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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. [t is often difficult, if not impossible, fﬁr a user
of these CAD programs to mix distributed and 1lumped circuit
parameters. Lumped circuit equivalents of distributed circuits
are desired for sake of compatibility.

Transmission line responses are governed by distributed
parameters. I[n this report, the development of a lumped circuit
" model for the lossless transmission line is performed by deriving
its Z-parameter expressionq_and then synthesizing these parameters
with lumped circuit equiQ#lents.

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
" T “ network. In this report, the *T* network is employed.

THE DISTRIBUTED PARAMETER TRANSMISSION LINE (OPTL

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 assumad to be uniform and the medium of propagation is

-1.
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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)

i 1, we have

VgaVp cosh Y4 + IpZy sinh Y

% Va=¥s cosh v - IgZy sinh vt (1)
é IS'IR cosh YL+ (VR/ZO) sinh Y &

ol Igslg cosh Y 2- (Vo/Zy) sinh Y2

S where, Zo s characteristic impedance

3 Y = propagation constant
;,%. and other quantities are defined in Figure 1.
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The characteristic impedance and propagation constant are

typically expressed as

s [R+fa Y = \[(R+pL) (G+§oC)
% * V (2)
where, R = resistance per unit length

L = inductance per unit length
G = conductance per unit length

C = capacitance per unit length

[f R and G are assumed to be negligible, as for the 'lossless

line, equation (2) becomes

=L , r=gmilc & 3¢
o -k .
and substitution into equation (1) yields
Vs = Vo cos 8L + JIRZ0 sin 3L
Va -vs cos 3!-11510 sin 3¢
ls'-'IR cos Bt + J(Vp/Zy) sin 2
= Is cos B¢ - J(VS/ZO) sin 2 (4)

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

parameters of the lossless OPTL.




Z-PARAMETERS FOR THE LOSSLESS DPTL
The symmetric and reciprocal OPTL may be fully described by a

o s

“T" network incorporating the Z-parameters shown in Figure 2.
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The input and output voltages are determined from
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Since we have symmetry and reciprocity, 221 s 212 and Zzz = le sO

that (5) becomes

S TR R STRY
Brlzatinly (€)

The equat'loné in (4) may be manipulated so that VS and VR are in
terms of IS and IR' Upon doing this, we have

Vg = -jlgZ, cot aL + jlgZy csc 3
Vo = -jlgZq csc 3L + jlgZg cot R (7)

When these equations for v.5 and VR are compared to the aquations in
(6), we can see that we have the relationships between the Z-

parameters and the 0OPTL parametérs:

and Z;; - AT jZy tan 3% /2

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

w5~
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The remaining task is to find circuits which will represent the
impedances .1Z0 tan B2 /2 and -,'IZ0 ¢sc BL to a high degree of

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

CIRCUIT SYMTHESIS
The impedances, Zu '-le and le, will be synthesized
separately. Since these impedances are trigonometric functions,

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

polynomial expansions. (2)

-6-
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sinXxsXx(l+agxlea xtea x® x 8 x 10) +|¢,|

le,| < 2x10°? , 0<x< My2

tagh o T

. 2 4 6 8 10
cos X =1 +by X € #by X" +bgX 7 +bg X +byX +l€b|

leg | < 2x107%, 0 ¢ x ¢ 12 (8)

csc X =1 +2X ¢ é-ﬂ"
X ns1  X®-(nM) (9)

where:

az = ., 1666666664 bZ s .,4999999963

a, = .0083333315 b4 = ,04166664183

as = .,0001984090 bﬁ s -.0013888397

aa = ,0000027526 ba = ,0000247609

a9 * -.0000000239 blO = .,00000C02605

Equations in (8) are used for jZo tan BL /2, and equation (9) is
used for -JZo csc BL . First, we will synthesize the impedanca,

JZ, tan BL /2, then we will work on iz, csc 8L ,

SYNTHESIS OF Z,; - Z;,

It can be shown that B2 /2 = -jKs where K = LYu€ and s = jw
2
Now we may write jzo tan BL /2 as jZo tan (-jKs). Using equations

in (8), we get:

ol




b Zytan(-jKs) = JZ, | -JKs “*"z('j"-")z*a;(-JKS)" #0e ag(-aks) 10

1+b, (-JKS)Z +b, (-jl(s)4 RS I (.st)l0

- 33 55 7.7 99 1111
ZKs - aZZK +a4ZK - aszol( s +a82K amZK

l-bzl(zs +bl<s 6&5 *ba‘(s .bd(1°1°

e T >
f.l‘?} l'.':".".. M a.'

(10)

30

Synthetic division of (10) is performed in a manner shown in equation

Ry Ryt Va_s
R AR

"I

(11) which yields a network of a Cauer form (Figure 4). See Appendix
A.
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i
I 4
N
N N(s) 4 (11)
X . s
o(s) Y, + ‘ 1
3t ‘
§ Y4+ 1 .
': Once the synthetic division is complete, we can find the
i corresponding circuit elements.
N
[»
{: L1=.09174664Z°£ _CZ-.5417253K/Z°
's. L3a..035113o72°|( C4'-.04033142K/Z°
;: L5=.07935383Z°K CG-.2535086K/Zo
;5 L7-.77658062°K Ca--.05267314K/Zo
i‘ L9=-.237151220K C10=.5358672!</Z°
5; Llla.324583ZZ°K
1)
A%
Ly
: where L is in Henrys and C is in Farads.
a9-
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Figure 5 shows the completed circuit whose port impedance is
§Z, tan 8¢ /2.

SYNTHESIS OF Z;,

For the synthesis of le = -j;o csc B2, we use the expansion
form of equation (9) but instead of an infinite summation, we will
use N terms. Letting x = B2 = -jKs, we get

-

i ! T
-7, csc Bt = -jZ, 1 +2(-j2Ks) = (-1)"
-j2Ks

nsl  (-j2Ks) -(nm)<|
-

=10«
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T

which may be rearranged into

s REL (12)
-JZ° csc B2 _Zg. . b («1)" 4Z Ks
2Ks nsl 4K°s® + (nm)

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

2

bs~+¢

general impedance expression of an LC tank circuit.

