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PREFACE
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and some sixty-five universities eligible to participate in the program.
Syracuse University (Department of Electrical Engineering), Purdue University
(School of Electrical Engineering), Georgia Institute of Technology (School
of Electrical Engineering), and State University of New York at Buffalo
(Department of Electrical Engineering) act as prime contractor schools with
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U.S. Air Force Academy (Department of Electrical Fagireering), Air Force
Institute of Technology (Department of Electrical Engineering), and the
Na- 11 Post Graduate School (Department of Elcctrical Engineering) also
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The Post~Doctoral Program covides an opportunity for faculty at
participating universities to spend up to one year full time on exploratory
development and probler-solving efforts with the post-doctorals splitting
their time between the customer location and their educational institutions.
The program is totally customer-funded with current projects being undertaken
for Rome Air Development Center (RADC), Space and Missile Systems Organization
(SAMSO), Aeronautical Systems Division (aSD), Electronics Systems Division
(FSD), Air Force Avionics Laboratory (AFAL), Foreign Technology Division
(FTDY, Air Force Weapons Laboratory (AFWL), Armament Development and Test

Center (ADTC), Air Force Communications Service (AFCS), A:rospace Defense
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Command (ADC), Hq USAF, Defense Communications Agency (DCA), Navy, Army,
Aerospace Medicas Division (AMD), and Federal Aviation Administration (FAA).

Further information about the RADC Post-Doctoral Program can be
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Autovon 587-2543, commercial (315) 330-2543,
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Engineering, University of Kentucky, Lexington, Kentucky 40506.
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I, INTRODUCTION

This report is the seventh in a seven volume series documenting the
Application of Multiconductor Transmission Line Theory to the Prediction of
Cable Coupling. The purpose of this report is to implement the analytical
techniques described in Volume I of this series [1] in the form of digital
computer programs,

Crosstalk or electromagnatic coupling between wires (cylindrical con-
ductors) in densely packed cable bundles can be a serious contributor to the
degradation in performance of modern electronic systems. A recently developed
digital computer program, IEMCAP, provides a general analysis capability for
determining overall electromagnetic compatibility of aircraft, ground and
spacecraft systems [3]. The computer programs described in this report are
intended to provide a supplement to the analysis capabilities of IEMCAP by
providing a more fine-grained analysis of wire-coupled interference.

IEMCAP is intended to be used to model all recognizable coupling paths
on aircraft, ground and spacecraft systems, By virtue of the large size and
compl.exity of many of these systems, detailed modeling cf the coupling paths
is not feasible in a program such as IEMCAP, To avoid excessive computer
run times, the models of the various coupling paths used in IEMCAP are
generally quite simple and represent bounds on the coupling. Consequently,
the predictions of IEMCAP are generally somewhat conservative, However,
once a potential wire-coupled interference problem is pinpointed by IEMCAP,
the computer programs described in this report can, in many cases, be used
to determine if an actual interference situation exists and the precise
level of the interference,

Four programs are describad: XTALK, XTALK2, FLATPAK, and FLATPAK2,

-1-
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XTALK analyzes three configurations of transmission lines: (1) (nt+l) bare
wires, (2) n bare wires above an infinite ground plane, and (3) n wires
within a cylinérical shield which is filled with a homogeneous dielectric, All
conductors are considered to be perfect conductors. XTALK2 analyzes the
same three structural configurations as XTALK exc:ept that the conductors are
considered to be imperfect conductors., FLATPAK analyzes (n+l) wire ribbon
cables, All wires are assumed to be perfect conductors, FLATPAK2 analyzes
the same configuration as FLATPAK e¢xcept that the wires are considered to be
zmperfect conductors. In all of the above programs, the medium (media)
surrounding the conductors is assumed to be lossless. Sinusoidal, steady~
state excitation of the line is considered, i.e., the transient solution is
not directly obtained. Comparison of predicted to experimental results are
obtained using these programs in Volume III and Volume IV of this series
[4,5].

All programs are written in FORTRAN IV Language and are double precision,
Changes in the programs to convert them to single precision arithmetic will
be indicated., All programs have bheen implemented on an IBM 370/165 computer
at The University of Kentucky using the Fortran IV, G level compiler and
should be casily implemented on other computers,

It is, of course, difficult if not impossible to write a general computer
program which will address all types of transmission line structures which
the user may wish to investigate. The four programs included in this report
form an initial library of analysis capabilities for wire-coupied inter-
ference problems., Other prugrams which address more specific structures
and structures not considered by thece four programs will be documented in

other volumes of this series as well as in future RADC publications as they

are developed,




II, FORMULATION OF THE MULTICONDUCTOR

TRANSMISSION LINE (MTL) EQUATIONS

In this chapter, the distributed parameter, multiconductor transmission
line (MTL) model will be described and the programmed equations will be de-
rived, This model is exact in the sense that interactions between all
conductors in the transmission line are considered, and the distributed
carameter representa*ion (assuming the TEM mode or "quasi-TEM" mode of
propagation on the line) is used, The line is assumed to be uniform in the
sense that all conductors are parallel to each other and there is no variation
in the cross sectionc of the conductors or the surrounding media along the
line.

2,1 The Multiconductor Transmission Line (MTL) Model

The MTL model is described in detail in Volume I of this series [1]
and in reference [2]. 1In this section, a brief review of the MTL model will
be given and the reader should consult Volume I [1] or reference [2] for
further details,

If the line is immersed in a homogeneous medium, e.g., bare wires in

free space, the fundamental mode of propagation is the TEM (Transverse
Electro-Magnetlic) mode, If the line is immersed in an inhomogeneous medium,
e.,8., wires with cylindrical dielectric insulations surrounded by free space,
the fundamental mode of propagation is taken to be the "quasi-TEM" mode,
The essential difference in these two cases is as follows, For lines in a
homogeneous medium the TEM mode assumption is legitimate. For lines in an
inhomogeneocus medium, the TEM mode cannot exist except in the limiting case
of zero frequency (DC). However, for the inhomogeneous medium case, the

assumption is made that the electric and magnetic fields are almost trans-




verse to the direction of propagation, i.e., the mode of propagation is al-

most TEM or "quasi-TEM",

With the assumption of the TEM mode or "quasi-TEM" mode of propagation,
line voltages and currents may be defined., Consider a general (n + 1) con-
ductor, uniform transmission line shown in Figure 2-1, The (n + 1l)st or
zero~th conductor is the reference conductor for the line voltages. For
sinusoidal, cteady-state excitation of the line, the line voltages,z/;(x,t),
(with respect to the reference, the zero-th, conductor) and line currents,

<si(x,t) are
Vix,0) = v, 60 &3 (2-1a)

‘gi(x,t) = 1, eIVt (2-1b)

for 1 = 1, ~--, n where Vi(x) and Ii(x) are the complex, phasor line
voltages and currents and w is the radian frequency of excitation of the

line, w = 2nf, The current in the reference conductor satifies

n
é(,(x,t) = -5 <D1<x.c> (2-2a)
i=1
n
fb(x) =-73 11<x) (2-2b)

i=1
The MTIL equations can be derived from the per-unit-length equivalent

circuit in Figure 2~2 and are a set of 2n, complex-valued, first order,

ordinary differential equations
_a fve] e
dx | I(x) Y

A matrix M with m rows and p columns is said to be myp and the element

V(x) vV (%)
{65 I (2-3)

1O N

n~n

in the i-th row and j-th column is designated by [M]ij with i =1, -~-, m

=
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and j = 1, ---, p. An nxl vector is denoted with a bar, e.g., V, with

the entry in the i-th row denoted by [Y]i = Vi' The matrix m0p is the myp

zero matrix with zeros in every position, i.e., [mOP]i

3

mand j = 1, ---, p. The complex-valued phasor line voltages with respect

=0 fori=1, —-,

to the reference conductor (the zero-th conductor), Vi(x), and line currents,
Ii(x), are given by [\_I(x)]l = Vi(x) and [_I_(x)]i = Ii(x).

The nyn complex-valued, symmetric matrices, Z and Y, are the per-unit-
length impedance and admittance matrices of the line, respectively. Since
the line is assumed to be uniform, these matrices are independent of x,

Thesz per-unit-length matrices are separable as

TN

= R+ juL + jul (2-4a)

g

=G + jwC (2-4Db)

~

where the nxn real, symmetric matrices gc’ Lc, E, g, E are the per-unit-
length conductor resistance, conductor internal inductance, external induc~
tance, conductance and capacitance matrices, respectively., The entries in
these matrices may be straightforwardly obtained 'n terms of the elements of

the per-unit-length equivalent circuit in Figure 2-I as

(R],,=r +r ,[R],, =71 (2-5a)
~c 11 c ¢ ~c1] c
1 % T 0
1 2’ - = 2/ -
L)y e k zco, [k 1yy % (2-5b)
i#j
[Llgg =% + 85~ g (Ll = &g+ myy = myg - myy (2-5¢)
i#j
n
[Gly; =849 jil 85> [Blyy = 8y (2-5d)
1] 1#]

8-
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S [Clyg =cgo* I cyy [Clyy = —oyye (2-5e)
3 ! i=1 1#3
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ﬁ%f The nXl column vectors, Ys(x) and Is(x) contain per-unit-length equiv-
;3 , alent voltage and current sources, [Ys(x)]i =V (x) and [I_ (x)], =1 (%),
A Si =S 1 Si
.f;  which are included to represent the effects of the spectral components of
gi‘f incident electromagnetic field sources which illuminate the line. These

s

g

f: entries are complex~valued functions of frequency and position, x, along the
i

=5 line. In this report, no extermnal incident fields are considered and these
ié sources are set equal to zero, i.e., Ys(x) = 0 and zs(x) = 0,

