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A Method to Calculate the Input Reflection Coefficient of Nonuniform Transmission Lines
Based on the Concept of the Multiple Reflection
by
Kentaro SAITO and Osamu SASAKI*

Abstract

In this paper the nonuniform transmission line is divided a large number of small sections and each sec-
tion is replaced by uniform\lines. Accordingly the nonuniform trasmission line can be approximated to the line
connected with the cascade of many small uniform sections and the input reflection coefficient is represented
by the summation of repeated integration. Moreover the input reflection coefficient for a variety of charac-
teristic impedances are calculated and the derived equation is proved correct physically. On the other hand
the transmission line model is very useful to analyze the physical phenomena of electromagnetic waves (ref-
lection, transmission and radiation, etc.). Therefore it seems that this model can be applied to the design of

microwave absorbers.
1.£ANE

BEDHERIMHEO P TEERBESRZ L TV BREIIFEEICKRE L, WAVWALRHFEICHHASNZOEED
SHEEHRTH D, £/, BRIKRICBT SRS - %8 - B %2 EOWBRARLEERBEFVICEES BRI BITT S
CERTELIFFICEHTHY Y, BERIEORGLECHEATAII LN TEZ D EEbND ¥, {5k
BB AL EM O KR IIMEE A — 2 b0 L LTHYF-o T 525, EBIFEH SN TV ARERED
FEALRBUN BRI Z EDREE L % 0 MR — L 3V AR OBET kb bR —2{EERBRIC > T,
EROBBOIIE ALV ZEBRHETH L L2 EX 5 LAY EERBEOMEILE, OFECEETH
HrBEbhp -, Sz, 7)) EERE B TERELRY—EEREO AN AR AU AR T
HHEERL, BRI I L5 ER L, £z, S V-5 U AN R B EREY (AR {5
B LIBAOANIB I 2EEDORMELEZEEL ),

XTI, M- EEBRBEZSROMINEICAE L 2 Zh oM/ RE LY A RBECBEER®RR L2 L
EDEBL, ADKHRBEVBSERFOMOTETEEINSL I LERL TS, 61, ERXOFRY—EZER
BEDWB WD LRRBIEOREA =S ROV T AN RS REEEET 22 LiC L), ZoXPYENICE
LWZ EZFEAL T 5,

I. $ERPICEVRENZITH—EERBOADEFERICET 30N
I-1. AY—{REMREE I~ EERBEOMBER & VAT 2 HiE
KimAEESh, EEOBEED A v =¥ U A2 RFORE —mAREO A KGR E — BN R TRD 5

SR8 4F 9 A20H &1
* KEEHRFT RS L RERBEFEMTEER (FR8E3AHBT)




(128) FERERARR - 4R

720, FTEBEEHAEMICSEL, ThEROMNRHISERERBETHS L LT, AY—EERHEH—
EERBROBRGERESN DL LTEIBT 5, 2ILT, ZREROFEEIIBILLERFLERTA L
WED ATEEREASTETH I LN TE, SHIRBOSEREERK, T4hbb, FREFhOY—(ZXRE
DRE#FBIIETITH I LIZE VA —EEEBEDOATI SRR LERSOME L TROB I EDTE S,

P

V4

v ) ()
I

Z i+1 Yi+1

1 BRRERERSRE I GEBRBOREES

B1IRT L9, MBEREFEA v € — 5V ARPRIREL) 278 1 5 W —(mk R0 % Mk L 72354,
YA Y=Y ADREREP-QIZBWVT, ANEEy, HEETEr ', EBETv ” DMIZI,

viv'=0v" (1)

2 HBRPEILT 5, 72, P-QIIBIT 5 REHMRIUT

r=§—;§ Q1sisn—1) (2)
Tah,

v'=Tw (3)
THsh06, R(1)&D

v"=0+T,Dv (4)

&Y, P-QITBI5EEMREIX

27,
Tw=1+T,= A 5
1+r 7 +7 (5)

LB,
ST, B2ITRT LI, BRI BESINIAY—EZEEKEn TS L, FRFLORMZEES v E¥—F >



BERY % ZR LT —EEBBRO AR REROEIIO2WT (129)

