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Lumped Circuit Transmission Line Model

INTRODUCTION

Several computer aided design (CAD) programs require lumped

circuit component values (resistors, inductors, and capacitors) as

input data. It is often difficult, if not impossible, for a user

of these CAD programs to mix distributed and lumped circuit

parameters. Lumped circuit equivalents of distributed circuits

are desired for sake of compatibility.

Transmission line responses are governed by distributed

parameters. In this report, the development of a lumped circuit

model for the lossless transmission line is performed by deriving

its Z-parameter expressions.and then synthesizing these parameters

with lumped circuit equivalents.

If the Z-parameters are accurately synthesized, the model will

be virtually insensitive to source or load impedances. Two forms

of Z-parameter networks are possible: the 'T" network and' the

* E "network. In this report, the WT" network is employed.

THE DISTRIBUTED PARAMETER TRANSMISSION LINE (DPTL)

This section describes the necessary equations needed to work

with the lossless OPTL. The dominant mode for the propagation of

signals is assumed to be transverse electromagnetic (TEM) in which

both the electric and magnetic fields are transverse

(perpendicular) to the axis of the transmission line. Also, the

OPTL is assumed to be uniform and the medium of propagation is

.1I



assumed to be homogeneous.

Voltages and currents at any point along the line can be

determined if the total voltage and current are known at the

sending and receiving ends of that line. Corresponding to Figure

1, we have (1)

VSsVR cosh YI + IRZO sinh Y'

VRUVS cash yL- ISZo sinh y (1)

IS1 R cosh Y Z. (VR/ZO) slnh Y L

tR-*S cosh YTo (VS/Zo) sinh Y I

where, Z0 a characteristic impedance

T a propagation constant

and other quantities are defined In Figure 1.

VSt z,,r tvA
0

Figure 1

4
I 2



The characteristic impedance and propagation constant are

typically expressed as

R+ 4Wj Y V(RtpuL) (G+iJwC)
ZOO X W(2)

where, R a resistance per unit length

L a inductance per unit length

G a conductance per unit length

C a capacitance per unit length

If R and G are assumed to be negligible, as for the lossless

line, equation (2) becomes

Fro YI * Y jW~~ (3

and substitution into equation (1) yields

vSa V R 8.o1SA, JIRZo sin U1

VR aV~ SCos at- JIsZo sin 311

isa RCos 01. + J(VR/ZO) sin St

*R a ISCos at. - ,i(VS/Zo) sin St (4)

The equations in (4) are the only ones required to find the Z

parameters of the loss less OPTL.

.3.L



TR

Z-PARA14ETERS FOR THE LOSSLESS DPTL

The symntric and reciprocal OPTL may be fully described by a

"TO network incorporating the Z-parmeters shown in Figure 2.

4 ZiaTs

Figure 2

The input and output voltages are determined from

VA a Z116 IA *Z 12 I8

V 8 aZ 21IA ZZ 18 I

-4-



Since we have symmetry and reciprocity, Z21 -Z1 and Z22 Z11 so

that (5) becomes

VA a Z 11  A + Z12 is

VB aZ12 IA + Zll is (6)

The equations in (4) may be manipulated so that VS and VR are in

terms of 1. and 'R- Upon doing this, we have

v S-* -j Z cot " + JIRZO Csc .31

V - -jIZ o csc St jIZ COt s (7)

When these equations for V S and VR are coupaed to the equations in

(6), we can see that we have the relationships between the Z-

parameters and the OPT. parameters:

Z Zl j 0 cot S t z12 a CsC $I

and Zl1 - Z,2 -JZ tan 21/2

The DPTL may now be represented by the network shown in Figure 3.

--



z,, W".Zcs# v

Fi gure 3

The remaining task is to find circuits which will represent the

impedances JZ0) tan BD. /Z and JZcsc 01 to a high degree of

accuracy. The techniques used are discussed in the next section.

C*IRCUIT SYNTHESIS

The lipedances, Z1 *-Z12 and Z,2, will be synthesized

separately. Since these impedances are trigonometric functions,

it is suitable to express the sine and cosine in terms of

polynomial expansions. (2)

,I.M M



sin X X (1 +a 2 X a4 x 4 + a6 x 6 + a8 X 8 + al X 10) +IFa

Ca1I < 2X10o9  , o< x < 11/2

cos X 1 + b2 X 2 + b4 x 4 +b6 X 6 + b8 X*8 + b1 0 x 10 + Ib
IC bI < 2X10 9, 0 < x <1/2 (8)

csc X -1_+2X -Un

x n-I X -(nl) z  (9)

where:

a2 a -.1666666664 b2 a -.4999999963

a4 a .0083333315 b4 = .0416666418

a6 a -.0001984090 b6 a -.0013888397

a. a .0000027526 b8 a .0000247609

a10 "-.0000000239 b.0 a -.0000002605

Equations in (8) are used for jZo tan $1 /2, and equation (9) is

used for -JZo csc St . First, we will synthesize the impedance,

jZ0 tan St /2, then we will work on jZo csc S.

SYNTHESIS OF Z 11 - Z12

It can be shown that S1/2 x -jKs where K = Z V and suj .

