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CHAPTER 1
ik i DAL

1.1 7 F % A154

1.1.1 @RI 2 B L 2= Bz i

MIEZENEEICEWT, V=71 DNV —T7ENi% [, TEEEZ V, £32L (=
1,2,---,N), ¥Ltky 7OEHMED,
Znh + 20+ + ZAnIn=V1
Zohh + 22+ -+ ZonIn = Vs

i+ Zvolo+ -+ ZnnIn = VN (1.1)

IT, 3= i DA YE—=H VR (self-impedance), Z5; &V —7"7 & j OHED
AV E=Y U ATHS, VFRXINDAT, (Cramer’s rule) K D EFICOWTHE, 01D
TR A 25 i % (i=1,2,---) TEHTSE,

A 1

I = Kl = Z<A11V1+A21V2+"'+AN1VN) (1.2)
AY) 1

Iy =—= —<A12V1 + AgaVo+ - + AN2VN> (1.3)
A A

Z 2T,

2 Zo 2N
a@le gNz gNN



%7z,

Vi 2 21N Zn N 21N
Alz‘% Z9o 2%N’ A222%1 Va 2N (1.5)
VN 2Nz ZNN Zn WN ZNN
2L, Ay BT A ICET 2 25 ORNT2RT. wE, XOLERD X ) ITL—7"1
CoARERLRZEH Vo=Vs=---=Vx=0) $2 L8l I, )3,
6=y, p=Sty (1.6

7, A XN —T72IcOREBTREZER V=V =---

—Vy=0) T3¢ 1,

i,
A21 AQQ
If = TVQ’ Iy = TVQ (1.7)
I 2 LB g 2 L
o—— ————O0—|
A VL + s il {7
—o— Lo
1’ 2! 1’ 2!
X 1.1. EBEERZ B L 7l
Nk, Fo—or@ELAEDLEY 5L,
A A
Li=1+ I = =0 Vi+ Ve = YaVi + Yl (1.8)
7 "o AIQ A22 _
L=hL+1I= Tvl—i_f‘é =YuVi + Yol (1.9)
iy 2 L
it YL 17
1’ 2’

X 1.2. EhRabE=NK



fIolERd % &,

(@:(QiQQGQ (1.10)

HBHWIE, bo L%z

I=[YV (1.11)
I,
I Yii Yo Vi
I = , Y| = , V = 1.12
(n) m=Gi ) t (12

EAo [V] 27 R4 > 2175 (admittance matrix), F721& Y 175 (Y-matrix) &9,

1.1.2 RifgEEEN 7 F S A
7 R 38 v ZTHEEOWIINERICOVWTEL LS. T,

I Y11 Vi 4+ YiaVh

— = =Y 1.13
Vi lv,=o Vi vmo (1.13)
I Y- Y-

72 _ 21‘/1 + 22‘/2 _ Y-22 (114)
Valvi=o Va Vi=0

2T, Yy, Yoo ZREIREREIS T K S22 X (short-circuit driving point admittance) &
W9, EREIE T K422 X (driving point admittance) IFHIZT FIF VR EF-oTH X
{, =2DFR—FIBIF2Y =V/[ICX>TEHRINDS,

1.1.3 RifBETFI A

F 7,
I Y] Y
I _ 11V1+ Y2 Vo — Y, (1.15)
Valy,=o Vo Vi=0
I Yo1 Vi + Yoo Vs
12 _ YaiVi+ Yoo s — Yy, (1.16)
Vilv,—o Vi Vo=0

2T, Yo, Yo ZEHEEET K S22 R (short-circuit transfer admittance) &V>9 . P4
R EICBITIA D L) E L2 200 R — MNEOETE, BHROBGRZZITREOB
HOMEEREEL (transfer function) TH 5.



1.1.4 7 F 3 ¥ v 255Dk

FHZEIEEE (passive linear network) Tlf, HHREIE (reciprocity theorem) (FHiE
M) AT 506,

Yis = Yau (1.17)
Tbb [V IEWHIT5C, EKEFTS (transposed matrix) % [V]T £33 &,

¥] =[] (1.18)

1.1.5 2 e mlg

RO D & 9 7% 2 iHFXtEEE (two-terminal pair network, two-port network) %% 2,
Fh OB, Eie 5 AL L SICHFARICTY RS ¥ v 2702 O TRT I ENTES
(Vi, Vo 3BT DOEE).

GD:<%QQQG® (1.19)

1 L 41_2 2
o——— ——o0
Vl‘ 2 I Xt Bl ‘Vz
o——— ——0
Iy 2!

X 1.3, 2 di 7ol

1.1.6 i -0l
LT R ECHRIE T B &

I Yn Yo -+ Yy Vi
[:2 _ Y:21 Y:22 o Yoy Vz (1.20)
Iv) e Y o Yaw) \Va
Ik,
i = Y] (1.21)



Yiin Yo Yin

Yor Yoo Yon
Y] = ;

YN Yo Ynn

1.2 4 =¥ 2§74

1.2.1 JEWEMEE 2 Bl U 7 B sz Bl s

TEFRIIR 2 Bt L 72k 2 E 2 5.

2 1 2
—o o—
L® yy| | seEBEE ‘Vz' + Vi ‘ WEEBER | |, ,,;AD L
———O0— —o 0o— —o——
1! 2! 1! 2/

1.4. SEHEHLI 2 Hebi L 7 Inlk

FoEREY V], Vi ZKRD, GRILD VY, VJ 2K, HROIH X HXOFEEEIRES
ns,

L® | | weEwEs | |y, DL

L o o——
’ 2/

1.5. DRl

nky, XArHons,

‘/1 — ‘/1/ + Vi” = ZHII + 212]2 (122)
‘/2 = ‘/2/ + ‘/2” = 221]1 + ZQQIQ (123)
ol T3,

Vi Zn Zi2)\ (I
(‘/2) - <Z21 Zzz) (b) (1.24)



HH0IE, b o L%
V= [I (1.25)
Z 2T,
le ZlQ
| = 1.
2= (5 72 (1.26

ERXo (7] #4042 E—4> X175 (impedance matrix), %721k Z 175 (Z-matrix) &£\ 9.

1.2.2 BHBEBEN 4 v E—4 v A

A v =%V 25O BEOYBNER I,

Vi _ Zih + Zo1

— =7 1.27
I ,—o I I,=0 H (1.27)
V- Zorl1 + Zosl

V2 _ Zal 92915 — (1.28)
Il —o I, 1,=0

22T, Zy1, Zyo ZHBERENISE A~ E—4 > X (open-circuit driving point impedance) &
VWY, EREsE A Y E—4 > X (driving point impedance) IFHIZA Y E=F VA EFHTH
£, =DODFR—FIEBITE Z=1)VICko>TELINS,

1.2.3 PBHUBEAL v E—F VA

* 7,
Vi Zu Iy + Z1o1
Vi _ Zuh + Z12do — Zuy (1.29)
Il —o I 1,=0
1% Zorly + Zoo 1.
Va _ 4y + Zogls — 7y (1.30)
I ,—o I I,=0

ZZC, Zia, Zo ZEWIGEA > E—4 >R (open-circuit transfer impedance) & 29,

1.2.4 4 =% 25Dk
HREE (reciprocity theorem) (FHERH) 23327 554,

Z1y = Zon (1.31)
191 [Z] DHEEFTH] (transposed matrix) % [Z)T &3 % &,

2] = [2]" (1.32)



1.2.5 ZH o4 > E—5 24751
BRI LT, S REE IR T 5 &,

Vi Zu  Zyw o Zin\ (L
E R am
VN Zj.\r1 Zj.\m - ZNN I;V
Inky,
v =[Zi (1.34)
I,
Zu T Zin
I e (1.35)
Z].Vl Z].VQ ZNN
1.2.6 Y 5AlL Z i DBER
¥ 7,
V=[Y]""=[Z1 (1.36)
Znky,
2] =[y]™ (1.37)

A v E=F VAN T K 28 0 270D TH 206, £ Y E—=F v AT EEIZ 7
F3I&ATHNEEDPSRDEIICLTRDE I ENTE S,

~1
Zu Ziz) _ (Y Y _ 1 Yoo —Yio (1.38)
Lo Lo Yo Yoo detY \=Ya1 Ynu '
H 50T,
Yoo —Yi2 —Yo1 Y1
Ti= 2 Zy= 2 g, T g 1.
1 det Y 127 det Y’ 27 qety’ 27 JetY (1.39)
Z 2T,
Yii Yio Yoo Y
detY = = = = — 1.40
¢ }/21 Y'22 le ZQQ ( )




—_— 1.41
Yoo Zn (141)
Wiz,
—1
Yu Y2\ _ (Zun Zi _ 1 Ly —Z12 (1.42)
Yor Yoo Zo1 L det Z \—Za1  Zn '
X0,
Zo —Z12 —Zn Zn
Yii=—"">  Yio=—=3=2= Yoy = —=. Yo = 1.43
U7 detz2? B detz’ T detz? TP detZ (1.43)
kb,
Z11 Zi2 1
det 7 = = 1.44
¢ Zor x| detY (1.44)

1.2.7  JEARITH (1538155, Hitweds o)

2 M NI, SRHCB T 2 EA KA —HlE LT, RDOXIICET MR L2
%\ (Bt —L 134 Y E=F VR« PRI ATH L I3 EICER).

() (e 2) (%) e

1,1; 4é_2
o——— ——o0
14 2l FXS[El B V,
o———— ——o0
1 2!

B 1.6. 2 Syl

ThbbH,
Vi = AV, — B, (1.46)
I, =CVy — DI (1.47)
I,
A B
[F] = <C D) (1.48)



% i F175) (four terminal matrix), F 1741, ABCD 1741, E&1T% (fundamental
matrix), 1T (chain matrix), BB « BIRDOEEITS (voltage-current transmission
matrix) &9, £7%, A, B, C, D #VWiuf-#OVUER, H20IEMETERE .

1.2.8 Wi - E 8L

WX, HATIIZ

(A, B
LT, VEROWBINERE L LK
Vi A1Vy — BI
L S8R TR 4 (B (1.50)
VQ I>=0 Vl 1>=0
W AR BL g e e s 7 (1.51)
—]2 Vo=0 _]2 Vo=0
I — Al
L _ OV dbl o gy g (1.52)
VQ I>=0 V2 I>=0
1 CVy — Asl . .
SLL = ZETAREY D T (1.53)
—IQ Vo=0 _12 V=0

1.2.9 R, BHLEATL vy E—F VR

U 2-2 2K LIEE (Vo =0) DANA VY E=SY VR Z1,, BLOBHKRLAEE
(I, =0) DAIA Y E=F VR Zi; I3,

i A1Vo — Bls B
Zi, = A2z Sh 5 1.54
! Iilyv,—o CVo—Aalaly,—g A (1.54)
Zi = i - AVe — Bl - A (1.55)
A = CVo—Aslil,o C .

HAITHN DHATIN DT,

(_V;J = [F]™! (‘2) (1.56)

Z 2T,
1
o (A BY' 1 (A, -B
F = <C AQ) Cdet F\-C A (1.57)
ez —L»o, - E%5XHLHT 5L,
VoY 1 (A B Vi
<I2> det F (C A1> (—[1) (1.58)



ZAE, VUl 2 R KR L 7 & E DHALTAICH D, iR TIE det F =1 TdH %

05,
() =(e 2) (%) ns

INED, Wit 1T REELZEE V=0 DATIA Y E=F VR Zy,, BLOBKL %
2:% ([1 = 0) @]\jj/f ‘/l:°-—§7°‘/)< ZQf 03:,

Vo AVi — BI4 B
Tos = 22| = 22T onp 2 1.60
? Lily,—y CVi—AiLly,—y A (1.60)
Va AVi — BIL Ao
2.2 _ _ A 1.61
2 -[2 I;=0 C‘/l - Alll 11=0 C ( )
EoT, FUC AL 2 A ICRIAL 2B E e %, TN DFER XD,
AP Lo BC A1Ay —1 1
— = = =1-— 1.62
Zlf ng A1 As A1 A, A1 Ay ( )
£ -7,
Zlf ng
A Ay = = 1.63
YR T 2y =2 Zay — o (1.63)
le ZQS
BC = = 1.64
Zlf_le ZZf_ZQS ( )
1.2.10 Y 134, Z 135 & AT DBYTR
Y 7P oRXE 2L T,
Yoo 1
= —— —1 1.65
Vi Y21V2 + Yo, 2 (1.65)
Y11Yo Y1
I = (Y9 — —1 1.66
1 ( 12 Yo, >V2 + Yy, 2 (1.66)
FIREIC Z 771 DR b BT U CTERARITH & g3 % &,
Yoo  Zn
A—_2_%u 1.67
Yo Zou (1.67)
1 det Z
B=——= 1.68
Yo Z (1.68)
detY 1
C =— - 1.69
Yoy Zo (1.69)
Yii  Zy
D=——"=-"= 1.70
Yor Zm (1.70)

10



fIolcs td s L,

I S A £ A
w“—mQMYYJ_

22T, RADD O,

Z12

det F =AD — BC = —= ===
Yo

Za1

1
Za

Yo

Zn
1

det Z

Z99

)

(1.71)

(1.72)

AGEREE T, det F = AD — BC = 1WA, MVAZHIZ3ME RS, BEESNREL S,

Yi1 =Yy (1.73)
Z11 = Zoo (1.74)
A=D (1.75)
D, MNARERIZ2ME RS, Wi, £ v E—=F v A THEFEARITAICHRT L,
_(Zu Zi\ _ 1 [A detF
121 = (Zm ZQQ) - C (1 D ) (1.76)
kb,
B
det Z = ZHZQQ — ZlQZQl = 6 (177)
I6lL, 7RI VARITHZERITIITERT &,
. 1 ZQQ —Z12 o l D —det F
Y= det Z (—221 Z11 ) B (—1 A > (1.78)
1.3 MHNRIA—%
1.3.1 AffE AL v E—F Y ZDBRIZOWT
HAITINTEH Z 6 1T B 5K
Viy_ (A B Vs
(1) (& ) (%) @

2% 2, NSNS Zy, Zo 2¥Hid 5. £9, AL 2 o fikklEs e W A4
‘/t°—§7“/7\ Zin,l Ci, ‘/2 - Zg(—IQ) J: b,

Vi  AVa+B(-L) AZy+B

Zin1 =

L CVa+D(=I)  CZy+D

11

(1.80)



—75, W SRR RIE 2 Rl ATNA VY E—=Y VR Zi o ZRD D70,

o\ _ (D —B\ (W
-I,) \-C A I
EERL, Vi=Zi(-1) &0,

Vo, DVW—BL DZi+B

Zin = 7 = =
2T L T CVi— AL, CZ, + A

D &) SR RIS AN 2., Z, 8T 5.

Z1 = Zina
Zy = Zin2

ib’

(CZy+ D)7y =AZy+ B
(CZy+A)Zy=DZ, + B

E S SR

W%, #Zx U, DZy=AZy. TRl L, Zy, 713,

AB
Zy = ==
! CD
BD
2=\ ¢

[ 7%% 6, A=D WX,

B
Z]_:Zz: 6

1.3.2 BRI AXA—YDERE

(1.81)

(1.82)

(1.87)

(1.88)

(1.89)

W ICEAT Zog ZEMEL 72 L &, AT O HICHIATIA v =5V A0 Zy,
A FICERT Zg 28Rt L 72 L &, WD SEICRIEANA v E=F VAN Zyy L5
LHICTERETNL, BLADUTICBWLTIES & 9 EHOMERD X)) LRRICE2DT,
Zot, Zoo B8R Y E—4 > X (image impedance) EWESR, ZDEED Zy, Zp 1%, T

T2 (1.88) TR EBH T, FHilT s L,

AB
Ty — 4] ——
01 CD
BD
Too — 1] ——
02 AC

12

(1.90)

(1.91)



¥, Ahonr—vEhHED,

0, Wil
Va(—1s)

e

(1.92)

EBVWTERING 0, (HFL) 2RMFEEE (image propagation constant) &9, %
LT,

Vi=Znh (1.93)
Vo = Zpa(—1Ia)d (1.94)
£0,

0, — 1o < Vil ) _ 1y <%> o ( I /Zm>

1T gk Va(—12) g e (—12)*Zo2 B I\ Zoz
1 V2Z02 Vl ZO2

=1 L = log -— 1.95

g e <V22201> <V2 Zo1 (1.95)

BT, EROHE L TEEI,

Va [Zo2 _g
— = =—e " 1.96
Vi Zot (1.96)
I [Zo1 _g
— == 1.97
I Zo2 (197)

ZIT, O, =a+je LT B E, aneper] FHEZELFBEIIER L VW, ¢ rad] %
RUEGOMHEE V). £, Zo, Zog, 0, 2 % EDTEK/INT A —4 (image parameter)
E),

1.3.3 BT A =8 2\ TIEAR AR R
HATH 2 f»ClE, Bifiolizko s &,
Va = Zpa(—1a) (1.98)

£,

Vi AVa+ BZ02 AC
— = %02 — A4 — =—A4+ B \/AD v BC 1.99
A * Zm TPV BD V +VBC) (1.99)

]i:C%ﬂdﬂ+mim:C%yH%4MA0+D:¢A@@E+%ﬁﬁ

—1I —1I
(1.100)
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kb,

el = 1/E b vip 4 vBe
Va{ =1y

TNz TRT L,

L _VAD=VBC_ ap  yBe
VAD +BC AD — BC

_07 _

e

I 51T,
0, -0,
cosh 0, = 6+; =vVAD
o — e—0n
sinh 0, = 5 = v BC
%7,
ZOI . A
Zoo D

D= gzj cosh 0,
2%,
()= ()
Z 2T,
Zon .
. \/;m coshf,  \/Zy1Zpzsinh 6,

1 ) [ Zo2
sinh 6 ——=cosh@
V' Zo1Zo2 7 Zo1 K

14

(1.101)

(1.102)

(1.103)

(1.104)

(1.105)

(1.106)

(1.107)

(1.108)

(1.109)

(1.110)

(1.111)



jd‘%@% ZOl = ZO2 = ZQ 71;: 5 Ci,

cosh 0 Zgsinh 0,
=11
[F] A sinh 6, cosh 0, (1.112)

0

SR, BEA Y E— VR Zy, B y, REBRE | OESRREETE, = 4] LBV X
LB B
1.3.4 EEEMKEDHEc RSt

WE, MR TEREIN, fithiliiid % L,
Vg VaVa VN+1

Vi W
/ o0 / ot | ZON+1 _ PN+ e, (1.113)
Zo,N Zn
N
Oy =0y +0,0+- +0,,=> 0 (1.114)
n=1
[FARkIC LT,
—Ini1 Zoi _e
= e 1.115
I Z0.N+1 ( )

2% 0, EEOBEE N L 756, Bin T TOEADOMGA v E—S Vv ADEFELT

i, AT CORBRA v E—F VR Zy, Zony BAETHL LR D, £, ¥
BIZERITHM AN Z L2720 TRo oD, &k, fithitkh L Mo Ao — 8
JIEE

Vnii(=In41) VN+1\/ Ini _
— 1.116
\/ Vil \/ ( )

1.3.5  Hlperprnl i

MG RE E 2, WA v E—F Vv A% Z), BRE%EREZ 0, LL, Zh% 2%
395, ZoLE, TLoERE OGRS v E—Y v A% Z) LT 5, FITRLILD
2, ZOX)IaEEINEEO AHMIMOEERAL v =5 v R1F Z) TRE, #inkaE

15



D 0,/2 &%, 2k, EMOREERICOWTEAITIZRT ERD K ) IZRD.

| Z 6 6
Zz cosh ; \/ ZoZ{, sinh %
!/

0 Z 0
N h-2>  /Z%cosh 2
%aﬁm 2 Zo 2

C DO &2 KR, HDCIEHBRLIE EDANL v E=S VR 7,
% &,

0
VZoZysinh =

0
Zge1 = = Zytanh
2 Z(,) he’Y 2
Z cos 5
17 0
%coshé’ 0
Lyl = 0 = Zpcoth
2 1 hQV
S —_
ZoZb " 2
Wi, FLDE,
Zschocf ZO
£ T,
ZO = ZSClZOC
72 ’2
I DY o EBWVT
jo b sl Zge 1
tanh 2~ = jtan — 2 — 2
an 5 J an2 7 Zoc,%
Lo,
¢ Zse,x
tan = = | ———2
g 7

16

(1.117)

Zoes BRD

(1.118)

(1.119)

(1.120)

(1.121)

(1.122)

(1.123)



1.3.6 NI RXA—2 2R ITHD A

FEARITINDE. 2 5 NI B \WT, iz ki, H20IEBMLZ L E, 4 DATA
YE—F v RI,

D e = % (1.124)
Zr e = g (1.125)
oo — g (1.126)
oo = g (1.127)

=/ Zl,chI,oc (1128)

(1.129)

I
N
N
E

ISEI
l\|3| T|

=

SISIESIES

£7:, AD — BC =1 ("i#inlEs) 2Hw,

A B AD-BC 1 Zi,0c A

Z _Z = — — — = = 2 :—'D :AD 1.1

1700 1,sc C D DC _DC Z17oc . Zl,sc C C ( 30)

Zl,sc B -
Zl,oc Zl sc 5 pe=BC (1131)
L0,
Z oc T A sc

¢ =VAD +vVBC = Ve TV (1.132)

A =% v 2758 E 7, Z1o(= Za1), Zao ZROTHARA Y E—F VA Zy1, Zoo,
BB ERE 0 23,

17



7
Zor = /227
01 Z22 00

T
Zoo = 4| 227
02 le 00

Zoo
V21122

SES

tanh 0 =

7E,

Zoo = \/ Zo1Z02

=\ Z11Z29 — Z%,

Lkﬁb,&m@$ﬁ%@4>5—§72kﬁﬁﬂé.