R Z, ERERY,, BBEEL(j=1 2 - 2) 28— EAEBTEEIRL, TY—EERBI Y —EREE
DREGEGS N b DL LTEBTUE, AT 5O AMHEE IS L 22N OFES A BV CRHEER
UEBEBEELEL, SERFICL > T—HIRIBUANRICRD, R IEBOAMANLERINL, LA T,
KES 1 OASBEICHL, SFEKATRE, BBE®ELEFOANRE CR- TS AEELHETSS
LWL ) A AREEBOAN A REZHET 5 LA TE

AR LS Z; 7 L Z. 7. Ln |2,

B2 nfE0H—ESRROBREERTRE®RA S h AR (EXRE

I-2. 2RREHETEE L ANREHREOR
BN, 2RREE CERLLBADANREREE KD S, TNREREFE S TORSEEAS 2 BT TA
NEF TR TL 2EEDHELTEZONE, T4bb, K3 TRENBIEEEBEDANEICBITABEEDK

MERDD,
Z, Z: Z:, A‘l z.
L LT L. L
n— ;
PPE———
B — i
e— e j
—_— L—
n-1 | e e T
M3 EERBEOTESRSCSET 3 AEEHY
2 U TFORERDOREN

3HEANMITE T B ENERORHBER RO THB, T5 &
#1  Lexp(-2yyh)
#2  Geexp{-2pd+vb)}-(1-17)
#3  Leexp{-2(nh+1ih +v4h)} (1-57)-(1- 132)

#a  Iyexp{-20yh + s + vy + 74 )} (1-57)-(1-5?)-(1-12)



(130) BRERAM - 4k A

kB, LA, #1680 —1FTOEEOMEZFETNE, 21T E TER LI AT GHREDONR
BERDESIZKDAZ ENRTE B,

Ay I“Nexp( 22;/,,)11(1 r’) (6)
A

(1-17) =1 (7)
R

I-3. 4RRGTETERE LA REHREOR

RS, REEEBEA3ELUEABUTCANGE TR T ABEEROMEEZ 5, RETHEA3ELLEE b 7%
2L, ADMECTR-> T ABREEDTRTE2ZERICANZOEEROMEZ — 2R TRT I LIE, £IDS
AR VEBBRBZOBDSFEEL L 0REE LS, 22T, AERATEL A ERUERES % T
TEZBILIIFHD, CORBEITRTTRELZVHIIRERTEILLEIONIRA IR LABREROMEE R
HIELIZENEDO—ATEEIMTIELEE LD, TOEXHTEHAT B LBREIIIRD N5 AT RGHRED
HEMERS AR LZ DS, LIL, ZOEZHCEISVWIEFEROERIC L A EUBIIERLICTIRHAHH
BEICRERIETVNTVWE, 4K, 6K, 8X%, 10K, - -« « EEET SR E LIFTw L EERIICIE
T A CHERCE L VAN B O S,

B4 TRLAZBERIEDL ) BODTHIDEHNAT 5, ARKICBCTHREBOFERNE , €, 6,0 - -,
vz by i £, 8T B, COBREREEZZETABAOERLE L BEZHIE, AFHEEEH,  &,01 320D
EHICBWT1IRIEORERZELIEE, LVEDLLREFDE(T bbb, &, &6, =+, , 86,01, ,.. &,)
CT2HEHUBORE 25 ISR TIDETFZIY LY, BETE0THS, TOEX AW TELKREERD
&, B4 TRLTWAEERBEOTER SIC BT 5 RETEEA 3B L 4 MUTTANNE CR> TL 2BEHR
ORNHPEFETES, ¢, TCIEABORFPEL/HE, THCESTIERRIIS V. , 6, T1LREORSH
B US55, 2HEBORFPELHELEIE E,0ATH), SHAEORHFFELELAD,E,0ATHSL, L2
HoT, §,&,6 OMTIRPLEABUTORSYECATNRICED # 1 TREINLZERRDOAD, ZO%E
DEZONLIBEREDORNE LTRESNEDTHS, , ¢ DATIRBORS AL LHE, 2EBORSHI
6,8, 8 D2ODETEUBEAENEIONS, M4DH# 2 (1) 2REOREH, § ,DETELLZHEDE
FEHEOTNRTHY, #2(2)RFH#2(3)iF, &, DETELLGAEDEFROHENTH S, 2 HEHOREDT, &
THELGE, 3BIEORSHE, 6 (\CRESNA/D 1 BYDHNL L2575 2EBEBORGA, &, TEULHE
B3EMBEORSE LT, §,L,6 D200ENEZLNED2BYDFNL RS, TORKE, ,§ ,OHET1H
BORSEELBHER#2(1)~(3)D3BEYDBREEDOHENASEZ SN E, TOLHITEIT L, £0
FADFEIIBVWTRD L ) LBERORIRES NS,