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

given by

L
e

wnich can be forced to equal the addend of (12), By doing this we
find that

(-1) "4z K K
= 9 c B cosesumme———
n (nm)? "
'1]-
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The first term of (12) is the 1mpedance of a capacitor whose value

is zx/zu. Now the synthesized circuit for 212 is complete and
shown in Figure 7. '
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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 DPTL 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
OPTL model may be analyzed for errors in the output voltage. In
the program, "MVOD" is the magnitude of VS/VL (See Figure 3) as
determined by the use of the standard transmission 1ine equations
and "MVOL" is the magnitude of ‘IS/VL as determined by the DPTL

model. The error (in dB8) (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
3A/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 =2 and least error at x=o and x=W/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 im Appendix B8 are for transmission lines with

-1 3-

AN A+ P CTATMIMWL LML YO T ICET D TARNAAIF S ¢ [N ADOCOUTL T EndTa TS pi) S, ™ Ak, LSt



!

A R S N B A N R Y LN L D L R A R T D A S O T T L T DO A T

LR Bt 4

‘:'—v
o
a
r
m
(%]
w
o
=
=
(=]
Qo
"

o L = .04587332KZ Cpge 2X/Z,

£ L3 = =701753653KZ . €, = .27086255K/Z,
S Lg = .N3967702KZ Cq == 020165705K/Z,
L, = .38928470KZ Cg = .12680805K/Z,
Ly ==11857035KZ C; = =02633792K/Z,
% Liq =.16229000KZ | . Cio® .25795250|</z°

o O O O o

Loge (-1)" jK:; | Gy (-1)"2%

Fiaqure 8




sl'-r“}!
i v o

«

e

SRR
v vl IE ML e WL B)

ERROR ,, = 201 0g(MVOL /MVOD)

o
0

)
e

=

————z -

ERROR vs. LINE LENGTH

8 A

eeoococce zt. 80 -
2,000

N=10

S

-e—e-0 0 o-e—0-o-e—w—yz
a———

~—
* -~ -
-

=G —e

b
K]
[}
L]
L

LINE LENGTH

W el
iy [ %Y e ‘\-,. I‘; ‘,"n 0"

Fiqure 9

«] Sa

+32]

6 O OO T GO T

S

A

e 0 g.i‘g_

ST LI I TN




relative permittivity (e,.) equal to one. The program allows one to
input other values of €, ; 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 1ine 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 DPTL model may be found for several applications
where line losses are low. When losses are high, tt;is model can no
Jonger 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 non]inepr 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.




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 equatfion (11).

m m- m+2
A(s) = N(s) . Ay + AysT=' + fzs -z L T (A1)
0(s) 85" + 8" 48" el

Stieljes' continued fraction expansion of (A-1) {is

M=n
R(s) = C 8™ + s 1 (R=2)

Czs'"°" + 1
MeN
Cqs _

R(s) has been uss¢ to denota either adriving-point impedance,

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

A-1
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.» Depending on the vaiues of the A's and B's, some of the
;:; capacitances and inductances may have negative values; this should
e

T not disturb anyone since the network is not to be realized. Note
b 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)=2(s) : cos,czs.c4s,. ....... = {nductive reactances
», men+ Cy854C45.Cg8sennnnnnn = capacitive reactances
b

s (s)=¥(s) : CoS+Ca8+CqS0ennnnnnn = capacitive reactances
o C154C48,CgS0enennnn = inductive reactances
| (A-3)
e R(s)=Z(s) : Co/S+Ca/5:Cq/Ss.c . = capacitive reactances
B J— C;/5+C4/5,Cg/Ss.....= inductive reactances
‘ﬁ‘: ’(s)=Y(s) : c°/s,cz/s,c4/s, ..... = inductive reactances
KAl Cy/5,Cq/5,Cg/ss. ... = capacitive reactances
= '

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

) sl'l
Y. 4 s
: s T

¥
"::" Bo + BT s + st + se s e + B1 os 4

2 2
Aos +A-|s +Azs + ... +Am

é which yields the network shown in Figure 4.

A=2
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Y, APPENDIX B
‘53 PROGRAM LISTING

e LIST TLINE

8 10 COMPLEX Z1,22,23,24,25,26.27.28,29,210,211,ZINS,TQ,P
i 20 COMPLEX Z221,222.UU,DN1,DN2.DN3,IN4,DNS,DN,VQD,ZS,ZL.70
- > COMPLEX ZINP,UN,DENI,DEN2,DEN3,DEN4,DENS,DEN,vNL.T9
f‘ 30 REAL F.PIO"'ENGQEPQCQFOQF'.FZ.LDL

‘ 35 REAL Q,QT,T!,T2,T3,T4,T%,T6,FA,SUX

i 70 ZO=CMPLX(50.,0.)

& 72 ZS=CMPLX(10.,-25.)

N 74 ZL=CMPLX(200.,500.)

3 80 rI[=3,14159265

vQ LENG=1,

Ya 110 Ep=i.

3 112 nRITE(S,T7)LENG,.EF
% 114 77 FORMAT(YLENGHET= " ,512,5,3%,9ESS[Llrim #,712.3) |
L 116 nRITE(6,76)23

k 117 «RITE(6,75)2S.2L
b 1ld 76 FNRMAT(*ZO= " 2E12.5)

& 119 75 sARMAT("ZS= " ,2S12.5,2X,"ZL= “,2E12.5)
:;“i |2’J \;.3056

e 122 Dg 190 N=10,10000,30

LA 124 Eu(BLOATI(N)})»1.S6

126 =2, %P [

o 130 LOL=LE:IG»F#SAHT(EP) /(3 .25)

! 140 rQ=P[»LaL/

s IS0 ¢ |=Z0wHd

“a loU F2=r2/20

#e 170 Tawwre |#,091 74684

: 180 Z1=Cuprl(0., D)

X 190 Ts=|./(iw2%,5417253)

k2 200 Z2sCabLA(0..T)
9 210 Tenwt 1#(=,335.1131)

h 220 Z3=CMPLX(0.,T)
() 230 Tl ./(awrzw,3033141)

ot 240 Za=CMPLX(0..T)
o 250 Tswwr I#( ,079354C3)

A 260 2%=CUPLX(0.,.T)

I 270 Te=1./(n*F2+,2536081)

280 Z6=CAPLX(0.,.T)

{ 290 T=nwe | *, 77465694

23 300 27=CMPLX(0,,T)

s 310 Tsi./(nnE2»,08267584)

38 320 Zb=CMPLX(0.,T).