(1.133)

(1.134)

(1.135)

(1.136)

1.4 HFIENEE

RD &9 R EREEDIARTINZ RO K 5. I, =0 &% 25 &) Aoz B 5
L, Zg & Z.WEIERLS N, Zy & Zg BEIERS 0, & SISl 2 WAL L 7 Rl

E5DT,

o

o

I

X 1.7. MBMg

(Za + Zc)(Zb + Zd) I

i =

1 1
L=0 737t 737,

— 1.137
Tyt Tyt Zot Zg ( )

18



SMDEEX Y, Z, & Z, BEIER I N7 7 v F I8l [, 8XKZ, & ZyH

EAIBEE S e 75 v F IS 2 8l 1] 13,

Zy+ 44
I = I 1.138
Y Gt Z) + (Zy+ Za) (1.138)
Z,+ 7
"_ a c I 1.139
Y ZaA Zo)+ (Zy+ Za) ! (1.139)
kb, Vi,
Za(Zy+ Z4) — Z(Za + Ze) ZoZg — T 7,
Vo = Z 0! — ZpI!! = — I, (1.140
2 1 ahh Zot Zy+ Ze+ Zy L/ A/ ( )
X o7, W 28D C 1,
I o+ 2y + 2.+ Zy
- 11 - 1.141
Valr,=o Zolig — Ly Ze ( )
¥ 72,
ZoZa — Zu 7. Zot Zo+ 7.4+ 7 ZoZa — Zu 7.
Vy = 1= Fvfe Lot Zp At Ady, 102 Vi (1.142)
Zot Zy+Ze+Zqg (Zo+ Z)(Zy+ Zy) (Zo+ Ze)(Zp + Zyg)
X oT, MW EHD A 1L,
PR R 7 £ DI C R 7) (1.143)
Valr,—o ZoLig — ZpZ,

KIZ, Vo=0&,%2% X)) LallofkmzE#HEST 5 &, Z, & Z. BEIEH SN, Z, & Z,
DESIESE S 1, S SISl 2 WEAIEe L Tt 2 fE L 7z lg & 2 5. ko' C,

1 1 1 1
1 1 R
%:(1 1'%1+1)h: fRRY SRR
Z Z (

d
1 1 1 1

%r*%)@%+zﬂ

_ (+..++.> ZaZvZe2d (1.144)
Za  Zy ' Ze ' Za) (Za+ Zo)(Ze Zg) '
ZZT,
Zy Zq Zb(Zc + Zd) + Zd(Za + Zb)
IQ = — Il + Il == 1
Zo + Zy Ze+ Zg (Za+ Zp)(Ze + Z4g)
— I T+ 2224
_ 1.145
(Za+ Z6)(Ze + Za) (1.145)
£ -7,
o+ I\ et Z
= Gt Z)lZet Za) (1.146)

— Iy .+ L,y

19



L7535,

oD (Zat )2+ Z)
27 Ll ZyZe— 2224
I 51T,
1 1 1 1 YAVAYIN Lo+ ) 2.+ Z
%=(+++) 2Zs o)l 1,
Za Zb Zc Zd (Za + Zb)(Zc + Zd) _Zch + Zde
1 1 1 1 YAVAYAYA
:<+++> 2
Za Zb Zc Zd _Zch + Zde
L7D> T,
\Z 1 1 1 1 YAVAYIY
B= "1 :(+++>bd
_IQ Vo=0 Za Zb Zc Zd Zch - Zde

1.5 Rl

(1.147)

(1.148)

(1.149)

1.5.1 7Y v Ik

SRS 7 2 iR Al (symmetrical lattice two-port network) 12X d X 9 7% 2 1

X TH 5.

B 1.8. MRS TG

Folglx, ROXIHI TV PHEETET I ENTE S,

20



»
o

B 1.9. 7Y v Chlig

1.5.2  XFME BN D IEARLTHI

£, L=0&t%2 L) IHmZHRT 2 & Z) & Zy DEINERD 77 v F D5

eI nzmg L &0,
L :Z1+Z2

1
5 1

Vi = 1 1
12=0 Z+Zo + Zo+Z1

COWHEHRE S Ll 77 v F IR D EIRIEAICEFE L /2 WA,

I I I Vi
2= 5% 54 2( 2 1) Z1+Zz( 2 1)
INXD, MR EBOBKR? N2 A C, BRERL A%,
I
C =1 _ 2
Volp,—o 22— 724
e Wi o+
Volb—o  Zo— 21
RIZ, Vo=0%,%2 X)) IHILZHEIKT %L
26 27149
Vl =1 1 — 1
Vo=0 71+72 Zl+ZZ
A Zy 41— Ly
I = I — I = I
om0 Zi+ s i+ 2ot Zi+ g

Nk, MWmTEROEMKERL D, kA v v—% v R B3,

D— i o Zo + 21
—DLlv,—o 22— 21

L Vil Vi L| 2% %h+Z4 257
—DLlv,—o ©L —Ialyyeo Z1+Z2y Zo—21 Zy— 74

21

(1.150)

(1.151)

(1.152)

(1.153)

(1.154)

(1.155)

(1.156)

(1.157)



LT, RFHS TR O SATI [F] 12

A B Zo+71 27271
[F] = < > — <Z2 Zl %2 1) (1158)
¢ D Z2221 Z2+§1
S v E— Y AFTH (2] 1, AL [F] &0,
N ZH Zlg o 1 A detF . Z2+Z1 L2=21 Zl

o= 2ot )~ (2 o
Z 2T,

det F = AD — BC =1 (1.160)
£ T,

Zy =21 — 22 (1.161)

Zy = Zn + 22 (1.162)
1.6 fa5E X OREEHLD H 5 il

HNZ DWW TiE B miikdt Ry, T L,

Vo = =I5 Ry, (1.163)
ASNZDWTIE, Ko X)) ICEERPERIN WS,

Vi =E,— LR, (1.164)

o, L
Rg
Vi 2 i F I EIE V, R;
Eg
1’ 2!
¥ 1.10. HHHEE & OFmEHLE B L 72 nlik
¥/, BERO»D D ICERKZ#ERT % &,
Vi
I = = 1.1
1 Jg Rg ( 65)
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Ll 2 ﬁ
Je | [Re | 2mFxEss R,

I 2'

B 1.11. SRS & ORI Z Bt U 22l

FEEDIEARITH NG Z 5N TnwbHHDET B L,
V; A B\ [V
()= 2)(%) 1160
FRic Vo = —LR, ZRRALT,

Vi = AVs + B(—I) = (ARy, + B) (— ) (1.167)
I, = CVa + D(—I) = (CRy, + D) (—I») (1.168)

R 2 Eaft L 7z Blpglcdt LTid, 3 (1.164) i EXZ2RAL TV, [ ZIHET 5 L,

(AR + B)(—I2) = E; — (CRL + D)(—12) R,

- (ARp 4+ B+ CR,Ry, + DR,)(~1,) = E, (1.169)
kD,

—1I 1

= 1.170
E, ARy + B+ CRyR;, + DR, (1.170)
Vo =D Ry,
L 2R, = 1.171
E, E, " ARs,+ B+CR,R+ DR, (1171)

—J, IR L 2 mE e Ui, R (1.165) i ERXERALT VY, [ 28T 3 L,

(ARL + B)(—15)

(CRL + D)(~1Ly) = J, —

Rg
- (AR + B+ CRyRy, + DR,)(—1I5) = R,J, (1.172)
Inky,
—I R,
_ 1.173
Jy ARy + B+ CR,R. + DR, (1.173)
Vo —1I, R,Ry,
i - T 1.174
J,  J, "7 AR, + B+ CR,R, + DR, (1.174)
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1.7  PRIZ)RE

1.7.1  EARTH)

¥, BEZESR (ideal transformer) (FHAZKER L b)) OEALTS] (F-matrix) %
Kz, HAZREEn: 1DLE, BEZ 1/nff, ERZ oG5 &9 2REZ RO Mg
T, 2 NN DFEARITAN L FRRICEE Vy, Vo, B L, L 2E&ET2E ([, I3
AT D 9 EI),

V= (1.175)
n
IQ = —nIl (1176)

kD, ERTIERD LI B,

()= D) i

Bl 21X, Bittin = Ny /Ny TEICEDPNT) T I8V ARTDODREC_DDa A )L (it
REL) ZERBZNEIFFELVCENERZ T2, WHZ ¢ & LCible § 5 & BREAE DL
LK DHEEN e, en 13,

dd

= —N;{— 1.178
€1 ldt ( )
dd
= _Noy—0 1.179
€2 2dt ( )
EXED, MooHEZIEEL T,
a_ (1.180)
Ny N
£ -7,
N2 €1
= ‘e = = 1.181
€9 Nlel n ( )
ZZT,
Ny
= = 1.182
n= (1.182)

1.7.2 A= R4

ROIEDHD K ) ITHIE E R 54 Y E—F vV ZDAM TG T 5 & NEGDVEL 5, #
MER sz Ao, fHEL A VE—SY VY RABEETES, HGOMDOANA Y E=F VA
24



Vi nVs 5 Va 2

i = — = =n’— =n*Z 1.183
[1 _nl 12 n _12 n L ( )

Arp LA

i -

Zo 7 Z Z. IVI BB 2R VQT Z5
=)
O ———
Arp Ao
(a) ) 2

K 1.12. (a) FEADBG, (b) BESEREG

(1.184)
koT, A v =¥V ABEDLODERIL 1T,
_ % 1.185
n=1\7 (1.185)
1.8 fipelFRmlg
1.8.1 HubgtcUIl -l
D X 5 AHED LR CHTRA Mg 2 E 2 5. 4 ¥ €=y 275 [2] 14,
i\ I _(Znu Zia 1.186
()= (). == %) (1156

I
4—
o— Lo

B 1.13. BXFRRIEED A > ©—5" v 21551

25



UL 2 5 LT, WIMES U7 R B i £ U, SBIE, BRI~ RV (vy),
(o), 25 SNEIBDA v E—Fy 2F79% [Z,] LT3 &,

1
2

(@Zﬁ)) =12 ((ﬁ)) (1187
() =120 (o) (119
h, Iy
T_ z.B5 x| 1,
H B B

X 1.14. JDEcUIb S 7z i

WE, b L OBEFRERICE W T AN ERZ
Vi=—V,=V (1.189)

ETBE, A vE—=F U RfFHIED,

Vi=Zulh+ Ziody =V = Vo = —(ZioIy + Z1115) (1.190)
HELC,
(Z11+ Z12)(I1 + 12) = 0 (1.191)

$oT, Wit I, L, OBEfRI,

TDLE, 2% L2 OoDHKTIE,

((Z@) =14 ((vi)) (1.193)

((ZZ)) = (23] (—?’i)) (1.194)
MiFDOME & 5T,
(2(2@) =124 ((8)) (1.195)
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kY, EMO L) IchLobi BN FIR7 Pl (vy) DEE) FTXRTERERD
DT, AR L H LR ETHEE (a—1F) LTh, Ao ToOEE, Eif
32D 5w,

(h=))
e ¢ .
viv| | Zs AN
bo)-@ — short
B 1.15. BRSSO UL T2 Rifh L 7 & % 05 il
£7, AHEEZ
Vi=V,=V (1.196)
958, ANEROBRIZ (EHAR),
L=DL=I (1.197)

ZDEE, FImTOREMIETXTERICRD, Bl (A—7"Y) LTHO AR FOE
[E, EBiRIIZEDHLS R0,

(h=l (l2=I) h=l
— —-— —

o— —o Oo—ri —o0 00—
viv| | £+ FAN Tvz-v v1=vT Z: 7~ :N
] —° Zocy & —0 o

Av) — open

1.16. fiseFRMIEE D LG 12 BB L 72 & & O lili

1.8.2 A4 vy ¥—% v 2fH|E#E
R F2ER L EDATIL v E—F VA Zsc,% %,

_hn _ Zul + Z1a(—1)
SC’E ]1

h=—I=I I

7o, MBLAESDANAVE=T YR Z,,1 1,

= Z11 — Zlg (1198)

Il + Zyol

= Z11 + Zio (1.199)
L=1=I I
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Wz, 4 =% A7 EI
Z 1+ Z

Zn = % = Zy (1.200)
Zoc 1= Zsc 1
Zig = % = Zn (1.201)

1.9 XM N7 XA —%

1.9.1  8IfEEIRIRE

ROBD & 912 2 RO R — b 1ICHEEST Ry OBITER E 28k L, £—F 2
ICIHMERDAM Ry 2 M 5.

i o b
Ry
Vi 2 Ui FX$ (O] % Vs Ry
E
1 2!

B 1.17. Gfif Ry TR L 72 nli

CDXIREBLEREISERANENZ2E 570121, XROMD X 5 ITEIRONEIEIL Ry 1%
L WE ] 2 B 3 UE L v,

X 1.18. I ARBIHH 6N 5 MK

AN Ry CEONAKEN Py EFEDOAN Ry CHEZINSE) Py, L DD
JRIZ X o TS & o TEMEEERE Sp BPRD L ) ITEEI NS,

\/Poo Voofoo Rulgy _ [Ba loo (1.202)

Ry —1I
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E
Jon = —— 1.2
00 2R1 ( 03)
£ oTC, BEERRE S 137 [1],
1 /Ry F
_ | 1.204
Sp =3 T (1.204)

RRNENIPENZEMEDRK E LT, KIRAM Ry £ 35%56, XOKD L I ICHAHZR
M (n:l) ZHOTH X, W 1-U 26amilz Rz ANA v =¥V R Z,, % Ry &%
LTI KENIBEONS,

vy s Vs

_ . — n?Ry = Ry (1.205)

Zin— -
ISy A

LT, Bt i3,

n=— (1.206)

Ry ! /
Vi HRZ e Vs R,

1.19. BUARZ A2 o 7o AL R D ul%

1.9.2  $fiABIEIREL

AR RE Sp 1%, IR & AMORIC 2 I NREIEZ AL 7256 L Lsuhaofadg
Ry BT 2 HBEENHOVPARICE > TRD X I ITERI NS,

I Volo RyI? In W
g, — [0 _ _ U 1.207
VRV v(-hn) Ry(—L)? -1, V, (1.207)

*I G. C. Temes and S. K. Mitra, Modern Filter Theory and Design, “Transducer Function, Character-
istics Functions,” pp. 14-16, Wiley (1973).
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5
Ry
Vi Ry
1

I o I
R,
V| |emexEs | |v, R
E
it 2

B 1.21. FFAMESERBOLEL T S5 Nl « Ml AR

1.9.3 i AIBEREL

AMBEREIITFAMBIEGREL S; DWW TEZ 51 %,

1 P L, V

SII\/;(Q):;:VE (1.208)
AR AR O L D, I3,

Io=4 f i (1.209)
—%, BEHAZOK LD,

Vi =FE— LR, (1.210)

Vo = —LR;, (1.211)

1.9.4 JEARITH] E DBIR
M DFARLTINNG 2 5 T 2545,

()= (& 5) (%) =
= (1.211) &b,

Vi = AVs + B(—L,) = (ARy + B) (— 1) (1.213)
I = CVa+ D(~I,) = (CRy + D) (— 1) (1.214)
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3 (1.210) 12 ERERALT VI, [ #%ET 3 &,

(ARy + B)(=1I5) = E — (CRy + D)(—I,) R,
(ARQ + B+ CR1Ry + DRl)(_IQ) =F (1.215)
15T, (—D) i,

E
N ARy + B+ CR1Ry + DRy
ERXERX (1.209) k0, WHALBERE S, BXOZ2OUHOMALEREL, RDLH I
%5,

_[2

(1.216)

Iy _ ARy + B+ CR{Ry + DR,

S, = -
d -1 Ry + Ry
1 R+ Ry
i 1.217
ST AR2+B+OR1R2+DR1 ( )
R (1.203), & (1.216) & b,
oo _ T _ ARy + B+ CR\Ry + DR, (1.218)
—1 AR2+B+CER1R2+D31 2Ry
Nk, BIEESRRE S 132 [2),
o _ [Bi Iw _ [Ri ARy+B+CRRy+ DR
=\ R, -, VR, 2R,
A B D
_ Ro+B+CR1Ry + DR, _ Ri1+ Ry S (1'219)

2VRi R, - 2VRiR,

BIROWNEBEST Ry & AHEYL Ry 2¥E L { R= Ry = Ry D & &, FiAMBSERE S, L Eiff
{REARE Sp 13 —2L,

AR+ B+CR*+ DR

S ’ =95 1.220
B R=R1=R» ! R=Ri=R» 2R ( )
X5, R=1ThiI,
A+B+C+D
Sy _ 5 _ATPreT (1.221)
Ri1=Ry=1 Ri=Rs=1 2

*2 R. S. Elliott, An Introduction to Guided Waves and Microwave Circuits, “13.5 The Insertion Loss
Method: Lumped Elements,” Prentice Hall (1992).
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1.9.5 A vyE—=% v 2155 L DRR
[FEEDA ¥ =8y 2455035 2 6 T w3514,
- 208
Vo Zia  Zoo) \I2
A (1.211) & D,
Vo =—1Ry = Z191h + Zools
o= RZ;HZQQ(—Iz)
X (1.210) & b,
Vi=FE—-LRy =721+ Zisls

X (1.223) 2T L ZWET 2 &,

Ry + Z
E=(Ri+Zn)h + Zi2ly = (R + Zn)%(—fz) + Z121
(R + Zn)(Ro + Zag) — 73y
- . (1)
12
2% (1.225), =X (1.216) £ D,
oo _ sh L (R Zun)(Re + Zno) — 7
—1I EZ1, 2R, Z12

(R1+Z11)(Ro+Z22)—Z3,

InXh, EfEEERE S 13

g, _ [Ri loo  [Ri 1 (Ri+Zu)(Ry+ Zo2) — 7%
B RQ —]2 RQ 2R1 ZlZ
1 (R1 + Z11)(Ra + Zao) — Z%,

" 2JR.Ry Z1o

1.9.6  HHMBEL
AR AB DI BT, BT 121 25 [l % K & X 0 KEHEK T, 13

T _Zin_Rl o %_Rl _‘/1—[1R1
YT Zm+ R ‘I/—ll—l—Rl - Vi+ LR,
ARy + B — (CRy + D)Ry

" AR, + B+ (CRy + D)R;
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(1.222)

(1.223)

(1.224)

(1.225)

(1.226)

(1.227)

(1.228)



CHAPTER 2

IS

2.1 AHTF—~LALTFIIULY SRR (EABEEEE)

2 BNCIEL Y 2N TER L 72 2 ZOUaiE 1 V, Z -G A A 7=~V LBV YT
R

ViV + k20 =0 (2.1)

ZEMAERESR (z,y,2) TRTE,
o*v  9*v
w—i-a—yz-i-kcw—o (2.2)

WX, Uz, t) = X(2)Y(y) (BRI ckSnsLtTsL,

0?x Y oo
Vot Xa—yQ +E2XY =0 (2.3)

Wiz XYy ¢l s &,

1 0?X(x) 1 0*V(y)
X@) 02 V) oy

VE, T ICREARVER by y IS BVERE, ERT L, ERIRRO KKk S,

+k2=0 (2.4)

1 PX(x) 5 1L PYy) | o
L7235,
0*x H?
&§9+@XQg:a ‘%9W+@y@y=o (2.6)
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22T,
2 _ 1.2 2
ki =ky +k, (2.7)

kb, MR X (2) 1, sinkyz, cosk,r HBVIZ, elhr, emikt THZ 51,
Nz —HILL T h(kyr) EFL 2 EICT S, FAKICLT, Y(x) IZ2WTE h(kyy) THE
by,

2.2 JNIBEPEED TE€—F

2.2.1 BiRE

TE ©— FOUA, BHEOEEL2 C, ZOEEHHNOES 2 n 35 L, W C TD
BRI RD L5122 5,

\I/TE
a@n =0 (onC) (2.8)
TTGEIE D%,
\IITE
a(‘?x =0 (0<y<b) (2.9)
x=0,a
\IITE
0 =0 (0<z<a) (2.10)
8y y=0,b

2.2.2 TE®—F

Iz d k912 h(kyx), hlkyy) ZROZE, RDLH TS,

mm

h(kyx) = coskyx, ki = - (m=0,1,2,--) (2.11)
h(kyy) = coskyy, k, = n% (n=0,1,2,--+) (2.12)

7277L, m=n=0%E<. ko7,

P = (2, y) Z275(2) (2.13)
Z 2T,
gplE — Al €OS <m7m:) cos <n;ry) (2.14)
a
ZTE — g7k mni? (2.15)
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DL E,

2 2
k= <WT> + <m> + k‘§ [mn]
a b ’

SEY, W ke 1

b= (%) + (5) @1

e # Vimn] &5

Vimn] = .]kz,[mn] = { m (218)

) = /K2 oy — K2 (B < Ko, an))

¢,[mn]

2 I, B BUMHERZTL, IhdiEw & 42 R [ 2BWRBE, HR A 2K
Wi PO, KD X124k B,

kC mn 1 2 2
’ 2\ Jeln 2\ /€l a b
2m 2
)‘c,[mn] - = (220)

Ke,fon \Kmﬂf+<m32
a b

[RHEE — K OB Ay oy 1

\ 27 27 A
g,[mn] = - 5 3 - 2
B[mn] k* — kc,[mn] 1— ()\ A )
c,[mn]

2.2.3 E— FBI%

E— FBISOEHRR [3] XD Ry KD 2 L,

(2.21)

h[mn] = -V \IJTE

= —Apn Vi (cos (mmc) cos (W>>
a b

mm . (mTr nmy nm mmrr\ . [(nmTy
= Apmn) [a S ( ) cos () a; + ——cos ( ) sin () ay]

a b b



mm . [/mnT nmy nmw mrx\ . [nmTy
n —sm( )cos () a,y—i-cos( )sm( )ax]
a a b b a b

=A [mr cos (mwx) sin <n7ry) a,; — mr sin (mmc) CcoS (mry> a }
— mn] b a b v a a b Y

(2.23)
2.3 JIBEIED TE € — FDOIEBIL
2.3.1 [HE— FRBDIERBULSAF
T — FEIBOIERLEM X D,
//S ‘h[mn} ’2dS = A[an} //(aXb) l{wj sin <m;mf) cos (nzry) }2
+ {nbﬂ cos (mzx) sin <”Zy> }21 ds =1 (2.24)

BT,
mm\? [* ., /m7rx b /nmy
[mn] () / sin < )dm/ cos () dy
a 0 a 0 b
2 ra b
+ (nbw) / cos? (mﬂ'x) dai/ sin? (nbﬁy) dy] =1 (2.25)
0 a 0
BAEIE, m#A0DLEE,

¢, /mrT 1 [ 2mmx 1 a . (2mmx\]?
sin < )dx: {l—cos< >}dm={x— sm< ﬂ
0 a 2 Jo a 2 2mm a 0

/a 5 (MTT 1 [ 2mmx
cos ( )d.a:: {1+COS( )}da:
0 a 2 0 a
a
S 2.2
. (2:27)