HE n-1 n-1

i The solution to (2-3) is

51

@

e B . X

U V(x) V(x,) v ®)

b = b(x,x)) +~;" 8 (x,%) a3

‘»\‘ ~ ~

. 1(x) R I I,(®)
)ﬂ r o ~ (2"6)
3 V(x,) v, x)

- = 0(x,x) + | a

. | I(xp) | I,(x)

where @(x,xo) is the 2nX2n chain parameter matrix (or state transition matrix)
and X, is some arbitrary position along the line x > Xy The chain parameter

matrix can be partitioned as

1 (X)) 255 (x,%)

2(x,%,) = 2! (2-7)
221 (%)) 09p (%)
where @ij(x,xc) are n¥n for i, j=1, 2. Thus (2-6) can be written as
V(x) = &, Gx0) V(xg) + @, (x,xq) I(xy) + V (x) (2-8a)
I(x) = &y, (x,x4) V(xg) + &, (x,%7) I(xy) + I (x) (2-8b)

The entries Qij(x,xo) are given by
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0, (%) = 1/2 Y T (el %) 4 Y& X))y 7y (2-9a)

; 91, (x,%,) = =1/2 Y T y(el &%) _ Y %p)y 71 (2-9b)
§
;
! - - (%= -1 -
: 2100%0) o yyg 1 (XX _ YRy L Ly (2-9¢)
§ 0,,(xyxg) = 172 T (X%0) 4 TEHp)y 471 (2-94)
i

where eY(x %g) is an nyxn diagonal matrix with [FY(x % )] = eYi(x-xO) and

[ Y (x-x )] =0 for i, j=1, ---, n and i#¥j. The matrix T is an nxn,

13 ~

complex-valued matrix which diagonalizes the matrix product YZ as

Th Yz = (2-10)

where Y2 is an nxn diagonal matrix with [Y?']ii = Yiz and [YZ]ij =0 for 1,

j=1, =--, n and i#j. The n¥Xn characteristic impedance matrix, gC’ is given
by
2, = yloyrtazoyto? (2-11)

The transmission line is of length fwith termination networks at x = 0

and at x = I as shown in Fig, 2-3, For generality, the termination networks

are considered to be in the form of linear n-ports and are characterizable

et

by "Generalized Thevenin Equivalents" as
¢
V() =¥, - 2, 1(0) (2-12a)
v = V + Z:I(f) (2-12b)

where YO and !f are nXl complex-valued vectors of equivalent, open-circuit,

port excitation voltagm:s (with respect to the reference conductor) and Z

-10-
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and gxare n¥n symmetric, complex~valued port impedance matrices.

As an alternate characterization, (2-12) may be written as "Generalized
Norton Equivalents' by multiplying (2-12a) on the left by Z -1 and (2-12b)

on the left by Z}L and rearranging as

10) = I, - ¥, ¥(0) (2-13a)

I = ~Ip+ Y, V@ (2-13b)

where }0 and -I'.C are equivalent, short-circuit, port excitation current sources,
The n¥n port admittance matrices XO and Xi are given by XO = 50-1 and X = ?,-xl
where the inverse of an nXn matrix ii is denoted by E{—l and -]-:0 = ZO }_70, -I-f
Xi‘-’t' These port admittance matrices can be found by treating the line
currents I(0) or I(£) as independent sources and writing the node voltage
equations for the termination networks. The transmission line voltages, V(0)
or Y(i), will comprise subsets of the node voltages of the termimation net-

works. The additional node voltages can be eliminated from the node voltage

equations describing the networks to yield (2-13), 1If the termination net-
works at x = 0 and x =2 consist only of admittances between the i-th and j-th

and Y: , respectively, and between the 1~-th wire and the re-

ij 1)
ference conductor, Y0 and YI s respectively,
iin ii

become [Y.},, =Y + I Y [v.l,. = -Y. , [Yq),, = ¥ + I Y, ,
0N 0 Ty 0, 0Ty 0, bos G 1 iii 4=1 Zij

lXI]ij = -YI for i, j=1, ---, n and 1 # j.
ij

wires, YO

then the entries in Y and Y
n % ~£

with x =L and Xy = 0 in (%-8), one can straightforwardly obtain using

the"Generalized Thevenin Equivalent" characterization of the termination

networks given in (2-12)2

zln (2-8a) with x=f,x =0 substitute (2-12a) for Y(O) and (2-12b) for y(t).
Then substitute I(Z) (t]rom (2-8b) with x=X,x.=0 intc the result and rearrange
into the form in (2-14a). Substitute V(0) from (2-12a) into (2-8b) and re-

arrange to yield (2-14b).
-12-
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(2585, @) = 240y 0O 2y = &y @ + 8y @ Z,] 1(0) -
(2-14a)

(9 @) = 2% GO) Vo - V4V @ - I @

IA) = 0y @) Yo+ [2,,(0) - 0, (0 2)) 1(0) + I @ (2-14b)

where g(z,()) 2 g(i). V(x) and I(x) can be obtained for any x, 0 < x 51,
from (2-8) with I(0) from the solution of (2-1l4a) and Y(O) determined from
(2-12a). Generally, we are only interested in the terminal voltages and cur-
rents, V(0), V(X), I(0), I(X). The terminal currents, I1(0) and I(Z), can be
obtained from (2-14) and the terminal voltages, V(0) and V(X), can be ob-
tained from (2-12), Here one only needs to solve n equations in n unknowns
(equation 2-14a)),

The ?ij submatrices of the chain parameter matrix in (2-7) satisfy

¢aerta. n fundamental identities, [1,2]. These identities can be used to

formulate (2-14a) in an alternate form [1,2]:

(1050 @) 2= 0, (O} {8y, (0 25 - ¢, (D} - 1] 1(0) =

D21 ) Lot {89 @ Zy= 8y, D) &) D V=9 0 °

A

Vg @ ~2,: (@] (2-15)

where %n is the wnyn identity matrix with [}n]ii = 1 and [}n]i = 0 for i,

3
j=1, ===, n and 1 # j. Notw that the formulations in (2-15) and (2-14b)
require computation of onl; two of the four chain parameter submatrices,

291 (D and 2,,(R).

As an alternate formulation, the above equations can be written in terms

-13-
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of the "Generalized Norton Equivalent" representation of the termination

networks given in (2-13). Rather than rederiving the above equations it is

much simplerto note the direct similarity of the Norton equivalert re-

presentation in {2-13) and the Thevenin equivalent representation in (2-12).
By noting the analogous variables in (2-13) and (2-12) and observing the
form of (2-8), we may simply make certain substitutions of thzse analogous

variables in (2-14) and (2-15) as shown in Table 1. The result is

AR e g
F e i
AT

¢
e e .

, (2-16a)
(05, @) = X8, (D] Iy + I+ I I - YV &

V@) = 0,0 I+ [0, () = 8,() 1] V(O) + T (0 (2-16b)
'" | [{0,,(0) Y= 8, (OHB L@ Ty = &, (D} - 1] V(0) =

a T 00 It 185D Yp- 85,01 85,00 1, (2-16c)
= -0, (0 (1, () - 147 @ ]

2.2 The Equations to Be Programmed

The equations for I(£) and Y(t) are given in (2-14b) and (2-16b), re-
spectively. Either (2-14a) or (2~15) could be used for determining I(O) and
either (2-16a) or (2-1l6¢) could be used for determining V(0), However, (2-14a)
and (2-16a) will be selected for determining I(0) and V(0), respectively.

Since no external incident fields are considered, §s(19 and is(t) in (2-14),
(2-15) and (2-16) will be zero, i.e., &S(X) = is(z) = ngl’
Certain modifications to these equations will be made to produce the

final equations. The matrix chain parameters given in (2-9) for a line of

-14-
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TABLE 1

Analogous variables in the Generalized Thevenin Equivalent (2-12) and
Generalized Norton Equivalent (2-13) representation of the termination net-
works., The analogous variables are substitnted in equations (2-14) and (2-15)

to obtain equations (2-16).

Generalized Thevenin Generalized Norton
Equivalent (2-12) Equivalent (2-13)
1(0) v(0)
I@) V)
% %
Zz Tz
v(0) 1(0)
V() -1 ()
2@ 050
0, @) o @
091 @ 2@
0,0 0,0
v, L@
I v, (D)
15~
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total length I(x0 =0, x =%) become

@11(;:) =Y TE T Y (2-17a)
-1 - -1

&, ==Y TYE T (2-17b)
- -1 -1

0@ = TE Y Ty (2-17¢)
+ -1

2o =T E T (2-17d)

where the n¥n diagonal matrices E+ and E are given by

g" = % (SI‘ + e Y4 (2-18a)
E = % (eXF - &Y (2-18b)

Substituting (2-17) into (2-1l4a) and (2-14b) yields, for the Thevenin

Equivalent representation of the termination networks

+ -1 S
[2gTE T +ZeTE Y T Y7 (2-13a)
+Y"1TyE"T1+Y‘1TE+T'1YZ]1(0)
-1 4 -1 -1 -1

I@ =-TE y T YV (2-19b)

e T erE YT Y 20 1)

~ o~ ~ ~ ~

Similarly, substituting (2-17) into (2-16a) and (2-16b) yields, for the Norton

Equivalent representation of the termination networks,

MY TE T Y4 Y Y  TYE T Y, (2-202)
+TE ylotysre ot 41 V(0

+ -1 -1 -1
= +
(TE T +Y Y TYE T 11+,

_ - _ _ _ _ _q (2-20b)
Y(i)=-YlTyE T1£O+[Y1TE+T1Y+Y1TyE TlYO]\_/(O)
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The medium surrounding all conductors is assumed throughout this report

to be lossless, Therefore the per-unit-length conductance matrix, G,which
represents these losses in (2-4b) is zero, i.e., G = noﬁ Therefore the per-