O ¢, TCIEBDRHEEL B5HE

#1 -7 -exp{-2(yd +2v,0)}-(1-17)



SERGE ZR LAY —EERB O AN RERBOFHIC2WT

(131)

w$

I

& ,-,C, n-)‘ul ~ils

v

@ —

{4) =

ju—y

()

(6}

[

[

6

L. T

w3l aiba

—r_—l_~——. eeeteslenss
{ ' VO e e et {eernreanes feommees foveesasen —_—
A eSO I b meress foremeetermmms
] : i :
PR .....,:. fooee : E ; ;
: U s PPN t QR foeeene fe——
: . H ' H
PR O . R e e n ------o--..\.---...:......5.._Q_.
H . . N
: : M —— : -
i : i P
........... i.............:.-..___..—. H a4
ES H— :
: Q) T . ; :
: : s
—vegeeeee i...-..c‘..-_———o ..... b = v .:\ S : i * —
: : P . U SRS U
v : @ : : !
H H H : : H
P oo
..... iv-.--l:...---.:v'———. | s E :
P _Ec-—_ SRR SR O S
| Sy sy : : : : ;
! SR SRR U
: ) — i i
: : H :
........... Jeoescloenersye o mmmm— : : :
j— = :- 3 0 —
| — . :
s TN SO S S
“)—-—5 : ; :
----------- ‘....--I--———. 5 i :
: : H : :
____________ ‘:""“_:_. ._........;s.-.-...:-.....e.._.__.
—_ L. s H . ! :‘
: : : H :
: : ; : :
T — T :. .- --:\.--. E. E —
H H ' .
: (a) e --!. - -!- E ——
. — G H H
ey sy vy : :
o L j S— o
- —
mn 2 — e s

M4 EERBOTERAICET IRAEYHS
3EEEABRUTTATRmE TR TK
SBRERDRN

5 EREROTERRICHTREEHD
S5ELE6EETTCAHRETCE-TK

SBERDTN



(132) , WHRAR - E4 K &

O ¢, ClHHORHE*£ U256

#2(1) ~L Iy Iyrexp{-2(ndy + 272 + 7)) (1- 12)-(1-13%)
(2) 2 "I:sz 'eXP{"z(hll +2y,l, + 27313)} '(1“ 1-'22)'(1‘ 1-52)2
(3) -1 Faz 'CXP{"z(Y1l1 +Yqoly + 27313)} '(1" rzz)'(l‘ 132)

ZOH#H2(1)~(3)pRE2F LB L

#2 —ngn,.lexp(—z,ily,l,)-[g exp(—zzyl) o(-r )}

O ¢, CIEBEDRHZAELLHE

#301)  -LLeLrexpl-2(nh + 21 + vily + v} (1-12)-(1- Y- (1- 1)
(2) -, I Texp{ =20y, + 272y + 215k + vl }-(1-132)-(1- 1) -(1- 1)
(3) ~ L I exp{-2(pdy + 2vihy + 2v3s + 2v )} (1- 32)-(1- B2) -(1- 1)’
(8) =L Gexp{-2vh + v+ 2rh +vda)}-(1-57)-(1- 52)-(1- 1)
(5)  -LIPexp{-2nh + v +2rs +2vdy)}-(1- GF)-(1-132)-(1- 12’
(6)  -ToTexp{-2vh+ v+ vy + 20} (- 5)- (- 7)-(1- 1)