23] 330 Ta=i.%wm|#,2371407

B 340 298CuPLX(Q..D)

- 350 Tee|./(n*kZ®,53535C52)

2 B-1
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B D Ry R T L By A TR LN L R L A Y R N R U D R A I G L T T T N R R I T R TS

Vil

§ 2
PeY
B
Mo,
o

" 360 Z!10=CMPLX(0.,T)
- 370 Tsnwr |#,32458
4 380 Z.!l1=CMPLX(0.,T)
o 390 PuZ9+Z10%Z11/(Z10+Z11)
400 vuZT+Z8%r/(Za+P)
410 P=ZS+Z6*P/(Z6+vr)

420 ‘PuZ3+Z4*P/(Z24+P)
' 430 ZINS=Zi+Z2%P/(Z2+P)
: 440 QupI#LOL
450 QT=ZO*TAN(Q)
460 TQ=CMPLX(Q.,QT)
470 Tl=4 . »EP+LOL>LNL
480 T2=(4./P1)#+LOL*SQRT(ER)

W 485 T3=1./(2.#P [*LOL*#SQRT(EH))
457 SUM=0.
: 488 FA=-|,
e 490 0 99 [=1,20
v 500 TS5=(FLOAT(I )) #w2~T!
& 505 Te=rA/TS
'§, 510 SUMmT6+SUM
A% 515 FAm=| #Fa
Px 520 99 CONTIWUE
o 222 SUM=T3=-T2#SUM
§25 SUMm=| ,*Z0®SUM
N 530 ZINP=CMPLX(O.,SUM)
N 335 UNsZL#*ZInw
j 340 UEN |=ZS+ZL
o 545 JEN2eZINS+ZINF
350 JEN3I=ZS*#ZL
i 585 JEN4aZ INS*ZINp»C:rLX(2.,0.)
: 360 DENS=ZINS#ZINK
R 565 UENSUEH | *DEN2+JEN3+DENA+DENS
i 560 VOL=UN/DEN
(‘ 582 MvOL=CABS(/AL)
A 585 olsLaLwrl»2,
: 390 3L2=8L/2.
%! 600 T7=TAM(BL2)
o5 605 TBm=1,/SINCSL)
o 606 TO=CHPLX(O.,T8) !
"% 610 7Z2=T9*Z0
s 615 ZZI=ZO*»CHMPLX(Q,.,TT)
620 Uu=ZL#ZZ2 '
e 625 Jiv|=ZS+ZL

f@ 630 ON2=ZZi1+ZZ2
& 635 JN3=mZS#ZL
640 ON4mZZ | #Z7Z2# 0L X(2.,0).)

b3 . B-2
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645 DNS=ZZ1»ZZ2

650 DN=DNI*#0ON2+UN3+*DN4+(NS

655 vQD=sUU/DN

657 MVQU=CABS(v0OD)

800 wRITE(6,1)F,LOL

830 ~RITE(6,2)vQOL,.VEQD

835 wRITE(6,3)4V3IL,MVND

040 | FORMAT("FREQ.= “,E12,.5, 33X, "LEN/LAM= » Z12.5)
050 2 FORMAT(¥VOL= * 2E12.5,3X,*VND= ",2Ei12.3)
855 3 FORMAT("MVQOLs % ,E12.5,3%X,2MVQD= " ,E12.5)
858 nwRITE(G8,4)

859 4 FURMAT (Y zmasuw s sesnses sms2as swssnnes 2 =2 = xsss !’ )
860 iQ0 CONTINUE

870 3TOw

add =Nu
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PRI R AT SR s 5 e s e N T e B g ® a2 AR ARG A Yo LN IV P LR RN T Y v i VPR o B

0‘.1'
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AANLETS
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3 Qutput Samples
. RUN TLINE
w4
0
R LENGHT= 1.00000 EPSILIN=  1.00000
) 20= 0.50000E 02 O. )
3 - 0.10 | Zl=_ 0.10000E 01 O,
FREG.= O.|0000E 03 LEN/LAN=  0.333338~01
VOL=  Q.77473E=02-0.82452E-01 VOD= 0O.77473E=02-0.6245 IE=0] :

MViL= 0.62930E-01 MVQD= 0.62930E-0!

WIS IR BINE BT EIE LI T W SIS 5 15 A S 1 A I I . S

rREQ.= 0.60000E 03 LEN/LAd= 0,20000E Q0

vOL= 0.51984E=04-0.91740E=02 VQD= 0.320! 7TE=04-=0.91740E=0Q2
Avils 0.917428-02 MVQu= 0.91741E-Q2

£act

o e b
.
o a &

-’ "
-

o rFREQ.= Q.11000E C9 LEN/LAu= 0.34467E 20
s VOL= =Q.1801E=03=0.29680E=02 VMD= <=0..11789E=N4=0,294AECE=)2
N MVOL= 0Q.29630E-02  MVND= 12.29680E-02
BEEEE S8 BAEE SNEN RIS SN EE SE SR EEEE SNE SE SN ER S SEEEEE
o rREd.= J.16000E C9 LEN/LAi= C.33323E N0

VCL= =G.56015E=-08 9., 7CTT77E=23 /0= =Q,.7604EE=26 J,770665=23
Mvgl= 0.7C0772=43 M/Qu= J.7C0&9E=-I3

2 MR B TCWBR W W SIS B RN T 1 2 15 T W NS R NS RS RNR NS

rasd.= QJ.21000E OV LEN/LAMs  0.70000E <0

VOL= =0, 14432E8=~34 1) ,30435c2-02 VD= =0, 4497e=04 0 ,48431E=22

S

«*: WVaLls 0.48435E=-02  MVOD= ).43431E=02

? ¢ BIBIRIT IDIEE B IBIE VAR RV BEE RIS S SIS SR SIS I A AR SRS SRR SN

A FRE3.= 0.26CCOS 09  L3N/Liam 0.34467E 20

0 JOL=  5.3CC19E=03 0. 149682=)i r0=m  1,20920E=03 .| 19648=3 |
y avdl=  U.148728-31  4/ND=  J.14967E=I!

.vd' SEEERE BEE EESEEERE SN SEEERE REE SRR 2B SEBE S NN NN NN N AR N NS RIEn

~aEd.=* J.310CQE Q9 LeM/LAM=s 0,193 33E 21 :
QL= Q. 77ud4QE=Q2-0.6228 1E=31 VQus N,T77473E=02-0.424S | E=) 1|
MVOL=  Q.62756E=Q | ¥VQL= Q.62930E-)!