~

unit-length admittance matrix becomes
Y=jwcC (2-21)
The per-unit-length impedance matrix is

Z=R +jul +joul (2-22)

~

where Rc and LC are zero matrices, i,e., non’ when perfect conductors are
assumed,

To reduce the number of matrix multiplications, the above equations will

be placed in an alternate form, For the Norton Equivalent representation in

et A v

2 (2-20) ,define
K * - -
4 Yy =T 1 Y, C Lo (2-23a)
- a1ty ¢lo (2-23b)
;: ~0 ~ ~0 ~ ~
A . 0
vy = 1 ¢ v (2-23¢)
v ) = 71 ¢ v(o) (2-23d)
‘ ™, =111 2-23
ll -: B ~ -i ( - e)
‘ a1l (2-23f)
"0 -~ "0
Y=1wh (2-23g)

Equations (2-20) can then be written as

1 V(0 (2-24a)

~

* 4+ * -

[Y ,E +Y,AE Y- +E A~ +E
~E1+Y1 E] I +1
-[~ ~é~]-0 —t

~17-
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V@ = -AE I+ (EN 4 A

E Y] V' (0) (2-24b)

~

and the actual termination voltages can be determined by solving (2-24) for

*
vV (0) and Y*(i) and using (2-23c) and (2-23d4) to obtain

-1

v©) = ¢ 1 v 0) (2-25a)

i

v (2-25b)

V(2)

These equations are summarized in Table 2,
Similarly, equations (2-19) for the Thevenin Equivalent representation

of the terminal networks can be reduced to an equivalent form by defining

*
3 Zp=17 0zl (2-26a)
F * -1
3 =T ¢% 1T (2-26b)
N * -
p: '@ =1 100 (2-26¢)
y.; . ~
b * -
3 I1()=T ! 1(0) (2-26d)
Q“% * - ~
Va= Tl cVy (2-26¢)
* -1
Y%o=I ¢V (2-26£)
y=juwh (2-26g)

Equations (2-19) can then be written as

- * - * *
Klzs+ AET+E 2] 17(0) (2-27a)
-1 *

+ Kk - *
=B + 2 B A U1V, - Vg

~ -

* 4+ * -
[Z4E +Z4E

e

*

* - -
I =-E AlYo

- - *
+E o E A 20 10 (2-27b)

and the actual termination currents can be obtained by solving (2-27) for

* *
I (0) and I (£) and using (2-26c) and (2-26d) to obtain

-]18~
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o 10 = 110 (2-28)

5

I@) =11 (2-28b)
%%: These equations are summarized in Table 3.

5%?” There are two reasons for using the equivalent representations in Table
,%f ; 2 and Table 3 rather than the representations in (2-20) and (2-19). First
Ug?? of all, note the direct similarity of the equations in Table 2 and Table 3,
%i j The only differences (other than symbols) between equations (1) and (2) in
1;& ’ Table 2 and the corresponding equations (1) and (2) in Table 3 is that é used
;% | in Table 2 corresponds to éfl in Table 3, and Ittin Table 2 corresponds to

%; -Yttin Table 3, (Note that since é, ﬁfl and E-are diagonal, E- éfl =

?& Afl E and E A= AE,) Therefore we may form the Norton Equivalent equations
), ~ o~ ~ o~ o

;E in the programs and not need to write a duplicate set for the Thevenin

u. Equivalent representations,

; The second reason for using the representations in Table 2 and Table 3
i is that if the termination networks are purely resistive, i.e., EO’ Eﬁ’ ZO
and Xi are real, and the transformation matrix, S, is frequency independent,
\%‘ i.e., perfect conductors are assumed (as in XTALK and FLATPAK), then the

i; matrix multiplications as well as the inversion of T to form z-l needed to

l *
' obtain XO’

the irequency is changed., Only equations (1) and (2) in Table 2 and Table 3

* * *
Yi’ ZO’ theed only be performed once and need not be changed as

i

ey

need be reformulated for each frequency. This can represent a significant
savings in computation time when the line response for many frequencies is
desired (as it usuvally is) since n3 operations (multiplications or divisions)
are required to multiply two "full" nXn matrices which is the minimum number

of operations vequired to obtain the inverse of a general ny nmatrix [1].
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(1)

(2)

(3)

(4}

(5)

(6)

(7

(8)

(9)

TABLE 2

Programmed Eguations for the Generalized

Norton Equivalent Representation

* + ok e k. =]
[TgE + YA E Y+

t o
>

*
+E ¥y 1770

+ * - %k *
ST I+ Iy
*
0

<3
&
[

- - % *
=-AE Ig+ [E 4+ AE Y1V (0)

T " YZT-= T-l{ij[Rc + Jul_ + Jul]} T = 'yz

Y=ol

I0) = 1= Yy V(0)  ,  I@) =-I +Y, V(@)
BT R Tyt
L=T I =TI,

A AL LI S e
o =ct v, Y@= Ty@
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TABLE 3

Programmed Equations for the Generalized

Thevenin Equivalent Representation

1 %
Zo

+ X — 1. % *
S T - g

~

1) [z} B+ Z*i E A

~

— * *
FAE +E 211 (0

- - * - - * *
E At B EnT 2 T 00

~ ~ 0 ~ ~

@ 1@

3) Tl yzr=1? {juC[R_ + jwL + JuwL]} T = yz
-~ ~ ~ IlC ~c ~ -~

~ ~ ~ ~

@) y= e h

= - = T
(5)  ¥(0) =V, - Zy 1(0) » V@) = Vgt 2,10
b L | x -1
. ©  Z=T €% 7 2= T G2yt
"“ * -1 V* = -1
- M Y=T Cl o Ype=T Sy
4 - - 1,yL -
. (8) B =—2]; (e.:Yz+ e ]I) s E =3 (e e ..Yt)
g:t{ ~ ~ ~ ~ ~ ~
i i * . *
(9  1(0) =T I (0) , L@ =TI @
* * * % * * * %
Note: MORERAEEAS ORI NORS PRI E0
* - * -
where: V' (0) = T € V(0) , V@ =T v
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Formulation of the Terminal Network Equations

The previous formulation requires that one determine the entries in
the nyn matrices %0’ Ex, 30 and 31’ and the nxl vectors, YO’ YI’ IO and II’
in the Thevenin and Norton Equivalent representations of the terminal net-
works in (2-12) and (2-13), respectiveiy. 1In this section, some examples
will be given to aid in determining these quantities,

To illustrate this, four examples will be used. The first example,
Example 1, is shown in Figure 2-4a, In this example, there is no cross=~
coupling between the port terminals within the termination networks, i.e.,
at each end of the line, each endpoint of a wire is terminated directly to
the reference conductor.and is not physically connected to the endpoints of

other wires at the same end of the line. Writing the following equations:

V0 =1-11 (0 (2-29a)
v,(0) = =10 I, (0) (2-29b)
v, = 10° 1, (@) (2-29¢)
v,@ =10° 1, @ +1 (2-294)

and comparing these equations to the Thevenin Equivalent representation

V(0) = ¥y - 2, 1(0) (2-30a)
V@) = Vgt 25 1) (2-30b)
where - - - -
v, (0) v, @)
v(0) = V@) =
A (O)J A (z)j
- - - - (2~31)
1, 0) I, (2)
1(0) = 1(2) =
I,(0) | I, ()

29~
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(b) Example 2

Fig. 2-4, Example termination networks. (No cross-coupling)
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, one can readily identify .
g wil ooy

E 1 1 0

| 0 10

E ! é o ) ] (2-32)
e T ‘ r. - -

0 103 o

e Vo= Z,=

. -£ o 4 0 10"

- -
- -

Similarly, one can convert the termination networks to a Norton equi~

valent representation in Figure 2-4b and obtain (Example 2)

1,(0) = 1 - 17,(0) (2-33a)
. 1,(0) = =107 V,(0) (2-33b)
L @) =107 v ) (2-33¢)
L@ = -10" + 107 v, 0 (2-33d)

Comparing these equations to the Nerton Equivalent representation

I(0) = I - Y0 V(0) (2-34a)
1) = <L+ ¥, V(D) (2-34b)
f}‘ where I(0), I(%), V(0), V(®) are given in (2~31), one can readily identify
ﬁg for Example 2
'«‘ ! L r “1
[ 1 1 o
" = Y. =
-0 .0 -1
| 0 [0 107
- N 9 (2-35)
K (1073 o
I, = Y .=
"X 107 X Lo 1074
L. N
Note that
1 =21y (2-36a)
=0 .0 =0
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¥ = zal (2-36b)

1" Z_tl Ve (2-36c)
-1

YI= Z z (2-364)

Note also that as far as the network terminal characteristics are concerned,
the termination networks in Figure 2-4a are the same as those in Figure 2-4b.
The third and fourth examples, Example 3 and Example 4, are shown in
Figure 2-5, As far as terminal characteristics are concerned, the termina-
tions in Figure 2-5a and in Figure 2-5b are the same as shown by the following.
First,write the Norton Equivalent characterization for the terminations in
Figure 2-5b as (treat the terminal currents as independent sources and write

the node~voltage circuit equations of the networks)

Il(O) 1 6 =4 Vl(O)
= - (2-37a)
12(0) 0 -4 .6 VZ(O)
—~— — —
ORI % Y
Il(i) [0 6 =2 Vl({)
_ + (2-37b)
I, 1 -2 W4 Vv, (0
) e )
I Iy Iz Vs