F72, m=0D¢t &,

/ sin? (mm) dz =0 (2.28)
0 a

/ cos? (mmc) dx = / dr =a (2.29)
0 a 0
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/asin2<mﬂx)da::{ 2 (m #0)
0 a 0 (m=0)
a a
/cos2<m7m)d$:{ 2 (m #0) =2
0 a a (m=0) €m
Z 2T,
6 :{1 (m = 0)
m 2 (m=1,2,")
nkh,

g — a2 |(TTY e b <"W>26l b
//S‘h[m”]’ dS_A[m”} l( a> 2 en+ b €m 2

(mb)2em + (nb)?en

:A2 2
[ron] 2abe, €
b)? + (nb)?
— A2 o (M —1
[rn] abe, €,
KT, ERHUIRE Ay KD & 512755,
A B l abe,, €, _ [m€n 1
el = 2\ )2 + (na)2 ~ V' ab kg g

2.3.2 AA 7B ZEHWZIERIL

HHIZ, AATEBITE XD RDZZIEDTERDEIICR S,

//S (pung[ 45 = B2 // (W7 (z. ) s

b ra 2
= k2 (mn] A%mn] / / {cos (mww) cos <n7ry)} dzdy
’ 0 0 a b
)

= k? [mn] A[2mn] / COS2 (mﬂ-x
) 0 a

b
—k2, A2 20y
o] Afmn

2.4 JiIBEEED TE €— F Ol

ao [ oo

nmy
b

(2.30)

(2.31)

(2.32)

(2.33)

(2.34)

(2.35)
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2.4.1 TE;,&—F

%2& TE10 t—F (m =1, n= 0) TlI,

T
ke o) = 4 2.36)
/\c,[lO} = 2a (237)
2 a
Ang =1/ — — 2.38
[10] ab ™ ( )
0,
A ( 7r) . (ﬂx) 2 <7Tx> (2 39)
e = —— )sin{—)a, =—{/—sin|{ — | a )
[10] [10] a a Y ab a Yy
2
h’[lO] = A[lo]z sin <m> Q,; = — sin <7Tx> (0 2% (240)
a a ab a
10 - - - - 0.9 0.9
— 0.6 — 5 0.6
£ %0.3 . E 03
£ sk ] 00 & E ] 0.0 o
: —-0.3 : -0.3
-0.6 -0.6
0O ~""5 10 15 20 -0.9 10 15 20 —0.9
x [mm] x [mm]
B 2.1, BHE— FBIB epg D 2 IT e, (FEX) BXD y I e, (HIX)
- 0.9 10 - - - - 0.9
—_ 0.6 - 0.6
£ 03 0.3
£ d 00 & E sf ] 00 &
= -0.3 = -0.3
-0.6 -0.6
10 15 20 -0.9 00510 15 20 —0.9
x [mm] x [mm]
X 2.2. BEHE— PRI hpo) D o 5T h, (R B8EX y BRI by, (FilX)
10F T T T = 1.0 10F T —=q 3 1.0
T | A = _
E 5¢ 1 Of0sL E S5 = 1 9=
> 0 - —
0g s oo e 55— 100
x [mm] x [mm]

X 2.3. &— FPIBL €[10] (£, h[lO] (FH) OXZ7 FLDmE
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2.4.2 TE;; €—F

0.9 10 - - - - 0.9
_ 0.6 _ \ - / 0.6
€ 0.3 IS 02— 0.3
£ 00 & € 5 00 00 o
N -0.3 - 0.2 -0.3
-0.6 -0.6
-0.9 0 -0.9
0 5 10 15 20
x [mm]
2.4. BHE—FBIB ey Dz RIT e, (KB BV y ar e, (HK)

10F - 0.9 0.9
_ N T J 0.6 _ 0.6
= 0.2 0.3 c 0.3
E 5 0.0 00 & € 0.0 &
N 0.2 -0.3 - -0.3

//10,4\ -0.6 —0.6
% "5 10 15 20 —0.9 10 —0.9
X [mm] X [mm]
X 2.5. BEHE— FBIB hpy D 2 5T h, (R B8EX y BRI by, (FilXD)

10 F 77 T T T 1.0 10— T T 1.0
=R UL NS L -
I — o — 05T £ 5§ “* )\ >J/' I I” A 05<
e N\ 1 7 — > ' N \

ST 1 1 A !/ ////l/"/ L. I NEATAYA
% 5710 15 20 0.0 % 510 15 20 0.0
x [mm] x [mm]
B 2.6. E— FB% ey (ERD, hpy (BB OXZ PLORE
2.4.3 TEy €—F

0.9 10 0.9
0.6 _ 0.6
0.3 € 0.3
00 & E 5 0.0 ¢
-03 -0.3
-0.6 -0.6

- -0.9 0 -0.9

10 0

X [mm]

2.7. BRE—FBI epy D o BIT e, (R BV y Ry e, (FlX)
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0.9 0.9
_ 0.6 _ 0.6
£ 0.3 = 0.3
£ 0.0 & £ 00 &
> -0.3 > -0.3
-0.6 -0.6
% 5 10 15 20 -0.9 10 —0.9
x [mm] x [mm]
B 2.8. WEHNE— FBIB hppyy D 2 )89 hy (FER) BE y I hy (HIX)
10y T ANSZA B | U 1.0 10F = T == 1.0
A ——= = T = /| _
I == — 05T E 5f)] 11 Y 1] 05<
E=NF—— v syl )3 (1) S
e ST X S (VT T 0.0
X [mm] x [mm]
X 2.9. ©— FPI% €[21) (£, h[21] (HB) OXZ FLDIiE
2.5 HIBEIED TM €— FOIERL
T™ € — FO%hH, EEE C ORI
U™ =0 (onC) (2.41)
L0, h(kyx), hky) ZRDEIITH 5,
h(kyx) = sinkyx, k= % (m=1,2,3,--) (2.42)
h(kyy) = sinkyy, k, = % (n=1,2,3,---) (2.43)
£,
P = UM (2, ) Z™(2) (2.44)
Z 2T,
Y™ — A(mn) sin (m;rx) sin <n77bry> (2.45)
Z™™ — o=ikz mm) 2 (2.46)
72720, m#0, n#0, TE€—FEFKICL T,
= (7 (Y ke, g2 ;2 2.4
- (7) + <T> + z,(mn) — "e,(mn) + z,(mn) ( : 7)
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X o T, HEWIERE ke (mn) 13

e = (%) + (5
¢,(mn) — a b

(2.48)
L&D, TMu, €— FB%UL,

€(mn) = -V g™

= —Amn) Vi (sin (mmz:) sin (mry))
a b

_ 4 [mﬂ (mwx) - (mry) n nm ‘o (mwx) (mry) ]

= (mn) o cos a S 5 a; b S a cos e a,

(2.49)

mm mrxr\ . [nTy nmw . (mnx nmy
= Agmn) [_ —— €08 ( ) sin () a, + — sin ( ) coS () ax]
a a b b

h(mn) = Ay X €(mp)

a b
=A [mr si (mwm) CcoS <n7ry> a, — mr CoS (mmc) si (mry) a ]
— Smn) b m a b * a a m b Y

(2.50)
EBULAAEX D, $REL Ay ZRD 2 X,

2
// ‘B(mn)‘st == A%mn) //H [{W COS (mm:) sin (Tlﬂ'y)}
s (axb) a a b
2
+ {msin (mwx) cos (W>} dsS =1
b a b

(2.51)
LT,
2 ra b
A? <m7r) / cos? (mwx) dx/ sin? (mry dy
(mn) b
a 0 a 0
2 ra b
+ (W / sin? mm:) da:/ cos? (mry dy]
b 0 a 0 b

™2a b nm\%2a b

— A mry-e 2 (e 2

“””)[< a) 2 2 +'< b ) 2 21

2 2 (mb)? + (nb)?
Lo T, IERULRE Ay 13,
2 ab 2 1
Ay = = - 2.53
o M (mb) + (na)? ~ v/ab ke, un) (2:53)
TEpn E—F & TM,,, E=—FZ2F L DT,
€Em€n 1

e (2.54)

CITIREMT 50, AATBBICK ZHBETICE > TORDL 2 ENTES
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2.6 NIBEEED TM €— DY

2.6.1 TM €—F

10F - - - —— 0.9 10F - 0.9
T T B TT— |
£ \ ' e 0.3 £ pamm— 0.3
£ s ] 00 & E£ P i— : 0.0 &
N !) ( ( - 03" - : 03"
] —06 -0.6
0 1 1 1 1 -0.9 -0.9
0 5 10 15 20
x [mm]
X 2.10. HRE— FBIB e11) D o WY e, (B BEW y Ir e, (i)
0.9 10F - J) - — 0.9
0.6 — 02—} 0.6
T 0.3 T . 1 Hos
£ 00 & E 5 y 0.0 &
S 03" < !5:>( e
-0.6 ] -0.6
—09 % 510 15 20 —09
x [mm]
2.11. WHE—FBE hyy Dz BIT hy (ER) BXO y BT hy, (HIX)
T T 7 2 Ho Y =1 17
E‘ >\ W\ — E : /7 - /f‘;';\ NN\ —
.E. 5F ;’,«/\;/ 1\ \77'\/\\?' ] 059 §. Sr | \f \5\2/\ > ) ) 05=
> - \{ > — /
SaRAARa TN ARE a—————— o
% 51 15 20 0.0 % 5 10 15 20 0.0
x [mm] x [mm]
B 2.12. €= FB eqyy (AKX, hqyy (BB OXZ7 PLOIE
2.6.2 TM,y €—F
10 0.9 0.9
_ 0.6 _ 0.6
£ 0.3 £ 0.3
€ 5 00 & € 0.0 ¢
N -03 T -0.3
-0.6 -0.6
of -0.9 -0.9

X 2.13. HRE— FBIB eo1) D x WY e, (KB BEW y WIr e, (Hil¥)
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0.9 0.9
_ 0.6 _ 0.6
£ 0.3 £ 0.3
£ 00 & € 0.0 &
: _03 '; —03
-0.6 -0.6
-0.9 -0.9
WS E— FBIB hoyy D o 15T h, (D) BLKXy I h, (B
10F I U T T T = 1.0 10F T T 1.0
T = T — | ==
€ — _ E \ \ _
= — o5z E sif (o0 || [0 )] Jos=
~ Al i SN
1 ,I 1 1 . Il l i1 —- -z 1 i ;9— 1
% 5 10 15 20 0.0 % 5 10 15 20 0.0
x [mm] x [mm]
B 2.15. = FBI# ey (EXD), hpy FiR) OXZ FL O E
2.6.3 TMy, E—F
0.9 0.9
0.6 0.6
€ 0.3 '€ 0.3
S 00 & € 0.0 ¢
N -03 T -0.3
-0.6 -0.6
-0.9 -0.9
4 2.16. FBRE— PP ey Dz BIT e, (KB By lire, (HHIX)
0.9 0.9
_ 0.6 _ 0.6
£ 0.3 I 0.3
£ 00 & € 0.0 &
: —-0.3 : -0.3
-0.6 -0.6
-0.9 -0.9
10
X [mm]

] 2.17. BT — FBIK by D o R5Y by (2B BE y RAY by (i)
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y [mm]

= 1.0

4 HO5T

10_\ Ty s TTYT T 7
sRICLLELL ST Ty
0- LT A L (o WA .
0 5 10 15 20
x [mm]

0.0

10F T T T
€ ;Eﬁ —
é 5r —_— r'..— ]
> D) D))
0 = 1 N —— 1
0 5 10 15 20
X [mm]

1.0

055

0.0

2.7

B 2.18. E— FBI% e(oy) (ERX), ha

BRI 7 TG A%

(i) X7 F Lo E

2.7.1 JIIBEPEE DT FIERI

BEER 75 AT O FIWECHR, <1, AT — FOMMIERERICE LD TVD, /i
TR IS, KA R A LTRSS LS h, B35 TR OSN3 MIBOH

BBV L XITR LTS,

#* 2.1 FHIGEPAE O~k & AR (FRFEH)

e s WR 4 Wa HSD  fopng MEPEED
[GHZ] ] EIA  JIS 3% [mm)] [mm] [GHZ] [mm]
2.60-3.95 S 284 WRJ-3 72.14 34.04 2.078 73.9
3.94-5.99 C 187 WRJ-5 47.55 22.149 3.152 48.8
8.20-12.5 X 90 WRJ-10 22.860 10.160  6.557 234
11.9-18.0 Ku 62 WRJ-15 15799  7.899 9.486 16.1
17.6-26.7 K 42 WRJ-24  10.668 4.318 14.047 10.9
21.7-33.7 34 WRJ-27 8.636 4.318 17.328 8.8
26.4-40.1 Ka 28 WRJ-34 7.112 3.556 21.081 7.3
33.0-50.1 Q 22 WRJ-40  5.690 2.845  26.342 5.8
39.3-59.7 U 19 WRJ-50  4.775 2.388  31.357 4.8
49.9-75.8 \% 15 WRJ-60 3.759 1.880 39.863 3.9
73.8-112 10 WRJ-95 2.540 1.270 59.010 2.6

2.7.2  JIIBEPEE DOIEWRE R DB

X WoOHBERE (o =229 mm, b=10.20 mm) D TE,,,, TM,,, €— FD L 2Kk

ke, LW A, LoWiRPBE f, ZBEXE—-FPSIHIRTERDE I ICRD,
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7 2.2 FIENE (X H, a =22.9 mm, b =10.20 mm) DE— FHlMEHTR:

No. | €—F k. A mm]  f. [GHz]
1| TEqo 0.1371875 45.8000 6.5456

2 | TE2p 0.2743749 22.9000 13.0913

3 | TEp1  0.3079993  20.4000 14.6956

45 | TE;;  0.3371705  18.6350 16.0874
4,5 | TMy;  0.3371705 18.6350 16.0874

6 | TEsq 0.4115624 15.2667 19.6369

7,8 | TEz;: 0.4124865 15.2325 19.6810
7,8 | TMa;:  0.4124865 15.2325 19.6810
9,10 | TE3 0.5140497 12.2229 24.5269
9,10 | TM3;  0.5140497 12.2229 24.5269
11 | TE4p0 0.5487498 11.4500 26.1825

12 | TEp 2 0.6159986 10.2000 29.3912
13,14 | TE4;  0.6292773 9.9848  30.0247
13,14 | TMy;  0.6292773 9.9848  30.0247
15 | TEq2 0.6310900 9.9561 30.1112

)
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CHAPTER 3

8} ZL 2

3.1 AAF—~NAFUY R (HfEEBEELR)

2 RICWTHE TV, ZFH AN T —~)L LTV R
VIV + k20 =0 (3.1)

2 ISR (p, 6, 2) 12 B VTR 7200, R MG

V(p,¢) = R(p)®(¢) (3.2)
e, XBmons,
d ( OR 5 oy
'Oa_p ('08_p> +{ki—m"}R =0 (3.3)

iU, m ROy VBB DM FiFEX (Bessel’s equation of order m) TH D, P
p=a DMBEFEDOHL (p=0) IZBWTIRARLEZ £ 2720, F1 Xy LK
I (kpp) ZIENIF X\, £,

a2_q> +m2® =0 [Harmonic equation] (3.4)

552 - d :
22T,

B(6) = (6 + 2) (35)

X0, mIFEHERD, sinmep, cosme ZHVIUL K,
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3.2 MBEKEED TEE—F

3.2.1 BiRSF
TE & — FOMEEEE O o DERE C FCToEAEMtI,
8\I’TE
=0 3.6
ap p—a (3.6)
o7,
X/
J (kea) =0, k.= Z" (3.7)

EREL, XL T () =0 2T 0 BHOBEMZRT

3.2.2 TE®—F

BRE&MHELD, TE €= FD R A 788 ™ 13,

T = UTE(p, ) Z1E(2) (3.8)
ZZT,
TE XonnP | Sin
v = A[mn] Jm ( a > cos mgb (39)
ZTE — o=ikz fmni? (3.10)

L, m=0DLE, sinmp=08Z, EXDTFHDOATHL., X7, Ay, 1& TE,,
T— FOIEBMLREZ R, 22T,

2
> ( Xmn 2 _ 12 2
k* = < a ) + kz,[mn] = kc,[mn] + kz,[mn] (311)
77,
k o X'//nn Jl / =0 3.12
c,[mn] - a ) m (an) - ( . )

jﬁ[mn] =7 k2 — k?,[mn} (k > kc,[mn])

3.13
— k2 (k < kc,[mn]) ( )

Yimn] = jkz,[mn] = {

Afmn) = /K2
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£, B Ay gy (EHEE — 1), SEWTHER A ey 12

2

g,[mn] — 5[mn] (314)
2m 2T 21a

Nefonn] = = 57— = (3.15)
c,[mn] mn Xmn

a
3.2.3 E— FB%

OUTE 10UTE
h’[mn] = _vtq]TE = - < >

a,+-——a
ap " p 9o

d mnP\ O (i
e -

/ /
mn anp XmnP | COS

= hp,[mn]ap + hd,,[mn]a(ﬁ (3.16)
7, EROE— FEIS ey 13,

€[mn] = h[mn] X a, = (hm[mn]ap + hqﬁ’[mn}a(ﬁ) X A,

= — D lmn) @ + g [mn) @p = N [mn]@p — Tp ) G

m Xonnl\ €OS Xoun 71 [ XonnP
:A[mn][:Fme< . > . m¢o a, + . Jm< " )co mgba(b]

Sin

= €p,[mn]Ap + €, [mn] Ao (3.17)

3.3 MIBEHEED TE ©— FOIEBE

3.3.1 5T — PRI IEBULSAT
— PRI IERULEFICBID 5 15 13

2 2
//S‘h[mn}’ ds = A[mn] ki[mn}//(\l/[mn])2ds
2w
i [ [ (5] ]

= |Apmn) kZ[mn}/ sz me d¢/ J2 (anp> pdp (3.18)
0
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ZZT,

n sin? m _ ] 7 (m # 0)

/0 ¢ do { 0 (m=0) (3.19)
27rcost = T (m#F0) _ Q—W

[ owtmoao={ 5 (025 =2 (320

ZDEE, m=0DE—FlEcosmp=1DARIZE>TRINTED, sinmo=0I1FH7%
WV, sin?me DI Tbm#A0 LT,

2T .. 9 )
/ S e dp = (3.21)
0

cos €m

3.3.2 XL )LBEBDOMY

Xy VBB D AT R

/zjf(az)dz = ; 2J?(az) + <22 — CV;> Jf(az)} (3.22)
£0,
Lal)ospal) (502 ()]
= 5 [ + (= ) )] (323
TE €— FOBREMHELD, T, (X, =0 &0,
[ (e o= 5 (= ) 2 (320
L7235,
[7(thﬂdS-—WAWmﬂ2<X2n>QZ:;<“2 7n;f> m(Xon)
= At - (0 = 2) T2 (o) = (3.25)

3.3.3 1IEBHLIRE

TEpn & — FOTEBUUIREL Ay (> 0) KD B EXD L I2h D (HikHEZ D 715
#HTE3).

€ 1 € 1
Al = m = = 3.26
e Jw(x;%n—w) [ Ot Jw(kQ @@ ) )] 020

¢,lmn
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E— PRz HEL T,

XonnlP

- _m o (XonP\ cos
€lmn] = A[mn] -:F P) Im ( a > sin

h[mn] = Az X €mpn] = —€¢ [mn]Ap -+ €p,[mn]Fe

[ Xon sin
= A[mn] - J;n

X/
meo a, + Z’"J,’n (

XimnP m
a < a )Cosm¢ap:Fme<

a

XrnnP
a

)

)

sin
mqﬁ a¢
COS

COS
S

in me ag

(3.27)

(3.28)

7E, m=0DEE, sinmp=0, cosmp=1wWxz, EHFZZLE, MTMIKFSOARLE L

D, RDEIHITk %,

Xon 7  XonP
€lon] = A[On]%Jé ( (; ) Ay = €4 [0n] Ao

hion) = —€4,jon)@p

3.4 MIBEEED TE €— F Ol

(3.29)
(3.30)

3.4.1 TE;;E&—F

1.00
0.75F
0.50F
0.25 1\\
0.00f !

-0.25 /

-0.50F

-0.75F

~10075

0.0

IZI 3.1. %ﬁ:&‘_ ]‘\Bgﬁ 6[11] 0)?&?5&5&73%

o1



3.4.2 TE, &—F

1.00 1.0

0.75
0.8

0.50
0.25 06

0.00F
-0.25 04

~0.50F
0.2

—0.75}
L0005 00 05 o 00

3.2. %ﬁ%‘_ F%ﬁ 6[21] @%&E\ﬁﬁ

3.4.3 TE;, €—F

1.00 T — T 1.0
0.75F
0.8
0.50F
0.25¢, 0.6
0.00}
\
-0.25 04
-0.50F
0.2
-0.75F
-1.00] 0.0

X 3.3. #HHE— FBISK e DRI

3.4.4 TE;;, E—F

1.00 - 1.0
0.75F
/f\r\\ N\ 0.8
0.50f '
0.25 - 0.6
0.00f ll‘
-0.25 0.4
-0.50F |
1. 0.2
—0.75f
1.00 , L1
“LOTT 505 T 00 0.0

3.4. BRE— FIIK ey ORI
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3.5 MIBEEED TM E— FOIEBIL

TM &— FOEREC TCOBHREMLELD,

g™ =9 (3.31)
p=a
X7,
T(kea) =0, k. = X’;m (3.32)
7L, Xon 1E In(x) =0 %2R T n FEHOFERZRT., ko7,
™M = UM (p, ) 2T (2) (3.33)
Z T,
™ __ XmnP) sin
O™ = A T < . ) ros M9 (3.34)
Z™ = g Ikamm? (3.35)
¥ 72,
2 Xmn \ 2 2 2 2
i <a) ) = Kemn) e ) (3.36)
7272 L,
Xrmn
kc,(mn) - P Im (an) =0 (337)

ZDEE, BIEK Y(mn) %,

Bmny = 3R = K gy (B > e ) (3.38)

O (mn) = k2 — k2 (/{J < kc’(mn))

Y(mn) = ij,(m”) - {
c,(mn)
E7e, B Ay (BT — 1), SERFIER A, ) 1,

2T
Ag,(mn) = B (3.39)
2w 2 2ma
Ac,(mn) N ke (mn) ~ X Xmn (3.40)
’ a
£oT, = FREE e 13,
ou™ 10v™
€(mn) = _Vt\I/TM = — (apap + ;7a¢ a¢>
_ _ Xmn 5 [ Xmnp) sin m Xmnp') COS
_A(mn)[ CLJm< a >COSm¢ap:Fme< " >sinm¢a¢1
= €p,(mn)Ap t €¢ (mn) Qg (3.41)
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if:, h(mn) Ci,

h@nn)=:a2><emnn)::az><(em@mwap4-€¢umwa¢)::€m0m0a¢-—€¢@mwap

= —€¢ (mn)@p + €p (mn) Q¢ = Ny (mn)@p + Mg (mn) Ao

m XmnpP\ COS Xmn XmnP) Sin
:&mwﬂﬁ% ).mm%—a%4 ) mm4 (3.42)

a S111 a COS

T — FBBDIERLSEMT 1B D 5 IR 13
2 2 9 9
< ’e(mn)‘ dS = A(mn) kc7(mn) (\Ij(mn)> dsS
2w X p <in 2

_ 2 mn
= A(mn) kc mn)/ / [ a COS m¢‘| pdpd¢
= |A(mn) kz(mn)/ . 2 mgb d<25/ J2 anp) pdp (3.43)

0

Ry 2 VOB AA LD,

¢ 2 [ XmnpP _1 2 712 2 m?a? 2
[ (22 ) o = 5 |20+ (0 = ) 2 (3.44)
TM € — FOEREMNE (J, (Xmn) =0) Z W
a 2
XmnpP a
[ (2 iy = 5 2 m) (3.45)
0 a 2
L7935,
2 2 (Xmn \2 2T a?
s =1|A 5 mn
//S’e(mn)‘ S ‘ (mn)‘ ( a ) €m 2Jm(X )
2 7T
:‘A(mn) :Xgnn‘ja (an):1 (346)

BT, TMy, &— FOIEBUUIRE Ajyy (> 0) 23RO 2 ERD K ) 1222 (M EZ &
LRVEAELH D).

