34+jlw—1/w) 9+ (w—1/w)?

N (jw) = (3-3-12)

N (jw) = Je(w) (3-3-13)

Hovr @R

. 14+ o’
NGw) |= | — 2 (3-3-14)
| NGe) | N/9+(w—1/w)2



FRI R N

w— —

¢(w) =arctan(w) — arcLan( 3 © ) (3-3-15)

S P AR R 2 1 A 2% e 7 R M T G 18] 3-3-3 s . AR TR P L L0 = 0 BB
0 o MPBE Ny 1, F7 124 Ak I 4% X B0 A5 5 B9 58 4 100 70T & 345 5 19 423
TEFE.

IN(@)| A olw)

0.8f

0.6

0.4F

L]

=
[S¥]
-
ok
=]
=

(a)

3.4 gL %% /Filter

B B R A — BRI G S AT R e B R . PRt AT LS B S [ A
B A W TE 5% AT 5 A A (R W R RAH A7 e 7 R ) 0 2% A A, S RT LARR U M A .
SR o I 2% 11 4% 366 oRUBSCRT LA 58 4 4 AR U 4 1) 00 38 TR B R

DNTE BT ) A B 0% 5 7 1T L4 Sk v i UK %8 (High-Pass Filter, HPF) | fI% 1 JE 17 #5
(Low-Pass Filter, LPF) .5 1 3§ i #5 (Band-Pass Filter, BPF) . 4 BH & i #5% ( Band-Stop
Filter, BSF) . 43 J& I} #% (All-Pass Filter, APF) ,

DNECEE W Ff BE S U8 B A AT DL g i — B U8 U 4% (First-Order Filter) . — By & 3¢ &
(Second-Order Filter) . 5 i U8 i &% ;M GE & (9 f1 B2, U8 B &% T LA 23 A7 U5 0 I %
(Active Filter) F1 JC 5 I8 % # (Passive Filter) %,

S RO, o DO 4% P AT A i I AR D U0 P 3 AR 1 S T L 48 pR BCR A A L B
AT A D) 48 3% AN ] 0 36 1E 5% - 18 e 2 o o7 AR A

3.4.1 —PrigdE%s /First-Order Filter (Low-Pass, High-Pass)
— W uE R A RS — s A To i 2 e A R0 PR A T LS AR T R G Y
WeIhte. —Hrmgs B RC FRL WAl BT IR, X B H 38 RC JE B A% (RL U8

o BB WA S 73 B 45 RC B e 58 426 L, OF B, 38 Al DU G X 8 ¢ & i RC I8 4%
156 2 U E AR AR



EI3E EZRTSEBINW
Sinusoidal Steady-State Analysis

1. RC K 3E Ik % (RC Low-Pass Filter)
WA 3-4-1Ca) i a1 RC M 4%, M A B A B E V, Go) 55 A B &
V. Go) Z b CERE L R H) L Bl

1
. V(o) jwC 1 N
N(JmeV(Jmei(jw)fR+Lf1+ijc (3-4-1)
jo C
% w.=1/RC,NH
o 1 B 1 B
N(Jw)_1+j(w/wc)_ 1+(w/wc)2/ arctan(w/w,)
= | NG | [o(w) (3-4-2)

HA L [N Gao) |0 IR CREE T2 01 3-4-1(h) 7R ) 5 @ () A AR P R i
LA 3-4-1CO B .

R [N (o)
[=3 —1 < |
+ + 1 o
0707+ -3 oN ] o
» |
Vi(jo) €3 Vy(jm) I —45°} - lP
I
|
\ ®
2 5 o Bl A
(a) (b) (c)
B 3-4-1

B G4-D AL Y 0=0 B AN EHR G S INGo) [,-0=1 FE K, @(0)=
0., i A5 KNS AL M )5 B o RO, [N G | Fil @ (o) HBHE A3 b s

1
/J\; %/[ w—=w, HTJ’,gD(wC):—ZLSO,‘N(ij) | :ﬁ‘N(]U—)) |(,,:o ’%Hj EBE?‘:’%/\EEEE/‘J

70.7% » BT 25 B R T O B L DX R T S R i R o =, A
NE S (E 3-4-1(b) JE 3-4-1() T P 555 2 w—>olf, [N Gw) [0,¢(w)—>—90°,

TR 8% (8 A0 P i e R L, T A ] 4 R R A R R T R e i H R R
/N AR IE 5% A5 5 LU i A0 1E 5% {5 5 25 B 8 1k, 0 AR 3K R 104 0 2% gl 2 {1 R & . 6]
TE UL, 22 PO [R5 1) 1F 5% 05 5 38 2o 35 B 1 09 4% B ARABEAR 5 25 2 i, i A 5 a2 3
g, H B PR, ROV RIB IR RS .