Similarly, from Figure 2-5a write the Thevenin Equivalent characterization

as (treat the terminal voltages as independent sources and write the loop

current circuit equations of the networks)

o

3 3 2 I, (0)
= - (2-38a)
2 2 3 1,(0)
Yo Zo 1(0)
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) 1,(0) ® . 1)

—o—Um- -Gy

20 V,(0) V,(2) 40
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| 2T [V,(0) vz(x)I 20

(b) Example 4

Fig., 2-5. Example termination networks. (cross-coupling)
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Vl(t) 1 2 1 Il(Z)

- + (2-38b)
Vz(i) 3 1 3 Iz(i)
(B v g’
van V¢ 2 1(2)
Note that
vy =zt (2-392)
0 i
Y,= 27} (2-39b) ©
ot S 4
EO = EOYO (2-39c)
;:= YoVp (2-394)

and as far as the terminal characteristics of the networks are concerned,
the termination networks in Figure 2-5a are the same as those in Figure 2-5b,
The above examples will serve a dual purpose. Each of the computer
programs will be run for each of the above four examples for the same trans-
mission line structure. Typical solution printouts will be shown for these
results, This will serve as a partial check on the proper functioning of
the programs since the corresponding terminal voltages (Vl(O), VZ(O)’ Vl(i),
Vz(t» for Example 1 should equal those for Example 2, Similarly the cor-
responding terminal voltages for Example 3 should equal those for Example
4,
As can be seen from the above examples, if there is no cross~coupling

within the termination networks, then formulation of the entries in

YO’ Yi’ EO and %i or EO’ Il’ XO and Xf is particularly simple. The situation

in which there is no cross-coupling within the termination networks is

generally the problem of interest in wire-coupled interference calculations.
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However, it was felt that the more general case of allowing c;oss-coupling
within the terminal networks be included in the capabilities of the programs.

To save computer time, one has four options for inputting the terminal
data: OPTIONS 11, 12, 21, or 22. The first digit in each number indicates
to each program that the terminal characterizétion chosen is either the
Thevenin Equivalent (1) or Norton Equivalent (2). The second digit indicates
to the program whether the admittance (XO and Xi) ér impedance (?0 anq ét)
matrices are diagonal (1), i.e., no cross-coupling, or full (2), i.e., cross-
coupling. For example, OPTION 11 indicates Thevenin Equivalent, diagonal
impedance matrices; OPTION 22 indicates Norton Equivalent, full admittance
matrices; OPTION 12 indicates Thevenin Equivalent, full impedance matrices,
and OFTION 21 indicates Norton Equivalent, diagonal admittance matrices.

"

This saves computer time and user effort in inputting the data. For

example, in cases where Zo(or %1’ or z or XI) must be multiplied by another

0

nxn matrix such as in T z , 1f % is diagonal one only needs n2 multiplications
to form this product whereas if § is full, n3 multiplications are needed to
form the product. The programs are written to take advantage of this, In
addition, if the terminal admittance or impedance matrices are in fact dia-
gonal, then the user need only input the ent}ies on the main diagonal and is
saved the drudgery of inputting the remaining zero entries., The specific de-
tails for inputting this termination network data will be given in Chapter

IV, the User's Manual,

2.4 Common Impedance Coupling and the Calculation of Conductor Self Impedances

Programs XTALK and FLATPAK assume that all conductors are perfect con-
ductors. Programs XTALK2 and FLATPAK2, however, do not assume perfect con-

ductors and these programs include the per-unit-length conductor resistance

and internal inductance, the items r. and £c , respectively, in Figure 2-2

L i
and (2-5) as well as the reference conductor resistance, L and
-28- 0
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inductance, QCO.

The reason for writing two separate programs to consider the same
transmission line structure such as XTALK and XTALK2 is that the inclusion
of conductor losses in the transmission line solution requires a longer
computer run time and more array storage thun when perfect conductors are
assumed. This can be seen in Tables 2 and 3 in that the transformation
matrix ? will be frequency dependent (and complex) when losses are included,
whereas T will be frequency independent (and real) when perfect conductors
are assumed, i.e., gc = Ec = ngn‘ Therefore when perfect conductors are
assumed (in XTALK and FLATPAK), one need only compute T once per problem and
the same T can be used throughout the frequency iteration., When lossy
conductors are considered (in XTALK2 and FLATPAK2), one must recompute T at
each frequency in addition to reforming at each frequency those matrix pro-
ducts involvinz T in Table 2 and Table 3.

The primary effect of imperfect conductors is to introcuce common
impedance coupling. Consider a transmission line in which there is no cross-
coupling within the termination networks, In this case, ciearly the voltages
induced via electromagnetic field coupling at the ends of a "receptor"
circuit consisting of one conductor (wire) and the reference conductor due toc
a "generator" circuit consisting of another wire and the reference conductor
will approach zero as the frequency of excitation is reduced to zero. However,
the reference conductor impedance can couple a signal into the recepter
circuit even at D~C and this is usually termed common impedance coupling.

To illustrate this, consider Figure 2-6, 1In Figure 2-6a, a three~

conductor transmission line is shown, The reference conductor has a certain

total impedance, Zo, which may be considerably smaller in magnitude than
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Fig. 2-6, 1Illustration of common impedance coupling.
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ZOR or %fR' Consequently, the current in the generator wire at frequencies

approaching D-C may be determined as
\Y
- G
I,= g0 (2-40)
G ZOG + %{G

The major portion of this current wsll pass through the reference conductor

producing a voltage drop across ZO' This results in received voltages

7 -
~ ZR
V,, = = Z. T (2-41a)
iR [ZIR + Z(;R,J 0 G
z -
~ OR
V., = | 7™ Z. 1 (2-41b)
OR [%‘R + ZOR | 0 G

Although this portion of the total received voltage may be "small" it
may nevertheless be larger than the contribution due to electromagnetic
field coupling as shown in Figure 2-6b. Consequently, this common impedance
coupling generates a "floor" of induced voltage where a solution assuming
perfect conductors would indicate a perhaps negligably small received voltage
at the lower frequencies,

The frequency at which this common impedance coupling becomes significant
depends on many factors some of which are line geometry (which affects the
level of the electromagnetic portion of the coupling) and type of reference
conductor. Reference conductors consisting of a #36 gauge wire or a large,
thick ground plane would certainly not produce the same level of common
impedance coupling,

The above separation and superposition of the twoc conoling mechanisms
is only correct when one dominates the other by a consider-ble amount. To
obtain a quantitatively correct answer, one must include the conductor self

impedances directly in the transmission line solution and this is done in
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XTALK2 and FLATPAK2,

The transmission lines considered by all programs in this report consist
of n wires (cylindrical conductors) and a reference conductor. In XTALK2,
there are three choices for the reference conductor; (1) a wire, (2) a
finite ground plane and (3) an overall cylindrical shield surrounding the
n wires. When the reference conductor is a finite ground plane, the user
simply inputs the per-unit~length resistance and self inductance of the
ground plane. Thus there are two cases remaining to be considered.

The per~unit-length self impedance of a solid cylinder of radius r,

shown in Figure 2-7a is given by the following. Define

1
§ = Vrfu o
v (2-42a)
1
= on Jfof x 107
1
ro = —————-——2 (2"421))
mg r
w
u
v -7
Qo 8ﬂ - .S X 10 (2~42c)

wbere 0 is the conducto: conductivity, f is the frequency and My is the per-
meability of the metal which 1is assumed to be that of free space (uv=4nx10"7).
The quantity § is the conventional skin depth factor, The equations for

the per-unit-length self impedance of a solid cylindrical conductor in-
cluding skin effect are obtained from [6], The equations used in the com-
puter programs approximate the actual equations given in reference [6],

pp. 78-80, The programmed equations are
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Fig. 2-7. Conductor dimensions for calculating common impedance.
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¢9) r, <8
r=r, ohms/meter (2-433)
L = 20 henrys/meter (2-43b)

(II) § <r < 3§

w
1, %
r=7(z"+3) T, ohms/meter (2-44a)
2 =[1.,15 - .15 (%E)] 20 henrys/meter (2=-44b)
(I1D) = > 38
Ty
r=o r, ohms/meter (2-45a)
L = %é- % henrys/meter (2-45b)
w

These equations are used to generate the per-unit-length self impedances of
the transmission line wires (zi = r+jwl) and the reference conductor when
the reference conductor is also a wire (z0 = r+jwl)., They are stored with-
in the program codes for XTALK2 and FLATPAK2 and the user needs to input
only the physical dimensions of the wires and their conductivity.
For the purposes of computing these wire self impedances, the wires are
considered to be stranded. The user inputs the radius of each strand (in
mils) and the number of strands in each wire. The program then computes
{ the per-unit-length self impedance of each strand and determines the net
wire self impedance by dividing this result by the number of strands (the
net resistance of the wire is considered to be the result of all strands of
the wire in parallel). (All strands in a wire are considered to be identical)
The equations for the per-unit-~length self impedance of the reference

conductor when the reference conductor is a thin walled,overall, cylindrical
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shield shown in Figure 2-7b are taken from reference [7], pp. 301-303 and
include skin effect. The equations used in the computer programs are
approximations of the actual equations., The skin depth, §, is given in
(2-42a)., Denote the interior radius of the cylinder by T, and its wall

thickness by t. The equations bpecome [7]

— .—“1 -

o not(2r5+t) (2-46)
(I) t < .58

r=r, ohms/meter (2-47a)

wl = .4(%) r, ohms /meter (2-47b)
(IT) t > 3¢

r= S ohms /meter (2-48a)

2wr506
wl = r ohms/meter (2-48b)

(III) .56 < t < 3§

1 [ sinh (%5) + sin (3—2-)
r = ohms/meter (2-49a)
2nr o8 2t 2t
s _coshég~) - cos(g—)J
2 2t 7
1 rsinhégg) - sin@—%)
wl =
21Trs06 _cosh(%g) - cos(E%OJ ohms/meter (2-49b)

The per~unit-length self impedance of the shield is given by z, = r+jwf,

0
These equations are stored in the XTALK2 program code. The user only needs
to input the shield interior radius, the shield thickness and the con-

ductivity of the shield.
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- ¢ 2.5 Computation of the Per-Unit-Length Inductance and Capacitance Matrices
=P All of the formulations shown in Tables 2 and 3 require the computation
b

;; of the nyxn, real, symmetric, per-unit-length transmissic.. line inductance

F; {;: B

;ff and capacitance matrices, L and C, respectively, The computation of these
o ~ ~

i

}% matrices will be discussed in this section.