L) FaEl.® 0.36C00E 09  LEM/Las= 0.12000E 71|
vGL® Q.33130E=04=).92286E=22 VMAD= 0.520178=04=7,917408=-12

l'. BES EENBEBEE S ESEREE SN NITEEE NS N SHNNSEEE 2N EENE BS 28N RN

*  wvOL= 0.92288E-02 MVOD= 2.917418=02

. rFaEd.s 0.41000E G9 LEN/LA#= 0.13467E I 4
' yCL= =Q.1J123E=04-0.32494E-02  vNU= =0. | | 7Te9E=04=0.296808=22

wUL= 0.32494E-02 MvOD= 2.29680E=02

; " SSESEESE SENSNEREEENNS SRS SSE S SEE NS SREEE TR BEE TR HRSN <
“ cHEQ.= 0J.460C0E 09  LSi/LA¥= C.1S333E 2!

2 JCL= 0,22767E=05-0.57938E=03 VOD= =0.94043E=06 7.77049E=)3

. WILls 0,57938E=-33  MvQD= J.T70069E-Q3 '

‘l
4
é B-4
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RUN TLINE

LENGHT= 1.00000 EPSILIN= 1 .00000
Z0= 0.50000E Q2 Q.

Rt Bl v A2

vOL= 0.90909E 00-0.29109E 00 VOD= 0.90909E 00=1.29109E 00
MVOL= 0.95455E 00 MVOD= 0.95455E 00

t . - 4 .- £ - . 2 - - ¢t .-t F£- "+ 1 - +: £F- ;. - { |}

FREQ.= 0.60000E 08 LEN/LA4= 0.20000E 0O

VOL= 0.43851E=01=0.44563E 00 vMD= 0.43890E=01=0.44547E 10
MvOL= 0.45023E 00 MvODs 9J.45022E 90

¢ £ ¢+ - r - . - £ £ - - - ¢+ £ t ¢ t . "1 .+ £ . + 3 . 1§

FREQ.= O0.II0COE 39 LEN/LAum 0.3644TE 70

VL= =0.14330E=01=0.14653E 30  /QD= =0, |38 1SE=)1=). [2659E )
MVdL= 0.14733E 30 MvAG= 2.14733C 20

L ¢+ - £ £ -+ - £ - - . £ -, ¢ 3 3 - . - f T . F ;T ]

rHEd.= O.14000E C9 LEN/LAus $.33333E 0

JOL= =0, 12224E=02 0.3499 1E=0i VND= =0,.122246=02 7.34987E=)1
aviLe 6.525138=31" " uvans 0.380085-01

L e . .. £ . . £ ... £ ./ £ f_ ;. - . £t r___} . . ]

FREQ.= 0.21000E 09 LEN/LAss 9,7C0C0E 20

VOLs =0.18133E=-01 0.239725 20  vND= =0,.13213E=01 9.23969E "
4VOL= 0.24040E 30 MvADs 3,24038E CO

W NN NN SRRV 1S SSNNES N SN R 5N N N SR TR 150 1 Nk WS

FhEd.= 0.260C0E 09  LEi/LAum 3.34447E 7€

JCL= 3.29334€ 00 2.38977€ 73  YOLUs 7.27807% 70 7.35961% 39
wil= 0.46094E 2C  4vOD= .460&855 "0

BAURE B BNEEE N SEIE SIS SIS EEE RS EE I SN NSNS TN SRNE 2SN RN N

FAEd.= 0.310CCE Ov LEN/LAs= 0.102 3E I

VCL= 9,9086TE 00=1.20179E M VAD= 7.;0909E 10=0.291GSE 2
MvAL= C.$5437E 3¢  #vOD= J.95453E 70

e r . -t £ £ - £ : 5 -t r . - $; }t t 3 2 £ : ft . ;i ;. t [ J

Fu23.=  1.36CC0E 09 LIi/LAdm 0.12900E 11

VOLs 0.35209E=01=0.44301E 29  vAUs 7,.338975=01<0, 14567
wils 0.35273E 3C  #vOD= 0.45022E 70

BNE SSE SN SERUSSNE S SE S ENNREE S AE SO SSSS SNE SN S ESEE SNNes

~HEG.®= 0.410C0E C9 LEN/LAids 0.13467E 21

JOL= =3, 14016E~01=0.16087E 29 VOD= =0.14315E=01=0.14659E 70
wvals J.16148E 00 wvQu= 0.14733E 00

TENESNSSNEE PTEENE SN SNSNE S ENEEN NSNS SEE RS YU SNSRI EES NS

FRE0.s 0.46CC0E 05 LEW/LAi= 0.15323E 71

VOLa 0.26747E=02-0.286858-01 VACw =0, [2224E=-02 J.34957E=31
wvils 0.2882gE~31 4yMDs 9, 3SC08E=-0|




M
St

Py ttie > 7 4
L E ST W

NS
. o3

£

_W.{.u«,

) E .
P e Rt B B P Y R Ryt S AR 8 L 1T it e d

RUN TLINE
LENGHT= 1.00000 EPSILIN= "1 .00000
Z0= 0.50000E 02 O.
ZS= 0.10000E 01 O. | ZL=_0.10000E Qa4 g,

VBES - "0. 0019989598 . 0 YFAEA Y- 9633338§Tai09; 01-9. 20 TT4E=0 1

MVIL= Q.I1021.1E 01 MVvQD= Q.1021tE O

e %t : B . ..t _r £ 3 - +t3+; °t++——r+° - $; fF 1 -]

FHEQ.= O.80000E Cs LEN/LAX= Q,27000E 20

vilLs 0,276814€ 01-0,.11435E 0! vaD= 0.27402E Ol=N, 114228 2|
MVQLs QJ.29888E Q1 MVQDs ).29872E CI

BERSE BEEREEENIEE NS NS ERAE BRI N I SRR 2 ST NIk IR W I 1

FrSd.= 9.!110COE 09 LEN/LA= 0,3648TE 20

VOl =), |149SE JI=Q.8I13859E D VMDs =0, 117028 Ql=N.414552 0
AvidL= 0.13207 Qi MV0D= J.13218E 21!