Now we may write JZ0 tan $1 /2 as JZo tan (-jKs). Using equations

in (8), we get:

4-7



0Ztn(Js JZ C1s+aZ(-JKs)2+a4(-jKs) 4 + Vo a10(-Jics) I
L 1+ b2 (-jKs)z + b4 (-41(s) 4+ oil + b10 (-41(s) j

Ys aZK~ 3+ 4ZoKS -a6Z0K7 s7 + &ZK 9S9 _aOo 1s1

1b 2K S2 + b 4
4  _ b 6 S6 + bea s8 ab 140 10 s10

(10)

Synthetic division of (10) is performed in a mannershown in equation

(11 ) which yields a network of a Cauer form (Figure 4) - See Appendix

A.

Yb Z3I,

0 ---

Figure 4



N(S) (1

D(s) Y .+

Once the synthetic division is complete, we can find the

corresponding circuit elements.

Lim.O9174664ZO~K Cza.5417253(/ZO

L3 -. 035I1307Z K C4*..04033142K/ ZO

.0Ls.07935383ZOK 
C6=.2S3608SK/ZO

L7 .7765806Z1( Can-.05267314K/ZO

L9a-.2371512Z0K Ct03.535a672K/Z 0

Ll1..3245832Z0K

where L is in Henrys and C is in Farads.

I b9 -



Figure 5 shows the completed circuit whose port Impedance is

JZa tan 01 /2.

C_ _ _ _ _ L7L ,

Figure 3

SYNTHESIS OFZ1

For the synthesis of Z1 * csc at. we use the expansion

form of equation (9) but instead of an infinite swnation, we will

use N terms. Letting x a BR. a -jZKs, we get

I N
-J-JZo cs t -j1 +2ulK) -

csc BR.2K u Z-jKs (-j2Ks) .(rd)

C4.4 I-SN



which may be rearranged into

N.

mJZ0 csc 01 a Z r (- 1 )f 4ZOKs (2

UKs nol 4Ks *(mr)

The addend of equation (12) is of the form as which is a

bs 2+c

general impedance expression of an LC tank circuit.

Consider the tank circuit of Figure 6; its terminal impedance is

given by

Z(s) * sL
LCs 2+1

which can be forced to equal the addend of (12). By doing this we

find that

(-) 4Z0K K
L n(nw ) 2 C n -_ ) n Z



The first term of (12) is the Impedance of a capacitor whose value

is 2K/Zo . Now the synthesized circuit for Z12 is complete and

shown in Figure 7.

I s' '7

Figure 6

-zj CaL L-rl

. , ,Zo.a A (-1)" zO La.ng ,

Figure 7

-12



THE COMPLETED MODEL AND ITS ANALYSIS

By placing the networks of Figure 5 and Figure 7 into the Z-

parameter network of Figure 2, the complete model for the OPTL is

developed. Shown in Figure 8 is the model's schematic along with

the source and load impedances.

A Fortran Program (Appendix B) has been written in order that the

DPTL model may be analyzed for errors in the output voltage. In

the program, "MVOD" is the magnitude of VS/VL (See Figure 8) as

determined by the use of the standard transmission line equations

and "MVOL" is the magnitude of V S/VL as determined by the OPTL

model. The error (in dB) (See Figure 9) is defined as

Error d8 * 20 Log (MVOL/MVOD)

Resonances along the line are very evident. The errors at A/4 and

3.t/4 are seen to be small compared to those at A'/2 and A. This is

because the approximations of equation (8) are in greatest error

at x 172 and least error at x-o and x-IT/4. The huge error at line

lengths of A/2 and A are not troublesome if one does not include

frequencies which correspond to line lengths equal to exactly A/2

and A .

Conclusion and Recommendations

The sample runs in Appendix B are for transmission lines with
I -.13-



- LOSSLESS 02.11 MIODEL

Ll 2 L

L3  ~COC L3

ZSp L C C:
if 21 h L

L a L c8  L

LI CI c LZL VL

vs 
Z

L* .O45B7332v.Z0  CIO= 2K/Z10
L3 *w-01755653KZ0  C2 a .27086265K/Z
Ls a M9~67702Ko0  0201657O5K/ ZO
L7 a .38828470KZ C6 a .12680405K1Z 0

L9 =-, 1185703SKZ0  Cq a -02633792K/ZO
alI .16229000KZ 0 l0a.26795260K/ Z

L~n (_1,)n 2K!0  C2n* ,(1)n K

(n ff

Finure 8

.1 4-m

. . . ...



ERROR vs. LINE LENGTH
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relative permittivity(e,) equal to one. The program allows one to

input other values of c,.; but then, the effective line length will

be different.

The errors between calculations from the DPTL model and the

transmission line equations are less than one-tenth decibel

provided the effective line length is less than or equal to one

wavelength. The load, ZL, does not significantly affect the

results unlike the case of typical lumped circuit models (4).

The use of the OPTL model may be found for several applications

where line losses are low. When losses are Aigh, this model can no

longer be used. Thus, it is recommended that a similar model which

considers losses be developed. It is also desirable to test the

present DPTL model using nonlinear sources and loads. Once the

models for the lossy lines are developed, coupling and cross-talk

can be considered next for modeling in terms of lumped circuit

components.

a-

-16-



APPENDIX A

The Cauer Network

The synthesis considered here is that for the one-port

network. Here, Cauer's method (3) is used. Cauer networks are

derived from the expansion of a rational fraction (equation (A-1))

into the Stieljes' continued fraction expansion (equation (A-2))

which is the same as equation (11).

N(s) Asm Alsm:1 + A2. (A-1)
R(s) a - a ""n n+z

D(s) Ss + a + a, . .......
0 I

Stieljes' continued fraction expansion of (A-1) Is

I
R(s) CO + -n-fl +on (A-Z)

C 3sm '" + I

R(s) has been usen d to enota either a driving-point impedance.