ZO#3(1)~(6)RETLwdBHE

#3 FZ exp( 2 ) :@] [Z exp(—zgy,l)l?(l r ):l

=771, \
oi-r:) k,<k,)
:@;(l— F‘i]) =
1 (k,>k,)
b, -
CDEIGRFRTH1I26H#N-2FTOINLDBEOHMEZFET A LICLY, 4R ZEB LK
DESFEEIIH L TRO—EREBL LA TES,

Am--;_;II,EI},.,exp(—{t}iy,l,) -,.:’,éf,(l-ﬁ.l)[g o 28y - G- )] 8)



SERG % ZB LT —EERBO ANRFRROTEICOVT (133)

7=7ZL,

1,:7(1—r.'2«1) (klgkz)

o(-r;,)= (9)
' 1 (k, > k,)

ET B, Lo T, 4R CTERLLATDFHERMIIAR L 25,
Ty=Ay+ Ay ,
= 2F exp(—2§ yl)ll(l -r ) - 2F ;SZT 'exp(—2§y,l,)
80-r) | $r.es(2 55 ) o0-1)] a0

7k +1 i=]

I-4. 6 XIS ETEELASIHREOR

Kz, EHEEASELULESEUTTCANEEF CRo T ABEROHM L E 2D, BN-3HTHEALLER
FEZOBEIIBVWTORAT S, THLR5DE ) RBEEDENIEZDFEIIBVTEZLLNS, K4 D
BBV TEEEORERDE ERDE ST 5,

O ¢, TIHMBORHEEL B5HE

#1 L-r; ~exp{—2(y,l1 +3y212)}'(1- r})

O ¢, T1HEBORNEELLHE

#2(1)  LBLexp{-2vh + vy +3y)}(1-52)-(1-137)
(2) LI LEexp{-2nh+ 2750 +2v)}-(1- ?)-(1- 12)
(3)  L-IL2exp{-2(nd + 2vhy+3y4h)}-(1- 152)-(1- 1)
(4) L0 Teexp{-20nh +37d + vsb)} -(1-17)-(1- 13%)
(5) LI L exp{-2ph +3vh + 2r)}-(1-52)(1- )
(6) LIy L2exp{-2(nh +3rdy+2v)}-(1- 152)-(1- 12
(1) LI exp{-2rh +3yh +3r)}-(1- 57)-(1- 57

(8) LI ry- exp{—Z(ylll +27¥,0, + 3)/313)} -(1 - 1‘22) (1— 1.32)2



(134) WHRERAR - E4K

COH2(1)~(8)X%xFLddrk
#2 Z " exp(—ZrilY,l,) ",_é)(l_l—?n)
[ 2 11,"211.,6@(-2_ YJ,) ] [2 ,.2CXP(—2§Y,I,)'IjT (1-r f.l)]

H(l r:) (k=k,)

IAYARUR

:@Z(l - rizo-l)
' 1 (k> k,)

R T

ZOFMIIHE, 4 XRG2ZERICANHELEBKIC, K, §, CIHEORFZAEL 254, £ORXRI
s€6 564, 0, 8 ERACEFONERETIREBORHZELA2EFEOHNEEZ, #106#n0
—2F¥TOINALDOBEOHEZFHETA I LICLD, 6RFHEZER L2 nBORSEEICH L TRO—KAZ
BAEZENTEAS,

‘ZI‘ ,2 . exp(—Z y,l,) k{?z (1-13)

r=ky+l

| 3. -Snae( 285 ) B0 r)] [Sroee(-28 v J-0-12)] @

7272L,

H(l ri) (k=k,)

(?(1" r.z.x) - (12)
1 (k, > k,)