SEBNBEE RESENTE SEN SIS SN S NS ST B 1R R I S NN DN s

rREJ.= 0,160CO0E C9% LEN/LAs= 5.,33333E 70

VOL= =Q.32556E 70 Q.47413E {N0= =) 32833 70 V.47EP4E D
MVJL= OQ.57679E 0 MVOD= J.3T7A864E NO

k. . -+ - £ . -+t -~ r £ . & L. : 2z . £+ : |

r&EQ.= 0.21000E 0% LEM/LaN=s Q.7TNON0E 0

vOL=s =J_,21143E Q! J.1S48QE 9| VD= =Q.2111IE Q1 19, 15’E9= ol
wils Q.242C4E 2J1 VVCU= 2.24124E QI

£ ¢ £+ - : -+ - - fF - . -t 2 £ .+ -~ £ .+ £ ;. -5}

FrEd.= Q.24CCCE 09 LEM/LAas=  D,24KA67TE 70

vlL= ), i147C2E Q1 J,179C28 2 YAC=m D 137112 21 2,17872E 1
MVALs ), 148 1E Ji MYMD=  S,14E3208 21

ks F -+ - 2 ¢ -t £ - ¢ £ - £ + -} } ft £ -+ T F . %} -]

rR2Q.= 0.312002 G9 EM/LAxs Q,.1Q0333E 11

VCL= 0.1021J0E 01=0,20324E=T1 1PU=s 0, 1Q209E J1=0,20TT74E=21
AVILs Q0.102128 91 wAOs  J.102112 Jt

L £ .+ £ ;. ¢t ¢ . £+ £ . ¢+ - ¢+ o+ K -1 F -2 i Fo:o ]

enEd.s 0.36000E 09 LaM/LaM=s O, 120CJE i

JOls Q.274%9c¢E 01=0..11203E yOuUs 0,.27422E Ql1=N,11422S )|
avills Q,.296335E Q1 MVQu= ) .298728 21I

L . ¢+~ £ ¢ . . -t FT Tt 3+ . ¥+ it £ - % FF - .t 3 £ i |

cREQ.= Q,.412C0E 09 LEM/LAA=  O,13647E 21

YOLs «Q,I13797TE 21«0,3437¢E 29 ViD= =) ,1 17028 QO1=0,414535E )
wals 0,181728 Q1 MVADs Q13218 01

.+ ¢ -t - . r - F $: - ;-3 £ T+ & £+ 3 -~ 2+ &t F . ]

*H23.s QJ.460C0E 09 LEN/LAA=S  Q,15333E 2i

J0Ls Q,23431E 00=0,.l1888E QJ vOl= =), 32883 N0 Q.47SG4E ™M
MvJLs Q0.26273E 0 MyALUs ), S57464S 70




RUN TLINE

LENGHT= 1.00000 EPSILUN= i.00000
Z0= (.50000E 02 0. , |
= =

é%!ﬁ?g‘ig?$%568§'8§ LEN/LAi= ~ 0.33333E=01

viLs 0.18182E=01-0.582186=02 vND= 0.181825=01=0.53219E6-92
MVOL= 0.19091E=01 MvVOD=s 0.1v09IE=01]

g+ T~ £t - ¥ i 3. T+ 't £ ; ¢ ;- t t 2 {5 -t}

FHEQ.® 0.60000E 08 LEN/LAMs 0.20000E 00

vOL=  0.12770E=02-0.89135E=02 QD= O0.|2773E=02-0.89133E-n2
ivOL= Q.900445=02 MVQDs ) .90044E=02

2B RSN B SN I IR EE T IS I S B SR B TS N 1 SENES NIRRT

FREJ.= 0..1000E 09 LEN/LA4= 0.36467E 10

VOLe «).29A60E=03=0.29316E=)2 /rD= =0.29630E=N3=0.20217E=12
uvils 0.29466E=02 MVND=m 9.29444E-N2

- % " ¢ - - . ¢ £ - .t + . £t £ - ;¢ £+ .t} _ ]

FrEd.s 0.16000E 09 LEn/Lits 2,353333E 10

JOLs =0.24447E=C4 0.69986 IE=0] VOU=m =0.24455E=04 1,49974E=-93
wviL= 0.70024E=-03 WQOu= 3.770178=93

25 R SIENE SR SEE IS IS SR SRR SR 2 I T RNNEE NI SN SR SN

FiEQ.= 9.210C0E 09 LEN/Lax= Q.7ONNOE 70

VOL= =0.36265E=03 0.47943E=J2 VD= =0.364258=03 7.47937E=)2
MvAL= 0.4cUB80E=02  MVOD= 9J.480758-02

2 GBS NS SIS SRS TS IR TS WS S SN I8 N SR S AR WIS IR RS RIS I

FRE0.® 0.26000E C9 LEi/LAds - 0.84467E 10

ViLs 0.39669E=02 0..117958=01 vnum 0.39613E=02 2. 11796E=11
aVGL® 3.132196=01  MvOus 35.132176=01

Ft - ¢+ - -+ - 3 - £ £ i &£ - . - §F - £ : - = ;@ . . -}

~xEQ.= GC.3IV00E Gy LEN/LAd= 0.10333E Il

JCLs 0.18173E=01=0,58356E=02 VOD= 0.l1d182E=)1=9.55219E=32
AviLs Q.19087E=Q1 MVQD= Q.1%COIE=0 I

ST 5 SN N NSNS MUl RIS SN SN B SN NN EE NN BN IEEE B SERN

FREQ.= 9.36CC0E 09 LEi/LAds 0,12000E 2|

vOL= 2.13042E=-02-0.89603E=02 vOC= N.12774E=12=N,391335=22
wvdls 0.90547E=02 4vAus J.9N044E=-02

B NS BN SIS RS SE SIS S NN SE TRENEEE SRSENN 2N S SN SN

F%E3.® 0.41000E 09 LEN/LAd= 0.13667E Q!

sul= =0.28031E=03=0.321736=02 V(D= =0.29430E=03=0.29317E=12
#vOLs 0.32295E=02 MVOD=s J.29466E-02

S OIDEE N IS AR 1S IS SIS S 1S I NS HNNN SIS B BN SN S8R SIS SRNN RN

FHEQ.s O.46000E 09 LEN/LA¥s 0.15333E O

vil® 0.37493E=04=0.573696=-03 vAUs =0.244558=04 0,67974E=13
wvils 0.5745TE=03 M/00= 2.70GI7E=N3

8-7

T M il Wk s

3 E e e B il
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RUN TLINE
LENGHT= 1.00000 EPSILAN= I . 00000
0.50000E 02 O.