Z( s), or a driving-point admittance, Y( s).

A-1



Depending on the values of the A's and B's, some of the

capacitances and inductances may have negative values; this should

not disturb anyone since the network is not to be realized. Note

that if the network is not to be necessarily realizable, we may

consider two possible relationships between m and n of equation

(A-1).

R(s)nZ(s) : Co s,C 2s,C4s9*.......a inductive reactances
mnn~f C1s9C~s.C5s9.*......a capacitive reactances

R(s)ny(s) : Cs,C2sC 4s,. ..... a capacitive reactances
C~s,C3s,C5s.-.....*wu inductive reactances

(A-3)

R(s).Z(s) : C0/s,C2/s,C4/s, ..... = capacitive reactances

CT/s,C3/s,CS/s ...... inductive reactances

R(s)sY(s) : Co/sIC 2/sC4/s, ..... = ainductive reactances

C1/s,C3/s,C /s ..... a caoacitive reactances

For equation (10), m *n+1 is used:

Z(s) aA 0 S AjsZ +A2s 3 +.. + A l0s

which yields the network shown in Figure 4.

A- 2

.......



APPENDIX B

PROGRM LSTIN6

LIST MfIE

i0 cOmIpLEx zi,z2,z3,z4.z5,z6.z7,z8,ZO,oZII.zIHs.TQ.p
20 COMAPLEX ZZ1.ZZ2..UUDNI,0N2.,DN~3,N4,DN5.OH,.V0OZS.ZL7ZO
3 COMPLEX ZINP.UIIDENI .DEN2.i)EN3,OEN4,DEN5,DEN.'/"L.Tg
30 REAL F9P19,LENOEP,C9FO,FIqF2.LOL
35 REAL 0,QTTlT,.TAT5,T.ZASUA
40 R~EAL 8L.BU.9T7T8MVOLMV'20
70 Z0.CMaPLXC5O.,Q.)
72 ZSaCMPLXC 10.,-5.)
74 ZL=CMPLXC 200. ,500.)
d0 e1a3.1*4159265
90 LENGar1I

112. ovR LTE(6,P.77) L!EJGEM

.116 #*R1TE(6.76)ZO

.117 .RLTE(6,75)ZS.ZL

.1 Id 76 F M.AT',=1 2El 2.5)

.119 75 iRMTZ5",ZSlZ.5.3X,'6ZLw 1,2512.5)
120 ;n3.Eb
22 0C .0 Noo 10i, 10000.0
124 FS(kLF WAT(N))*I E6
126 .a.z. *yI *t'
130 LOLuLLs*IG*SaRr'( Z) /(3.Ea)
140 r0-)P I LOL/a
150 V;I ZO*A
IOU i2=r0/ZO
170 TUi*;I *. CYV17466 4
180 Z I C.A IC((0.."M
190 To- 1/,~m2.4 7253)
Z00 Z20CAPLX(U. .TY
210 Tn"*t 1*(-.0 35.1131)
220 Z3nCMPLX(O.,tr)
230 TuI./(1*2*.4033I4I)
240 Z4*CNPLX(O.J)
250 Ts IF*( .079.35403)
260 ZSOCMPW,(O.,T)
270 Tu-I'./(#i*F2*.2536O8I)
2 W3 z6aC:pLxCo.,r)
290 TowF 1*. 7765 694
300 Z7CN'IiLX(0..F)
310 To I ./(,mF2*.052a75aA)
320 ZbmCMP4LX(.,?).
330 To- I .*vvwp*. 23 11 A 7

340 Z9-ABP JLX (0.r)
350 .- (nt*55C)

Jil



360 Z30-CMAPLX(O..T)
370 Tn"*tFI*.3245d

* 380 Z.I-=CMPLX(0.,T)
390 iJnZ9+Z30*Z3I/(ZIO+ZII)
400 konZ7*ZS*t/(Zd+P)
410 ibeZ5+Z6*P/(Z6-ri)
420 * juZ.3Z4*t$/( Z4+")
430 ZINSOZI.PZ2*P/(Z2+P)
440 QmjJI*fLJ3
450 QT=ZO*TAN4('2)
4-60 TQ=CNPLX(0. ,QT)
470 T 1=4. .*Ek*LOL*UL
480 T2=( 4./P r)*LOL*SaHT( EP)
48S T3=- /(Z.*1JE*LOL*SawRTcijan
4b7 SUMmO.
488 caAi-I.
490 ;jG 99 tUI.20
500 T-(t LOAT( I))2-
505 T6t' A/T5
510 SUM=TO.SUM
515 FAm-I.MtA
520 .99 CONTI SNUE
322 SUM~wT3..T2*SU#4
525 SUM.-lI.*ZO*SLIM
5.30 ZIN.~uCMI'U(0..SU)
j.35 UN=ZL*Z~iv
-j40 hjEN I ZS+ZL
645 ..iAi2ZINS+ZI M4I
.20 aEii3=ZS*ZL
555 0 ENZ 11S *Z P*C .i'ALX2. .0
:50 DFi5mZINS*ZIMP
565o uE.NmuEkN 1I0N2J.EN~3O0!E44q3E.R
560 VOLuUN/DEN
5*2 .4vCLuCABSS( A31.)
S85 dLoU, L*l- 1*2.