YRR A I R B A BRI BE ) BR T IR bR TR L TR BiR 5| A B LT
RGBT LS, RN 0 BT A o, 1Y E R AR 8 s 1Y 8 3T
(Pass Band) , 7 ] BW /R~ H 35+ 3 & (Band Width) , Bk , A BW=0w.—0=w_., &
X w. HE ST ZE (Cut off Frequency) ¥ 4 1 #5435 B& 351 2 (Roll-off Frequency) .
A A E B2 AR5 WA /N TR B 0 <<o, I AR5 AR 5 0] DUGUR] b 58 5o 3% —
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P2 5 Mk A 525 5 BOBUR R TR, B 0 > o, B A i A S 2 1 BEUR) 4 36
RN BR S (Stop Band) . (AR i U — N A BEE B3 S T LA M O i A9 4 B gt
bR SEBR AR 2R A (55 AR A5 ORI SE i f ] e SR 2k

SR UL, B KE A B SR @ S T — Hrig B ae 19 = E B bs , el LA
JE P AR AT R g O 2

AR il 4 AT DL L RC IR I 45 B9 AR 2 £ o Co ) S DAY B i HH fEL s 09 A 32
R SR AR . R BRI R 9 2% R TS 4

A BE— 2P THE T B X IX — RC IRE R 2% R . e 3-4-2Ca) B, i T
TEHLZA C PismIF IR T B R B R Fe R i T LA Oy

NG )_V(,(ja)) o 1/RC W
1o *Vi<jw>*< RR, C)*‘+. o
R+R, e
= ! : | — arctan(w/w,) (3-4-3)
(0, /@) + (w/w)’
RR v . .
S, = (ke C) SO I 2R TR 5-4-2b) WL A R
L

LT BEE AL R, B/ (o, 22D i 55 B9 B0 23 W I e 1 4 1
il 28 T F- 22 190 28 1) 3 A3 TR B (01 B vR 91 A Y I 5K 05 5 T LA 36 5 2% 0 4% i
8 VR B 58

ING)| &
. 1.0 0,=©,
o) R : ®=1.50,
O T ©
il K 0.707 =20,
. 0.5
Vao) CT Vlio) []R|. 0.33
=3,
— - - O
° 0] 05 1.0 15 20 25 30 ©c

() (b)

2. RC w51 % 2% (RC High-pass Filter)
Xt RC HEER R ity 4 HE, R Ay i 1 L, SRR A RC i i 8 0% 2% (& 3-4-3(a)) s
HEB B R R

) 7V0(jw) - R o w/w. T
N Gew) = V.(Gw) R+ 1/jwC 7wc + jw o N+ (w/w)? / 2 arctan(w/w,)
= | NGw) | [o(w) (3-4-4)

O FE b R AR R A 4 X R S A AL AR S MR B B R ) ) e — A
B i S (Transition Band) . iX A>3 B4 | 8¢ % 19 1 RE B



EI3E EZRTSEBINW
Sinusoidal Steady-State Analysis

Hrf,w, =1/RC, [N Gao) [ M st CReE i Z a0 3-4-3(b) 7R 5 ¢ (w) A A AT
PR PER LR TN E 3-4-3(O) i),

c

o 11 & [NGe)| o(w)
+ 11 i R i i

P

0.707 ___I

V(o) ’l] vigor | N

|

: -2 : -0
= = Ul 1 [N 1 [N

(a) (b) (c)
K 3-4-3

GO Y 0 =01, INGo) |-, =0,0(0)=90"; Y o=w. I, [N Go)|=
1 ; ey
ﬁ:O.7O7,¢(wC):45°; 2 w0l [N Ga) [ > 1,90 (w) >0, 2T — ik 8 5E 3%