0=
2S= _0.500 Zk=_0.20000E 02 Q. ‘
[ = ol o8 LEN/LA4= 0.33333E=91

VOL= Q.47705E 00=-0.12TS9E QU vQD= 0.4770SE Q00=N,127S9E 22
MVOQL= 0.49381E 00 MVOUs 0Q,49381E 00 {
VNSNS NSNS NN S W R IS S 15 IS SIS SIS SIS 1 NG SR

FrEQd.= 0.50000€ 08 LEN/LAi=s 0,20000E 00

VL= Q.00646E=01=0.30743E QO VQD=s 0.40692E=01=0,30T744E N0

sviL= Q.3133%E 00 MVQu= 0.31337E 00

E . - ;.. - £ . . - ;. .~ ‘r """+ "- "3t F "1 ¥ - T - ]

FREQ.= Q.!11000E Q9 LEN/LAU= Q,.36667TE 0

VOL=® =0,23190E=01=0.12951E 70  vND= =0,23149E=01=N,129%2€ 1)

MvOL= C,I3ISTE 20 MVAD=s DJ,131S8E N0

ke & ¢ - - . - . £ ;+ t - "t ;. . F. - - r -

rREQ.= 9O,.16000E 09 LEN/LAS= Q,533738 0

VOL= =Q,23549E=12 0.346258=)1 VOCs =), 23%BTE=N2 J,.33A218=0)1

MviL= (.3470%E= | Yvhus 3, 347CIE=DI

e . . ¢ .t -2t ‘¢ - -~ t: ¢ 3 P~ "~; .~ ¥ "]

rnEl.s 0.2100CE C9 LEN/LANs Q,.TOOO0E "0

J0L= =Q0,23504E=01 2.19404E N VaDs =).23%088=01 2.I19397E

AvOL= 0Q.19%46E 00 MvOus J,19%40E 00

2N IR EE SAEE Nl S EE SO SRS N R SRS EED N AReE SN

rRES.® 0.240C0E 09 LSH/LAis Q.8646TE 0

s D211 TE 7y 0.34CCSE 7U /Me 1,218948 70 2,340I10E ™M

wvdl® Q.304348 30 MVMDs ) ,403478 20

E £ @ - . r . .- £t . £ £ . t 3+ &£ P - - £ P} ]

exE3.s J.3100CE 09  LEN/LAds  0,193238 )|

ICLs  J.476%68 TO=0.1278IE 20 1Q0s N ATINSE 2C=N, 12789 -
AVILs Q,49379E 0 Waus J),4938I1E 0

£ s X - . ¢t ¢t 4.t  rt+t: t 3 "~~~ f " "+~ ° "~ " "'}

rn2d.® J).3600CE 09 LEN/LA A=  Q,120°NE DI

/Lis J,.01041E=)1=],3C824E VD D ,490AG28=) =) 371744 )

AVCL®  Q.3143%g 0 M/QDs J,313378 70

- £ . £ - 't . 3. ¢ £ £ r :t ..t {. £ " ;K. 7 : |

riEd.s QJ.,41CONE C9 LSH/LAY=. Q. 1344TE 21

vuls «),21639E=01=0.14143E 00 VADe «Q ,23169E8=0Q1=), 129%2E 1 y
Avil® Q.1438YE 00 MVND= J,131%8E 0

L £ . . . : 2 : . . £ .t X .t -y .t . ¢t} ;. i ;1 X . "1
~nEQ.= 0.46000E Q9 LEN/LAds  Q,18323E 21 y
/ICLs  J,38443E=02=0,2:049E=Q! VQD=s =0,233357E=)2 1,34A218=7|
AvQLs £ ,2859 IE=) | wQus 3,247C01%S="1

SENNSEEE AR SIS S S SN SN SN SN SN SE SN N US S SN el N en




RUN TLINE

0 LENGHT= 1.00000 EPSILIN= 1 . 00000
Z0= 0Q.50000E 22 O.

;;- 0.50000E Q2 O, ZL= O.!10000E 04 Q,

' rREQ.= 0O.10000E 08 LEN/LAM= 0,.33333E=01
VOL= 0Q,92957E 00-0.20245E 00 vQDs 0.92957E 00=0.20245E
MVOL= 0.95136E OO0 MVOD= 0.9%5136E 00
b e -t r_ .t -3 £t ;- t; .. . :; ' . -~ ]
ritQ.= 0.60000E 08 LEN/LAM= 0Q.20000E 20
vOL=s Q.26375E 30-0.36246E 0 vQD= 0.26402E 00-0.362%5E
MVOL= 0.90189E 20 ~ MvODe 0.90205E 00
L e . . .t t: ' .t .-t ~:_t*: f{ . ]
rREQ.= 0.J100CE 09 LEN/LAA=  Q.36467E Q0
VOLs «Q,42322E 00-0.4650Q10E 00 VU= =Q,42321E n0=-D.4850S8E
MvJLs Q.77872E 00 MvQDs Q,.776128 Q0
L .. £ -ttt . - - t:_ f r ‘.. £ -t 2 "}
FREQ.s 0O.16000E Q9 LEN/LAM=s Q,53333E 20
vVOLs =Q,27946E 00 0.438372E 00 VODs -Q.27S44E 00 0.43856E
MviLs= 0Q.51802E QO MVQu= J.SI790E 0
e . -t _:t '~ .. r_ .. 1 . ..~ ;. _}
FREQ.= 0.21000E 09 LEN/LAu= 0.7000CE 00
vOL= <Q.224CCE QU 0.30209E 20 vaQD=s =0, 22453E 00 0.30Q98E
MviLs Q,.83279E QO MviD= 0Q.83186E 00
_mmm--'—.-m-'-_-
vCLs 0Q,4.185E 00 0.7C422E 20 vQD= 0Q.51115E N0 0.70452E
dvgls Q.93289€E Q0 MvQuU= 9 ,93266E 70
¢ s . ¢ -t t: £ _+ 3 T+ - f - ;1 ¥t . ;- ]
ri2d.® Q.310COE 09 LEN/LAx=  Q,I1Q333E 2!
/L= Q.92958E 20-0.2C2S7E 0 VOD= 0.72957E 00=0,2024SE
4vJLs 0Q.95140E QO MvQD= J.95136E 10
FRgd.= J.360C0E 09 LEN/LAM= Q,12000E 2! '
vQLs 0,26559E 00=0.36048E Q0. VvMD= Q,24402E N0=-0.862S%E
MvQLs 0.900%53E OO0 MvoD= 0O ,9020%E 00
E . . .t . . . £ £ -~ . t 4. £ 2 -+ ..+ . ;£ £}
#REQ.s 0.41000E Q9 LEN/LAM= 0Q,13467E 21
VOLs ~Q.3916IE 00=0.744S6E QO VOD= =0,42321E 00=0.65058E
MVOL= 0Q.84127E 20 MvQD= OQ.77612E N0