S 2,5.1 Transmission Lines Consisting of Perfect Conductors in a Lossless,

e

Homogeneous Medium, XTALK

This section considers (n+l) conductor transmission lines consisting of

(n+l) perfect conductors in a lossless, homogeneous medium, The lines

consist of n wires and ihree choices of reference conductor (the zero-th

b ‘ conductor) cross sections of which are shown in Figure 2-8., Computer program
b XTALK considers these cases.,

The per-unit-length inductance and capacitance matrices for lines in

a homogeneous medium are related by [1]

2 LC = uel (2-50)
- ~ o~ ~n

Ef

—% where u and € are the permeability and permittivity of the surrounding
g

'% homogeneous medium. The per-unit-~length capacitance matrix can be found
by

é' from a knowledge of the per-unit-length inductance matrix fror. (2-50) as

et

Sl it
+

A

C = ueL“l (2-51)

~

R

A logical choice for the surrounding medium in Figure 2-8(a) and 2-8(b)
would be free space with permeability M, = lmxlO-.7 henrys/meter and per-
mittivity €, = (1/3611)x10-'9 farads/meter. However, for all structure types,
the homogeneous medium may be characterized, for generality, by a relative
dielectric constant (permittivity) of €. and a relative permeability of Mo

(Although the permeability of typical dielectrics is that of free space, My
~36-
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the programs XTALK and XTALK2 allow for the more general case,)

For the case of lossless conductors in a lossless, homogeneous medium,
the nxn characteristic impedance matrix, ZC’ in (2-11) is related to the
per-unit-length inductance matrix by [1]

Z

=vlL= L (2-52)

i =
where v = 1/Yjie is the velocity of light in the surrounding medium. The velocity
of light in free space, Vs to 7 digits is 2,997925 x 108 meters/second.
The equations used in the programs for the entries in the per~unit-
length transmission line matrix are derived in Volume I of this series [1]
and are valid for "large" conductor separations., Generally this means that
the smallest ratio of wire separation to wire radius should be no smaller
than approximately 5. A more complete discussion of this is found in
Volume I,

When the reference conductor is a wire as shown in Figure 2-8(a), the

entries in the per-unit-length transmission line matrix are given by [1]

2

TIRY! d
(L), 5t () (2-53a)
"~ wi w0

u_u d,.d

i

(L], = YL o0 (= °d1°) (2-53b)
~ w0 1]

for i, j=1, =~~, n and 1 # j where di is the center-to-center separation

0

between the i-th wire and‘' the reference conductor, is the center-to~-

dij
center separation between the i-th and j~th wires, and L and r o are the
radii of the i~th and reference wires, respectively,

When the reference conductor is an infinite ground plane as shown in

Figure 2-8(b), the entries in the per-unit-length inductance matrix are

~38-
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..
:g ' given by [1]
T 2h
s _vr i -
BN wj‘
N
fL /s + h,h
. L7 5%t ( 2—1) (2-54b)
o ) 1
§§,l
ﬁﬁ \ for i, j=1, «.., n and 1 # j where hi is the height of the i-th wire abave
?@ ' the ground plane,
i%‘ i When the reference conductor is an overall cylindrical shield as
o
;g shown in Figure 2~8(c), the entries in the per~unit-length inductance matrix
£
i
;@f are given by [1]
" 2.2
a N S i _
;ﬁ [L] er 2n ( — ) (2~55a)
. s wi
“j iy r (rirj) + r: - 2rirjr2 cos Oi;

[L] m{( =) }  (2-55b)

ij o Ts (r r ) + r4 - 2r r3 cos O
i ] i 1]

for i, j=1, ..., n and i # j where r, is the interior radius of the shield,
r, is the separation of the i-th wire from the center of the shield and eij
is the angular separation between the i-th and j~th wires

For the case of lossless conductors in a lossless, homogeneous medium,
the equations for the terminal voltages and currents in Table 7, and Table 3
can be furtner simplified. Obviously, the transformation matrix, T, which

diagonalizes the matrix product Y Z can be taken to be simply the identity

matrix, i.e., T = ln’ as 1s clear from the fact that for this case Z = juwL,

~

Y = jwC and
2
YZ=-w" LC (2-56)
~ o~ wz ~
- 2 }n
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Also, the nyn diagonal matrix, A, in Tables 2 and 3 becomes

1
{'\ =3 %n (2-57)

Therefore the equations for the terminal voltages, Y(O) and YCZ), for
the Norton Equivalent representation of the terminal networks in Table 2

simplify to [1] (see equations (2-19) and (2-20)).

[cos(81) {¥t+ Yo} + 3 sin(82) {’ft 2o Yy * g'&l}] v(0)

(2-58a)
= [cos(BL) }n + j sin(B%) Xz %C] IO t+1Ip

V() = -j sin(BL) EC Ip+ [COS(Bi)}n + j sin(8%) EC ZO] v(0) (2-58b)
where B is the phase constant

B =uw/v . (2-59)

and the characteristic impedance matrix ZC is given in (2-52).
Similarly the equations for the terminal currents, I(0) and I(f), for

the Thevenin Equivalent representation in Table 3 simplify to

[cos (BY) {Et-+ go} +j sin(BY) {Et EEI Z

Zy + 2o M 1O

(2-60a)

= -V, + leos(@0) 1+ sin(80) 2,701 1 ¥y

I(2) = -i sin(B) ggl Vo + [cos(BL) 1 + 3§ sin(g 221 z,] 1(0) (2-60b)

~ ~

The ierminal voltages can be obtained from the solution of (2-60) for the
terminal currents, I(0) and I(#¢), with the equations for the terminal

networks
v(0) = Y - 50 () (2-61a)

~40-

S




R 'v‘
i
N A

b

)

FER R

sptadactee it

St

S

B
L

5o
3

s s
LOg s
ik

%

V@) =V, + 2,100 (2-61b)

2,5.2 Transmiscion Lines Consisting of Imperfect (Lossy) Conductors in

a Lossless, Homogeneous Medium, XTALK2

This section considers the (n+l) conductor transmission lines considered
in the previous section and shown in Figure 2-8. However, the transmission

line conductors are considered to be lossy. Computer program XTALK2 con-

siders these cases.

The per-uunit-length inductance and capacitance matrices are computed
as in the previous section and satisfy the relation in (2-~50). The entries

in L are given in (2-53), (2~54) and (2-55)., The per-unit-length admittance
matrix is given by

W

Y = juC = j v, 1t (2-62)

The per-unit~lengich impedance matrix is given by
Z= RC + jw Lc + jw L (2-63)

where the entries in Rc and L are due to imperfect conductors. The

~ ~

entries in R and Lc are given in (2-5) and these matrices can be separated

-~

as [1]

gc + juw Ec = (rCO + jwkco) Hn + ED (2-64)

where U is the nyn unit matrix with one's in every position, i.e., [Un]ii-l,

~

and ZD is a diagonal matrix with

[ZD]ii =r, + jwlc (2-65)
~ i i

and [gD]ij = 0 for i, j=1, =~-, n and 1 # j. The calculation of the wire

-41-
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self impedances, r, + jmlc , and the reference conductor self impedance,
i i

r + jw? , is discussed in section 2.4,

o o

2,5,3 Transmission Lines Consisting of Perfect Conductors in a Lossless,

Inhomogeneous Medium, FLATPAK

This section considers (n+l) conductor transmission lines consisting
of (n+l) perfect conductors in a lossless, inhomogeneous medium. For
example, dielectric insulations surrounding wires result in an inhomogeneous
medium (dielectric insulation and the surrounding free space). The computer
program FLATPAK considers a specific case of flatpack or ribbon cables.