#tsw.=1/RC REAEMRE GBI R o >w, . FH0E R PE M2 b b A AL S
H 4 A AL s FLAE 90°~0 3 B AL, ok 3 i I 2 Ay 8 BT I 4%

(6] 3-4-11  F—A RC Al 38 3% 7% F1— A~ RC ey 3 8 U 4% 09 A 80O F B, AT DL SK
I — A5 BELUE Uk 2 o A0 3-4-4 () T 7, I U8 5 4 Ak T 47 3% 3K 88 (Twin-T Filter) ,
TR L s A% 38 R K, O P T O A e 7 K

LR OUR b

I Il A :Jmf ¥,
b ] ] 7 Lz Y
o c
V; RI2 Vi [Hy(jo)|  |Hjo)|
R R
2 w/my
1 L | 0
(a) (b)
B 3-4-4
. W w,=1/RC, HH EAG 1% RET LLRR A
. V,Gw) 1—(w/w,)?
H (jw) = — = (3-4-5)
YTV o) 1= (@@’ + 4w wy)
1—( )’
| H(w) |= w/wy (3-4-6)

1+ 14 (w/w)* + (w/w)"
Wi A e 7 T R A 3-4-4.(b) 7 s IR A TE 0 =, I X5 5 4% fi A AR 9 110 BHL 151
JH s A7 BHL g % &% (Band-Stop Filter) , (A B #2158 0 5 4%, RIS 8 & XL M
26 115k 4 0 A A B AT R BROR AR
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3.4.2 Brikik %% /Second-Order Filter(Band Pass,Band Stop)

TR AR A A ST A B A T v RLSE A G w0, <o <o, HTE SR
HIAE SO BB A 0, <o <w, TITAE NG S ISR IIRE . B I8k % 1Y FE vk
SRR 3 i R R R Z A R — A AR bR BRI BR T
W AS 1 e W 2 A 28 B i ) B DB A« RLC 18R FRLBS AT RC e 45 v 11

1. RLC HHX &P LI (RLC Series Resonance)

WE 3-4-5C) iR i RLC B33 W 2%, 27 BUHL B R b /% W TR kg i o vl P, D) %
LN )
Vi Go) R
V.(jw) R+j(wL—1/0C)
M B-4-D W53 BETT WL Y w, =1/ /LC WA E 55 K, Be B I 45 1 B B o &, 7= 2 i
RO, B AR w, FR M 1 3R 351 2 (Resonant Frequency) , H{

(3-4-7)

NGw) =Ky (jw) =

Q=w,L/R=1/w,RC (3-4-8)
WX (3-4-7) AT R Ny

NGw) =Ky (jw) = ! =Aw)/¢p(w) (3-4-9)

Wy

1+ 2 — )

W w
_ 1 S e I et _ W Wo, 4
Hr Alw) = NIRRT s @ () = —arctanQ (***)ﬁ*ﬁﬁ%
1] w
Jre(e=2) |
W w

P, HEE R 2 R T 3-4-5(b) FIE 3-4-5(0),

o) L ¢ ING)| o) v
_._H'w\_| 0 - QOONQZ]D l i
+ +
0707t == )=1/2 . ! z ws
v () 0 g Ve Vo

R | |Vr(io)

0 @) 0 0 ® 2 U R
(a) (b) (c) (d)
3-4-5

M AT DU B IR w, BRI M 400 e 0 il 2 B 5 T O X S T AR
PR w, B, 2B T, P, WK o, #0352 (Center Frequency) , 7E H .0 i

P, 4 A(w>j§0. 707 BF X5 BB R w, Fw, 2350 FR N R 2% B T B LE 8T

@ WyBE b 2GR BR AR R G0 A R — SO AR SR 30 Rk 3l 7 A A R I R R X R B R
P S o HL B T A B0 ) LA RSO A o BT 2 38Rl 1 AR A T S G T A RS IR R S N ) IR T
e 1% 338 RBRC ) A 328 30 08 £ L D BB R T R



EI3E EZRTSEBINW
Sinusoidal Steady-State Analysis

W, =w, { 1+ <%>Z ZICJ , Wy =w, { 1+ (%)Z —Q—;Q} (3-4-10)