STROS SESTES TN ST TS VS HHULE SN SEANTENE NI SIS SN SN
rREQ.® 1.46000E Q9 LEN/LAM= Q,15333E 0Ol

voLs 0Q,22764E 00-0.10132E Q0 VQD= =Q,27548E Q0 0.43856E
MvOLs 0.2%5834€ QO MvQD=s 0Q.51790E CO

20

70

20

20

no

o)

10

30

10




RUN TLINE

LENGHT= | . 00000 EPSILON= | 00000
Z0= 0.50000E 02 0. '
- 4 = 1.0 0! O

FREG.= 0. LEN/LAM= 0.

VOL= 0.10209E=02~0.20774E=04 VOD= 0. 10209E~02~0.20.7T4E~04
MVOL= 0.10211E=02 MvVOD= 9.10211E-02

B ANESSSLE NS SUEEEIE NS BRSNS NN SN I ST I B AEE S SN

FREQ.= 0.60000E 08 LEN/LAd= 0.20000E 0O

vOL= 0.276146=02-0.11435E=02 VOD= 0.27602E~02-Q. |14226-02
WOL= 0.29888E-02 MVQD= 0.29872E-02

FHEQ.= Q.11000E O9 LEN/LAM= 0Q,36467E 20

" VQL= =Q..11495E=02=-0.61359E-03 VODs =0.J17025=02-0.61458E=-03

“vQL= Q. 13207E-02 MVCD= Q.13213E=02

B EEIINNS WIS TS ML WIS T N S SN N TSI S S SIS

rREQ.= J.16000E Q9 LEN/LA4= Q,52333E QO

VL= =Q,.32536E=03 2.47613E=03 VD= =0 32858E-03 0.47594E=13
MVOL= 0.57679E=13 MYOD= Q.57664E=03

E . - ' .}t ;- .- bt ;P - - o f T e e

FREQ.= 0.21000E 09 LEN/LAM= O.770COE 90

JOLs =0.21143E=02 0.15480E=02 VOU= =0.21111E=02 0. 15389E~02
MVOL= 0.26204E=32 MVOD= 1.26124E=02

JBTNE B RNENE IS SEEE RIS RRIE S SN B BN SRS TSNS NI S SN NN =

FAE3.= 0.26000E 09 LEN/LAdm . 3.36467E =0

/OL= 0.14702E=02 0.i79025~03 ¥AO=m 2.147112=-02 9.179338=33
wyOLs 0.148116=02 4vOD= O.148205-02

SWIRENANE SR NIEIAE NN IS TS IR T T RIS SWMEE BRI S SIS SIS SN NN

FREQ.= 0.31000E 09 LEN/LAsi= 0.10323E 01

VGL® 0.10210E=02-0.20824E=04 vND= 9, 10209E=02-9,217738=04
MV3L= 0.10212E=32 M/AD= 9.102118=02

BN BN SRS SEENEE SN A NN SN N NES AN SE NSNS SNNE NS RSN

FREQ.= 0.360C0E 09 LEN/LA¥= £.120G0E 31

VOLs 0.2745dE=-02-0..1203E=02 VOD= N.274C25=02-0.114228=12
WVOL= 0.2968EE-02  MvOu= 0.298725-02

e k- £t - - £ t _: £ -~} ' ¥ -3 - _F ;3 : -~} -+ - F FTIOGOG

FREC.® Q.41000E 09 LEN/LAM= O,13467E 3!

vOL= =0.13797E-02-0.84373E~03 VUD= =9..11 792E=02~0. 41 4S5E=93
MvOL= 0.181728=32 MVOD= 0.J3218E-92

S BRSNS NE SHNRSEE AASENE SlEEESNE SRNNSE N ES S S BT SENSS NN NN

FREQ.s 0.46000E 09 LEN/LAus 0.15333E 91

VOL® 0.23431E=03=0.|1885E~03 JMD= =0,328538=C3 7.475545=93
MvdLs 0.26273E-03 MvOD= 0,57464E-03

' SR NE SRSNE NSNS SSNE U SN NEBEE 2 TS S ES SNSEN NSNS N SR SN

8-10




RUN TLINE

LENGHT= 1.00000 EPSILUN= 1 Q0000
Z0= (0.50000E 02 G.

é%i 0.10000E 04 O, ZL= 0.S0000NE 02 Q.
o= - 100 08 LEN/LAu=" 0.33333E-D1

VOLs 0.46478E-01=0.10122E=01 VAG= 0.48473E=01=0. 10122E=01
MVOL= 0.4TSGBE-O01 MVOD= 0.47568E~0!

L -t +r -+t - £ -~ -~t ;- ¥ ~t ¢+ } £t ¢t r t ;.- f_j

FREQ.= 0.40000E 08 LEN/LA4= 0.20000E 0O

VOL= 0.13188E=01-0.43123E=01 VAD= 0.132C1E=01=0.43127E=01
MVOL= 0.45094E=01 MVODs 9.4S103E-01 -

¢ - £~ - "¢ -~ 2 + + "+ F . f§£ . .t £ .- F 1t -}

*REQ.= 0,..l11000E C9 LEN/LAS= Q,3AAATE 70

VOL= =Q0.2!161E6=01-0.3285056=01 VCC=m =N, 21161C=)1=),3252%E=1
MVQLs Q.38786E=21 MvQus J,.3880G6E=Q!