1B, L72AoT, 6 R ETERLAANEHREUEIRK L 25,

Tg=Ap+Ay+ Ay

S 21 -T2 S 1 S oS

;, 3% rw, ,,_,d

o i-r) - [}:F zexp(—ny,l,)';f?(l-T )] 13

:-kz, 3+l

I-5. 2 %*mARE (mIZIEDER $ TERL AN REDOK

BL-2ET2RRHEE, FI-3WMTIRKHEE, FU-4HT6RRFEELRD B KA LH 1275,
CNERBRDFEIZE D 8 RIS A (41, 10RKHA (g, =+ +, 2 *¥mREHA . ETEFICHRORGFTEED
RERD, RBICENLETRTMAEDEL L 2 *mARHFHEE T TEE L AN EREOKX L LTRDO—
BALELZEHTED,



SELG 2 EE L T —EERBRO AN KEHRBOSHEIZ DOV T (135)

ﬁm=Am+zﬁm

2 ;+1BXP( 22y,,)n(1 r:)

j-l r=1
L kypor=2
+ 22( l)p E I;‘zp 2 z I-;‘z 2+l "exp -2 kz yl’ r *'kz ’1(1 F"l)
p= z; 2™ z; -3 reky,t "

[@2 S n o2 Sy ) ,,,(I—Ff.,)] |Sr.en(-2 3y )at-r2)]

I-6. AHY—nEBED AT KEHHRE

XA IZBNT, BlEAYE—F R Z2G) (2L, Z(x) > 0T Z(x)3iES PR BE) 25 A —(nE#R
BoOSEHn FERK, Thabh, #EERIN B EZEREORS 1, (=12 ) 2FITETT
iz,

Z,-2, -
lim I’ = lim = limZ(x+Ax) Z(x)
Lo 1* IJ,.*OZ +Z 4*"°Z(x+Ax)+Z(x)

= -;—é—l—l—ld—f—c(—x—)d x (15)
Sm A5 = Jim e i S

=1 (16)
(-2 1) -tin( -2 1. 4x)

= —2f y(x)dx (17)

ERBDT, Iy S Y E—F Y22, (=12, 0) KBV TEL,
ll—’Oo)kg F[zm] - P[Zm] (0>

e R

[ (0)= {1 d—’“—@} expl -2 y(x)dx)dx

* 2 ( 1) { 2 dx 2p 2 } L { 2 d xzp-S } cxp( 2'[5;-: Y(x )d x)d xl"zd x2"3
2l J1dInZ(x,, )| pea1dInZ(x,,) | o[
g [Lnu { 2 d x;_,,:: } J’U { 2 d xz"l } exp( 2J;zn, Y(x )d x)d xlhzd x ]

{L{;‘—j—l-‘;zx—(")} p(-zj;y(x)dx)dx]

(18)



(136) HRRA - 4k i

J{l‘““z(")} exp(-2[ y(x)d x)ax
+2(—1)"‘J0' [ j [rofo L {ldan(x)} Xp(—ZJ:y(x)dx)dx

21/1dInZ(x,)|]1dInZ(x,,) " ‘
1= PEAU N wa) | . _ . o
{2 dx, Hz dx,, exp 2 v(x)d x)dx, dx, (19)

Lk, m=cokiiug,

we=11(0) (20)
Thh, BRELTXAR%ZES,
141 X
ro) =|J { nZ(x)} xp(-ZJoy(x)dx)dx

L E L Ll {1M} expl-2["y(x)d x)dx

_’}'71 1dInZ(xy)|)1dInZ(x,_ )
i=l 2 dei 2 dxzt—l

} ~exp(-zj:{ y(r)dx)dxy dxy, @V
SNH, T AERRBO AT SRR E R DR TH B, WIREEE OB ALK L & 5o
1dInzZ -
I(0) jo{ n (")} exp(-2; [*B(x)dx)ax

IS Sl e {IM—)} expl-27 2B(e)d x)d x

le 1dInZ(xy)|[1dInZ(x, )
=1{2  dxy 2 dxy,

} ) cxp(-—zj J::, Blx)d x )d Xy qd Xy
(22)