P 28 B3 A A BW =, —w, . FA X PR R4, >0 LR Ch & il iR R 88 (3
BR, RiEXG-4-104
BW=a. mor=g & Q=py =, o,
AG-4-1DHFTAMPH BW 5 Q iR e, Q KA 56 BW /)N, ik I3 il 28 72 8 3k
W w, BT AT R AR 450 o Do) 2% 110 BB AT M B 4 L BT D L Q L B R /N AT AR B 3 A 11
BRI FR Q o fh B B 8 (Quality Factor) , H1E X (3-4-8) A1, M HiFE R 5
Q MR LR /N Q MR, F AL [, TR IR PR A, I 2% v B 6ifh BE 7 FL 25 F1 R R 2 ) A7 A
M FEARFNE Z [0 A R ACHe W 4% ) 35 01 & SR vl 0 4% 7 — A J81 10 1 1) e R A e
FPFE 2 LR B R i L PR I &R BT B 800 7™ A o2 U
W) £ 77-fifh 1) RE et 06 1
— A JE A PN ) 285 3 FE 1Y RE
IR I 4% 11 £ E
:*“%ﬁQ@i%%iQQMﬁ% (1D
M3 (3-4-12) 7] LUHE 5 9F 345 20 (3-4-8) A1 (3-4-11) EXF FH E 24 A9 RLC H
% 20 (3-4-11) B f T+ F ot 400 it 47 TR b AR B & 5 3K (3-4-12) Y HE A 11550 45 S
FE A A A .
RLC #8285 76 K A i IR (0 = w, ) B 45 114 BEL BT 52 200 f BH M 9 38 310 de KM
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8] LB RC % 55 H BH T 4 21 B8 r M BR324 189 SCERAR S vl DA FH 7 L 35 U
P HL A D i A ] 3-4-8 () I /s (RC JF I S Bt 1T LUJ&E RC BRI , R — >
AR BB . By b AR IR B P A ) SRR 2R, =R, 0, =1/RC, I}
TE w, BHEAR vpe=0,/3vq=wvp =0, B A AHIE]

SCERATR Y B R R T2 AE N RC R % 4 14 1F 515 3 431 I 4%, 1 8] 3-4-8 (b) fiT 7R,
P H AR S RO SR R B B (AR B 10 F) v, ~ 0, TR 0, BHEA v,
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Summary and Review
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Topics of Discussion
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Exercises and Problems

3-17 A 3-1 iR i B (— 9RO B RC HL P,

D Rty EATE V. o) B FIRLTE V. o 0958 (o557

(2) p AEAF 200 Fl A H B A8 (197 o Fi B 2 AR 10 Rl 7 A A 4 T Bk
M7 (y=>1/2,2p—1)/9RC)

The RC circuit contains a negative resistor of —¢R in Fig. 3-1.

(1) Determine the transfer function V, (w)/V (w);
(2) If the circuit is steady,determine the range of y and the circuit’s pass-band.

V,(Gw) | . -
32" i@@&z%%%%E%ﬁ@ﬁHﬁm:VTLnﬁiﬁ@Mﬁ%ﬁm

PR 2, SR 8% RT LR AR IR 2 0l T O G IR R, FAF Y BW,

1 R+r, R+r, 1
[ e L ) [ TTRUE R o, ) 2013 SR

V.,Gw )
V. (Gw

its amplitude-frequency response. If resonance could happen in this circuit,

Determine the voltage transfer function H (jw) = in Fig. 3-2, and draw

determine the resonant frequency w, and the bandwidth BW.

R

+ +
V(i) -nR R = +

Vo(jo)

|
1
_g..

15 8] (Fig. )3-1 5 &l (Fig. )3-2
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3-3° A 3-3 SR IR A RL H

(1 REABAIE BV, o) ([ (R/L.))
1
(2) SRPAMSEEHLIE W0 5 0 b s BRI . ( o O.R/L))

Fig. 3-3 shows a RL circuit driven by a voltage source.

(1) Determine the voltage V, (jw)across the inductor;

(2) Let the voltage and current of the inductor be the output signal respectively.
Determine the transfer functions and the pass-bands.

3-4" R 3-4 RGN RC .G F1C NIESH,

(D AVHAEEMBIE V, Go) 85 E S, KB r1E 8 R8-S @

1 .

(mv(()’(]/(/))
(2) AV AR I, Go) N AR S, R E 0% 38 RS 8 0.
1 .

(m»(G/(/, ))

Fig. 3-4 shows a RC circuit driven by a current source,and G and C are positive
parameters.