* 590 BL2=BL/2.
600 Tr7-rAM(81.2)
605 *8w-1 ./SIN (4L)

4 60d T9=IncAPLX((Q*,T)
610 ZZ2oT9*ZO
a35 ZZI.ZO0CMPLX(0.,T7)
620 UUuZL*ZZ2
625 .jiI=ZS4*ZL
630 ON2-ZZ+ZZ~2
635 JN3=ZS*Z1
640 ONtiZZ I *ZZ2*,%'.AiLX ( 2. ,)*

8-2



645 DNS=ZZI*ZZ2
650 DN-ON I*DNZ.+JN3+DN4+ON5
655 VOL)=UU/ON
657 MMUMJCASS0100
800 t4RITS(69 I)FLCL
8.30 uaRMT(6,2Z)Vc1L.V0
d35 *.R TE( 6,3) %4VOL, MVrl0
a40 1 :CRMAAT("Fn"EQ.u i.EI2.53X.LN/LAAw 14,212.5)
050 2 FORMAT( uV0Lu. "4,2EI .5,3X.SivnoD 11,2E 12.3)
d55 3 ri0RMAT("MV~OLa ",2I2.5.3X."MVC3U- Nt,212.5)
d5d 'RITE(d,4)
a5~9 4 FU RMAT C ~Nmm anmniiiniumnmnn
660 100 CONTI NUE
a70 STOPi

B- 3



RUN MINE

LENGWI- 1 .00000 EPsrLQN- 1 .00000
ZO- 0.50000E 02 0.
ZSm 0,10000E 01 0. ZL= 0,10000E 01 0.
i;REQ.in 0.10000E, 08 LEN/LAM= 0.33333E-01
VOLn 0.77473E-02-0.62452E-01 vrODw 0.774732-02-0.6245! 2-01
MIA.]JL= 0.62930E-01 MVOO= 0.62930E-01

FREQ.s 0.60000E 08 LEN/LAM= 0.20000E 00
-OL=n 0.51984E-04-0.91740E-02 VODw 0.52017E-04-0.91740E-02
:AVOLm 0.91742-5-02 PAV1QLja 0.91741E-02

FRE2.w 0.11000E 09 LEN/LAw 0.366'67S -0
VOL= -0. 3180 IE-04-0.296130E-02 Vr!D -0..! I 7S9E--04--0.296SS-312
MV3L= 0.29602-02 MVI1O- 0.29680E2-02

rREQ.m 0.16000E 09 LEN/A.-An 0.53322 0
VC-L -0.960I50E-06 M.CO0772-"22 100n -0.96046.2-C6t 0.7'"069E-33

4 MVULm 0. 7C077-,j3 %-IOU= 3.70069E-33

J-E.= 0.Zl000E, 09 LEN /LA:4ma 0.700002 0
/CLa -0. 144.32E-0 4 ().4b435E-0.2 '100-o -0. 14A9 7E-04 0.4a43 I -02
MIOLw 0.4;6435E--02 -AV01 ).448431E-02

f-RS2'. = J.2.60CO 2 09 L=-N/LA.Am 0.26A67E 00
.tQLn 0.3C0I')E-03 .199-)i Pi .2')9bO03) .9.S
:4vJL= .. I97ZS-01 'A/rl0 19620

~-2C.m).310C02 09 LZEN /LA " = 0.'0333S 31
/0Lm 0. 77Q40E-02-0.6228 I E-0I v~ium ')..77473-02-0.i24S lE-')I

* MVOLm 0.62756E-0 I M'VQ- J.629302-01I

cMC.m :).36000E 09 LE:4/L.',; 0.I12000E II
40L= Q.63I30E-04-3.22bE-J2 VnOD 0.52017E-04-0.91 7402-'2
tAV(3L= 0.92288E-I)2 MVCD- 0.917A12-02

23m 0.41000E 09 LEN/LAMA= 0 .13^6 7E 331
VOILm -0.1.11 2d2--04-0..324942-02 /tl~m -0. 1 17b9E-04-0.29680E-02
lVULs 0.32494E-02 MCOm 0.296802-02

riiE0.= 3.460002 09 LEN/LAAU 0.15333E 31
VC-Lm 0.22767E-05-0.57938E2-03 YO10- 0.c9i04aE--Od 1.7'7069S-13
MVIL= 0.57938E--33 IVOI). O.700692-03
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RUN Th1NE

L.2NGHTm 1.00000 EPSILf]N- 1 00000
ZOw 0.50000E 02 0.

p iEG a 01 1oom 08 LEN/LAmn .-. 3Eo
,/CIL= 0.90909E j)0-0.*29109E 00 VOD-n 0.90909E 00--0.29109E 00
MVOL= 0.95455E 00 MVODU 0.95455E 00

iREQ.n 0.60000E 08 LEN/LAM= 0.20000E 00
VOL= 0.63851E-01-.-445682 00 trIO- 0.63890E-01-0.4'5.-67S 00
NVO(Lft 0.45023E 00 MVCw 3.45022E 00

rRE-3-m 0..IIOCOE 09 LEL4/LA-1 0.36A67E 10
VCL= -0.148302-OI-0.1465dE 00 JOV- -0.I4815E-3l-1.1L'd59E '10
MVJL* 0.14733E i0 Avtlt' 3*IS733C- "0

rwEa.w 0.160005 0,"9 L5?4/A- 3C.533332 10
/OL -012224E-02 -0.3409E-Oi2 *VlCu -0.12221E-02 1.34987S-11