I. ADERSFEBOBESH

-1, BEFHEO7O—F v — L

FIBRZBVCTHEN LASERSICL ) RENDIERIRY—EEREO AN FHRHEOR IOV THRERE
TV, ZFOREEEEEE RO S, CORBEERITHL:0—RERIIRL 5%, BHEFED 70 —F v —
FEERLTAS E, TTHOIC2ARES T CERLANRIMREZ 1EBSICL VRO, S5IC4RKEHF
TERL AT REHREE 3 BRI L hRoE, 20BD6 KRG, - -+, 2 *mARETTERLALA
NREHREUT, 2 KBGTHE TER LA ATRERED 5 4 KX E TER L AN REHREE KD 2 TO—#
DEERBOHHE 7O T 22BN ETIEICEIVRTESE, Lo T, BHLARIIEFIHEBLH - HIE
ARIGELTEY, BECEHVCLUDOANRSHREDEFETER00EMTH 5,

M-2. FHE&ER

HHEA V= Y ADPUT ORISR E N BEE T 2 5N B0 ERERY —EERBE DO AN KSR ED



SENG 2 ZE LAY —RERED AN K FREOFEICDWT

(137)

86

P=1000
HH=1/0P-7) |
< =ix
[x-nmu X/} PI
F o FIlXsF
S TS(X=S
$$  TT(IX=SS

[

SWA=1/28HH*(F1(1)+F1{IP) x2sW2)

n+1

1=J

KABRDEDHAS

TP L D
LIBHIEDIRE

HHER%E

FERECTR

ORI I
F.S.SS

$HZ5S*Log Z(X ) THY
FRD1E-522Q

S TREY 3,

B, TOHNBERAT

BREMCES
~RELEROM L

WAL= 1723 HHx (F1(J) +F1(IP) +2x (WS(IP-1)-WS(J )))

N+ QikSE
r

|

SWA=1/2xHHx(F1(1) +F1(IP)x2xW2)

4

: 40

2(1/2) 31T $TSV) 5750
4 F - SDRE
J:IP
J
| |
n=1, §fl& NiK 1 LYkEL
n AHRELDBH 13010

BREMNZLY
—RELUSRICHIAZ 3
SELMSROML

N=SQCRBET
WYEY

K6 HEHNOZO-Fv—1



(138) WA -E4 K 6

BEBEHEEAR6 D70 —F ¥ — MIEWRD L 707 T A %ER LTz, BEEX 1 me L, BOHBEEIAEEA
REHWE, SOF/OY 581250 ADREHREOBRESEHZEEL, #OEREL2R7 ~HILIRT. BRD
B ETERBTAHILIZED, PARALY Iy FOMBPHREAL VROLBEERIEOVTWL Z EFbRL,

V. BRRUER

AE—EERBED AT SRS ZERGOMOETERINE I L 2R L. Thbb, A EERELS
KOBMNKMIZHEIL, ThENOMMNEES —EZERBCEEIMZ 22 LICL DAL, TERRIZBITS
ZERGT 2 ERB L TANRSREE BT 2, MEOSEHE ERKICTE, A EZERBEICNT 5 ANK
SHREE 55, BEINLREAVT, EREEBOBEIIOVTWAWA BB ORES v ¥~ 2525
AANNIEEHRER R L7z, SHEERIY, ZOBFECLVEE LA ANKEREIIEES Y E— ¥ Y 20D
BRPLHETARIFE TERT I L ALHERIC—EL, A -5 ADES 2L VBT 55
BTH 6RDPOIORIHEE T TERETNIRERII BRI LdREN, LizdTo T, FEREDORVE
MBS HEBIEOREAS ¥ — ¥ Y A2 BT 5 BIEEAY —BEO AN EHREANT L A ERIEZR (KD
LbdZ DGR ENT, FRLTORMENERRIBELRBORETHH0Y, BROD DA —REHHED
AN REABH LR EHCA I LI NERCHET 22N TELTH A ) . A (ZEREEZ n @D
B —ER BB ORGER N2 DL LCEMT ABICER LR EZHE VLI LICE VEES Y E—F U X,
WREH, BBEENEFNENEL S nEOE—(mEMRM % HEFRER L 2580 AT SR L FIET 22 L TE
BTHAH, Tiabb, FERNOBEL AV TAY—EERBO AN KGR L ERT 5 8BICBWT, H—
R % ZBICHERERE L B 8 DA SR EEBES CHHETEZRNREN TV I LTk b, FHIZZD
A, BERDEBEOZFOBICHER SNAMBEZRET L ODEERBETNVE LTORAIEZLOR, &5
RAMESLELBbND,

SHOBEL L Cid, BERSIC L 2EEOFME, HORSARNEA VA EE L OB, & 5k
HHHAH—R CHREDHEII OV TREFNELTVRER L O—BERT I v Ex b,

L E B

[1] REFRBEE "SOREMITEORER, EFHREEES (19143 A).