A ribbon cable consists of (n+l) identical wires with identical cylindrical
dielectric insulations bonded together in a linear array-as shown in Figure
2-9,

In this case, the relationship in (2-50) relating the per-unit~length
inductance andcipicitance matrices no longer holds., Clearly the surrounding
medium does not influence the per-unit-length inductance matrix since the
surrounding medium is considered to be homogeneous in its permeability
characteristic, L Therefore, one may compute the per-unit-length capac~
itance matrix with the wire dielectric insulations removed, denoted by

CO’ and determine L through (2-50) as

_ -1
E = uv ev 90 (2-66)

Therefore, one needs to compute the per-unit-length capacitance matrix
with and without the wire dielectric insulations present., A digital
computer program, GETCAP, has been written to compute the per-unit-length
capacitance matrices of ribbon cables, This program is described in

detail in Volume II of this series {8].
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The per-unit-length impedance and admittance matrices become

¢ N

= joL (2-67a)

<

= jwC (2-67b)

The transformation matrix, T, which diagonalizes the matrix product Y 2

~ o~

must therefore dlagonalize the product C L as

~ o~

Tl yzr==?TlCL T (2-68)

In addition, it can be shown that [1]

Rl et (2-69)

~ ~

where Tt is the transpose of T. A digital computer subroutine NROOT (which
uses subroutine EIGEN) is used to accomplish this reduction and is dis-

cussed in a later section,

2.5.4 Transmission Lines Consisting of Imperfect (Lossy) Conductors in a

Lossless, Inhomogeneous Medium, FLATPAK2

This section considers (n+l) conductor transmission lines consisting
of (n+l) lossy conductors in a lossless, inhomogeneous medium., The program
FLATPAK2 considers a particular case of flatpack cr ribbon cables discussed
in the previous section,

The per~unit~length capacitance and inductance matrices are computed
assuming perfect conductors and can be obtained with GETCAP as described
in the previous section,

The self impedances of the wires are identical since the wires in the

ribbon cable are typically identical, Therefore the pre~unit-length
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(2-70b)

~

) + juL
A

~1

+ 1
~0

z (U
= juwC

2 =
Y
where z = r + jw? is the self impedance of each wire.
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ITI., PROGRAM CODE DESCRIPTIONS

In this chapter, the content of each program will be described by card.
(Each program is labeled in columns 72-80 with the card number.) All pro-
grams were written in double precision arithmetic and the program listings
are given in Appendix A - Appendix D, A table is provided with each listing

which shows the changes which are required to convev: each program to single

nrecision arithmetic, Listings of two of the required subroutines, NROOT and
EIGEN, are provided in Appendix E - Appendix F. The remaining required sub-
routines, LEQTIC and EIGCC,are a part of the IMSL (International Mathematical
and Statistical Library) package [9]. Appropriate alternate subroutines can be
substituted for LEQT1C and EIGCC if the IMSL package is not available on the

user's system,
3.1 Program XTALK

A listing of XTALK is given in Appendix A.

Cards 001 through 047 contain general comments concerning the applic-
ability of the program. This format will be followed in the other programs,

Cards 048 through 053 are comment cards pointing out that all arrays
must be properly dimensioned for each problem before using the program.

Cards 054 through 059 dimension the arrays and declare variable types.

Card 060 gives the value of 7 and the speed of light in free space,

Cards 061 through 065 define the complex numbers 1+j0,0+j0,and O+jl as

well as other constants.

Cards 071lthrough 118 read and print an initial portion of the input data.

Cards 123 through 170 read and print the line dimensions and compute the

entries in the characteristic impedance matrix, The entries in the character-

istic impedance matrix, ZC’ are related to the per~unit-length inductance
matrix for the three structure types given in (2-53), (2-54) and (2-55) by

ZC = v L. Cards 132 through 139 compute the main diagonal entries of ZC'

Cards 141 through 170 compute the off-diagonal entries. The nxl complex
—46-

g

[3

B AF b Bobsnsusn e

fsit

..\,,_m
Feve

i




ks

2
s

i g;

o
g

~

arrays V1 and V2 are used to temporarily store the Zi and Yi coordinates

or the r, and Oi coordinates of the wires in the real parts of the arrays
(see Figure 4-1, Figure 4-2, Figure 4-3). The nyn complex array M1l is used
to temporarily store the characteristic impedance matrix in the real parts.
Although the actual quantities stored are real, it was decided to use the
real parts of these complex arrays to store these quantities rather than
define additional real arrays. V1, V2 and M1l will be needed (as complex
arrays) later.

Cards 175 through 181 compute the inverse of the characteristic impedance
matrix which is temporarily stored in the real part of the nyn complex array
M2, M2 will be needed (as a complex array) later. The matrix inverse is ‘
computed with subroutine LEQTIC which is described in section 3.5.

Cards 190 through 226 read and print the entries in the terminal im-
pedance characterizations. These matrix characterizations are given in
(2-30) for the Thevenin Equivalent characterization and in (2-34) for the
Norton Equivalent characterization. The nxl complex arrays I0 and IL store
the entries in E(O) and l(t), respectively, for the Norton Equivalent in
(2-34) or V(0) and V({), respectively, for the Thevenin Equivalent ir
(2-30). The nXn complex arrays YO and YL store the entries in Y and‘xi,

0

respectively, for the Norton Equivalent in (2-34) or Z and Zy, respectively,

0
for the Thevenin Equivalent in (2-30).

Cards 231 through 291 contain certain matrix and vector multiplications
which are independent of frequency. If one requests the analysis to be done
at more than one frequency (such as in computing the frequency response of

the line), then these time-consuming multiplications need be computed only }

for the first frequency and need not be recomputed for the additional fre~

=47~ 3




quencies., To explain these cards, consider the similarity of the forms of
the equations for the Norton Equivalent characterization given in (2-58) and
the Thevenin Equivalent characterization given in (2-60). The analogous

variables in these two equations are summarized as:

A e b e 2w A RS K

(=58) (2-60) ,
' 2
Y Zy
7 Z;
% %o ]
5o Yo !
It -
v(0) 1(0)
V@) 1) ‘,

Therefore equations (2-58) can be programmed and used for both cases if
analogous variables are substituted. Cards 231 through 240 swap the entries

in M1 and M2 if the Thevenin Equivalent characterization is chosen. Cards

Za vt o vt

251 through 291 form the quantities in (2-58)

4
!
-
4
1
3
4
1
H
&
b

Arrax
EC ¥0 M1 (3-1a)
Y,z v. + 2z} M2 3-1b %
A0 e (3-1b) ;
EC IO \'al (3-1c) %
Yoz, 1, V2 (3-1d) :

;
{
3
]
{
3
:
£
£
2
z

for the Norton Equivalent characterization or the quantities in (2-60)

ey
EC Z, ¥ (3-2a)
2.2 + 2 M2 (3-2b) )
‘&% 07 Zc
~48~
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2,72ty V2
“Lic 2o

for the Thevenin Equivalent characterization.,

Cards 295 through 300 read the frequency and form
2nf
Bf==—~L
sin (B2)
cos (B£)

(3-2c)

(3-24d)

(3-3a)
(3-3b)

(3-3¢)

Cards 306 through 316 form equation (2-58a) for the Norton Equivalent

characterization or (2-604) for the Thevenin Equivalent characterization.

These equations are solved with subroutine LEQT1C in card 320,

(V(0) for (2-58a) or 1(0) for (2-60a)) are stored in the array B.

Cards 332 through 336 form equation (2-58b) or (2-60b) and the entries

in Y(f) for (2-58b) or I(L) for (2-60b) are stored in the array WA.

Cards 337 through 365 print the terminal voltages V(0) and V(X).

The solutions

337 through 352 form the terminal voltages, if the Thevenin Equivalent

characterizacion is chosen,from

v(0) = ¥y - 2y 1(0)
V@) = Vy+ 21

since the elements of the arrays B and WA are the following:

Array Norton Thevenin
B v(0) 1(0)
WA V(@) I(2)

Cards 353 through 365 print the resulting terminal voltages, V(0) and V(£).

49~

(3-4a)

(3-4b)
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3.2 Program XTALK2

A listing of XTALK2 is given in Appendix B.

Cards 0Ol through 190 have the same purpose and are of the same general
structure as cards 00l through 181 in XTALK. The slight exceptions are that
instead of computing the characteristic impedance matrix and its inverse as
is done in XTALK, the per-unit-length capacitance matrix and its inverse are

computed here., The per-unit-length inductance matrix, L, a=d capacitance

matrix, C, are related by
_ 1
LC=-=51 (3-5a)
~ o~ ~n
Y
or

(3-5b)

where v is the velocity of light in the surrounding medium given by

AY)
vt o8 (3-5¢)
/EE- €r¥r

¢ is the permittivity of the medium, p is the permeability of the medium,

~

Vs is the velocity of light in free space (vo 3 x 108 m/sec) and €. and M.

are the relative permittivity and permeability, respectively. The char-

acteristic impedance matrix is given by

TN
]
<
e

(3-6)

Therefore 1 \Y ZC' C is stored in array C and C-1 is stored in array CI.
Cards 195 through 223 read and print the characteristics of the reference
conductor and the n wires to be using in calculating their self impedances,

Cards 233 through 269 read and print the termination network character-
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istics and are identical to the corresponding cards in XTALK.,

Cards 275 through 332 perform certain frequency independent matrix
multiplications for reasons similar to those given in 3.1 for the analogous
group of cards. These cards form, for the Norton or Thevenin Equivalent

characterizations, certain quantities in Tables 2 and 3:

Array Norton Thevenin
-1

H % C ¢ Z

M2 th'l Cz

v Lo ¢ %

V2 II C YI

Cards 328 through 332 form the sums of entries in each row of C and are

~

stored in the array V3.

Cards 336 through 340 read the frequency and form the quantities w=2nf
and jw.

Cards 346 through 385 form the self impedances of the wires and the
reference conductor., The equations for these self impedance terms are given
in (2-42) through (2-49) in section 2.4, The self impedance of the reference
conductor is stored as the complex variable Z0 and the self impedances of
the n wires are temporarily stored in the array B.