€m 1
Amn) = \/7 an’JIn(an)‘ (3.47)

Xy VBB D R
%@:%%@—%4@ (3.48)

B L OHRELE T (von) = 0 2003 &,

m
J7/n(Xm7"L> = Jm(an) - Jm+1(an)

o4




£-TC,

A mn) — \/E !
( ) n an)th—ﬁ—l(an)‘

(3.50)

FARBRIT D7 P LD E %z TE €— Fichbe b0 Ll Tz AnEZ 5 & (IR

E—FEREE—FZXIHIE3),

e(n@n) = 14(n1n) __;XTnnu]él (;XiEEfZ) COS 77lqb (lp :t-;;g]hl (;Xinnf7) Sin 77195 (l¢ (3.5]J

a a sin

Pmn) = @z X €(nn) = —€4,(mn)Bp + €p,(mn) @

COSs

a COS

a sin

= Ay | F 2 (Xm"p ) g a, —Amn g (Xm”p ) “F g as|  (3.52)
o a a _

m=0DLE, sinmp=0, cosmp=1w2, MIfFZELe, LHfF5oLLED, X

DEHITh B,

Xon J(/) ( XonpP

eon) = —Awon)~_~ " ) a, = € (0n)@p

hon) = €p,0n)8¢

3.6 PMIBEEED TM €— F DYl

3.6.1 TM01 t— F\

1.00

0.751
0.501
0.25
0.00F
-0.25
—0.50

-0.75¢

-1.00f

.0

0.0

Ii_{] 3.5. %ﬁ:&_ F‘Eaﬁ €(01) @%;‘Eﬂﬁﬁ
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3.6.2 TMH t— ]“\

1.00 . 1.0
0.75
0.8
0.50
0.25 0.6
0.00F
—0.25 0.4
-0.50
0.2
-0.75
-1.00] 0.0

3.6.3 TM21 t— F\

1.00 , — ; 1.0
0.75
08
0.50
0.25 06
0.00f
-0.25 0.4
-0.50
0.2
-0.75
L0005 00 05 1o 00

X1 3.7. TAYE— FIIK e ORI

3.6.4 TMlg t— ]‘\‘

1.00 1.0
0.75

0.8
0.50
0.25f 0.6
0.00f
—0.258 0.4
-0.50

0.2
-0.75
~1.00 4% 0.0

X 3.8. HHE— FBIEK e(10) DI
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3.7 FMYBEREE— F DOUEWHREL

PRSI CEEE @) D TEp TMpy, €— FOMWIER A 2EXE— Fo 6 IHISR T

ERXRDE I B[]

% 3.1 MBEEAE O € — FHEENTER &EBR (CERE o Z2H2ET2)

No. E—F X;nn 70 Xmn Ae
il TEq, X,, = 1.841184 3.4126a
2 | TMo, Xo1 = 2.404826 2.6127a
3 | TEs Xh, = 3.054237 2.0572a
4,5 | TMu X11 = 3.831706 1.6398a
45 | TEo Xj = 3.831706 1.6398a
6 TE31 X3, = 4.201189 1.4956a
7 | TMyy Xo1 = 5.135622 1.2235a
8 | TEs X}, = 5.317553 1.1816a
9 | TE. X}, = 5.331443 1.1785a
10 | TMos Xos = 5.520078 1.1382a
11 | TMa, Xa1 = 6.380162 0.9848a
12 | TEs, XL, = 6.415616 0.9794a
13 TEqo X;Z = 6.706133 0.9369a
14,15 | TMp» X1s = 7.015587 0.8956a
14,15 | TEgs Xhy = 7.015587 0.8956a
16 | TEe Xh, = 7.501266 0.8376a
17 | TMuy X1 = 7.588342 0.8280a
18 | TEas X,y = 8.015237 0.7839a
19 TMoo X22 = 8.417244 0.7465a
20 | TE, Xy = 8.536316 0.7361a
21 TE7; X7, = 8.577836 0.7325a
22 | TMps Xos = 8.653728 0.7261a
23 | TMs, Xs1 = 8.771484 0.7163a
24 | TE. X,y = 9.282396 0.6769a
25 | TEg Xh, = 9.647422 0.6513a
26 | TMss X32 = 9.761023 0.6437a
27 | TMg, Xo1 = 9.936110 0.6324a
28 | TEa Xy = 9.969468  0.6302a
29,30 TMi3 x13 = 10.173468 0.6176a
20,30 | TEos Xy = 10.173468  0.6176a

m=1DEFE—FZ n<5Il2VTEELEDBEERDLHICH S, filFHAD T — SEPREIC
HAR TE; E—F2PARLZESS, COLIBRERE—FVRETED, m#£1 DE—F
WEFAE L e,

#%32m=10TE/TM £—F &Ry L VBIDZFER (X, Xmn)

No. ®-—F X No. -V Xmn
1 TEq; X1 = 1.841184 45  TMy x11 = 3.831706

9 TEj» Xio =5.331443 | 14,15  TMys x12 = 7.015587
20 TE3 X13 = 8.536316 | 29,30 TMi; x13 = 10.173468
37 TE4 X14 = 11.706005 | 48,49 TMy, x14 = 13.323692
60 TE; Xi5 = 14.863589 | 73,74 TMjys X15 = 16.470630
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CHAPTER 4

A 3 AXFE

4.1 AIAMKZELEIZ

4.1.1 BBV Lo R

HFPIE LI, BERBHERET = D) (#E0) o 0| &0 (EREHREM), 60—
EDEM CEAHM) 24 L, ROMDEHIcn 3,

B 4.1, FFRCAHREN & SRR RR

e LD T =0WZR, MKH

59



o WML |D =1 W2, 5S4k
e =10 it (F—7)
e '=—1 DM &% (a—1)

i & BBE | M RO BB D) 13, B C O RIHRE Ty, 21,
r(l) = e 9200 — |I‘L|ej(9—251) (4.1)

c 2T, T() DA, 0—281 Ths. £ T() 18, T, O ks 5D 12 281 [rad] [
B L 722 5, (EXARROENIEREZ N\, £ 55 &,

2w l
280=2+- — .| =47— 4.2
R (4.2

4.1.2 EHEPFEDBN « /TN T

B R S HEEE | B 7o RUCOBEHELRE V(D) 13

V(1) = VI +T(1) = V(140 |e/0-20) (4.3)
EDRKIE, /02D =1L ET, 0L EOBERKIHEEE L ORKM |V | 13,
|, = T2 =Ty (4.4)
|V|ZZ VI (45)

FEDSR A & 78 BB CO BT AR T IEDFEEW 2, EEFHDOIEOE Ficdh s 2 L
#b#%,ﬁ_,ﬁr®mm i, e90-280 = 1 L T, DL ZXOBEIMEEE L
B /M |V | in 3

| =20 — |y (4.6)

Vinin min

[V |min = [V (1 —|TL]) (4.7)

FEDMR/N & 75 BALE COBEITF AR BUIADOERW 2, HEVFHOADHE FIch s &
BbHh b
4.1.3 BUBILATIA Y E—=F VA, BKEILATT K24 v ZADIF#E

A= ZEFE (Smith chart) [5] 1, BEKEHRET = |Te/? (K& &, (i) 2R THEE
SmE B, BMEATIA v E—=F VR 2 D

o FEH  HBALIHT (resistance)
60



o K BKBILY 77 %~ A (reactance)

DHBKZZHEZAALZ D TH S, FAKICZLT, PRIA22VZXAEE (admittance chart) (1,
EIF RS % RTEZFETH 55, HERIIXDODBUBCANT R ¥V Ry 25k 5,

o S HME{La v ¥ 7 ¥ X (conductance)
o MEES : BlE{LY & 7% X (susceptance)

4.1.4 EEIiIMHEERY 722 AN

RIR R I BT Z, DIl S 254, B LERA v =% v R 20 1%, ARET
DETHMRE T ZHWT,
é 1+

Zo FT1-T,
FIRRIC LT, Bl A v =% v 2 Zy DIEEBREE LD H 3151081 2B LATTA v E—%
YA (1) 13, 2O RTOBERIHIK T(1) 20T,

(4.8)

Zin(l) . 14+T()
70— =110 (4.9)
I, Rz
Zin =T+ JT (4.10)
r(=rle) = u+ jv (4.11)
LEE (r BHSEEL o 3EILY 728 v R), R (4.9) IKRAT S &,
1+ (utgy) 2
T+jx_—1—(u+jv)_ 1+—1—(u+jv) (4.12)
B2, BESCE L T,
| 2 2{(1 —u) + jv}
(r+1)+jz = (TR (T (4.13)
3 (4.13) DEEZ u, vIZOWTHEET S L,
_ 20—
rhl= (1 —w)?+0? 414
r 2 2 1 2
<u_r—|—1> v _<r—|—1) (4.15)
SHUE, Pbiu =25, v =0, FEDP 5 OMERL T2,
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>

1
r+1

g 0\/

r+1

-J
4.2. EHEHM

£7, A (4.13) DREEZ FARRIC L TEMHT 5 &,

2v
- - 4.16
* (1 —u)?+0v? ( )

o+ (-2 = ()

i, i u=1, v:%, M L OMAEEL TV 3,

E
A
L\7A\ |4

J

X 4.3. €V 72% AN

4.1.5 A I A&

INED, u—ovIE R, XRO2O0OMBEEZTI ERXRDKD L IH Ik D,
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-0.25 0.00 0.25 0.50 0.75 1.00

-0.50

-0.75

-1.00

!
i
1
1
1
“

;
w
~
o

Real part

i

r —EDMHE

Xl 4.4. 5%

1.00

0.75

-0.256 0.00 0.25 0.50

-0.50

-0.75

-1.00

Real part

V72 ANz —EDPEE

Xl 4.5. %&

MRDIAL 22,

A

~
<
~

&% ERAbEDN A
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4.2 A I AKEDOMS

[
ROBIACET ] 2 Z A I AMEIC Ty Pk,

e 21 =02+70.5
e 21 =05—705

o« 21 =1—42
| a=2+4l ]
s
B 4.6. BlisfLEf 2,
4 J
fi) el

ROBMECATIA Y E=F VR 2y = 21+ 15 BAIARRIC T By b L %
72L, 0<w<o0.

o 21, =02
e 21, =0.5
o 21, =1
. o 2z =2 )
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X 4.7. BUSILATIAL Y E—F VR 2,

\

fril
ROBUEMATIA Y E=F Y R 2y = 20 + g BAIARRIC By P& &
7L, 0<w< oo,

e 21 =0.2+705
e 21 =0.5-750.5
e 21=1—32
e zn1=2+71
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Xl 4.8. BUEILATIL Y E—=F Y R 2,

4.2.1 (BRERE LDOATIA v E=F VR
AN 5 | = 0.2, B RIS B 5T SRR ES,
I'(l) = Tpe 20 (4.18)
A I ARFRIZE VT, BgLARA Y E—F v R 2
zp =71 + jo; = 0.5+ j0.5 (4.19)

DR Py %, SEEEHRRI LI 5 R [rad)

2T

— 28] = 2
0 = 251 'y

0.2\, = 0.87 (4.20)

ZUREIRI D RS I 7 m Py 26 ANNA Vv E—=F VR 2,(1) oD% (R I AME
Zld).
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IZI4.9. ﬁﬁ!ﬁPlizL 1+ )21 05+]05

¥ 4.10.

AP 5 [ = 0.2), BEN7-5 Py

E—% VR 2

Xz Fv

YORD 256, BILARA >~

(4.21)

21 = 0.5+ j0.5

ri+J

Z[ =
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DEE, AMKTOBRITEMNRE L 13,

z—1  (0.5+0.5) —1
2z +1 (054 350.5) +1
= —0.2+ j0.4 = 0.447¢70-6%"

L:

(4.22)
B2 5 1 = 0.2), BN 7 ARSI Lo 5 COBEREHR U,
D = [ o028l = [, 925502
= (—0.2 + j0.4)e 705" ~ 0.4 — 0.2 (4.23)
£ 2T, BUBLATIA Y €=V R 2, BUSLATIT F 28V Ry 13,
s .
o = T Them ~ T =2 2
Yin = % =5 _1],1 = 0.4+ ;0.2 (4.25)

4.2.2 HEDD HI5EHE

BMED S | HEN R COBERKMNBRE L) I220T, BEREICHEE?H 254
(a#0) ERVEE (a=0) O e 2, fiEnEi,
T(1) — T(1)|aeo = Dpe2@HiAl _ ) o261

= Dpe 201 — e720h) (4.26)

— AR SRS 1.0j
m— RR D & BIRER

B 4.11. K EHRDH 2L E DK
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4.3 1/4 BRDISER G

BBLARIA Y E=F VR 2 =1 + jog DEE, AREDLS [ =)\, /4 ZITHENT R,

2T A
g=28l=2-— "2 = 42
6] N 1 T (4.27)

VKRR D SRR S $ 7 iz 2 S AREIC 7 my Fdiud kv, BitbA 4 v E—5v
A Zin &i,

1+PL€_j7T 1+PL(—1) 1-T1y 1
in(Ag/4) = — = = =—= 4.28
: ( g/ ) 1—FL€_J7T 1—FL<—1) 1—|—FL Z1, yr ( )

¥ 4.12. AfEPS [ =)\, /4 BTz m P,y

DL /A PRDOBERBEZIAT 2 &, ANA Y E—F VAR, AfifH TOMEDY
Bekhsd, ko7,

1 1 2
Zin = —— = — = —=1-71 (4.29)
zr, 054705 1471

Nk, AIAKELT 1 rad MRS 7m0 S B LAR 7 N 2 ¥ v R yp Ofi% GiA
W52 EHTES,
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4.4 A4 =R L BITEERLL

A4 Y E—F Y AP, DED 2 = r(jo = 0) THZ 5N 2 L %, BIEKSHEK
iz,

r

Zim—1 r—1 Il (r>1)
- — - = 4.30
ey S {-%m (r<1) (4.30)

In&D, BEUATIA Y E=F VR 2, 13,

14T
= > 1
IR 0 AN I G0 N BT p(rz1) (4.31)
MU IorD 1—(Hn) ) L= o1 '
=— (r<1)
1+ p 7

Eh, BHEEEKK p b2 3,
BIEEEWDRRKDMETORBENBEIIT = T|WZ, ZORTORLATIA >
E—4% VR 2, 13,

1+ s

o — - 4.32
- Vinaa ]' - F V. 1 - |F| p ( )
22T, p ZEEEERLETL,
|V|max
p= > 1 (4.33)
|V|mzn

COLE, s jz) BRI E RS SN, U727, r>1, 10, Ciuk, M
FPMNOIEDH L TH 5.
HEERHEDORNDMETOEEHREIIT = —|T| WA, ZORTORMKLATI? F

1-T

L—(=T) 1+ 1
= = =p=— >1 4.34
S Ty R e 1 e P 434

Yin

CDLE, yn(=g+gb) 3FEHELRZ (Wiavy sy R), LieB>T, g>1, b=0.
HHOIE, zip(=r+jo) BEBEERD GFEEGD, r <1, 2=0. ZhiE, HIFFHOAD
Fih Lch b, RIAMETIEEBEETEL p OFARD ITHIIGL T» 3,

2 I AMFEE L 5EA,

o M Py BULAMA Y E—F U R 2 =08+j1.0% 71y b,
o M Py P %2 EELZHEFREMEEDEE DL (BHERK).
e MFEXD, BEEEWIp =2, =r=32bD0 3,
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COFMEZ I T UL, BEEE p, B2 S EBEEER DR KDIE E T mEE |
Bhpiud, Eiili ko Py 2 KKEHA D 12 28 R X, B LAamA v E—=F v 2 (OF
P,) #RDBIENTE S,

X 4.13. BHHEELL

4.5 PRI AME

4.5.1 THHEKMBRBEANTFIY R

{RIRRREREIRIC AT 7 B 28 v R Y D3 S ey, B LAY B S & v Ry 13,
AR COBIEMNRE T, ZHW»T,

Yr 1-TIy

?o:yLzl—i—FL

(4.35)
FIREIC LT, BEHET B S8 v R Y, RS L0 58I B8T 2BBEANT F I8 2
yin(l) 13, %2 DA COBESRE (1) 2HVT,

Yin(1)
Yo

_1-T()
14T

= Yin(l) (4.36)
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FRICLCypn=g+ib BT, u, v T =u+jv) IBAT2XZ2RDZ L, FHE%E v,
v ITDOWTHEH L T,

g 2 Bt
2 _(_— 4.37
<u+g+1> + <g+1> ( )

L, b u =

—n v =0, PBED 5 OMERL T2, 7, BELFKICLT,

<1+u>2+ <v+2>2 = (2)2 (4.38)

i, e = -1, U:—%, ﬁy%ﬁ@ljﬂ%?éb“(@%.

v

>

w

J

Nl
/ )
-J

X 4.14. ®av¥ 2 ¥ AH

v
A

b

-

9]

w
J

-1 N
/ )
-J

X 4.15. &3k 7v AN



VI ES

~
=

J

4.5.2 7F

T T T T

-0.25 0.00 0.25 0.50 0.75

-0.50

yed bmc_mmE__

1 1 B

i i

i i

i i

i i | i

: “ : “ :

T 1 T T 1 T
o 0 o 0 o o) o 0 o
S N fre) [\ S 2 © N S
- o o o S o S S <

1.00

-0.75

-1.00

Real part

28 YA g DIIRE

Xl 4.16. Blgika> 4

1.0j

-1.0j

1.00

0.754------
0.50¢--

o o

-1.00

-0.25 0.00 0.25 0.50 0.75 1.00

-0.50

-0.75

-1.00

Real part

T A b DMBE

4.17. Blrfey
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fril

R FAZ BRI DI LA 7 F S ¥ v Ry
yr, =g+ jb=10.5+ 50 (4.39)

DERR SN TS, ZOAMEDS (a) Bl L = ),/ BB S B2 R
BACATT B 28 Y R yina, (b) BEBE I, = A, /4 BN AZE D S B2 FL 72 B A
NTREIIYR g %, KAKDE, 7L, A, & OEZBBEOFABEZRT.