Mvf~a0.35012ZE-01 IMVCQn 0J.35 00US-0 I

rRE(2.m 0.21000E 09 LEN/LAM- 0.70000E 'JO
VO3Lm -0. 18 133E-0 1 0. 23972S .30 VnO- -0~p. 1321 E-0I 1.239,69E '"I
:AVJ.L=a 0.24040E -M M~Irom 3.24038E 00

takES2.n 0.260C02 09 L.i*/LA:A-0.3767E 0C
~Crn3.9842000.38977E 0" -/QL= 0.29eOVE 10 1.2.06%15 Y)

FR2-3.0 0.3IOCCE 09 LEN/LA- 0.103 3E 31
4CLw '3.90d672 00-1.29179E 10 vI'ou o.;o9oos 10-.29ilge 1'3
MV/1Lu C0.';5437E MO '4/COr 0.95455E l0

.20. 4. CoE

VOLm 0.6=5209E-01 0.44aOIE 00U Vt1Ur 0.5.3891-9-0I-0.14567C T)
,AvtjLn 0.45273E ^00 MVC~n 0.45022E .10

* rk2a.s 0.410002 09 LSN/LAM- 0.13667E 01
VOL= -2. 140162-01-0. 16087 .66 VCDW -0.14815E-01-0.14659E 10
A4VOLn 0.1614SE 00 PAVCju 0.14733E 00

rREQ.= 0.460002 09 L~lL; .523E ,)I
VCLm 0.2c67 4 7 E-02-4.2568S5E-0 irnCu -0.I222SE-02 0.34L967E-01

'AvL.0.2982bE-:i '.41t~n .3SCOSE-01

* 8-5



RUN MINE4

LENCHTM 1.00000 EPSrEUN= 1.00000
ZO. 0.50000E 02 0..
ZS- 0.10000E 01 0. ZL- 0.10000E 04 0.

.44 Vag 338!-18109F 0. 20774-t)
* MVt2Lma 0.1021.12 01 MVCD= 0.102 lIE 01

FkE2Q..- 0.60000E 08 LEN/LAvJ- 0.2000E 00
VO2L= 0.27614E 0J-04-143SE 01 VC0- 0.2 76')2 01 -1.11J4;.2 :)I
.MVOL- 0.298atiE 01 MVOD. 0.29a72S 01

FtE 0 .11000E 09 LEN/LA,,, 0.36667E '.0
40L.. -oIJ.1695E )-0.613592 13 vr'0- -O..J 1702S '100i1
AVOLm 0.13207E 01 AV0Dm JX.I328S 01

i RE2.w 0.160C02 09 LS!4/LA.iu 3.53333E 0
VOL= -0 *32556E :U 03.47613E 'YJ /t'Q. -"XZ23E~ 10 1.47594S 11
MVQL= 0.57679E 00 mvr20- 0.37.664E M0

r~kE0.m 0.21000E 09 LEN/LA.w 0.70000 0
VOL= -3.21143E 01 0.15480E 11 VOD- -0.2:iE-i 01 0.15389E ')I
.iir]u 0.26204E 01 A'VCis 0.26124E 01

FRE0.m 0.260CCE 09 LSJIl/LA-w 0.86-6679 10
VL'L= ).iA702.0 01 I.i7gomc m' /i'0u 0.14L7112 01 1.179'735 if)

rRE. u 0.31002 09 LEN/LA.A 0.1 0333S 01
VCLw 0.102109 0I-0.208242-IO Pl n 0.10209,E I1 -0. 207E-1 I
MV'JL= 0.10212.0 J1 *'Avfl) 3.10211i 01

r4Q*.n 0.36000E 09 LEN/LAx~i 0'.120002E 01
401- 0.2741!dE 01-0..-I 2032 O)i V0LU. 0.270032S 01-0114;2S )I
AVO)Lm 0.29655E 01 MVCLJ- .).29b72S 01
~min in nmimi Mmmim mniii

r6R20.m 0.410C02 09 LE'I/LA.4- 0.13e667S 01
V0L- -0.13797E 3I-o.S437dE 00o Vt"0. -0.11702S 01-"0.6149.06 11
AvtlLm .0.16172E 01 IAVrI~w 0.13218E 01

m~ miinniiin in iin inn
iR-.u 0.460C02 09 LENd/LA- 0.1533:3E 3,

/ClLs 0.23'.31E o0..1U5 .0= CL- -0.326.55S 10 0.&7594E '0
%iVOL* 0.26273E 100/ru 'J.576642 *0
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RUN MLINE

LEOf.1.00000 EPSIWNm 1.00000

ZO: 0.500002 02 0. ~.0.10000E 01 0.

t"R-00 .100E Od LEN/LAi4 0 .33333E-01
VOL= 0.Iel82E-01-0.5821SE-02 VOw 0.18I822c-0l-0.5i3219E-02
MVJL* 0.19091E-01 %V0Ds 0.19091E-01

t-WEQ.w 0.60000E 08 LENM/LAM'A 0.20000E 00
qCL.- 0. 2770E-02-0.891.3SE-02 'dODu 0.1 277dE-02-O.a9 1332-'f)2
AvQLm 0.90046E-02 MVOD U.900s'12-02

rR2Q. 0.-.1 O00E 09* LEN/LU:-i 0..36,67E '10
V0.u - 29660-03-0.293 16E-02 /'rO- -0.29630E-413-3. 2931I7E-12
AVJL= 0.2946E-02 M,,I~O- 0.29466E--12