Cards 391 through 398 compute the eigenvalues and eigenvectors of the
product of the per-unit~length admittance and impedance matrices, YZ. The

~ o~

per-unit-length admittance matrix is given by

Y=jwC (3-7)

~

and the per-unit-length impedance matrix is given by

2z Ut oL -
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where Un is an nyn unit matrix with ones in every position, z, is the self

-~

PRTTECIR

impedance of the reference conductor and Z_ is an nyn diagonal matrix with

D
the self impedance of the i-th wire in the i-th vow and i~th column. The

matrix product becomes (with the relation in (3-5a)) 3
2 i
. - r_in._ - g

BZ= 00 (ng Uy B+ JuL] = Juzg €U, 300 Ly £ L (9) ,

Note that C Un is simply on nyn matrix with the sum of all elements in the

~ o~

i-th row of C in each of the entries in the i-~-th row of C U . These

~ o~

quantities were previously stored in the array V3, The subroutine EIGCC

St s b D e e G se S AP 4Rehe

> v

computes the nxl eigenvectors of YZ, Ii’ and their associated eignenvectors,

yi. The matrix T = [gl, Iz, -— In] will diagonalize YZ as [1]

~~

PR TSN

Tl yzT- YZ (3-10)

~

O R NP R TE T SIS

where ¥y 2 is an nyn diagonal matrix with 'é in the i~th position on the main
diagonal. This 1s required in Tables 2 and 3, T is stored in array T and

the n entries on the main diagonal of yz are temporarily stored in the

array B.

o AN BT o bl s e

Cards 403 through 410 compute the inverse of T which is stored in

~

array TI,
Cards 416 through 443 compute certain other quantities in Tables 2 and

3. These are

Array Norton Thevenin

LIS | -1 LS |
= 7 =

Y0 Yo=T Y C T Z,=T €27
LIS | -1 -1

YL Tp=T YO T Zp=T C2Zpl

10 = ! vierlecy
=T I Yo=T €Y
* -1 * -1

IL I,=1T I - = =T cVv
=z . =t -2 -
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Array Norton Thevenin

EP £ = -;-(e et £ -lz-(e Yy oY

EN F el sl Y
L .1

¢ T TR

Cards 49 through 458 form equation (1) in Tables 2 and 3. This equation

is solved with subroutine LEQTIC in card 462 with the result stored in array

B as:
Array Norton Thevenin
* *
B v (0) I (0)

Cards 480 through 484 form equation (2) in Tables 2 and 3 with the

result stored as

Array Norton Thevenin
* *
G vV I @

Cards 485 through 531 form the terminal voltages V(0) and V(&) by back

transforming according to equation (9) in Tables 2 and 3.

3.3 Program FLATPAK

A listing of FLATPAK is given in Appendix C,

Cards 00l through 057 are similar to corresponding cards in the previous

programs.

Cards 062 through 097 read a portion of the input data describing the

structure of the line. The per-unit-length capacitance matrix, C, (computed

-

witl. GETCAP) is stored in array C. The per-~unit-length capacitance matrix

with the wire insulations removed, CO,(computed with GETCAP) is stored in

array CO,

Cards 105 through 113 compute the eigenvectors and corresponding eigen-

-53-
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Values of the matrix product C L. Subroutine NROOT computes the matrix K

~ o~

such that

ﬂ
s e

K—l C—l

~ o

Co K= (3-11)

such that ¢ is a diagonal matrix, K is stored in array TI. The problem of

~

interest is finding T such that

r i nma oA e 0 £

R i e I R R R B R R e i

T " CLT-=y (3-12)

where

(3-13)

s

Taking the inverse of both sides of (3-11) results in

1
=
1
H
(a4
|
[
e By e ey T A TS froe AR

S S (3-14)

Taking the transpose of both sides of (3-14) results in
t
K"cc,m K™ =y (3-15)
t

(Since C and C0 are symmetric, Ct = C and Cal = Ca% Also y is diagonal,
- * -1 ~ ~ ~ -
-1
Therefore ¢ ™ = ¥ |,) Thus comparing (3~15) to (3-12) and using (3-13) we
identify
-1t LR
K=1T" (3-16a) A
L (3-16b)
Vo
t

and T-l is stored in array C and array G contains the square roots of entries
on the main diagonal of 72, Yo

Cards 114 through 128 compute T and ‘fl if the Thevenin Equivalent

et

characterization is chosen., Thus, contained in arrays TI and G are:

—54--




) Array Norton Thevenin

t
-1 T

~

-1
Y

G
=
[ ]
L |
e

G Y

~

%:A Cards 138 through |75 read and print the tzimination network character- { %
‘@; istics and are identical to the corresponding cards in the previous programs. %
g l
;é ! Cards 182 through 220 form the following frequency independent quantities
g (see Tables 2 and 3)
. |
v%ﬁ \ Array Norton Thevenin
- * -1 -1 * -1
- 0 BT ET LT gy
| S * - - * -
" YL YI=T1Y ClT Zt'—'TlCZiT
- | * -1
3 10 LT L LT
3 IL =1l V=Tt Cv
=L 3 =L L -f
Zé‘ Since T—l satifies
-‘}' ~
48 - -
3 Il Lo (3-17)
L . <
zé then
L 1t e a1 (3-18)
A T c 7T )
- ~ .
g; and these relations allow the entries in the arrays YO, YL, I0 and IL to be
g
4 ; more easily generated as:
gf Array Norton Thevenin
. 7 t
i * -1 ~1 A
i Yo =T Yt Zo=T 21T
* - *
YL Y:=T1Y_£Tl Z T 2y T
* -1 ¥t
fo =T I D =T Y%
* -1 *
I 1= T I y= -1 iy

-~55=-




Cards 224 through 227 read the frequency and compute w = 27f,

Cards 233 through 248 form equation (1) in Tables 2 and 3.

Equation (1) in Tables 2 and 3 is solved with subroutine LEQTI1C in
card 252,

Cards 264 through 268 form equation (2) in Tables 2 and 3. The arrays

B and WA now contain, with respect to Tables 2 and 3:

Array Norton Thevenin
* *
B v (0) 10
*
WA V' (2) I*)

The terminal voltages, V(0) and V{f) are computed in cards 269 through

* *
286 by back transforming V (0) and V (£) through (see Tables 2 and 3)

Norton Thevenin
-1 * * * * %
v(0) =C " TV (0) vV (0) = Vo~ % L (0)
- R
I—l v (0)
- - *
ve) = ¢t 1 v ) v = ¢l v
£, . -1" "
-l * = *
=T V() T o

L
~3
1

v ()

Cards 287 through 301 print the resulting terminal voltages.

3.4 Program FLATPAK2

A listing of FLATPAK2 is given in Appendix D,
Cards 001 through 106 are similar to corresponding cards (00l through
097 in FLATPAK,

Cards 1492 through 133 compute the inverse of the per-unit-length
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capacitance matrix which is stored in array CI. The per-unit-length in-

ductance matrix, L, is also computed from the relation

L = ~‘l—)—2— 961 (3-19)
Cards 138 through 144 read the characteristics of the wires in the
ribbon cable (all wires are assumed to be identical) for use in computing
their self impedances.
Cards 154 through 191 read and print the characteristics of the term~
ination networks and are identical to the corresponding cards in the previous

programs.

Cards 137 through 262 form certaia frequency independent quantities in

Tabjes 2 and 3:

Array Norton Thevenin
~1
& X: ¢ 2
M2 ¢t CZg
Vi I ¢ %
vz Iz CVy

Cards 251 through 262. form the quantities C L which is stored in .rray CO

~ o~

and the sums of the elements in the i~th row of C which are stored in array

~

V3,

Cards 266 through 270 read the frequency and form w = 27f and juw.
Cards 274 through 283 form the self impedances of the wires which are
stored in the complex variable Z (all wires are identical).
Cards 289 through 295 compute the transformation matrix T such that
-1 2
T " YZT-=1yYy (3-20)
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where vy 2 is a diagonal matrix and

~

g
N
[}

juC(z U+ z 1 + jwl)
- 0 -0 5 (3-21)
jwz C Un + jwz C-w CL

1}

Subroutine EIGCC computes T and stores it in array T and stores the entries
on the main diagonal of vy 2 temporarily in Array B.
The inverse of T is computed with LEQT1C in cards 300 through 307 and

is stored in array TI.

Cards 313 through 345 compute certain quantities in Tables 2 and 3:

Array Ncrton Thevenin
-1 -1 SR |

Y0 Xo"I ¥0C 1 ZO—I ggoI
* -1 -1 x -1

YL Yp=T Yg¢ T Z2g=T CZp1
| x -1

10 =1 I Yo=T €%
x -1 % -1

IL =11, Vo Tl cvy

EP et - %( T A -12-(e~w+ L))
- - - -YZ£

EN E=%(.Y’-e~w) E =%(e3f-ef)
" =L

¢ A= Joo Y A= o Y

Cards 346 through 355 form equation (1) in Tables 2 and 3 which is

solved with subroutine LEQT1C in card 359,

Cards 376 through 380 form eqmation (2) in Tables 2 and 3. Thus the

arrays B and G contain:

Arrays Norton Thevenin
* *
B v (0) 1 (0)
* *
G V(@) '@
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@: Cards 381 through 406 form V(U) and V(£) by back transforming vV (0)
o *

'&f ‘ and v () as described in FLATPAK using the relations in Table 2 and Table
e

1 3:

SO

g% ' -1 *

E V(0) = CT TV (0)

o B

ik ~ *

- v = ¢t vt

Cards 407 through 427print the rerminal voltages.

N g 3.5 Required Subroutines

3 ! The four programs require certain subroutines: LEQT1C 6 EIGCC, NROOT, and

;3 : EIGEN, The individual programs require:

R

3

:gi Program Required Subroutines

;; XTALK LEQT1C

”?1 XTALK2 LEQT1C, EIGCC

i FLATPAK LEQT1C, NROOT, EIGEN
FLATPAK2 LEQT1C, EIGCC

The required subroutines must follow the main program and precede the data

cards.

3.5.1 Subroutine LEQTI1C

Subroutine LEQTIC is a general subroutine for solving a system of n
simultaneous, complex equations. The program is a part of the I!SL
(International Mathematical and Statistical Library) package [9].