\

y

iR
(a) AR CTOBEEFRE L 12,

1-—y,  1—(0.5430.5)
14y,  14(0.5+30.5)

ARG I = N /5 BN 7R TD T, yina 13,

Iy = 0.2 — j0.4 = 0.447¢ 90657 (4.40)

_j22_7r Ag

I =Tpe %% = (02— 350.4)e™%% ~ —0.4 4 ;0.2 (4.41)

55T, BIEANT F2 82 R gy 1,

1-Tpe " 1-(-04+,02)

14 Tre 328l 1+ (—0.4+50.2)

Yin,1 = 2— jl (442)

B 4.18. K P2y =2—j1
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R

(b) RS I

Ag/4 BENLT BT D i 0 1,

(4.43)

1—j1

yr 05+505 14j1

—1—41

X 4.19. K P, yino
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4.6 43Iy AME

ZIA A v E—FVvR) KEL7RIVVARERTRL ERD LS5, HIIET
PN ZE DRI T 2R TIE, EAETITIEA I AMEO RSN EEY 727 % v A,
WHETIZIZ T RISV AREDOEa VY 7Y VA EEY 7Y AHDHED 33
E 5,

B 4.20. (a) A I AKX, (b) 7 FI & AKE

D2 oDMELZTBERELELERDEIICKS, ZOEIICAIAKELT NIV Y
AMEZEREDOELLDEZAZIAVARTRE V),

X 4.21. ASARELET F Iy AKEDTELADE
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CHAPTER 5
{3 R R D U ST

5.1 ABiERHED G

5.1.1 HIEMRAZD YN
EREHERMIET 2 £ &, RO KD REAEDD 2.

o« VATRT 4 v ZEE  HEROHEMMED S DTN (REe) DREDZ LT, K
FEICk>TlRETE 3,

o TVILEGE MY, T—T7NVDEVRY DL, 2% 7 ¥ O MIFEOHEMD R
WERFEIZ T VA LICEL B0, KRIEICX > TRETE R\,

o PV 7 FEE  RELEHFICLE AT LREBOLMICE2HAED Z LT, BKIET
TULRETE 3,

5.1.2 AA 7 —iEuk

PRIEHIE 1 X 2 JB L A R v ZABGEDMIER X /1 7 —3GEMIIE E WYY, RD X ) %2051k
Vb5,

o fEIRHNE * A — (AR — b ZiEER) OMEiHETIESIL
o AHIIE : & a—F (HdVIEA—Tv) ZIY AT 7 JEfE CIERL
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5.1.3 X7 FILiAEaiE

RIS - 7AHZHE L CEBUBET 2 28Ik o T, AT VT4 v ViRERIRETE, #
HEFET (DUT: device under test) D S 87 XA —F ZEMEEICKRDZ 2 LB TES, T
ZTALIIRYT A% (de-embedding) V29, ZD X9 2z ZEHERR % FH V> CEHI
AHfi S 0, FRIE, 5 WwikF )T L—2 3> (calibration) EFEIXN, XKD K J AN
b5,

o SHIZE @ 1 R — MRIE
o B AREHE - 70V 2 A — ML
o ZOfth: TRL KIEARE

5.1.4 14Fx—MKIE
o SOL #ZIE © %f&#s (Short), FMEER (Open), Hfi (Load)
o JEARFAR TM KIE @ )V — (Through), & (Match)

5.1.5 2 H— MEIE

o SOLT #RIE : #f%#s (Short), BAik#: (Open), ffif (Load), A)L— (Through)
o TRL#ZIE @ AV — (Through), s#R (Reflect), {mikfi& (Line)
o TLSH#IE : AV — (Through), {mik##eEs (Line), #if&dr (Short)

5.1.6 %2 F7—27F 74 FDIEARIK

F RIS RE 1D S /87 A — 7 HD AR E DRIEIC K K W 6T 5 5HIEEE DS
FY ET =0T FIAFTHY, EHERIIRDOEED TH S,
o AA =N iR IE SR
e SNIRAXA—=% T ALy Y --BwETHT AL v F, Eholdss, Hnlk
i 3 fir
o LI =N EEDOMINK
o FPEMPEEE : KIER &

CDEHIIC—ODHEBELELTEFLEDLNTVREDTRY b VEERIEDMT WS 0,
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5.1.7 AN

HER— b 1, 2 NEBICERZENEE (error box, error adapter) & 2 5. HELATINIZ

) =) ()=t ()

XY RNT—2 - PHFSAYOREE [S,]
0o ] 2 L3
°—ﬂv@>: BeE 1751 A BeE 1751 @ AT [ g a
| [Sal [S] [S»] :‘”
]
bo I _ bl bz _ ! ba
S| FREEIRE o DUT A BEEE [
o ! N 2' " 3
X 5.1. #2EMEEE DUT Dithitebi
WL TR %,

[S } _ €00 €o1 [S] _ €22 €23
@ elg €11/’ b €32 €33
EBE, B4, R MY 7 RICEMT S L,

[R,] = 1 (‘60061_16+ €01€10 6;)0) _ L[R;]
11

€10 €10
Rl — 1 [—eoess +eazesn exn) _ 1 R
Ry = (2 2) = (g
€39 33 €32
2T,

2 R V=27 F 54 FOMEHD ML [S,,] %

b() . ag S(m) S{;n)
(bza) = [5n] (3) (5] = (S“”) S5

£E9%5E, R?bMUTR

b a R(m) R(m)
() =il (32) =
Qo 3 R517  Rso

IRD KI5,

[R ] B 1 Sﬁn)s(m) + S(m)S(m) Sﬁn)
R —-S55” 1
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51.8 FAILYRY T4 VY

ZOWEMD R~ VU 2 A [R] &, BGEEE [R), [Re), BMEHET O [R) 2 HTXK
DEIICEETES,

(R = [RJIRIR = - [RRI-[R) (5.9)

€32
kb, BHEZEFOR Y 2 X [R]IE
Rll R12 —1 —1 /1—1 /1—1
R = = [Ra) " [Runl [Ro] ™" = er0es2 (R~ (R [Ry) (5.10)
Ro1 Rao

L7235 T, #EZEFDORELLTH [S BRD I I I L TR N5,
1 R12 R11R22 — R12R21 aq b1
S =[S 5.11
= Rzz( Fan ) <a2> | ]<b2> o1y

5.2 Y7 zu—r570H

5.2.1 #AMEKE DUT

RORNEBEAE TN EEZE L2 VPV 70—25 7% R L L0 HEX— %2/ —
R ag, by & as, bg &L, DUT DAHHERIC 2 DDEAENEEZMA TV 3,

€00 Sa eué ESII S Szzé Eezz Sb 9335

X 5.2. #ENKE DUT okb7Fv7a—r57

5.2.2 MG IMRE - 8t

R—F 020D AFEZ2Z 2 2567 EAR &S, THHRAERE - KEICBWTIE, R—
F 3o DAFKIZEZ DT (a3 =0), Lo 7Frr7a—r9 71280 TEERD
BW7 7 0FRHIRTAERDEIICK S,
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a, € b 1‘ a’ S by’ 1 a, €xn

=2

X 5.3. WAM{E% « KD Fvza—r57

RIZ, ASID = FPACONT, 1/eyg U THiR/ —F2ERT S, 7, L
Mo 75 v FIc2nT,

b = €10a0 S/ = i)l =1-a9 (512)
€10
/
b _
di=1b - D=g="=1.p (5.13)
€10 €10
! _ a
b’2 = Szlall -2 = b/Q = 5'2171 = Sglall (5.14)
€10 €10
bl -
a =1 . 2=g=-2=1-0 (5.15)
€10 €10
bg — €3209 = €32€10 * (ig (516)

F—=F2IZBITZ ELSTADT T v FITOVTII,

by - as _
by = eanas S =by=exn— =e€xn-a (5.17)
€10 €10

FRgIC LT, THlD7 5 v FI2onT,

/
b _
dy=1-by D=2 o1 b (5.18)
10 €10
b} , at o
bl = 512a2 — = bl = 5127 = SmCLQ (519)
€10 €10
/ ai — /1 7/
a; =1-b) SL—=a=—=1-b] (5.20)
€10 €10
bo = eg1a1 = €g1€10 - A1 (5.21)

Zoft, FTO7 7 vyFofizZbo kv, kb, EGAS 7 FLv7a—27"5 7 03KD
B INS,
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€00 € Sy S S» €n

b, €€ 1! Sia i

M 5.4. /) — FOERZEZBLENGHS 7 Fv7a—2r57

5.2.3 HGIMRE - Bt

WITAEE « JKAHICBWLTIE, R—F 020 DAFKIZEZ LD T (gp =0), EITH
YR 7a—275 7 EERRICL T,

o BREWEDBRCAET S v FRAIBL SIS STV 7a =057 %825,
o AMID /7 = FUAZOWT, 1/eg 2L —FEEET 5.

o WICER L/, —F2oD7 7 v F0ftizRked 3,

o /= FOEFERELEHLIWHIAS I V70 —77 7 2EKT 5.

Inky, Ry I —r778F, ROLIHITh S,

by €n 1! by Sn @ i1 Lob, e @

1 Sa1 1 €361 b
€ Sh S S» € e
Zo €01€23 1 E Sh i1 1 as

X 5.6. J—FOREZLZEHL WA S FLv7a—257

5.3 11— MKIE
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5.3.1 SOL IRIE

WER =1 1 (a1, b1) 1< DUT (1 fi5xml#) % 8eii U <A R Sl RIS e
570D SOLKILICDWTHMT 2. 9, H2AMEHEHL L SOMRPREE T &
¥ 5.

BEE

0 ! A N1
i wEEn o
~— A 1
[Sa] | :

| r)z)
20 g |2 ]
0 1 ' :
| e e e o o o o e o e o

X 5.7. A D

A—1F 0 TOPRET &

eroeo1l'r
Ty = _ 5.22
0= oo 1—enly (5:22)

TEIN, HZIE, Afre LcaEikes (0 =—1) 28675 &,

) e10eo1(—1) €10€01
'y’ =T =eyp+-————= =¢€y — 5.23
Olepore 0T 1= e11(—1) T T ey (5.23)
f/, AfifE LCHRE (Tp=1) 28#T 2L,
-1 e1pe
F(O) T _ €10€01 _ 10€01 5.94
0 *lopen oty en 1 0T T e (524
AmEEAN (I, =0) DEZEFSIEFTHARL,
e1oeor - 0
FSL) =T, = egp + 10%01 * % _ €00 (5.25)
load 1-— €11 0
:Z/LJ: b, €00> €115 €10€01 bi, y\ﬁc:iﬁfi&)%: &ﬁ‘fg" Z)
€oo — F(()L) (526)
ori) — ¥ —ri®
€11 = F(S) Féo) (527)
9 F(L) F(S) F( ) F(O)
€10€01 — ( (S) >( (O) ) (528)
Iy =T

ZDEIIC1IDDR—FOEEMEZITIDDZ 1 F—FRIEE WS, FHEICL T, HIE
F—1F 2 (ag, by) IZOWTHEAGHAEM, Figds, BEERZER L CHEZIT AR, es3, e,
e93e30 WF SIS,
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FEAT R TM BEIE
2 D DFREREE DR EDY
[S ] _ <600 eOl)
¢ e el
5] = (622 623) _ <611 610)
P ez ess o1 €

A ) — (Through) t#E&HM (Match) 12

5.3.2

R OMEOBE, WAL [S.), [S) &

(5.29)

(5.30)

D179 DI TM (thru-match) RIETH 5.

AR (Match) 13 SOL BED Load £ AU T, WEMTM X e 12
ego = T (5.31)
AV — (Through) ToOREM S\, S5 1, MAFFIOMGER XD,
(T) _ €o1€10
%1—1_%1 (5.32)
Sg) — con + 601611210 = e + eUSg) (5.33)
1—efg
:ﬂ; b y €11 61,
S( ) — €00 581) — F(()M)
el = = 5.34
1 S(D) (D) (5:34)
if:, €01€10 0i,
2
i) =15
corern = S5, (1 — e3y) = 857 — ( @) ) (5.35)
521
5.4 21— FMRIE
5.4.1 SOLT fIE
HEER— b 1k 2 TR L 72 & 2 0B85, S0 1, BELFTA [S,) & [S)] @

fititzie & O Kb 54,

Sg) _ €10€32
1 —eq1e2

gl €01€23
2 =
1 —eq1e2

84

(5.36)
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2y R T—2 - PHS5AFOUEE [Sihral
RSN U R Aottt 1)L B
0 1 ZJ— 2 T3
o——4 = = —o
nvg"(-)»: ﬁkﬁt’f—f&—” 451/1\/‘ nvgu?» ﬁﬁ(ﬁ??’iu Iﬁ}v.
! [Sal | w1 stz | 1S0] '
by 4| _ b b, B 1 b
oy EEEK o -« WEEERE 1o
0 1 2! b3
1

X 5.8. WER— b owEEERE (ZAL—)

e SOLKRIEZfT 21X L, e10€32, €p1€23 WERDEHICLTRDB Z LTS 5.

elpese = Séf)(l — er1622) (5.38)
€o1€23 = SS)(l — er1€22) (5.39)

DL TES NN T X —F eq, €11, €10€01, €33, €225, €23€32, €10€325
eoreas ZHVIURE, TAZURy T4 VI o THINERZTD S NI X =9 %2RD S Z
EVTES, BT 52 TRLRIETHHEETH S (27— MIE). 612, WERNTD
R—FO03MDTAYVL—varbEadl 2R NRERZHIT2bDZ2 7V 2 R—F
KIEE W,

5.4.2 TRL KIE

TRL (thru-reflect-line) BEIEIZRD 3 D DEEHAIRAE THIE 21T\, KIET 2D TH 3*!
[6].

o Z)b— (Through) : K— 1t 1, 2 ZEEHEHE (H 5 W IFEEIEFREE 2 /v U THfL)
L, MIET 5.

o SRR (Reflect) : R— b+ 1, 2 KB ORE 2 CRAE) KinmzEmil, %4,
HET 2, #E, > a— MaEwy, A —=7VIGE0Rr B> TeT, KERED
REID1LITHEDHDDBH 63,

o (RS (Line) : A—1F 1, 2 ZHWSEMRE (AV—THW b DL IZRIDEL
DARERREE) # AL T L, HIET 3.

SR D SR B AR RIS DR S DB IEMEIC Do TR R WA T LA TE 2 02 TRL
WIEOKE R <THh 5,

*I G. F. Engen and C. A. Hoer, “Thru-Reflect-Line: An improved technique for calibrating the dual
six-port automatic network analyzer,” IEEE Trans. On Micr. Theory and Tech., vol.27, pp.987-993,
Dec. 1979.
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5.4.3 TLSKIE (TSD KIE)

TRL BRIED FER (Reflect) Db D ICKfEER (short) Z W7 1E%, TLS (thru-
line-short) ®IE & W9, [ZEFREE (line) % delay & PR & Z121E, TSD (thru-short-delay)
RIEE WY FfgE (short) 2V 270, Ty = -1 EBWTRONUE, XDLIHITLT
e11, e ZIRETE S,

Sﬁ%) — T2
] = ———— (5.40)
11 81}1%) .
Séf) + Y2
gy = — 22 72 (5.41)
” Ség) + U
Zh ML, TRLIKIEEFRIUTH S, </p>
5.5 TRLZIEDEA
TRL &IE*? [6] 122 W THFEL CEH L T § 2.
5.5.1 AJ)JL— (Through)
F9, AL—DELE, F—F 03D R <MY 72 (HIEME 11,
[Rthru] - [Ra] [Rb] (542)
£ -,
[Rb] = [Ra]_l[Rthru] (543)
5.5.2 {5k (Line)
RIZ, KD &) ISR (Line) 28T % &,
[Riine] = [Ra][Ri][Ro] = [Ra][Ri][Ra] " [Rinr] (5.44)

*2.G. F. Engen and C. A. Hoer, “Thru-Reflect-Line: An improved technique for calibrating the dual
six-port automatic network analyzer,” IEEFE Trans. On Micr. Theory and Tech., vol.27, pp.987-993,
Dec. 1979.
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RYRT—Y « PF A FOYEE [Stine]

I T R R B -
-vg,O»: BRELTTS! A 4 BELTS a3
el Dmer oz, mmorz| DB
o2 e | 2y SUC =P
o ! i l 2 M

5.9. JE AR — b NS ERRE 2 ke L 76

Ik,
[Rline] [Rthru]il - [Ra][Rl][Ra]il (545)
FEL, (R RGERE | OEREHOR < F ) 2 A% 5HL, ROLIChS,
e
[Ri] = ( 0 671> (5.46)
22T, HEMroROENAEZRD L HIZEXL.

[Rine] [Reawa] ™! = (7"“ Tl?) (5.47)

r21 T22

5.5.3 IO FL—A

W ay; (1,7 =1,2,---,n) »okdfTilz[Al £T2L, fTHlOFL—X trid, WA
E%aii @*DJ: b,

tr [A} =a11 + a0+ + Qpp = Z (0773 (548)
i=1
191 [A][B] ® b L — R4,

tr [A][B]

—_

n
1= i=1 \m= m=1
n

>

m=1

2D, A ANBFATHFL—RRAZETHS, kD,

tr([P)HAIP)) = te {([P)HAD[PY} = e {[PI([P)'[AD} =t {([P)[P]~")[A]}
— tr {[U][A]} = tr [4] (5.50)

> ([A][B])i = Zn: ( 3 laimbm) = Zn: (zi bmi@im>
([B][A])

mm = tr [B] [A] (549)

L, (U] B¥AATZR Y, Lo T, fIOMBLEHIRTS F L —RARALTH S,
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5.5.4 niAFRIEOERE
R (5.45) DITHID P L—RA%ERKD 2k,

tr {[Rline][Rthrurl} = tr {[Ra] [Ri] [Ra]il} = tr {[Ra]il([Ra] [RlD}
=tr [R)] = e et (5.51)

oD L — 1%, AAEEOND Z,
114 790 = e 7 4 7' = 2cosh Al (5.52)

EoT, EREHEOBAE 1 2RKOD I ENTES,

4l = cosh™* (7“11—;7”22) (5.53)

5.5.5 ENPKD ST A —%
MERO R MY 7 AEEE
(a) .(a)
T T
[Ra] = %i) 5) (5.54)
Ta1  Ta2

EELLE,

[Riine] [Rinra] ™ = [Ra][Ri][Ra] ™!

[Riinel [Renra) ' [Ra] = [Ra][RI] (5.55)
£0,

(7’11 7’12) TEC{) 7’%) _ Tg‘i) ng) (e—vl 0 ) (5.56)

T2l T22 ré‘{) ré‘é) ré‘f) 7’%) 0 et

ik,

ruriy) +rarly) = riPe™! (5.57)

7‘117”53) + 7“127“%) = T%z)evl (5.58)

rorr@ 4 papr® = @ (5.59)

7“217“53) i T22T§;) _ rggkvl (5.60)
X (5.57) £X(5.59) DA LD, e EHET S L,

(a) (a) (a)
7“117‘11 +T12T21 . Tll
@ (@ (5.61)

(a)

a a a
T21711 + 72279 T91
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I 2 ERD2RTTHEALE RS,

GAN ot
21 (a) + (7’22 — 7’11)@ —T12 = 0 (562)
T T
21 21

F7e, X (5.58) &K (5.60) DA LD, ! BWEL THIET S L,

t11tg(§) + tth%) . tgg)

a a)  (a) (563)
ot + tontSy) 153
GAN iy
21 (a) + (7”22 — TH)W —T12 = 0 (564)
T2 T2
oo 2 XAGEAUL, REDELW Z,
7‘21.’B2 + (7“22 — 7“11)$ —r19=0 (565)
X-oT, iRz,
—(r99 —111) £ 1/ (199 — 111)2 + 4royr
po S o) &y ) b, (5.66)
2T21
RYbMVZAD5 S Y 7 RAICEHL T,
vy = Tg; _ —Coof11 + ep1€o01 ~ o0 — €01€10 (5.67)
T51 —€11 €11
0
Ty =~y = €00 (5.68)
729

EBC. BERRKICX AREVPRELS BV ETIUL, |21 > |12| 52 &) B2 ET X
W, L7223 T,

€0 — T2 (569)
fo1610 =T — 1 (570)
€11

FIERIC LT, R—1F 2-3MDMERED T XA =7 HRKD B Z EVBTE,

[Riine] = [Ra][Ri][Rb] = [Rineul [Ro] ' [Ri][R] (5.71)
AL T,

[Rinra)  [Riine) = [Ry) [ R1][ Ry (5.72)

[Ry) [Rinea) ™ [Riine) = [Ri][Ry)] (5.73)
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Wi,

[Rthru] -1 [Rline]

(b) (b)
T T
[Ry| = (T%z}) %f))

Il
R
33
PO~ =~
[
33
PO~ =~
DN
NG

LB,

b b _ b b
7”51) 7"52) (7"/11 7"/12> _ (6 i 01) Tgl) 7"%2)
S L R W

nkon,

2 (5.

%7z,

(b) 1 ®) (b)) —~1
Ti1T g =T e

(b),r ), _ (b) —v
T11T1g T T1g 99 = T1g€

(b)), s b, s (b))
Ty T T Tog Ty = Tar €

(b) 1 ®),r (b)) ~
91 Tig + T9g Toy = Tog €’

77) LR (5.78) DR LD e B,
b b b
7"§1)7"/11 + 7"52)7"/21 _ Tgl)

b b — ()
7"51)7"/12 + 7"52)7”/22 7"52)

/ /]”§b1) i / / /r§b1) /
M| gy | tl2—r) G —ra=0
T12 T12

X (5.79) £ (5.80) DIE LD ! BHEL THEAET S L,

b b b
Tél)rlll + 7"52)7"/21 . Tél)

b b — ()
7"51)7"/12 + 7"52)7”/22 7"52)

/ rébl) i / / /rébl) /
M| gy | T2 —r) G —ra =0
T22 T22

Fo oo,

7"/1292 + (ryg — 1)y — 15 =0

TEREN, BE (jn| > e,

—(rhy = 111) % \/(rhy — 1112 + 477y
Yy = 274,12 = Y1,Y2
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(5.74)

(5.75)

(5.76)

(5.81)

(5.82)

(5.83)
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R*FVZADPSE S~V 7RI T,

(b)
T{] _ —€22€33 1+ €23€32 €23€32

Y1 = —(5y = = —e33 —
r €22 €22

A2
Ya2 = OB —€33

T'22
L7293,

€33 = —Y2
€23€32

=Y — Y2
€22

5.5.6 JHdr (Reflect)

HE AR — MO (Reflect) Z28&#i L 2562525 (ERETL).

__ JUEEISRl o L AEE [Sp]___
o ! .3
BELITS BELITS v
aop 1 as
IS4 [Sp] ™
bO : - _ : b3
| mEE SEEE [~
0 1 Y
X 5.10. J5E AR — b RIAESERE 2 b L 7288
A=+ 0 cokutEs SW, BXOR—t 3 cosuRE S iz,
I'p e11(ze — 1)l
g®) _ corerolr
1 €00+ 1—enly v 1—enly
Iy ey —y2)l'L
g®) _ caseselp
2’ =8 I —exnly vo I —exnly
Ik,
P S em Sy
(Sg) —r1)en (Sél;) + y1)e2
Cem (S —@1)(S + 1)
e (SfY = 22)(Sky +u1)
— 47, A=k 5o s, sz,
Sg) — eo + €22€01€10 _ Zo + er1€2(To — 1) _ T2~ 61162271
I —er1e22 1 —eqre22 I —ejre
Sg) I €22€23€32 _ g + e11e22(y1 — y2) _ “Y2Fenenhn
I —er1e92 1 —eqre2 I —er1e9
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(5.89)

(5.90)

(5.91)

(5.92)

(5.93)
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£-TC,

€11€22 =
(T)—'$2 5§§)+—y2
L7357,
2 _ Sz —x2><522 + 1)
7 =
(551 = 22) (S5 — 21)(S55) + 1)
(s - m)(s( ')
22 S(R)_ €11
(51 — 22)(S%” + 1)
22T, Iy offeEfiz T,
R
e o S%l)_mQ
11 — S(R)_ r
( 901) L
R
oy — S§)+y2
22 (

(522) +y)l'L
X OHEEMEZ KD, e11, e DFFFZILET I

(5.95)

(5.96)

(5.97)

(5.98)

(5.99)

B v, I 61 Z eqpesa, €preas V&, SOLT i

EDzL—nREFAKTH D, AL—0EiEmg sy, SO pnbrtudkosons, Lk

o T,

€00, €11, €10€01, €33, €22, €23€32, €10€32, €01€23

DIREIN, TAZVYRY T AV TICEoTHIMERT DS RNIA—=F 285 LRT

ERAN

92



CHAPTER 6
7 2 W GIRD T DR EBIE

6.1 2WT-NY 724 v A%

QTR T 7 ARBED R =1 1,2 % Ry, Ry (F2H) KL, ¥—F 1,205
B2 Bic KA Y €= Y 2% Zin1(5), Zina(s) ET2E, £—b 1, 2 TORFRE
Fl(S), PQ(S) Ci,

Zina(s) — Ry
T = ’ 6.1
1(8) Zmyl(s) + Rl ( )
Zina(s) — Ry
T = ’ 6.2
2(8) Zmyg(s) + R2 ( )
7<7ZL, s=jw

2 i Fxd
YFP9F VR
[E]#%

X 6.1. AHJI%Z &0 L 7zl

A — b 2 OIGATT Ry IS N BB Py 13,

_ [P

Py = Vo(—19)* Ry

(6.3)
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A— bk LICHEESL Ry DfESHZER L 56252 5. WEEIUCE L WESEIT Ry
Z ZHUCER T VIR ARE S Poge DMF5 10, RO K HITH 5,
E?R; E?