, KEQ.s. 0.16000S 09 LES./LA1"m 3.53.133E '20
4CL* -0.24A472-04 0.699SIE-03 yCUn *..24A552-04 2.i9974E-03
9VULm 0.7C.024E-03 MV~um J.T7'20l7E-3

FiE- 0.21000E 09 LESN/LkA: 0.700002 '0
VOL= --0.36265E--03 0.47943E-30i P'On --0.3642SE-03 O.A7937E-')2
.14v0L: 0 .4,m0802-02 MODs 3.480752-02

rREj.s. 0.26000E 09 LEU-'/LA'An -0.86A672 '20
VuLm 0.z9ti69lE-O2 O..1179SE-01 flriUn 0.i96I3E-32 '.11796E--O
uv%;Ln 30.13219E-0 I MVOIm j.1X3217E-01

rmE0.s 0.310002 09 L-.4/LA;,Aw 0. 10'7':3 II
vCLs 0.161732-01-0.5835dE-02 VQOD 0.ldI-2E-I1-.5-2I29-^2
..VrLs 0.1I9087E-01 MVQD: 0.1I'C9 IE-ol

rREQ.w 0.36000E 09 LcLI/LAAi 0.I20M'E 01
VOL= 0. 13042-02-'3.d96032-02 VCO:w 1). 2776E-12-').S9 I 1-31c-.1
4Vi2L= 0.90b47E-02 *'AV3U= 0.9004AE-02

r;2E a. 0.41000E 09 LcN/LAMiu 0.13667E 01
.L: -0.2b03 1E-03-0.32173E-02 Vfl~u -0.29630E-03-0.2931 7E-02
AVOLs 0.32295E-02 MVCO J.29466E-0Z

'RC0 ".46000E 09 L2N/LA:'An 0.15333E 01
VJLs 0.67493E-04-0.57369E-03 M~UN -0.2"5-2E-04 0.6-1974E-13
AVOLs 0.57657E-03 M/~)m 0 .7rC0I7E-013
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R~UN MLINE
LMIGHT= 1.00000 EPSIL1N- 1.*00000
ZO- 0.50000E 02 0.
zsm - 0~ 20 ZLw 0,900009 02 0

VOL=0.470!S 000-1259E00 OODn0.47705E 00-0.12759E 00
MVOL= 0.49381E 00 MVOL~a 0.49381E 00

kiHEQ.u 0.60000E 08 Ljt4/LAA 0.20000E 00
,/O!L 0.60644E-01-42.30743E 00 '/00- 0.60492E-01-0.30744! 1f
'AVfL= 0.31335E 00 M4VOL)- 0.31337E 00

mmmm
FREQ.= 0.31000! 09 LS?4/LA:A-A 0.3e667E 00
VOUL. -Oj.23190E-0--0. 12951E 73 V10 -0.23169Eu-0l.12905! 1'2
MVI2L. C.13157E 00 :MWVflm 3.1315SE '20

-;REQ.n 0.16000E 09 LEI/Ulsv 0.5323 731
VOL. -0.23549E-2 0.34625E-'i)I iCC= ::.234.57--C2 1.3462195-0
*%V3L= Q3470SE-j I .4Aiflum 0.3-07ClI!-31

r"EO4.m 0.230(X)! 09 LEN /L-% .4' 0. 70000E 10
VOL= -0.23504E-01 0.19404E W0 '/00 -0.235966-01 1.19397! 11
A VOL= 0.-195 44E 00 MV~uw .. 195AOE M,

rREC. u 0.26000E 09 LgS'4/LA-A 0.a6.A67f 'M
it:Ln '0.21917E 1%j 0.34005! lo I-To ').2t941 '0 2.34010E 1'
u.vtiJLn 0.4046E -00 'AVr,'.' ).4"7. '00

rn_=CJ~n 0.331J0CE 09 LZ-14/LA.An 0.10333E )I
/JCL= 0.47696oE 00-3.12781E 00 '/Coo 1.477M,5e '20-0. 127!9S '

WVJL= U.493 79E 00 MVCIJ- 0.49381E '20

emi23.u 'X.36000E 09 LF4-/Lk~m 0.12e'Y"2E ')3
iU..a W.oI641E-w)1-0.3C824E '" Vtw 0. .i0'692.u'dI.'.'.327d44 I')
4 VOL= J.3 I 435E 10 .41/00u J.31 37!. r"O

rwEQ.u 0.410002 09 LEi/L4.. 0. 13'Ai7 0 1
VjLs --32l639E-01-0.14164E 00 Vn'Cn -0.23169E-01-'2.129529 "'0
-4VJLn 0.14329E 00 M/fl~s .0.13158! "10

-viEO.* 0.46000E 09 LES/LVAs 0.15333E 11
ICLO 0.543E!-02-0.2b049-0t VQDu --0.23957E-302 ').34'AZI!-1,
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RUN MLINE

0 LENGHT- 1.00000 EPS ILO-1 .00I000
zoo 0.500002 02 0.
&L 0,00E0 . .210000 04 0.
eRE~n0.1000F 08 LEN/LaM 0.33333E-01

VOL.= 0.92957E 00-0.2024S2 00 V ODm 0.92957E 0-0.2024SE 00
OYCLs 0.95136E 00 MVODm 0.95136E 00

ir,*2Q.* 0.60000E 08 LEN/LAM- 0.20000E 00
VOL= 0.26375E 030-0.862442 00 VOD- 0.26402E 00-0.86255E 0
M4VOL 0.90189E -30 MVCDa 0.90205E 00

a"REQ.- ;.-j I002 09 LE *LV= 0.366i67E 00
VGLm -0.4&2122E 00-0.65010E 00 /0!U- -0.42321E (70-0.650158E 00
MAVJLn 0..775722 00 M VCD- 0.776122 00