(1) Let the voltage across the capacitor V, (jw) be the output signal, determine
the transfer function and the pass-band;

(2) Let the current through the capacitor I, (jw)be the output signal,determine

the transfer function and the pass-band.

R
g +
+ . : Voljo)
) Vy(jo) . 2
vio) () & 15o) (5
- ‘!“(.i(o} [“U (r))
BE (Fig. )3-3 BE (Fig. )3-4

357" WA 3-5 BN iy RC M HLES  SRAEA AR T V, (o) MV, Go) [F A
fii? WHART V, Go) /V (o) B HLERZZK? (1/RC,1/3)

Fig. 3-5 shows a RC frequency-selecting circuit. If V, (jw) and V; (jw) are in
phase,determine the frequency and the value of V,(Gw)/V,(w).

367 HLHESHUEE 3-6 BN,

(D) SR EME L IZ B O AR B DR PSR Q FIMAEZ AR S; (240 W,
—320 var,400 VA);

(2) Al 2% S P it P, T P AR R A
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A circuit is shown in Fig. 3-6.
(1) Determine the circuit’s average power P, reactive power Q and apparent
power S;

(2) Sketch each branch’s phasor diagram of current and voltage.

+i'_|(j (u)_fR{j ®)

24Q Ijw) j18Q
" (o) j | 400 15 A
+:'(‘ ] +,,U N 2
: “r(jo 71(jo
i) R I _j-3I(;Q s
-j50 Q
-o ——
Vi(je)
HE (Fig. )3-5 B E (Fig. )3-6
377 K 37T R, C =250 pF,L = I
170 pH.Q, =30.R, =30 kQ RAFS WM MAL, 5 | -

WA S IAE ab JUIMAJE ISR Q MK | B
AL

(D) SRIEPRAAR 5 (465 kHz)

(2) RIFZWIEANJGHEEN Q ., (&R MBS AT, /e T3 Q (HA [ . i#
TREEH 12, 7 I AERI S5 17, 3)

In Fig. 3-7,let C =250 pF,L =470 pH and Q,=30. The equivalent internal
resistance R, =30 kQ. Determine the resonance frequency and Q factor.

3-8 (2002 AFE AR H B P 3-8 Ca) I LR R A R AR 3-8 (b) TR

(D) RWRE v, (1)

(2) SRAZIBREL H (o) =V, G /V  Geo) Be FIE AT L I8 P 1m0 450 0] i 2 i R
fH Fe/MA L3 dB &0

(3) F5 1 12 00 45 2 fuf ol SIS Y 010 i gl 4% 7 A B I S8 L A AT 2508 ST S 80
((1+R/R),0,0.=(1/R+1/R)/C ki)

B E (Fig. )3-7

v NIV
A

-

g N ATt

D er Al —

v,

Ir'\+

(a) (b)
15 8] ( Fig. )3-8
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The waveform of the voltage source in Fig. 3-8(a) is shown in Fig. 3-8(b).

(1) Determine the output voltage v, (z);

(2) Determine the transfer function H (jw) =V ,/V_ and the pass-band. Sketch
the frequency response including maximum point, minimum point and 3 dB point;

(3) Indicate what kind of filter it is. Analyze how to increase the bandwidth by
changing the parameters of devised.

3-97 CUMIER T HLBR S HCNE K] 3-9 BN, & T
MGG 10 AREFETHINAS B o 100 V., 12U I AH &
PR, FH LRI VE B4 5 2 3 i 22 1 4% e 1 H s H, i AH
&1, B A5 45 vt s H A 4

The display of the amperemeter in Fig. 3-9 is 10 A,

and the display of the voltameter is 100 V. By using
geometric construction, draw the voltage and current - E
phasor diagrams of the elements in the figure, and then

B (Fig. )3-9
determine the voltage and current phasor.

3-107 WS 3-10 B o HFHRIE PR A e . TR

(1) TETE I I 5 H, 5 14 L 30 55 T F 0 D8 A8 050 P O

(2) TE YR I o Rl e 2 B A I S5 T H R IR IR AL ) Q £

Fig. 3-10 shows a parallel resonant circuit. Prove:

(1) When resonance happens,the current of the inductor equals to the current of
the current source;

(2) When resonance happens,the current of the capacitor or the current of the
inductor is Q times higher than the current of the current source.