Pmam = = 6.4
(R1+ Ry1)? 4Ry (6.4)

/

R
1 v, Rl

1!

6.2. A %2 Bt L 7z Inli%

Nk, KIRAM Ry ICHBINBEN P, EKEN Pa, & DI,

Poas _ 3 1Ry B> |1 [RE
Py _%_4]31“/2’2_2 Ry V3
2

22T, MR L E, BB P ATIET Py = |L*R(Zina) IKEL VDS,

(6.5)

o, [Val?
|\ R(Zina) = 7 (6.6)
2
£,
2
2 = RaR(Zin) (6.7)
1
kb,
Vo It 'V 1 Va
e _ 4 e - 1 6.8
FE FE L Ri+Zin1 §Lh (6.8)
Vo _ 1 Vo RoR(Zina) (6.9)
E \R1 + Zina|? |1 |R1 + Zina]? '
£,
2
Pmam _ 1 &E _ }@ |R1 + Zin,1|2 _ |R1 + Zz’n,1|2 (6 10)
P 2\ Ry Vs 4 Ry RQ%(Zin,l) 4R1%(Zm,1) i

ZHAEDEE, Pras/ P > 1.
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6.2 74 )5 DREBIEL

FI%ERAEL (characteristic function) K(s) %,

Pmax

2

#L (s =jw), Transducer Function H(s)"'ZRXD &k ) IZEHKT 5.
Fmas 6.12
=15 R1 V2 (6.12)

[H(s)? =1+ |K(s)[ (6.13)

=1+|K(s)] (6.11)

£ -,

RIS, MHREBE ORRZEL§ 5.

P Zin
1 _1_4&E _ 4B BoR(Zing)
P Ro Ry |Ry+ Zinal?
(B Zm,l)(Rl + Z5 1) — ARR(Zin 1)
‘Rl + Zm,l‘
R+ Ri(Ziny + 25 0) 1 Zin P — 2R (Ziny + 25, 1)
|Ry + Zin 1|
R} = Ri(Ziny + Zy 1) + | Zina P
|R1 + Z’LTL 1|
Ry — Zm R Zm Z'm - R ?
_ ( 1 ,1)( 1= 1) _ ,1 1 _ |F1|2 (614)
|R1 + Zin, Zina1 + Iy
2% 0,
1 |H? -1 |K|? |K]?
NE= e = e T HE T 1o |KE (615)
Ik, FREREIE K 1B L TR D .
|K|* = Ty | H|? (6.16)
KK* =T\[:HH* (6.17)
*1 Transducer Function (BIfEERERIE) 1213, RDEI B2 ODEENRDH 508, RBEBTCRIBEOEELM
WTWV3B),
o 57D Transducer Function : & « Az &0 AHIEBER (E = Vo) Z#k\v, ERHNABTERENE
BEZRT.

o D Transducer Function (Insertion Loss i) : BU&{L I 17 BIR - A (Ry, Ry) KB E 741
PG ORBE TR T (SRR EFUER).

95



6.3 AL vyE—¥v2DOMWY

YRR I SRR AT HE 22 2 B Al (passive network) D ATIA Y E—% v 2D - wFE
(even/odd properties) ZHiHHd %,
6.3.1 7—Y T4

WE, f(t) zRE e (52 OFEBOREE L, KR (time domain) 2> 5 A HGH
& (frequency domain) (27— ITZ#: (Fourier transform) $ % &,

= / ft)e tdt (6.18)
ZHUIRD LI T E B TRT LB TE S,

= /oo f(t)(coswt — jsinwt)dt

— /_: F(t) coswtdt —j/: F(t) sin wtdt (6.19)
22T, F(w), Kw) 2FEHELT,
F(w) =R(F) + S(F) = Fi(w) = jF(w) (6.20)
I SR
— /Oo f(t) cos(—w)tdt = /oo f(t) coswtdt = Fi(w) (6.21)
/“ F(8) sin(—w)tdt = /" F(#) sinwtdt = — Fy(w) (6.22)

27T, Fi(w) IZMEBIE (even), Fh(w) Z7PI%L (odd) TH 3. EBElEE2EE hVESE
TR, L, C (ABEEPESOREIIKELZY) oINS 1 TF-NRKEEZ S
&, B o(t), BIKi(t) TRt 0FEEECTH D, N7 =Y 2 8HmE V(w), I(w)
£E9 5L,

V(w) = Z(jw)l(w) (6.23)
L, Z(jw) BANA Y E=F Y 2%,

Z(jw) = R(w) + jX(w) (6.24)
TOLE, EH Bk (6.21), X (6.22) OBIESSH Y,

V(w) =Vi(w) — jVa(w) (6.25)
I(w) = 6L(w) — jla(w) (6.26)
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ANA v =% v 2 DRZ# 2T,

Vi(w) = jVa(w) = {R(w) + jX (w) { h(w) = jla(w)}
= R(w)h(w) + X (W) I(w) + j{ = Rw)h(w) + X (@)1(w)} (6.27)

S8, A& D,

Vi(w) = R(w)1(w) + X (w) Iz (w) 28)
Vo(w) = R(w)I2(w) — X(w) 1 (w) 29)
Ik,
R(cw) = D) 4 Vo) _ Vi@)h() + (= Va(w)) (- b))
I} (—w) + I3(-w) Bw)+ (- Lw)
— R(w) (6.30)
X(—w) = Vi(—w)lz(—w) = Va(—w)i(-w) _ Vl(w)( - Iz(w)) ™ (_ VQ(W))A(W)
fi(=w) + I (=) B(w) + (— b))
= —X(w) (6.31)
o7,
Zin(—w) = R(-w) + jX(-w) = R(w) — jX(w) = Zj,(w) (6.32)

L7235, R(w) IZEBEIEL (even), X(w) I3HBIE (odd) TH S Z &b h 5. b A
by BUSILATIA Y E—=F VA 2 OBEFILBZICOWTHRKTH 3,

*

Zn (W) = r(w) = ja(w) = r(-w) = jl-2(-w)] = zin(-w) (6.33)

6.3.2 AN E—F T ADM - FRHE
ANA Y E=F VR Ziyy DITRE, 53F%, s = jw ICBI 2MBBIE (even) my(s) = m;(—s)
&, #BIE (odd) ni(s) = —ni(—s) (i =1,2) TRI &,

- ma(s) +na(s)
Zin = ma(s) + na(s) (6:34)

22T, REIE m,(s) IS IEA RSN (n 138D,
my(8) = 8™ + agp_28*" "2 + -+ as® + ag

= m;(—s) (6.35)
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ZDLE,
s = (jw)* = (—1)"s*" (6.36)
0, m(s) 138 F7, WBEBn(s) 3HLERXTEI N (n 13FLD,

n1(8> = a2n7182n71 + agn,332”73 + -+ CL383 + a8
= —n;(—s) (6.37)
Dt E,
S2n+1 — (

jw)2n+1 — j(—l)n52n+1 (638)

J:D, nz(s) Ci%@ﬁ%@ktﬁ%:kﬁ’bi)’% %:VG‘, 77L1, 77L2 72%@&‘3‘% k,

ny = jfbl, Nog = jﬁg (639)
Inkn,
7 _ mitm g gm  madgm me — jng
" omg+ny  mo+4jny mo+ jng mg — jig
- (m1m2 — T_Llﬁg) +j(m1ﬁ2 + mgﬁl) B i
- e =y (6.40)
XKD, Z, OB TH S, T, T DOEBI,
my(—s)ma(—s) — i1 (=s)n2(—s) = mi(s)ma(s) — (= na(s)) (= na(s))
= mq(s)ma(s) — ny1(s)na(s) (6.41)
W2 MEBETH 5. FRRICL T, TOERI,
my(—s)iia(—s) + ma(—s)71 (—s) = ma(s)( = Pa(s)) +ma(s)( — 7 (s))
= —(ma(s)ma(s) + ma(s)ma(s)) (6.42)

DA TH B Z LD, 2T, Ziyn OEBBIEE Ev(Zy), H8%% 0dd(Z;,) &
L,

I SR

GV A Ly 12T,

o Zin DIEBABDIE %2R T Ev(Z;y,) 13F5
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. Zi DEEBOTEET 0dd(Zs,) 1M

A7 RFIYVRY,, bAKTH 5.

6.4 MEHRNMEOMH

TR TR AN A ¥ E— Y ZMEE, DD R(Zim) = 0 W2,
P +Jn1  .ming + mang
mn m + . - 2 —9
2+ Jn2 ms + nj
1

£oT, MHEEREETIIANA Y E=F VR Z;y, AT F I8V RY,, \$ELD DA
BTHb.

6.4.1 MEHENEED L v E—5 v 21751
AV E=F VT [Z] I2D20»ThH
Vi _ (Zu Zwe) (§
b= 22 G 040
HERE T, i,5,k=1,2(j#k) &ELT,

Zy =21 =8(Z) = 0dd(Zy) (6.47)

Ij I,=0

Lo, [Z] DATOFIEHEI MY, W53,

6.4.2 MEHENEEDO Y N I8 v 2175
7RI YATA Y] IZOWT

L\ (Y Yo\ (Wa

@J‘(mznﬂ<%> (6.43)
RIS, 0,5,k = 1,2 (j # k) & L THERI,

Vi = 2 = 9(vy) = 0dd(Yy) (6.49)

Jj I,=0

EoT, [Y] ORTOFIISEENI M, FHRE %5,
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6.4.3 MEFHRMIFEDIEALTH

x5z, BAL [F) i,

<2> =] (—V;f) [F] = (é g) (6.50)

A v E—F U ATHIEFE 2 W TET &,

A B 1 (Zy1 Z11Zy — 2122
(C D) a Z12< 1 Z ) (6:51)
Inkh,
1 1
C) = sy = =gy — —Cl=3) = 9(C) (6.52)
A(s) = 228 - :2;2:3 — A(=s) = R(A) (6.53)
D(s) = %8 - :iﬁ:g — D(—s) = R(D) (6.54)
B(s) = Zu(8)Zals) = Zis(s) —B(-s) = 3(B) (6.55)

£ o T, MPRNEETRIEFERD A, D IFEBD MR, B, C 3B >ERIE
L2%,

6.5 HIE NI XA —% DY

6.5.1 BIfHRIEREE S 8T A —% DB
BIERRBIE H (s) &, EAfSIO%EFE A, B, C, D&V,

A(s)Ry+ B(s) + C(s)Ri1Rs + D(s)Ry

H(s) = .
(5 L (656
—7, WELITHIE S Sy, Sip 1d CEHANE),
L NI
= e = R DRy + B+ ORi s (6.57)
X7,
11
H(s) = — — — 6.58
(s) S S, (6.58)
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6.5.2 I

SRS L F, A, D IXEH, B, C BHUER®R, H(s) BRI H(s) 14,

o A(s)Ry — B(s) = C(s)Ri Ry + D(s) %
H*(s) = NIV (6.59)

7, A, DIFERE%E, B, C I3HBEHKLD,

A(=s)Ry + B(—s) + C(—s)R1Ry + D(—s)R;

2R R;
= H(—s) (6.60)

H*(s) =

6.5.3 FrEBI%L
TR H X 0 |H|? 2 38T 3 &,
(A+ D)R+ (B+CR? (A+D)R— (B+CR?)

2 *
H = HH" = 2R ' 2R
(A+ D)2R? — (B + CR?)?
B 4R?
. —4R? 4+ (A+ D)?R? — (B + CR?)?
- 4R?
—4R? 4+ (A - D)?R? —4ADR? — (B — CR?)? + ABCR?
=1+ N

::T\, AD_BO:1<J./:D’
(A— D)’R? — (B — CR?)?
4R?

_ 1+41R2{R2(A—D>2— (B—CRz)Q} (6.61)

B, C R#EHWwZ, FRDE2HIZIETH 2, FEREE K 3R TERI NS,

[HI? =1+

H? =1+ |K)? (6.62)

K2 2 I8 K #HoTERT &,

|K|? = KK*
_ R*(A-D)*—(B—-CR?)?
B 4R?
_ R(A—D)+(B~-CR? R(A—D)—(B-CR?
B 2R ' 2R
I, R K IR0 X Ik 5,
1
KX$55ZR{R(A@)—[XQ)+(B@)—CX@R%} (6.63)
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BRI K*(s) I22W T,

1

— S { B(AG) = D(s)) = (B(s) - C(s) R
1

_ 2R{R(A(—s) — D(—s)) + (B(=s) - 0(—3)32)}
~ K(-3)

K7(s)

6.5.4 KA Y & ISR BEEL,  RPEBH B D B iR
BRSBTS H, BEBS K 09I (s = jw),

A(s)Re + D(s)Ry  A(—s)Ra+ D(—s)R;

(i (s)) = ARt DO _ Al 4D
— R(H(-5)) = H(s)
R(K(s)) = 2O B2 = D(s)fy _ A(=5)Ry — D(=s)Fs

2v/R1 Rs N 2/ R1 R
= R(K(=s)) = Ke(s)

R (6.65) B LU (6.66) £ 1,

[ ARy + DRy ARy — DRy
c ‘" 2VRiRy 2v/R1 Rs

B, MRS 2, 2SR T,

AR,
H .+ K, =
vV R1Rs
£ -T,
vV R1Rs Ry
A = He + Ke - He + Ke
s ( ) Tlﬁb( )
F 7,
DR,
H — K, =
v R1Rs
£-oT
v R Rs Rs
D = H — K,)= H., — K,
R ( ) TR2< )
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FIfkic LT, BIF=ABE% H, REBI% K DEEGRI,

s(H(s) = BEFCORRy _ ~B(=s) - Cl-s)RiRs

2R Ry 2V RiRy
= —S(H(—s)) = H,(s) (6.72)
S(K(s)) = B(s) — C(s)R1 R _ —B(—s) 4+ C(—=s)R1 Ry
2v/RiRy 2V/Ri Ry
= —S(K(—s)) = K,(s) (6.73)

H,+ K, = + (6.74)

B, MIRFS 254, B2 IcR T,
B

H,+ K, = 6.75
T, (6.75)
Lo,
RiR,
B=\/RiR:(H,+ K,) = H,+ K, :
1Ra(Ho + K,) \/m( + K,) (6.76)
E
CR1R,y
Ho - Ko = 677
T, (6.77)
£-T,
1
C == Ho - Ko 678
\/R1R2< ) (6.78)
FERFTH & BRIk BIE, FrPIoBIRE £ L0 5 %2 [,
ARy + DRy
H =""21"""1 .
VR Ry (6.79)
B+ CR1Rs
Hy=—+—- .
VR, (6.80)
ARy — DRy
Ko=———F— 81
2vE1Ra (6.81)
B —CR1Ry
K,=——— .82
NI (6.82)
Wik,
A B _ 1 Rl(He—l—Ke) RlRQ(HO+KO) (6 83)
C D vV Ri1Ro Ho_Ko RQ(HS_KG) .

*2 R. S. Elliott, “An Introduction to Guided Waves and Microwave Circuits,” Prentice Hall (1992).
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6.5.5 A4 vyE—¥ R LRHEBEDOBIE
Uit 1-10 2SRz Wi A4 v =8V R Ziy 1 13,

Vi AVa+B(-I,) AVa+ By AR+ B
I CVa+D(-I) CV,+Dg  CRy+D

Zing = (6.84)

= (6.69), (6.71), (6.76), (6.78) Z#fAAT % &,

Zin,1

Ry

1 Ry(He+K.)- Ry + Ri\Ry(H, + K,)

R (Hy—Ko) Ry + Ry(H, — K.)
_ (H+ H,) + (K. +K)

H.+ H, K,)

(
) — (K.
(H) + “ﬂ)(()
H
)

Zin1 =

—~

R ( +S

~ (R(H) +S(H)) — (R(K) + S(K))

_ H(s)+ K(s

= Heo) =K () (6.85)
FIRRIC LT, Bif 22 26l %E R ATIA Y E—=F VR Ziy o 1,

2 Vo DVi+B(-I,) DVi+By DR, +B
n2 — T = =

I, CVi+A(-I;)  CVi+AL ~ CRi+A

(6.86)

R (6.69), (6.71), (6.76), (6.78) #f\AT 2 &,

N

Ry
1 Ro(H.—K.) Ri+ RiRy(H, + K,)
"Ry (H,— K) Ry + Ri(H. + K.)
H.+ H,) — K,)

H.+ H,) K,)
R(H) + w>><<m
R(H) +S(H)) + (R(K)
H(s) — K*(s) _ H(s)
H(s)+ K*(s) H(s)

Zin,2 =

—~

(K.
+ (K
q (K))
(K))
— K(=s)
+ K(—s)

/\/\/\

- g
-g

(6.87)

S S S

6.5.6 4 Y E—% v 2155 & RIS O BIt%

HAFTHEFE A, B, C, DEHWTA Y E=F Y 2474 (2] #FET & (AD—-BC =1),
_(Z1 212 _ LfA 1
121 = (Zm Zzz) S C <1 D) (05
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A H.+ K.
Iin=—=—+ .
NTETH K, Ry (6.89)
1 1 I
D H.- K.
Zy = ol mRQ (6.91)

6.5.7 7 F I v 2115 £ R BB D BI%

FICL T, A, B, O, DEHWT7? FI ¥V A5l [Y] #FET &,

Yii Yio 1 (D -1
V1 _1 6.92
M=(h ) =50 A (692
kb,
D H.—K, 1
v, D _ b 6.93
"T B H,+K, R (6.93)
-1 -1 1
Yig =Yy = (6.94)

Yoo=—7= T (6.95)

6.5.8 AXunbHIL, FEhndiE
W11 26 WgE R A4 v E—=F VR Zi 1 1,

Vi AV + B(—1y)
Zip1 = — = 6.96
YT OVat D(—Dy) (6.96)

Wi 2-2° DR EBIL, HBHVIFEE LA EE, W 1-D o ligEE AN v E—F
¥ Zors Zsy I,

Zop _ 1 W _ 1 A _Zu_ H+K (6.97)
R R Ll R C R H,—K, ’
7., 1 1 B 1  H+K

a_ L W _1 B_ _ ot (6.98)
Ry Ry Lly,—o R D RiYn He—K.

W, Wi 2-2" o[ E B AL Y =S VR Z o 13,
Vo DVi+B(—I

Zina = 2 = DV £ B (6.99)

L CVi+A(-IL)
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By 1-1 D2, H 2\ IEERE L 2 & E, Wi 2-2 ol E R A4 v E—5
A Zo,2a ZS,Q Ci,

Zo9 1 Vs 1 D Zoo H, - K,
2o 21 oo iR eT e 6.100
Ry Ry Il Ry C Ry H,—K, ( )
Zp_ 1 Vo 1 B_ 1 Hot K (6.101)
Ry Ry DLly—g R A RYs»n H.+K. '
6.6 FFHEBEE & WsLiT A DBt
Ui 1-1 20 6 A& % W72 KRB T 13,
RN crp —
Zing+ R &848 4 Ry
_ (ARy +B) — Ri(CRy + D)
(ARQ + B) -+ Rl(CRQ + D)
— Sy (6.102)
FRRIC LT, W 2-2" 25 g% B 7 RO GREL T, 13,
r, = Zm2 =2 _ crih — I
Zing+ Ry SHEB 4+ Ry
B (DRl + B) — RQ(CRl + A)
(DR1 -+ B) + RQ(CRl -+ A)
— Sy (6.103)
F 70, KEHMRE T, Ty RS K & DRI,
T — Zing — Ry Z%’l—l ~ Zipg — 1
b Zimi+R1 Z;T"l’l—l—l 2z + 1
H(s)+K(s
ke ! (HAK) - (H-K) K
T H(s)+K(s) T (H+ K H—-K) H
B0 (H+ K) + (= K)
= S (6.104)
Zin2
, = Zin’g—RQ _ Rz, -1 _ Zin,2_1
Zin2 + Ro Z;T';’Q +1 Zip2+1
H(s)—K*(s) N N "
_HeiE) L (H-K)—(H+K") —K* —K(-s)
T H(s)—K*(s) - _ J(x *)
MOy (H - K+ (H+ K H H(s)
— Su (6.105)
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3 (6.58) & T, BEAI[S] KDL kD,

_(Su S\ _ (% o \_ 1 (K(s) 1
si= (5= (0 ) =am (7 i) (6100
6.7 HREBIBE A1 v E—5 v ZDRR
REHEEE T £ 35 &,
* _ Z:(n(w) -1 _ Zin(—CU) -1 — —w
I (w) = AP e wET i I(-w) (6.107)
AR BB | H (s)[2 1,
[H(s)* = 1+ |K(s)]* = 1+ D (s)*| H(s) | (6.108)
FPERIRL K (s) %
K(s) = H(s)['(s) (6.109)
L5 5L, RAMART(s) i,
_ K(s)
L) = 555 (6.110)
g (=)
T(=5) = ] (6.111)
Zhkn,
e K(8) K(s)*
o= = ) Hsy
B _ K(s) K(—s) .
= (W) (—w) = H(s) H(—s) (fHBI%0) (6.112)
X7,
H(s)H(s)" =1+ K(s)K(s)"
H(s)H(—s) =1+ K(s)K(—s) (6.113)
BRILAIIA v E—=F v A 281k, HT = K &1,
o _L4T(s) _H(s) 14T(s) _ H(s) + K(s) (6.114)

" 1-T(s) H(s) 1-T(s) H(s)— K(s)

FHERIB K (s) 28U 5 B85 2, [EIE GBI AN H (s) K0 5 2 LT EIL,
T(s) b b, FREDHILANAL v E— 8y 2% £ TR NS, K = —HT LF
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5L, REMREIE —T £ %2 5DT, BBILATIA v E=FV RIERD X H 2%, BOFH 72
RIS 5 4153,

_ H(s)—K(s) 1
Zin = H(s) + K(s) = s = Y (6.115)

6.8 {nikFrtk

6.8.1 HiAMK, KIHHE

RS (insertion loss) &, FAMLIRLRE ST £ D, 20logyy|Sy| [dB]. v F7—72
TFIAWIC X BHETIE, MARKEZ Sy &0, Li= —20log,,|So| [dB], KEHEE
(return loss) & S11 &0, L= —20log|S11| [dB] & LTRKD B Z L3 %\,