BEEEEISE SRS IS IS TS 1 NSNS SIS S N S NES S SN E EERE SREES

FREQ.= Q.!68000E C? LEM/LANS  Q,833338 22

vOL= =Q.13773E=J1 0.21934E=Qi YODs =D, I3T774E=21 0.219232=31
MVOL= 0.25901E=31 MVQU=s J.25895E-01

g - - r - - ' -~ . . - . . . 1. .. ;. £ . . 13t ;]

FREQ.= (0.21000E Q9 LEMN/LAN= Q,7TRO7CE 20

VOL= =),.!11200E=-Q! Q.4010SE-0! VD= =Q,] |224E=01 2.40C4aGE=21
MVOLs Q.41639E=J1 MVOD= Q,415903E=01

SIS SRIBAE SIS I SR SIS 5 SR NI I IS NS TS R W

rREC.= 0.26000E C9 LEN/LANm - J, 84447 77

vyQL=s Q.30%993E=01 2.3%821 (=41 IC0=  2,3N8BAE=T1 1.332342=21
MViL=s Q.466458=)] MY/QUs ) ,4A833E~")

28 SRS --—--.-—-.---—.-.-_I-lm

FeEd.= 0.31000E Q9 LaN/LAA= C.10333E 21

‘OLs Q.46479E~Q1=D,.10123E=D! VOD=s G, 1847cE=C =), 10122E=01
uWoLs Q.47570E=)1 MVQUs 9.475488=91

R SE SN S ES S SSNNNE SENE A PE NSNS BEN S SE BN XN NS RN NN

~REQ.= J.36CCO0E 09 LEN/LAd=  $5,1292CTE 21

vOLa Q,13280E«)=0,43024E=0! IND= D, 1327 IE=~21=C,43127C=01
Mvils 0.45027e=-91 M/ODs 2,45 103E=1 |

NS I NS BRSNS NS NNEUE SNSRI SRS RS SEE EBENS T E A S AN EN

#nEl.= 0Q,.4|000E Q9 LEN/LAMM= 0, 134472 21

VOL=s =Q,19%8|E=01-0,37223E=01 V30s «0,2.11418=01=),32820E=) 1
AVJls 0,42063E=01 MY/QLU=s ) .38B06E=-Q1!

SOS SSSSSE SN TE S SN S SN N SE SENSNE SETESE SR RENEN uN

rREQ.s 0Q.46000E Q9 LEN/LA4s  0Q,183323E 21| .

VOL= Q. !1382E=01=0,30641E=02 VAOs =) [37742=71 2,21924E=31
MVOL=s (Q.12917E=Q! WAle 2 ,2849SE-T !

8-11
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o g e T e
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RUN TLINE

LENGHT= 1,00000 EPSILON= 1 00000
Z0= Q.50000E 02 Q.

ZS= Q.100Q0E 04 Q. 0.10000E 04 Q.
FREU.® O, ]OOOOE 08 LEN/LAus= % 333336=01

‘VQL= 0,92062E=01=0,19643E 0O  VOD= 0,72064E~01=0.19643E 20

MVOL= OQ.21693E 70 MVQD= J.21493E NO

JRANBEAINE SNBSS RENE ENE R S SIS SN NI I IS S AR R IR NI NSNS NN

r*REQ.= 0.80000E 08 LEN/LA4= (0,20000E 00

VOL= 0. 16850E=02-0.52204E=01 ViiCs Q,1487NE=02=-0,52219E=01
MvVQL= 0.52231E=Q1 MVQD=s Q,52246E=01

- SRER TR NS WA TR 1 SRR 35 N SSIRINER 12 IR ITEE SR MIEIBTEE S AR SN N WIma

rEd.= 0Q..11000E Q9 LEN/LAM=  Q,36446TE 0

vOLs =Q.,37492E=02-0,.65257E=0! VOD=® =Q  3TATIE=CZ=N, 465284~ |
MVJLs Q.855(0E=-]I MVQU= J,.463537E=01

¢ £ £ - - .t -+ . £ £} : - . .} ] uc—mu-n--

rxEl.= 2,16000E 29 LaM/LAY= QO ,853333E 7

vQL= .53847TE=Q! 0.1598I18 ¢ yDs ..-as E=C1 2,13947E 0
MVvOL= Q.16901E CO MVQD= J,16897E N0

s : - £ . . - . . .t T t ¢+ : -+ ;i ;.. 2"~ - ‘£ £ . J

*REQ.= 0J.21000E 09 LEN/LAYs O,7NOCOE 0

VOL=s =Q.168657E=02 0.52007E=01 VQDs =), 187TNCE=QZ2 0.5 19S8E=D 1|
wvdls Q.52034E=Q! MYCU= (.519828=01

£Ft " - - - 3¢t ¢+ r  tr ~~ £ ¢+ - -} - . £ . ;- >t . “ 2 - i}

FxEl.=s 1).26000E C% LEN/LYN 4= . 3 ,34467 0

10Ls  Q.3997158=02 Q9.46510E=31 YPDs 0, 3984 18=g N, 4A4dTE=D ]
MvilLs Q,.8477&8E-J1 MVODs ) .46713E=)!

g £ . ' .+ £ . ;. t £ : t; {: i 3 2 3+ &£ £ L & f - |

rRed.s 0Q.31000E 09 LEN/LAM=s (0,103232E 91

viLs Q.920096=01=0,19639€ 70 VU= 0 ,72084E=11=), 194642 70
MvdL= 0.21688E GO MVvOD= 2,21493E 0N

mEQ.= 0.3600CE 09 LEN/LA¥=a 0.12000E 31
yOL=s 0.16970E=02~0.321296=)1 vQO= 2, [453706=02=0.52216E=2
wils 0,52I57E=-3! MVOUs 9.52246E=)1

IS SEEINE SISO IS 5 SN S S S NS R SNSES NS SR N NN NN NN us

FREQ.= 0.41000E 09 LEN/Li4= 0.13447E 1

VOLS =0.454368=-02=0.655015=01 AN= «0.57479E=02=0,55284E=11
MvOL=s 0.05658E=01 MVOD= O.48537E="1

g - .+ £~ -+t rF- ¥ ¢+ £ . £ ;- ¥ 3 t 3 1]

FREQ.= 0.46000E 09 LEN/LAd= 0.15233E 21

vOLs 0.13067E 70 0.468208=01 vOD= =0, 3i3354E=~01 7.1S047E 79
wil= 0.13880E 00 MvAD= J,16H97E 70"

B-12
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of |
Rome Avr Development Center

' RADC plans and executes reseanch, development, test and

selected acquisition programs in & of Command, Control
Communications and Intelligence (C31) activities. Technicat
and engineening support within areas of technical competence
48 provided Lo ESD Program Offices (POs) and other ESD
eloments. The prined 1 mission arneas ane
communications, electromagnetic guidance and control, sur-
veillance of ground and aerospace objects, intelligence data
collection and handling, information system Zechnology,
Lonospheric propagation, solid state sciences, microwave
physics and electronic reliability, maintainability and
compatibility.
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