~FRQ.w 0. 16000E 09 L:-24/LA!m- 0.533332E 00
VCL- -0.275462 00 0.'63872E 00 VOD-a -0.2754d2 00 0.4385(5E 00
mVG3L* 0.518022. 00 M1OsJw O'.517902 CO

FRE.s 0.210002 09 LEH/LAMm 0.700002 00
VOI.. -0.22400E 00 0.802092, '0 V/0- -0.22453E 00 0.800982 00
.4vf3L. 0.832792 00 MVOD= 0.831862 00

FREO.n 0.26000E 09 LEN/LAM- 0.Sfi7E 00
vCL. 0.6.11852 00 0.70422E 00 100m 0.l1I5E CO. 0.70452S 10
AV.%3Lu 0.932d92 00 IM/CL~ 0.93266E 00

c-.ii2.s 0.310002 09 LEN-1/LA.'Am 0.1033E 01
POim 0.9295dE 30-0.202572 73 VOD- 0.;J957E 00-0.20245E 00
:Av3Ls 0.951402 00 MVCD= 0.95136E 00

FREQ.m 0.360002 09 LEN/LAM= 0.120002 31
vOL. 0.26959E 00-0.360482 00~ Vr00 0. 26402E 00j-0.8a62.555,E 0
MVCL.0 0.90053E 00 MVCD- 0.902052 00

ZREQ.s 0.41000E 09 LEN/LAMm 0.13A67E 01
VOL= -0.39161E O0-0.7'S56E 00 VOD- -0.423212 00-0.65058! 0
NVOLs 0.84127E 00 MV/0Lm 0..776122 00

20.. 0.46000E 09 LENM/LAM.n 0.1533E2 01
lCAL 0.2376AE 00-0.120232E 00 VODw -0.2754 82 00 0.43856E 10
MVOLs 0.25834E 00 MVCO- 0.5127902 COO
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RUN MLINE

ZLmO.0000 i.00000 EPSILON- 1.00000

OREG.= .10000LEN/LAM- ~jjLQ
Va3Lm 0 * I0209E-02-0 *20774E-04 V00- 0. I02092-02-0.20.774E-04
MV3L= 0.10211E-02 NVCO- 0.10211E-02

* FREQ.n 0.60000 08 LEN/LAA- 0.20000E 00
VOL= 0.27614E-02-0.l 3435E-02 VOOm 0.27602E-02-0. 11422-=-02
.%VOL=u 0-.98882-02 MYOD- 0.298722c-02

FRO.= 0.11000E 09 LENM/LAM-n 0.3&567E 00
'IOL- -0.11695E-02-0.61359E-03 VO3D- -0.4 17025c-02-03.6145SE-03
AVCL= 0.13207E-02 MVCD= 0..132182-02

FREQ.s 0.16000E 09 LzN/LA:*Am 0.5,3323E 00
VOL. -0.32536E2-03 0.476132-03 Vf0D- -0.32.58S-03 0.47594E-13
MVULs 0.57679E-03 MV0O- 0.57664E-03

F-E12.0 0.21000E 09 'LEN/L%14- 0.70000 0
iCLu -0.21143E-02 0.15480E-02 VCZ0a -0.21 1.112-02 0.15389E-02
MVQL- 0.26204E-02 MVCZ= 3.26124E-02

F;Eo.o 0.260002 09 L2-4/LA:'A- .1.36A672 IQ
IOLs 0.14702E-02 0.17902E-03 VCD S,. 1471 1 S-C2 1.179121- 1
%Vf3L=. 0.148.112-02 IAV30= 0. 148202-032

FRO.m 0.31000E 09 LE-N/tA 4. 0.10371S 0!
VOL. 0. 10202E-02-0.20824E-04& v/rJ0 0. 0922-X'7-s
MVGLn 0. 102I2E-32 M-110- 0.I(112I-02

rmE.s 0.36000E 09 LSN/LA:*Au* 0.120002E 01
VOCL= 0.Z745dE-02-04 1203E-02 '/00. 'X1276C25-02-1). 114012E-1)4
MVU.Lm 0.2964.52-02 NAiQjn 0.29872"I-02

t;REQ.= 0.41000E 09 LEN/UlA' 0.13667S :1iOCL= -0. 13797E-02-03.843782-03 VoD--.!172-2i.i 520
MVCLm 0.16172E-32 MVCOU 0.1321S2-02
- M in m inn Mmm m n wnn
rzREQ.0 0.46000E 09 LEN/LAm 0 .1523032 0 1
VOL. 0.23431E-03-0.1188SE-03 */r70 --0.32!5%d2E-0c3 3.47594:"03
-%VXL 0.26273E-03 MVCO. 0.576d'E-23

inmmimmin mmmin uinm ainm
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RUN MINE

LEi4OHTU 1.*00000 EPS LON= 1.*00000
ZO. 0.50000E 02 0.
at 0.10000 04 0. ZL.. 0.500002 02 0.
FR$~ 0 . 10000 =8 LEN/LAA= 0.33333E-01
VOL=- 0.4647SE-01-0.10122E-01 Vao- 0.4647SE-01-0.1osz2E-04
MVULu 0.475682-01 MVOD- 0.475682-01