E7, 74NV OBGEHIE W T, BIfEEREBIS H £ D, #H5% (transducer loss) a [dB] 1%

Pmaw

= 101log |H|* = 201og;, | H| (6.116)

a = 10logy

X ORHi S 5,
T TEEEBIS H (s) O BBISK H(s), ZBM H,(s) 1,

() = Ho(—s) = R(H(s)) = T HE) (6.117)
Hy(s) = —Hy(~s) = $(H(s) = T HE (6.118)
£0,
H(s)[2 = H(s)H"(s) = H(s)H(~s)
= {He(s) + Hols) }{ He(—5) + Ho(—s)}
= {He(s) + Hols) }{ He(s) — Ho(s)} = HZ(s) — HZ(s) (6.119)
6.8.2 PrtHE#E
BRI H (s) DR 0y 1
— tan—t \HS))/J S(H(s))/d — tan—! H,(s)/j — Ztanh~! H,(s)
I = ) M e G G (6:420)

3 U7 B O SR B T 1 T b 5.
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6.8.3 HREIERFE

FHELE (group delay) T, 1%, s=jw &0,

dOy

dom _ dsdom _ . d
I dw  dw ds —jds

. d

(j tanh ™! Z"Ej)

WO HIHRBESL y = tanh ™' D#IE, = =tanhy X D,

h?y — sinh?
d—x: 12 _ oy ;m yzl—tanh2y:1—x2
dy  cosh®y cosh” y
£-oT,
d dy 1 1
—tanhlr = -2 = — =
o ‘é—“’ 1— a2
Inky,
d _ Hy(s) 1 H'H, — H,H'
T — — h 1 — X [2) e
! ds (tan He(8)> 1 (fY’ H?
H'H, — H,H!
HZ — H7
22T,
/
A(H,H, — HoH,) = {H(s) — H(~s)} {H(s) + H(~s)}
/
—{H(s) = H(~=s) }{(H(s) + H(~5)}
= H'(s)H(s) — (-1)H'(—s)H(s)
L, H'(s)= 8 g7,

£ T,

T, =

)

HYH, — H,H, _ H'(s)H(s) + H'(—s)H(s)

=

H'(s)
H(s)

)

H2 — H2
_ 1 {H’(S) H'(—s)
H(s)  H(—s)

}

2H(s)H(—s)
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CHAPTER 7
PR EE2H 357 4 L%

7.1 P (Maximally-flat) Rk

7.1.1 e FHEHEO R EBI S
R K (s) %

K(s)=s" (7.1)
&_'@‘5 k)
N
K (s)|* = K(s)K(s)" = K(s)K(—5) = sV (=) = (=5?) (7.2)
HP =1+|K(s)? =1+ (-52)" (7.3)
1 _
|NN21+WQ|—LqﬂﬁN (7.4)
AT R L w,. TRFIIE w 2 BEL L T, BB LAREE Q 2Rk > TE#ERT S,
- _ v
s=4Q, Q= o (7.5)
nkb, [H? &
2 _2\N 2N W 2N
HP =1+ (—s5)N =14 Q _1+<%> (7.6)

L, Q=1, w=w. ZEWH LY, ZOLE, |HQP? W& [HDP=1+12Y =2
Thb, F, Q=00 E, |[HO)I?=1. N=00oTlZ 0<Q<1DLE|HEP=1T
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IEREE, Q> 10L& |H|? = co THEMERA (&<EXLAW) L4, HENA
{EIg@iB 7 v LA (lowpass filter) DFFEE %%,

|

stopband

Q

X 7.1, {EKmE O i PR

7.1.2 FERBOE R
RIS D FE R 2 KD 2 1O 2, £9HERE LT,
14 (=) =0 (7.7)
EBOLTHLS &,

(—32>N _ ] = e

- 2n—1
—?=elF T

2n

s=tjeleN T (7.8)

WE, e=elav EBL L,

H(s)H(—s) =1+ (—52)N
= (s —je)(s — je) -+ (s = jN 1) - (s + je) (s + j€*) -+ (s + jeN ) (7.9)

FERDRIFETHBITE 2 X )12, H(s) ZBEFEVFIOLEFRINO X iOfE 2 v THRE
RS 5 L,

N N
H(s) = (s — je)(s — je) - (s — jeN 1) = [ (S _jg%—l) =I[ (s—s.) (7.10)
n=1 n=1
Z 2T,
Sy, = jeZn*l = jej%” e (7.11)
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ZDEE, AR (s) I3,

I(s) = i;(fj) =t (7.12)

N
1:[1 (s — sn)

7.1.3 (RO O R

RECN = 2,3,4,5 128 U TEMEE RS E L O RHEREZEIH T2 ERDE I RS, X
BN DRKEL DL, DL OHMOMEGEEEEISOEOVWTWL 2 EDRb2 3,

3.0 T 40 T
os — N=2; — N=2
/vt B
) ) /// — N=51 T — N=5
(z 1.5 /// (Z 20 b
T ;: /// E 0 %/
0.0 0 —
0.0 05 1.0 15 2.0 0.0 05 1.0 15 2.0
Q Q
180 40
90 \\ — N-=2
S 0 ey 30 - x:z ]
§ —oof = - o) N
§ ~180 NS ———— E & 20 \\ N=s
< _opof ° N=2 \\ EES \
2 s xzi T
—-450F .+ N=5 \
540 : 0
0.0 05 1.0 15 2.0 0.0 05 1.0 15 2.0
Q Q
¥ 7.2. {KEGEBORFHEHE (n = 2,3,4,5)
7.1.4  {RIGEED) S 55~ o N
JFRI DRI EE 7 4 V& (lowpass filter) %,
- jQ (7.13)
ET 5L, BIE@ERT 1 )LA (highpass filter) ~o FRHZ AL,
1
Q=—= 7.14
a (7.14)
IOXDEH I B,
1 1 1
s:n:'(—T):—A:T 7.15
=il-5) =873 (7.15)
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TRUFRE N = 2,3,4,5 1209 2 BYfERAB SRS X ORKHREZ R L 72 b DT, AL

U2 X o CRZ ICEEEEFFERE S N Tn S,

3.0 T T 40 T T T
i — N=2 — N=2 3 i
25 ! ‘ — N=37 sl —— N=3 ‘ |
20 AN N=4 ] N=4
g : \ — N-51 @ |[— N=5
2 15 S 20
o [N
x W\ :
= 1.0 =
\\ 10
05 ~] \
0.0 i i \,‘\ 0 i e~
0.5 1.0 15 2.0 0.0 0.5 1.0 15 2.0
Q Q
180 T T 40 T T T
b —— E 1 § — N-2
3 ‘ | — N=3
S 98 _ 30 | N=4
s - | g  —wes
T 180 & 20 T g
= N=2 [y ‘
R N=3 = ///
< -360 N=4 10 %
—450 N=5 i
540 i I I 0 ‘A{k i
0. 0.5 1.0 15 2.0 0.0 0.5 1.0 15 2.0
Q Q

B 7.3, W O i HURFE

7.1.5 ARBGEIE) & G GE i~ D JE AL

R DARIER 7 4 LY (8= 4Q) D oHEBBT LS (bandpass filter) ~D B

2,
, i (A 1) 1 [~ 1 1<A )

0= — ) =— [0+ === - 7.16

*= LV( 0 M/G )T w Ty (7.16)
22T, WHEAEEZ R L,

W T (7.17)

Wo
wo = ~/Tn (7.18)

72720, wo BHDAREE w, w, 2O TR, LEROMEAEEZRT. TRIZREK
N = 2,3,4,5 12/ 2 Arigoa o B R B E X OREHRE 2 R L7 b DT, HAFE
W =03 &L CREEERL W,
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3.0 T T T 40 A w—)Y
— N=2 — N=2
2.5 — N=37 sl —— N=3
20k N=4 ] N=4
o — N=5 o — N=5
2 15 1 = 20} ;
o | o |
I i T !
— 10f ¥ - !
| 10} |
0.5 3 3
0.0 i i 0 i
0.0 0.5 1.0 1.5 2.0 0.0 0.5
Q
180 T T 40 T T
2 ; § § = ‘ — N=2
0 . ! : ; — N=3
— —90 . : 3 30 n
P 180 F : . N=4
2 270 F ‘ : : 3 — N=5
T -360F & 20 ; i
E _450F ¢ N=2 =
o —540F . N=3 - i
< —630F _ 10 F ;
~720 N=4 |
-810p * N=5 |
—900 L Il Il 0 Il Il
0.0 0.5 1.0 1.5 2.0 0.0 0.5 1.5 2.0
Q

X 7.4. fFGEBOREHEE (W =0.3)

7.1.6 {IIGEGED> & A SBH L~ D R A A 1A

R DASIRER 7 4 L8 (5 = jQ) 55 <b>HKIHILE 7 4 L% </b> (bandstop filter)
N JAPHAEA I,

Wh — Wi

wo

wo = Jwiwp (7.21)

L, W IHATIEIE, wo 3 OARBE, w, w, 2RO TR, LIROMAPEZ R
I FARRICLT, B W = 0.3 & UTHirsiB Ik i BBt L 72kt 2 TSR T,
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2222
enonn

a s~ N
i 1

3.0 , , T 40 ——
: ; — N=2 — N=2
25F ! ! — N=3] sl — N=3
20F i i N=43 N=4
) | | — N=5 o — N=5
S q5F 3 3 1 = 20} ;
o ! ! o !
I i i I i
—10F s i - 1
1 1 10} 1
0.5 3 !g 3
0.0 i ‘ i 0 i
0.0 0.5 1.0 15 2.0 0.0 0.5
Q
180 : : 40 :
90 ; | § E |
0 ; : 3
— —90 ‘ : 3 30 |
2 —180F | § ; —
2 270 F : ; ‘ g
T -360F ~ 20
E —450F ¢ N=2 =%
o —540F . nN=3 =
< -630F B 10 |
—720 f N=4
—g10f * N=5
—900 L Il Il 0 i
0.0 0.5 1.0 1.5 2.0 0.0 0.5
Q

2.0

X 7.5. HWEERHIE D EHEE (W = 0.3)

7.2 Byl

BT REB DAL TSI A ¥ E— 2 Y R 25 (s) 1, KD X 3 Il HENCES NS,

1
Zin(s) = 15 + T
g28 + 1
g3s +

(7.22)

Bl 7.6. zip IS DAL 7SRRI 7 £ L8

WS, BURIEANT B 28 v Ry, BRAKDOIG THEDBIERTE 28556, MO X ZnlE

M E 72 2 (L [MERITRT L OB 72 Al
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B 7.7, yin 1T & DAL 7 RAUERGEE 7 4 V5

7.3 e FRHEZ KD 2 BEOBE Rl

N=20Dt%, FlREHK(s)=5% ZDLE, H(s)=0DXuxr s,(n=1,2) 13,

5] = el T — i (7.23)
7220, « \FEFELERERT. Ko T, BRI H(s) 13,
H(s)=(s—s1)(s —s9) = s> — (s +5])s + 1=+ V25 + 1 (7.25)
1.0
s1
0.5
% 0.0
Nl
-05
sZ
-1.0
-1.0 -0.5 0.0 0.5 1.0
Real Part
7.8. s, DA (N =2)
kb, BBLATIA v E=F v R 22,
24+ V2s4+1) £ 52
Ziz(s +v2s+1)£s (7.26)

s2+V2s 4+ 1) F

(
INE, HKIREAR 1 ORI CHBRT 5720, £, EXO BRSO o 2R
Iy 5 L,

1
: = 4+ — 7.27
“in V25 + 1 T s+ 1 (7.27)
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L7355 T, BFREKOZEFHEIZRD L H Ik 5,

o WIB:HEAIET L) =g =2
o 2BH 1 MHIET Ch=go =2
—7, M5 D z,- 1220 T,

_ 1

Zin

Wz,

o BB WHIET Cl = g1 = V2
« 2BH EIIFET L) =g = V2

06 5 T HEESE SN D (REFEORT 13874 %), &k, WiF L KR,

Ry=Gy=yg3=1 (7.29)

7.4  PEHERHEZ R 3 BRI %

N=30DL%, R K(s) =5 TDLE, H(s)=0DXuxris,(n=1,23)1%,

2 2.1-143 2

sp=¢€" 25 T =¢l3" (7.30)
2.2-143 .

sg=¢e" 23 "T=¢"T=-1 (7.31)
. 2.3-143 4

sg=¢el" 23 T=¢el3" =g] (7.32)

£ T, BHEERE H(s) I3,

H(s)=(s—s1)(s—s2)(s—s83) = (s +1)(s* +s+1)=5>+2s*+25+1 (7.33)
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Complex Plane
1.0 — B
51’
/
0.5 -
5 :
o | \
> | |
§ 00 182 T
(=] \ [
©
E
~0.5 -
N )
\\
1.0 s3 -
—t
1.0 05 0.0 0.5 1.0
Real Part

X 7.9. s, DPLE (N = 3)

kb, BBLATA v E=F VR 2R,

$3+2s2+25+ 1)+ 83

3
+
$3+2s2+2s+1)Fs3

Zin

= E (7.34)

Ik, MIRER 1 OB FREECHEIEL X9, £3, EXo BRSO 2 2o HURbE
ERCRD

L 2884288425+ 1 1
Z- —_= —_=

in 252 + 25 + 1 5+2s+8$1

(7.35)

LT, XD &) Ll RIRE L 25,

e W I EIET Li=g =1
o 2BH 1 MFNFECY =g =2
« 3BH 1 EAET Ly =g3=1

—75, THIRFED 2, TIi&, 2, =+ WZ, XD X5 HICHLRHFRIERE T kv,

E=
Zin

WIB  MHFET O =g1 =1
2BH t HAIET Ly = gy = 2
3BH AIHET CL=g3 =1

%k, ML bikmEmL,

Ry =Gy=g=1 (7.36)
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7.5 i FIRAE 2 R o ARG A -1 [l % o) BIR AL 1~

RIBOEEES 1 I E] B IO e R D & 9 TR SN, N RORFHEEZ G5 28
Ty 775 ARz ARYT 5 &, BISLETE g 13, RDOLI %S5,

go=1 (7.37)

. 2k — Dw
gr = 2sin <(2N)> (k=1,2,---,N) (7.38)
gN+1 = 1 (739)

2L, go AN DAY, gy (IHEImRE OESTIZ R T

gl g3 gN
1
ng Tg4 TgNl r gN r
N:odd N:even

7.10. ANJAVE=F VR 20 1k D R L 7Bl ik

9y 9, Ina Iy
1 % I
W gN r gNil T

N:odd N:even

¥ 7.11. AJi4 v E=F VR 2 12X DG L 7B RNl

ieFIHRHE 2 49 2 (RI0EE 7 L 8 DRIALETE g, Z KD B ERD X HITh D,

£ 7.1 BFHRHEZ AT 2 (EEGEE 7 4 VY OBEALETE g (RAESHEIEDTIE gy = 1)

BN | g 92 93 94 g 96 97 gs
1 2 1

2 V2 V2 1

3 1 2 1 1

4 0.7654  1.8478 1.8478  0.7654 1

5 0.6180  1.6180 2 1.6180  0.6180 1

6 0.5176 V2 1.9318  1.9318 V2 0.5176 1

7 0.4450  1.2470  1.8019 2 1.8019  1.2470  0.4450 1

INkD, N=2345200TANAL v E=F VR 2 THRL ZRIEORME% k0 2
ERDEHITR D,
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0 0
-5 -5
m —10 / A o \ ________ 4
S, / 5, \
s —15 5 —15
2 / 2 \
g8 —20 / 8 —20 f-erememeeeeees \ ———————— E
2 25 VA 2 25 N
3 30 3 30
L y/:z L N\
20 Maximally flat 20l0gso |11 0 ! 20logy |S21]
101 100 10' 101 100 10!
Normalized angular frequency Q Normalized angular frequency Q
180 180
90 90
0 0
S 90 S 90
k=) k=)
2 -180 P —180
& -270 g 270
o o
—360 —360
—450F . Arg Sy —450F . Arg Sy
—540 —540
101 100 10! 101 100 10!
Normalized angular frequency Q Normalized angular frequency Q
K 7.12. 2 BB RN o EBRE (A4 v E—S VR )
0 P 0
-5 / -5
g -10 / g —10 fo-mommmmeee e \\ -------- =
s —15 5 —15
8 g
| 8 —20 froemrmrmemmemem b N E
2 25 2 25
g / 5 \
s —30 T —30 b N E
T _gsp N8 / — T s — |\
Maxirfally flat 20l0g1o |11 2010910 |21
—40 —40 X
101 100 10' 101 10° 10°
Normalized angular frequency Q Normalized angular frequency Q
180 180
90 90
0 0
S 90 S 90
3 -\ 3 \\
o —180 S o —180
8 _270 N 8 270 o———
< <
o o
—360 —360
—450F < Arg Sy —450F . Arg Sy
—540 —540
101 100 10! 101 100 10!

Normalized angular frequency Q

Normalized angular frequency Q

B 7.13. 3 BeB - RYNI o> (ki

WRE (A4 v E—=F v R o)
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0 0 =]
. / . \
g —-10 / g —10 \
g -15 / a;-, -15 \
g8 —20 7 g —20 \
2 25 7 2 25 \
& 30 3 —30 \
T o _gsp N / T s |
Maximally flat — 20logio [Shil 200010zl
—40 —40 :
101 100 10' 101 100 10!
Normalized angular frequency Q Normalized angular frequency Q
180 180
90 90
S 90 S 90
k=) k=)
o —180 o —180
@ @
2 =270 & 270
o \ o \
—360 —360
—450F . Arg Sy —450F . Arg Sy
—540 —540
101 100 10! 101 100 10!
Normalized angular frequency Q Normalized angular frequency Q
X 7.14. 4 BB FRIMBEOMREGERTIE (A4 v E=F VR )
0 Ve 0 ~
. / . \
Qg —-10 / g —10 \
g -15 / g -15 \
8 —20 / g —20 \
2 25 7/ 2 25 \
& 30 3 —30 \
T o_asp N / — T s — 201
20 Maximally f}ét 2010gso[S11| 0 2\0 0910 [ S21]
101 100 10' 101 100 10!
Normalized angular frequency Q Normalized angular frequency Q
180 180
9 \ ”
0 0
T -9 \\ T oe0b
o —180 o —180 \
g N g \
8 270 & -270 \
£ \ T
—360 —360 \
—450F . Arg Sy —450F . Arg Sy
—540 —540
101 100 10! 101 100 10!

Normalized an

gular frequency Q

Normalized angular frequency Q

X 7.15. 5 BB R O RMGERFHE (A4 v =5V R )
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7.6 JAPBZEHUC X Y KD ol FHURHE 2 0 Wbl i v
ARl O RS AL % i

OB B[] (OB I 2 R D & ) Bl TR SN, N RO&FHREEZ 6 20
T 7 7 8 2 AR ORISR T gi, 1, RDXH %S,

N:odd

B 7.16. z;f 12K DAL 7o JRRMIRRGE ] % J RS U 7 e i Bl - Rl

&
&

<
W
1
1
|
|
I

N:odd N:even

B 7.17. 2, WK D AR U 7 S R i 2 Sl SRS 1 U 2 e S g - Rl i

BOFHREZ 6T 2 EloiiE 7 4 V8 OBALETE g, ZRKDB ERD LI IR D, T
EL, go=1 gy =1 THED, N=2345C00TANL YE—F VR 2 THK

7 7.2 Butterworth Sl 7 « V& OBIUKALET1E g5

KEN | & 92 93 94 s s g7
2 0.7071  0.7071
3 1.0000  0.5000  1.0000
4 1.3066  0.5412  0.5412  1.3066
5 1.6180 0.6180 0.5000 0.6180 1.6180
6 0.5176  1.4142 1.9319 19319 1.4142 0.5176
7 0.4450 1.2470 1.8019 2.0000 1.8019 1.2470  0.4450

LDkt 2 Ko % ERD K )12 5.
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Normalized angular frequency Q

0 0
-5 -5
g 10 \\ T —10 // -------- E
5 —15 5 —15
£ N\ 5 o A |
o N\ o /
2 _25 g 25
k- \ s /
o —30 o —30
T _gsp N2 — o T s / — 20log.. |S
- E - 201lo E
20 Maximally flat 20l0gso |11 0 ! 910 | S21
T ot 10 10° ] 10 10°
Normalized angular frequency Q Normalized angular frequency Q
180 180
90 90
0 0
g —90 g —90
> —180 § —180
[%]
& 270 8 270
o o
—360 —360
—450F . Arg Sy —450F . Arg Sy
S 10 T 10° 10°
Normalized angular frequency Q Normalized angular frequency Q
B 7.18. 2 Bebi Rl o ShiGERsHE (A4 v e—5 v R )
0 0
-5 -5
g -10 \\ L // -------- =
5 —15 g 15
§ —20 -\ —————————————————— R / ------------------------------------ E
2 _25 g 25
g \ g /
° —30 \ S B30 b E
- 35 N=s — 20| S * 35 / — 201 |S21]
_ 3 _ o 3
Maximally flat 091?| 1l 20 / F1o 521
o 100 10" ] 100 10'
Normalized angular frequency Q Normalized angular frequency Q
180 180
90 90
0 0
=5 - = 90
8 90 \\ g -\
o> —180 o —180
3 \ 2 \\
8 270 = g 270
o o
—360 —360
—450F < Arg Sy —450F . Arg Sy
—540 —540
101 100 10! 101 100 10!

Normalized angular frequency Q

B 7.19. 3 Bebi RN o ShiGEREHE (A4 v E—F v R o))
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0 =] 0
. \ o /
g —-10 \ g —10 /
s —15 s —15
g \ : /
g8 —20 X g —20 7
2 25 \ 2 25 7
3 30 \ 3 30
T o _gsp N — T s / — 201
Maximally flat 20l0gso |11 / 20logyq | Sz1]
—40 L —40
101 100 10' 101 100 10!
Normalized angular frequency Q Normalized angular frequency Q
180 180
90 90
0 \ 0 \
S 90 S 90
k=) k=)
o —180 o —180
@ @
8 -270 8 270
o \ o \
—360 —360
—450F . Arg Sy —450F . Arg Sy
—540 —540
101 100 10! 101 100 10!
Normalized angular frequency Q Normalized angular frequency Q
X 7.20. 4 BB RN O FlGERRE (A4 v E—F VR )
0 ~ 0 v
. \ o /
Qg —-10 \ g —10 /
g -15 \ g -15 /
8 —20 \ g —20 /
2 25 2 25
g \ g /
o —30 \ o —30
T o_asp N T s / |
Maximally flat — 20logyo |Shi] / — 20l0gso |Sr]
—40 3 —40
101 100 10' 101 100 10!
Normalized angular frequency Q Normalized angular frequency Q
180 180
% % \
0 0
? o \ ? o0 \
ke \ ke ‘\
2 —180 N\ o —180 \
\ [7Z]
& 270 \ 8 270
£ £ \
—360 \ —360
—450F . Arg Sy —450F . Arg Sy
—540 —540
101 100 10! 101 100 10!