(2] AEEZE "ERBIUE, +—2%k (1988411H).

(3] LRWalker and N.Wax,"Non-Uniform Transmission Lines and Reflection Coefficients,” J.Appl.Phys., vol.17,
pp.1043-1045, Dec.1946.

[ 4] E.F.Bolinder,”Fourier Transform and Tapered Transmission Lines,” Proc.IRE, vol.44, pp.557, Apr.1956.

[5] D.C.Youla,”Analysis and Synthesis of Arbitrary Terminated Lossless Nonuniform Lines,” IEEE Trans.
Circuit Theory, vol. CT-11, pp.363-372, Sept.1964.

[6] KKobayashi et al,”Kuroda's Identity for Mixed Lumped and Distributed Circuits and Their Application
to Nonuniform Transmission Lines, "IEEE Trans. Microwave Theory Tech., vol.MTT-29, pp.81-86, Feb.
1981.

[ 7] K.Saito,”A Digital Computer Program for the Synthesis of Nonuniform Transmission Lines by the Inverse
Fourier Transform Method,” Journal of the Tokyo University of Mercantile Marine (Natural Sciences),
No.44, pp.31-52 (Dec.1993).

[8] KE K "MZsMBICHBI25HEMY I 2L —Y 3 VICHlT AHF%, BUXBEMAAL R Sl TR i
X (R34 1 A30H).



SEEHEZEB LAY EERRBO A RHFRBOFEIZD2VWT (139)

ANEsHES ( TC0) |

ANkstEE I TC0) |

lg 2REHE TER
[\ LIt ATRSHRE ~
|\ —exEsETER N
' et
BREHE TEN v~
\. h g
0.5 SRR E TR A
' ST REEERE
1
% 20 20
Bl [rad)
BE7 A =42 AHF Z (x) =6 DIFAD AT BUHEE OB BESE
r 2 WE ST E TER 1T
i pf///”btxn&ﬁﬁﬁ y
i N of
. EREMHETER 2T
y . et
i N =
* o’
0.5~ SREMETER B
I «— ERIIRER
0 L 1 1 i
0 20 40

Bl [rad]
8 A L E— 4K Z (x)=24sin(2+ 7 - x) DRADAHRHEFERORE BB



(140)

WRERAR - 4K i

10

1r- MBE /-1
L X
D
L ™ g (18
= | Y -
=) N X
g - *. A
L. H N
—0.5F &
= !
= 2RRSTETER
B o URAAREHER
R - g
B Z//iﬁuﬁ%%
% 20 20
Bl [rad)
9 M -4 AN Z (x)=34(2 - x —1)*DIFEDAHARHERO B BEIHE
]_ —
" X
N —
I ENC
: 3‘.’ 7~
o i NX
~ L ~
[ ﬁN
— 0.5k 2RE ST E TER. g
o - 1%
2 | o Ul ANRSHEY
& i
T
R .
= _ Z/,ﬁﬁdﬁﬁﬂ
O 1 | 1 1 1 | 1 m—|
0 20 40
Bl [rad]

B0 A o E—HF AN Z (x)=54+3 0" *+sin(2* T + x) DPAD AN RH L OE BB



SELG  ER LAY —RZEEEED AT RS RBOFEIZDWT (141)

z (xX) (el

0.5k 2RESTETER
Urc AN BaT 3R

S E-F VA

ANESE# | T (0) |

SR
/

0 20 40
Bl [rad]
BN A S E—F D RBZ (x) =345+ 0 +sin(2 + T - x) DRAD AL RS RO MBAHHE