3117 AP 3-11 Frzs b HR I PR LB . IR P

(1) FEIE RN, f BHF 0 v e 55 T e T8RS 9 P )

(2) TEIEIRAT, RECE 2 F A R TR IR IR R D Q fif.

Fig. 3-11 shows a serial resonant circuit. Prove:

(1) When resonance happens,the voltage of the resistor equals to the voltage of
the voltage source;

(2) When resonance happens,the voltage of the capacitor or the voltage of the

inductor is Q times higher than the voltage of the voltage source.

_ |
1
c
-
Kjw) c= I []R V(J'w)() Li
R
BE (Fig. )3-10 BE (Fig. )3-11
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3-127 A 3-12 2ZEES R, Ay, LR, EMHRE N IES.C,
BB, ODAIR. =1.5kQ,C,=10 pF,

(1) SRZH BB ; (0.1/R.Co)

(2) A TSR AE 8 AT PN A 501 SE A MR A0 P o T L SR JBC AR 4 e 9 1 43 e

The circuit in Fig. 3-12 is composed of a controlled source and a load resistor
R, . The output signal is the voltage across R, .and C, is the distributed capacitor.
Let R, =1.5 kQ,C,=10 pF.

(1) Determine the pass-band of the circuit;

(2) In order to obtain a flat amplitude-frequency response curve,what measures
can be taken?

31377 BRI AN ARIA] 3-13 B WA AL R, HLUBHE A LI

(D) SRALd A H (o) =T Go) /1, (o) 5

(2) M i (1) =[5+104/2 cost ++/2cos(20)] A BF, R oL IR & Hh 10 7 ¥ 0y %
(127 W) (2007 4E Bk IR A

A frequency selective circuit is shown in Fig. 3-13. The response is the current
through R,.

(1) Determine the transfer function H (jw) =1 Gw) /I, Gw) ;

(2) When i,.(¢t) =[5+104/2 cost ++/2 cos(2t)] A, determine the average power

of the current source.

1Q
R
Oo—0
+
; 0.75 H Gy
V; 2.V = []Rl_ L 3 F
o—
M (Fig. )3-12 M (Fig. )3-13

3-14""  ZE WA LG {E (Visible Light Communication, VLC) BT 28 45 G i
&l 3-14(a) iz, Horb B3 O 250 & 06 A (LED) 75 1E 3 TAE s b TAE , &2 A5 5 ik
SR LED [ % 608 B i % a@% S EB?T%?@‘E LED 11 B i A8 AR AR e s A HR 58 42 i
2, H ik VLC R 50 0] LAAE T 2 IR 5 K A ) B 52 B0 o 58 15, I HL A 38 15 ol 3 o IR
PO O TR, R T{’lf LED i, % 1) {8 18 /M 5 LB A 5] 3-14 (b) BT
Hir R, iy LED WNBH,C 2 LED Mg5 2. #57 LA V. Go) N I e Geo) 00 S
R FAL R H Ga) =1 11, Gw) /V, Go) s 3550 B B LED 98 il 77 58 /) P2 K 7] g
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RO TT . (BRAE . BRAS)

Fig. 3-14 (a) shows a typical Visible Light Communication (VLC) system in
which the DC bias provides a working point for the LED, and the AC signal is
transmitted by altering the luminance of the LED light. Human eyes cannot feel the
flicker due to its high frequency, so the VLC system can realize illumination and
high-data-rate communication simultaneously. VLC has drawn extensive interest
because of its advantages of high transmission rate, enhanced security and higher
immunity to electromagnetic interference. The limited modulation bandwidth of the
LED (ranging from several MHz to dozens of MHz) is one of the challenges for
VLC. Fig. 3-14(b) shows the small-signal model of the LED driving circuit in which

R, is the internal resistance of the LED, and C is the junction capacitance of the

| Base Station |

Ceiling ;_ N
Receiver —_——— | Il I~
e I 1
1 .. ‘
R S

~
- 1,

| ("" AC signal == DC bias
|
|
§ [
User transceiver I o
i sl el M = —
(a)
____________ 1
- LED |
|
| Ry |
T  S— ) T
I i Ep(f) |
| |
| |
Al i I |
| ] |
| £ |
L e e e e e e e - — |
"
VM()

(b)

15 K] (Fig. )3-14
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LED. Let V,(jw) be the input signal,
transfer function H (jw) = I zp (jw)/V, (jw ), analyze the cause of the limited

and I,z (jw) be the response. Determine the

bandwidth, and offer the potential solution.