Normalized an

gular frequency Q

Normalized an

gular frequency Q

B 7.21. 5 BB RN O FiGERRE (A4 v E—F VR )
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7.7 JAWBZERIC X R D ol FHUREE 2 R o i i i 1
ARl O RS AL % i

&

TrgoEE 7 4 V713, JERMEIEGEE 7 4 V8 & PR L T,

! ( ) (7.40)

W
Nk, EIEFOIERA v E=F VR 2 13,

1
zk—sgk—g;;<§+A>—§

(7.41)

GG S N BIELA v 77 7 v Ay, BEILF v 80 8 v R ¢, 12 (EFIHLRA),
=g (7.43)

f/e, WHIFRTOIERULT FI 8V R gy, 13,

gk (. 1 g 1 o 1
yk_SQk_W<S+§>_S+ gwk SCk + —= (7.44)

WEFIEEE X N BAL X v o ¥ VR ¢, BIRELA V5 7 87 v R D 13 GEFIERE),

&, = % = (7.45)

N

b= 2 =g, (7.46)
9k

L7eh3o T, airodih - BY [l ps (3B R 72 R D & 9 Rl TR I 5,

9 9 9 Iy Oy Ivi Iy
I O
§4 /g]\;»l ﬁN_l ' ﬂ r
--- O
N: odd N: even

7.22. 2 1T & D AR U 7 SRR ECHIGEI ] 7 A i U 7= bt e B R Il
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N-1

H
o
<
o
: :
1 1
=<
Nt
=
=
Ne)Y
QD
=
=

N: odd N: even

B 7.23. 2, WK D R U 72 R I 22 il A 4 U 7 A bl e B TR [ e

FOVHRHEZ A 3 2 niiEiE 7 « vy (WA W = 0.3) OBURLSE T g, g), 2RO
%kﬁ(@iib:&% fC?’:’:L, g():l, gN+1:1- ik b, N:2,3,4,50:Oblfj\jj/f

2 7.3 Butterworth HHgG@#E 7 4 L & (FAfs W = 0.3) OBUMELETME gi, )

XBN | & 2 g3 g4 s o gr
2 4.7140 4.7140

0.2121 0.2121

3 3.3333 6.6667 3.3333

0.3000 0.1500 0.3000

4 2.5512 6.1592 6.1592 2.5512

0.3920 0.1624 0.1624 0.3920

5) 2.0601 5.3934 6.6667 5.3934 2.0601

0.4854 0.1854 0.1500 0.1854 0.4854

6 1.7255 4.7140 6.4395 6.4395 4.7140 1.7255

0.5796 0.2121 0.1553 0.1553 0.2121 0.5796

7 1.4835 4.1566 6.0065 6.6667 6.0065 4.1566 1.4835

0.6741 0.2406 0.1665 0.1500 0.1665 0.2406 0.6741

YE=F VR THR L M OREE KD D ERD K HIC D,
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“HE
X 7.24. 2 B RInoaemntE (2F, W =0.3)
0 0
o 1 o [
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s —15 5 —15
g g o\
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Normalized angular frequency Q

Normalized angular frequency Q

K 7.25. 3 Bebi g OiGERRHE (2, W =0.3)
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“HE
X 7.26. 4 BB RN oaGEBRRE (=), W =0.3)
0 \ 0
-5 -5 ’ \
g —-10 g —10 ’ \
s —15 s —15
2 : L]
8 —20 g —20 m
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20 Maximally flat | 2010gso[S11| 0 I | 20logy |S21]
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7.8 JAWBZETUT K Y KD 7ol FHUREE 2 R o4 il BH 1B 1
ARl O RS AL % i

TSI 7 4 V813, B L D,
1

§= ——F—~ (7.47)
an
kb, EIEFOIESLS v E=F VR 2 1T,
9k 1 1 1
% (S + %) 5o T awa Sk T Uk

WA S - B F v 8 7 v R 8, BUgILA v 77 % v A 1 13 (EFIEERAK),

. 1 .
= Jam = (7.49)
e =Wae = g5 (7.50)

Fle, WHIFRTFOIERLT R8>V Ry 13,

9 1 1 1
Yp = Sk = — = — = = = (7.51)
w(E+3) Swa tave Skt B

EFIEEG S NI BIEILFE v 8o & v R [y, BIEILA v 52 & v 2 ¢ 13 (EFIHRIFNR),

A 1
e =War = g5, (7.53)

N: even

B 7.28. z;f 1K D AR L 7 JRRMICHIGE S ] 72 e AL U Z A B ks R Dl
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B 7.29. 25, 1K D ERR U 72 S RIS i % 72 il 2 45 U 2 A Sk L B~ PR

PR EZ A3 20 fHIE 7 4 vy (WA W = 0.3) OBIEILETFE gk, g, ZKD
BERDEICHD, FEL, go=1, gy =1 </p> kD, N=2345Ico0

# 7.4 Butterworth H#gfHIE7 4 V& (Fif W = 0.3) OBUMELETE gi, )

KB N

A

A

A

g1 G2 33 g4 s o gr
2 2.3570 2.3570
0.4243 0.4243
3 3.3333 1.6667 3.3333
0.3000 0.6000 0.3000
4 4.3552 1.8040 1.8040 4.3552
0.2296 0.5543 0.5543 0.2296
5) 5.3934 2.0601 1.6667 2.0601 5.3934
0.1854 0.4854 0.6000 0.4854 0.1854
6 6.4395 2.3570 1.7255 1.7255 2.3570 6.4395
0.1553 0.4243 0.5796 0.5796 0.4243 0.1553
7 7.4899 2.6731 1.8499 1.6667 1.8499 2.6731 7.4899
0.1335 0.3741 0.5406 0.6000 0.5406 0.3741 0.1335

TANA v E=F VR 28 THE LRI OREZ KD 2 ERD K H 1% 3.
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7.9 I FHERHE %2 A 9 B ARG AR - ] % o B AL T
DEH

B AR AR EGEE B RN O B LB FEO B 2R Z
BRI O RFERIS K (s) = sV & D, BIRESRBI% H (s) &

II (s —jem ) (7.54)

n=1
£,
€=elan (7.55)
EBE, XAZROTEL,
N = (e] 2N)iN = =4 (7.56)
2N — (63 2N)i2N =t =1 (7.57)

2T, s—oe2st LB ELBL,

N N-1
H(s) = 11 (628 (2n— 1) H ¢ ( (2n— 3) 2N 11 (8—j€2n/_1>
n=1 n/=0
N-1
=—1II (s—je ) (7.58)
n=0
ZHuin=NOEHEZEL 3 L,
N—1
H(e%s) - (s — je¥ NN = H(e%s) - (s 4 je ) = —(s — je2N 1) H (s —jegn_l)
n=0
_ II ( e2n— 1) (7.59)
EROWIE (n=0DH) Z58EL T,
N
1:[0( 2n 1) S—jé 1:[1< 2n 1)
= —(s—je V)H(s) (7.60)
£oT, ROBFEIHFONS,
—(s—je YH(s) = (s + je ) H(e?s) (7.61)
*1 ERGF5 2, “Tschebyscheff K12 A5 2B 2 8k Ic DO, TS 2EAHER, vol.34, no.2, pp.65-74

(1951).
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E7, BERLZEZ2EZ (A4 =1),
N .
H(s)=> A; sV

1=0

EBE, ZUIOVTh s s ELERE2EZBE,
N N—i N o
H(e*s) = > A (628) == AN
i=0 i=0

I % ETROBRAITUAL,

N N

(s —jefl) ZAZ- sV = (s —|—je*1) ZAi ¢ 2igN—1

i=0 i=0
SIZOWTHEML Tl L,

N N-1

Z (1 . 6—22’) A, gN—i+1 Z (1 _ 6—2(i’+1)) Ay N1

1=0 i'=—1
N

= je ! Z (1 + 6721.) AN

=0

ZL 7T, siZoWTRESLEL T,

(1 — 6_2(i+1)) A = je (1 + 6_2i) A;

kb,
Aiit B jﬁfl(l _1_6721') B jﬁflefi(ei —1—6”') j(ei —1—6”')
A; 1 — 20+ E—(i—‘,—l)(ei—‘,—l _ E—(i—i—l)) il (i)
B j2cos (%)
j sin ((1‘2"]1,)”)
Z 2T,
i
5;i =2 —
S sin 9N
i
C; = 2 —
C CoS (2]\7)
EELLE,
Ay G
A S
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(7.64)

(7.65)
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(7.67)
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(7.69)

(7.70)



7L, Ag=1W2Z,

o  Co
Al — AOT —_ —
S1 S1
¢ oty
AQ == Al? Ea——
$2 5152
Ci CoC1 Ci—1
AZ = Ai_l E— —
i—1 5152 Si
Z 2T,
=§O ) =§z = _572 - §2N7u SN = 2
50: s EZ_E—Z_SN—M EN—O

oI, IEEHETHONLBRAZEHL TE <.

2§z‘:i:j = giéj + Eigj, Soi = 5;C;

_ - _ )
2Ciij = CiCj + $iSj, Coj = C; — S

%7z,

5iSi41 — S182; = —C2i41 + C—1 — (—C142i + C1—9;) = C_1 — Coj—1
= —C(i-1)+i + C(i-1)—i = Si—15i
5i8i4+1 — S3S2i—2 = —Caiq1 + C—1 — (—C142; + C5_2;) = C_1 — C2i—5

= —C(i—3)+(i—2) T C(i—3)—(i—2) = S5i—35i—2

I 5T,

8i8i41 — 8j82i—(j—1) = —C2ip1 + €1 — (—Cry2i + C5-2;) = C_1 — Cai—5

=2

—C(—3)+(i—2) T C(i—3)—(i—2) = Si—35i—2
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(7.72)
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A IZOWTHEL T,

25954+ S22

_2 —_
8189+ S;_1Si

(7.85)
(7.86)

(7.87)

(7.88)

BUBILATIA v E—F Y R 25 XD X 5 ISESBIBB L <, BRI E KD T <
1
Zin(8) = 15 + i (7.89)
g28 + I
g3s +

iZl, gp (k=1,2,--- | N) BHFRUREOBKIETME, N ISFEFE BE), r 13
ImEMm 2R L, RO L) ZRERAIGLN S,

P()(S) 1
Zin = = g15+ Prils)
Pl(s) PZES%
P1<S + 1
= g28 Pols)
PQ(S) Pz(s)
Pk_1<8) 1
= gkS$ + Pe(s)
Fi(s) Pria(s)
PN_1(S) .
Pas) gyS+ T
H B0,

Po=gqi1sP + P
P1 ZQQSP2+P3

Py = gpsPy + Pria,

ZZT,

(7.90)

(7.91)

(7.92)

(7.93)

(7.94)

(7.95)

(7.98)

(7.99)
(7.100)



INSDREY, Py, P, --- EEX, REOECLHAICLRZ L)1 g1, g2 -5 ko
S ERBROTOIFIEX V. T, Py(s) 13,

N
Po(s) = S(s) + sV = (Ao + 1)s™ + D AN
=1

_ 9N~ 2 N1 4 223? N-2 2=§2§45N—3

81 5152 5%5%53 T
25 . Boi ‘
| 2SR S Ny (7.101)
5182 S;_15i
Rz, Pi(s) 13,
N .
Pi(s)=5(s) — sV =3 AN
2 25 2595 25954+ S9i_ :
= DNl SR N2y SN p IR RN L
81 5152 818283 8182 ctt Siilsi
(7.102)
Z 2T,
P()(S) = g18P1(8> + PQ(S) (7103)
J: by gl %’
Po(s) Dtk N DEREL Ap+1 1+1 _
g1 = = v K = ) =51 (7104)
Pl(S)O)Ei‘IEJ’/\N — 1@{7{%&& Al 5
TR, Po(s) D sN ofpfizvu s, kb,
PQ(S) = PQ(S) — §18P1(S)
= (Al — §1A2)8N_1 + (A2 — §1A3)SN_2 R + (Az — §1Ai+1)SN_i + -
(7.105)
Z 2T,
2 25
Al - 81A2 - — §1¥ =0 (7106)
81 5152
_ 259 _ 2595, 259 _ _ 289
Ay — 51A3 = ——— — = — —_—
2= sids = o0 —Sigae = aac (S5 S5 = 55
2%
- _ _52_ (7.107)
515253
I 51T,
A A 25954  _ 259545¢ 25954 (555 )= 2589584 _ _
-5 = -5 = 5354 — 515 ——5—5—595
ST 2535, 15252525, s233s%s, oot IOV T 5252525,
955
= 2 (7.108)
51525354
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¥ 72,

Ay — 1Ay = 25954 -+ S3i—2 3, 25984 -+ 5225

5185+ 5715 5185 57 4575i41

28354+ Si-2 (5:5111 — 515)

— 5%53 — 51-2_151-2514_1 191+1 1924

25984+ S2i0 _

BECIRNE RE T

_ 25954+ S2i—2 (7.109)
5755 57 95 158111 '

2s 2595 25954+ S9;— ;
P2<5) = %SN_Q + #SN_?) o + 55 2 4,2 - 2 ,2, SN_Z + -
§152S53 51525354 5189+ 8, _98i—15iSi+1
(7.110)

RIZ,

Pi(s) = gasPa(s) + Ps(s) (7.111)
:?}/Lck D’ 92 ;E’

2

Pi(s)DIREGRN — 10K 4
Py(s)DEEERN — 20R % 22

g2 = =53 (7.112)

TR, Pi(s) sVl offfizvu s, kb,

P3(s) = Pi(s) — s35Ps(s)
:AQSN_2+"'+A7;—1SN_(Z'_1)+...

25954 258984+ 89; -
_ N—2 254 2i—2 N—i+1
— 83| 5= —=—35 +o 5 S————- S ELE IR (7.113)
51525354 8185+ §;_985i—15iSi+1
Z 2T,
2595 259 _ 2895
Ay —835——— =5 —535——— =0 (7.114)
51525354 5152 51525354
_ 2595456 25954 _ 2595456
Az T S8335- - - T 9o T S35 —m- - =
5155535455 515553 5155535455
25954 _ _
B P pe— (3455 - 3356)
51585535455
28954 _ _ 25954
= ﬁslsz e —— (7.115)
5155535455 5152835455
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I 61T,

A _ 28984+ S22
i—1 — 53 —9—9 iy S E—
8185+ S;_98i—15iSi41
28984+ Sgi4 5 25284+ Soi—2
T 22 2 . . 7822 2 & &<
8132 st 51_251_1 3152 st Si_25i_15i$i+1
28984+ S2i—4 _ _
= 55 I (8i8i4+1 — 5352i-2)
8189+ 87 _98i—15iSi+1
_ 25954 -+ 52i—4 5. a3
= =55 e i—35i—2
5189+ 87 _985i—15iSi+1
25954 -+ 5954
= 222 2 - = —— (7.116)
8185+ 8;_45i-35i—28i—15iSi+1
L7535,
25254 N_3 28984+ S2i-4 N—(i—1)
P3(s) = ————— Tt 55 = + -
5182535485 8189+ 8;_45i—-35i—25i—15iSi+1
(7.117)
[ARRIC LT, —fRIAIZOWTIE,
25984+ Sop—2 N_p . 25284 S2k_252k N_j_
Pp(s) = =55 TR Nk —— - ok GN—k—1 L
§152 " S2k—1 S§152 " S2k—152k
28984+ Sok—242 (ki
S a sV g (7.118)
8185+ 8ySid1 " S2k—144
T BUR B,
Pi_1(s) = grsPx(s) + Pr+1(s) (7.119)

W2, gr ZRDEIICHEDIUE, Pp_i(s) D sV P Bz w4, 20k, gD
— g,

25284-8y(k—1)-2

B (s)DRERN — k+ 1D S5m0, 0 | S2k—252k—1

FT TR OREBAN — kORE | Zmomma gy, !
L
(7.120)
T,
T
5, = 2sin T 7.121
s <2N) (7.121)
XoT, HBILEFE g, 1ZTRDXHICEBTE,
2% — 1
gk = 2sin <(2N)7T> (k=1,2,---,N) (7.122)
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REDIHIZOWTIE, k=N-1,N®DLE,

25984 - So(N_1)— 25984 - So(N—
254 AN-1-2 25254 2(N—1)

PN_1<S> — —— — —9— —
S182°* S(N—-1)-1 8182+ S2(N-1)
259N _18oN_ 259N
_ ZONZISN-2 o EBINL o254 9 (7.123)
SaN-2 51
05554+ Son
Py(s) = 2207 RN=2 (7.124)
8182+ S2N-1
f7,
gN = S2N—1 = S1 (7.125)

X o T, &KmfsPir 13,

r= Py(s) — gNS
Pn(s)
2515 + 2
:&2+_@3:1 (7.126)
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CHAPTER 8
FVINVREZAT L7 4L

8.1 EFVY 7)) (Chebyshev) Filk

8.1.1 F =zt x7LHN%z M7 RIERIE
REBIE K (s) 2, s =350 kD,
K(s) = K(jQ) = eTn(Q) (8.1)
ZIT, Ty(Q) & N XoFxES> 2 7%1E (Chebyshev polynomial) %78 L,

(—1)"N cosh (N cosh™! |Q|) (Q<-1)
Tn(Q2) = cos( N cos™! Q) (191 <1) (8.2)
cosh (N cosh™ Q) (Q>1)

£/, e [HEREDY PVORESIZKRODZ 1T A—=F (FEH) THSH., kD,

K (s)]” = K(s)K(s)" = K(s)K(=s) = K(jQ)K(~j9)
= TN (D) - eTn(—Q) = 2T (Q) (8.3)
|H(s)]? =1+ |K(s)]* =1+ 2T3(Q) (8.4)

ZIT, EEAEQ=10LE, [H?E Ty(l)=14&Db,

|H|? o 14+ *T3(1) =1+ £ (8.5)
IR D ) 7L D KAE L,
|H oz = V1 4 €2 (8.6)
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‘?‘yl\“}l/{ﬁli, LAT — 1010g10(1 +52> [dB]. ;\@c:, g ci’
=10 —1 (8.7)

8.1.2 WM RBAE D NBUr iR

S VEHE H(s) % s KB L CHRB RS 2720, [H(s)? =0DIRERD S, s = jQ
J:b; QZ_]S@%—,

|H(s)]> = 1+ T (—js) =0 (8.8)
T3(~js) =~
TN@g@::iVEI::iz (8.9)

22T, Tn(Q) =cos(Ncos™tQ) Wz,

:tz::cos{ﬁJcosl(—js)} (8.10)
WiE,

cos H(—js) =z + jy (8.11)
EECE, IEEHE LY

cos ja = cosh « (8.12)

sin ja = jsinh « (8.13)
£,

j:g = cos{N(z + jy)}
= cos Nz cos jNy — sin Nx sin j Ny
= cos Nx cosh Ny — jsin Nz sinh Ny (8.14)

EXDFEH LD,

cos Nx cosh Ny =0 (8.15)

cosh Ny > 1%W2Z, coshNy #0. 57T, cosNe =00 zD, L7d3>T, cosNz =0
ZWi7z 9 Nx g,

™

2k +1
No=T (2k+ 1w

Py ; (k=0,+1,42,---) (8.16)

144



£-oT, z 13,

(2n+1)m
=4 =0,1.2.--- N—-1
x SN (n=0,1,2, , )

ZOLE, sinNe=+1. —J, FORLE £L OEHLD,

1
+— =sin Nz sinh Ny

€
1
— = +sinh Ny
€
£-o7T, y i3,
1 1
Yy = :l:N Sinh_l g

ZIT, —js=cos(z+jy) &b, Fiisl3,

s = jcos(x + jy)
= j(cosx coshy — jsinx sinh y)
= jcosx coshy + sinzsinh y

=0, + jw, = Sn

(8.17)

(8.18)

(8.19)

(8.20)

HEA N2 E 57201212, HEVHDOLELmMIZH 2FEN s, ZEXRIFT LD T,

R(sn) = 00 < 0 WA,

2 1
0, = —sin (n;]—v)w sinh a

2 1
Wy, = COS M cosh a

2N
22T,

1 1
a= N sinh ™! -

8.1.3 WITHmiXBAB DN
|H (s)|* 12,

H(s)P = 1+ T3 (—js) = 1+ {25 (—js)N -}

= 22NN (NN
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(8.21)
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B s, & D EEEIEBIE H(s), S5 ICIERERET(s) I,

1

N
H(s) = 2V (= )N I (s — sn) (8.25)

n=1
HQ:ngi IM? (8.26)

V(=) TT (s — sn)
n=1
$7, ETRdDo,, w, £,
.o (2n+1)m o (2n+1)m o2 w?

St 2N +cos 2N sinh? * cosh? a (8:27)

kb, FH s, ZEFVHOLM (BERT 2 7ZMHofnid I & Bl Ficd s 2 &b
2%, FTOIE, N=2345005dB%Y Yy 7VEHEICEB TS s, 2584, 7oy kL&
LDT, s, BEMEICH 2 EDHERTE 3,

Comp\c‘x Plane
15
T °
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05
H
g
>
§ 00
g
=
g
E

05

10

15

15 10 05 00 05 10 15
Real Part

X 8.1. s, DPLE (N =2)

Complgx Plane

Imaginary Part

T T T T T T T
-15 -1.0 -0.5 0.0 0.5 1.0 15
Real Part

8.2. s, DI (N = 3)
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23 o
[ 1]

Imaginary Part
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Real Part

X 8.3. s, DPLE (N =4)

ppppppppp
1.5
e s
si
o s
P @ s
0 /' \ o s
05 f
s I \
>
0.0
£
=)
8
-05 \ /
1.0 o
1.5
-15 -1.0 -0.5 0.0 0.5 1.0 15
Real Part

8.4. s, D@ (N =5)
8.1.4 JWEkE

|H|? dB, Arg(1/H) deg, 1/|T|? dB @I EZRT ERD LI KD, N =25
5, X, BN Z¥e L MEZEML T ey FLTw3,
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T Lo T
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0 P 30 N=3]
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T -180 ~ 20
-~ =
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9’ ~—
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Q Q
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3.0 — 40 :
l /— N=2 — N=2
25 / /—N:s‘ sl — N-3
2.0 N=4 4 N=4
g // )
S 45 S 20
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