FREQ.n 0.60000E 08 L114/LAiA- 0.20000E 00
VOLm 0.131ME2-01-0.43123E-01 VnDw 0.13201E"-0l-0.43127=E-0l
MVOL* 0.45094E-01 MAVODO 0.45103E-01

FREO.u 0..I0002 09 LEN1/LA:A- 0.3AAti7. 1~0
VQLm -0.2.ildIE-01-0.32505E-ol /0~w -0.211dIS-01-0.3529E-01
MAV3L= 0.38786E-31 VVCU= 3.3838062-O I

FREQ.= 0.16000E C9 L=?I/LA.tAu 0.53311E A-#
,/CL= -0.13773E-COl 0.21936e-oi '10. -. 1774-C 0.21922E-11
MVOL= 0.25901E-01 AUVCL- 0.25895E-0 I

FRE2. 0.210002E 09 LMlI/LAA= O.700CA2 ^0
VOLm -'XII1200E-01 0.401052a.CI Vm0s "'0. 1 IM AIE-ClQ 0.40r4C9-0 I
MvOLm 0.41639E-01 M~nDw 0.41593E-01

FREC.m 0.26000E 09 L2N-%/LAtl= 0.86-4673 00
VOLu 0.30593E--0i1 .3521 !E-01 ICw's 0.3C52WS-01 1.2~~E~
MVq.L= 0.'46'5E--JI MOMCI J.466?.32-

FnESU.* U.31000E 09 L:-.24/LA.-Aw 0.10333E 11
vCLm 0.445479E-01-0. 101282-01l '100- 0.-IA7aS-0I-0. 101242S-0 I
NAVOLs 0.47570E--Q MVOL. 0.4756RE-0I1

e-R0.s .).36COOE 09 LE24/LA:Aw 0.120CI22 " [

mv;L 0.45027c-:Cl M VQDu AS4103 E-Clj

-2E.= 0.41000E 09 LEN/LA.Vi 0.13%67B '1
VCLm -0.i95alE-01-0.3722S2-0I VO~m -.. 11-O-.222C
m vL=L 0.42063E-0 I MIOLJ) 1.38606E-01'

r~aEQ.n 0.46000E 09 L:EN/LAA 0.15333%0 11
VOL . Q113b2E-01-0.50661E--02 trt) -WI.1377- -0C1 0. 2l92H-C'I
MVOL= 0. 12917E-01 AVO0 6 2!i92-



)WN TLIiIS

LENGH?- 1.00000 EPSrL0N- 1.00000
ZOO 0.500005 02 0.
ZSu 0.10000E 04 0. ZZ- .300005 04 0.
eimg.m 00.IoOOOE 08 LEN/LAAW 0 33333E-0 I
VOIL. 0.92062E-01-0.19643E 00 VOD- O.92064E-0I-0.I9643E 00
U VOLs 0.21693E 00 MV00O 0.21693E 00

"REQ.- 0.600005 08 LEZ4/LA'A- 0.20000E 00
VOLw 0. 36850E-02-0.52204E-0i V00a 0. 16870E-02-0.52219E-O1
MAVOLm 0.52231E-01 MVCO.' 0.5.22465-01

iiEC. 0..I10005 09 LEN/LAM. 0.36-AVE7 -10
VOLs -0.57492E-02-0.65Z575-01 VO3D. 05'9-Z-)524-
4W..i 0.655 10E-31 IAVOUm 3.65337E-0 I

j E-. 0. 16000E -09 L=EN/LA4A. 0.533.33E IC
VO3Lw -0. S.&47E-QI1 0. 15951 S XC 'ff70 -058 -1 .13947E 10
M'VOLw 0. 16901 E 00 vVCD. 3.I1d897E 00

e'RSO.m 0.210005 09 L5FN/LA 'Am 0. 700COE 10
VO3Lm -0. 16657E--02 0.52007E-01 VODw -0. 1670CE-02 0..0195S-0 I
%MvULw 0.520345.-0I M'ICL. 0.5 19a2Ec-0I

FwEO.u 'J.26OO0E 09 LSN /LJ A . 1.3M6 7S "10
iGL- U.59715E-02 0.66S105-01 'Ir"Ca .5!-~Q"L7-)
mvaLs 0 .66.77bE-31 4VCWrl .) ..Ad.6713 E-1 I

rREQ.n 0.31000E 09 LEN/LAM. 0.10333E It
VUL- 0.92009E6-0I-0.19639E 00j qrlom 0.9Q4 110163 'J
-%vULw 0.2168SE 00 MVQ0D . 21693E 00

,S5i2.. 0.360005 09 LSiLA 0.3 20005 101
VOL* 0.16970E-02-0.52129E-'.)I VOD .'671C-X5w9-0
,4vOLs 0.52I575'-0l MV0L~. 0.5224L6E-11l

FRE0.0 0.410005E 09 LEN/LA. 0.13A67E 01
S VULs -0.45436E-02-0.6550IE-01 v/Ona a-.57479E-02-0.652S4E-tgl

AVOLs 0.c5658-03 MV00a 0.65537-'i
.. mm iniinm moinmm OWWOiE mm

rREQ.. 0.46000E 09 LE?4/LA:A J.1533 03
VOL= 0;13067E 00 0.44820E-31 lCDw -0.'.58e56E-OI 1).I5947S 1-0
mvULs 0.13880E 00 M/O0u 3.16897S M,
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