3-15° R 3-15 L g E M R. =4 Q,R. =4 Q,C=2F,

(1) SRR REH Go) =V Ga) /V, Go) o 58 P05 P 2R, 25 Hy iy
S EE 1
L <2+j8w>

§ 5
(2) # v, (t)=10cos(z)+100sin(100z) VRN ve (1), ( cos(t —arctan4) +

1
gsin(lOOt*arctanZlOO) V) (2009 Rk )

=4 Q,R.=4 Q and C=2 F.
(1) Determine the transfer function H (jw) = V¢ (jw)/V, (jw ), sketch the

In the circuit shown in Fig. 3-15,R

amplitude-frequency response curve and determine the pass-band.

(2) If v, (t)=10cos(z)+100sin(100z) V,determine v (z).

3-16"" SR 3-16 B BE AL 2 s 2 H (jo) =V, (o) /V, (jo) s % R, =
R,=100 Q,L,=L,=1 H,C=100 puF,v, () =100cos(100z) V,3k R, KN IFK,
(12.5 W) (2010 4FEFk LD

Fig. 3-16 shows a frequency selecting circuit. Determine the transfer function
H (Guw)=V,(w)/V,(Gw).Let R,=R,=100 Q,L,=L,=1 H,C=100 pF,v, (1) =
100cos(1007) V,determine the power consumption of R,.

L,
R, R 1
3 1 l 2 ?_ _?__: |! ot ; 3
C C
(1) ('T Re| | veln v(t) Ly fl‘e Ral | wali)
o o o +—o

B & (Fig. )3-15 1 (Fig. )3-16

3-17" R 3-17 By L

(1) KM EE H Go) =1 Gaw) /V, Go) s TR Y TS 800 24 R W
RS W TC K (CRP=L)

(2) % R=1Q,L=1 H.C=2 F,v,(t)=10-+5cos(z) V Bf, 3} [ B 7 (2)

(IOJrSfcos(l*arctani) )(2011 ARk

A circuit is shown in Fig. 3-17.

(1) Determine the transfer function H (jw) = I(w)/V, (jw). If the transfer
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function is frequency independent, determine the relationships of the component
parameters;
(2) Let R=1 Q,L=1H,C=2 F,v;(t)=10+5cos(¢) V,determine i (¢).
3-187 Al 3-18 Pron i, (1DRAGEREL H (o) =V, (o) /V. Gw) s (2)EE

1

] S 0 23 g o7 A fh 2 i R ( ,BPF) (2021 4F Bk

1
3t+jlw——
w

The circuit is shown in Fig. 3-18. (1) Find H (w) =V, (w)/V (jw). (2) Draw

the frequency-response curve qualitatively, and point out the filtering characteristic.

+0

C
Il
11
]
— .| e
vi(1) R R gﬁ ; 10.1 F==
]

- i(f)

L i e e e O

B (Fig. )3-17 WA (Fig. )3-18

3-197 BUFE T A BB R e (D/A)
R T TR LA S 0 o B M A S,
K 3-19 RGMER P /R - il 0 I s 1 CR A F H 1 (Fig. ) 3-19
2 A E BT — A1 0 L %l A P
S 2 BT R R IR IR R . (2021 ARRKIED

Digital signal is converted into piecewise-linear signal similar to analog signal

DIA > R o

through a digital-to-analog converter (D/A), as shown in the block diagram in
Fig. 3-19. Using passive devices (no less than two) , qualitatively design a smoothing
circuit to make the output signal smooth and continuous, and point out the filter
characteristics.

3-20"" g3 A i L R PRIUAN 8 RLC I35 Fi 3 10 o 17 e 1 0 0B 45 5 3 ) S
Sk, 435I LPF . HPF  BPF I BSF., [6] #, 43 #7 % £% f1 s B I 805 1 RLC e Bk
HL B

Analyze the frequency responses of the RLC parallel and series -circuit
respectively. Select the appropriate positions of the output plugs to construct filters
of LPF, HPF, BPF, and BSF respectively.
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