The subroutine solves the system of equations

-~

N

[ g

X =8 (3-22)

PRI

ghosRaE s
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where A is an nyn complex matrix, B is an nym complex matrix and X is an

-~

nxm complex matrix whose columns X, are solutions to

AX B (3-23)

where §i is the i~-th column of B,

~

The calling statement is
CALL LEQT1C(A,N,N,B,N,M,WA,IER)

where

o= >
¥ ¥
L2 - - IR -

=
+
=

and WA is a complex working vector of length n. IER is an error parameter

which is returned as1

IER = 128 -+ no solution srror

IER = 129 -+ A is algorithmically singular [9],

The solution X is returned in array B and the contents of array A are

~

destroyed.

Subroutine LEQTIC can be used to find the inverse of an nyn matrix by

computing

AX=1 (3-24)

where 1n is the nyn identity matrix, Thus the solution is X = A_l.

~

LEQT1C

1The solution error parameter is printed out whenever LEQTLC is used. The
printed error is IER-128 so that the solution error should be O,
-60-
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is used in numerous places to invert real matrices by defining the real
part of A to be the matrix and the imaginary part to be zero. Upon solution,

the real part of X is the inverse of the real matrix, A.

~

3.5.2 Subroutine EIGCC

Subroutine EIGCC is also a part of the IMSL subroutine package [9] and
is used to find the eigenvalues and eigenvectors of an n)n complex matrix,
M. Denote the nxl (complex) eigenvectors, Ii’ of M as Zl, !2,

the corresponding (complex) eigenvalues as bl’ b2, — bn' EIGCC computes

-, T and
=n
the nyn matrix T = [!1, IZ’ 23, ——— In] such that

TiMT =5 (3-25)

~

where B is an nyn diagonal matrix with [B]ii = b1 and [B],, = 0 for i,

i}
j=1, -=-, n and 1i#j.

The calling statement is

CALL EIGCC(M,N,N,2,B,T,WK,IER)

where WK is a real working vector of length 2n(n+l). IER is an error para-
meter which is returned as IER = 128 + J.1 This indicates that the routine

failed to converge on the j-th eigenvalue [9]. The precision of the eigen-
vector, eigenvalue solution is returned in the first position of array WK,

WK(1), and indicates [9]

Solution Precision
WK (1) < 1 » Excellent

1 < WK (1) < 100 » Good

WK (1) > 100 -+ Poor

lThe solution error is printed out as IER-128, A successful solution would
then be indicated by O, -61-
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The matrix T is stored in the nyn array T and the eigenvalues, bi’ are

~

stored in the nyxl array B in the same order as the columns of T.

3.5.3 Subroutines NROOT and EIGEN

Subroutines NROOT and EIGEN are a set of subroutines from the IBM

Scientific Subroutine Package (SSP) [10] which compute the eignevectors and

eigenvalues ot the matrix product

3L A (3-26)

where A and B are nxn real, symmetric matrices and B is positive definite,

~

A listing of NROOT is provided in Appendix E and a listing of EIGEN is

provided in Appendix F., These subroutines are used to find the eigenvalues

and eigenvectors of the product of the per-unit-length capacitance, C, and

inductance, L, matrices as

CL (3-27)
Subroutine NROOT calls subroutine EIGEN,
NROOT computes the nyn real matrix T such that
TiEtaTae (5-28)
where 9 is an nXn diagonal matrix with [S,]ii =g and [E;]ij =0 for i, j=1,

---, n and i#j. The eigenvectors Ei correspond to the eigenvalues 84 and

T= [!1’ 229 TT In]-

~

The calling statement is

CALL NROOT(N,A,B,G,T,N*N)

where

-62-
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A > A
B -~ B
N =+ n
G + G
T - T

The nyl array G returns the eigenvalues 8; in the same sequence as the

columns (corresponding eigenvectors) of T.

~

The subroutine operates in the following manner [1,11]., NROOT first

computes the nyn, real, orthogonal transformation matrix S such that

-1

~

(s

~

= sh
t
S BS=H (3-29)

where H i1s an nyn diagonal matrix with [H],,6 = hi and [H]ij =0 for i, j=1,

i1
---, n., EIGEN is called for this calculation. Since B is real, symmetric,

positive definite, the eigenvalues of B, hi’ are real, nonzero and positive,

Therefore NROOT forms the square root of H, Hl/2 and its inverse H-1/2.

~

NROOT then forms the products

M= H /2 (3-30)

and
t
M™ A M (3-31)

which is real,symmetric, NROOT calls EIGEN once again to find the nxn real,

Wb

~

orthogonal matrix W such that (Wnl

Wt Mt AM W= (3-32)

~ ~ o~

L]
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and G is diagonal. The transformation matrix T is given by

r=sH?y (3-33)

~ ~

To show that T in fact diagonalizes B—1 A, form

Lglar-
Y e N
1 (3-34)
~

£ /2 gt pml g L1/2 1/2 -1/2

W ASH

L-——v’ET‘J L__—————~v_———————/

k_~v___-\§£___-——J Mt A M
1 -~ ~ o~

G

2
?
?
e
]
?

The NROOT subroutine used in the program FLATPAK and shown in Appendix
G 1s slightly different from the NROOT subroutine given in SSP [10]. The
difference is that the eigenvectors in NROOT in Appendix G are not normalized.
This is required for NROOT to be used in FLATPAK so that the transformation

matrix T which diagonalizes the matrix product C L as

TheLrT = yz (3-35)

will satisfy the identity

i L

-~

1 (3-36)

If the columns of T (the eigenvectors) are normalized, (3-36) will no longer

be true,
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IV. USER'S MANUAL

This section will serve as a user's manual for the use of the programs.
All input data are punched on cards which must follow the main program (and

any subroutines). The format of the data input cards as well as suggestions

3
3h

3
%

for program useage are included. All of the programs require three groups of

data input:

Transmission Line }
Group 1

Structure Characteristics Cards

Group II Characterization Cards

Group II(a)
Group II(b)

Group III

{ Termination Network

F.equency Cards }

These card groups must follow the main program (and any required suoroutines)
in the above order. The data entries are either in Integer (I) format, e.g.,
35, or in Exponential (E) format, e.g., 12,.6E-3, All data entries must be
right-justified in the assigned card column block.

In all four programs, the user must appropriately dimension all arrays

for each problem, Comment cards are provided at the beginning of each program

to assist the user in providing proper dimensions. All arrays must be

properly dimensioned by repunching the dimension statement cards in a program

before using the program.

4,1 The Frequency Cards, Group III

Each frequency card contains one and only one frequency for which an
anelysis is desired. The format of the frequency card is shown in Table 4.

The frequency in Hertz is punched in columns 1-10 of each card and must be

-65-
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TABLE 4
Format of the Frequency Group Cards, Group III
]

Total number = unlimited

frequency (Hertz)
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right justified in the card block consisting of card columns 1-10. For

example, if one wished to input a frequency of 1 M Hz, one may punch

‘ 1.E6
!;i A4t 4
i; card columns 78910

%1 If, instead, the frequency was punched as
3

iﬁ@ ! 1.E6
. + 44t
g' card columns 6789
K,

The program would take this to be a frequency of 1060 Hertz (zeros are added

to fil. out the assigned card block)., This right-justification of data in an

;2 assigned card block applies to all other data entries,

More than one frequency card may be included in the frequency card group.
Each orogram wiil process the data provided by Grouys T and II and compute the
response at the frequency on the first frequency card., It will then recompute
the response at each frequency on the remaining frequency cards. The program
assumes that the data on card Groups I and II are to be used for all the re-
maining frequencies., If this is not intended by the user, then one may only
run the program for one frequency at a time., This feature, however, can be
quite useful, If the termination networks are purely resistive, i.e.,
frequency independent, then one may use as many frequency cards as desired in
this frequency card group and the program will compute the response of the
line at each frequency without the necessity for the user to input the data
in Groups I and II for each additional frequency. Many of the time-con-

suming calculations which are independent of frequency need to be computed
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only once so that this mode of useage will save considerable computation time
. when the response at many frequencies is desired. If, however, the termination

network characteristics (in Group II) are complex (which implies frequency

N Y e

S dependent), one must run the program for only one frequency at a time.

4.2 The Termination Network Characterization Cards, Group II

This group of cards conveys the terminal characteristics of the term-

TS

ination networks «t the ends of the line, x = 0 and x =I. The termination

g networks are characterized by either the Thevenin Equivalent or the Norton
Equivalent characterization. These characterizations are of the form

5“ ‘

A v(0) = V_ - 2 1(0) Thevenin

A - -0 0=

] (4-1a)

V(D = Vi+ Z4 1(2) Equivalent

’ 1‘ - - ~ -

3

o

I(0) = I~ Y, V(0) Norton

- (4-1b)

4 IR) = TR V(R Equivalent

A, and are discussed in detall in section 2.3, The transmission line consists

.

,“ of n wires which are numbered from 1 to n and a refereunce conductor for the

"

4 line voltages. The reference conductor is numbered as the zero (0) con-

g

ductor., Thus YO’ YI’ lﬁo, It are nyl vectors and %0, gt’ 30, Yiare nyn

" matrices which are assumed to be symmetric.

’ The impedance or admittance matrices Z0 and Z , or Y0 and Yt , respectively,

- may either be "full" in which all entries are not necessarily zero or may be

: diagonal in which only the entries on the main diagonals are not necessarily

‘ zero and the off-diagonal entries are zero. The user may select one of

; four options for communicating the entries in the vectors and matrices in
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(4-1). These are:

OPTION = 11 Tﬁevenin Equivalent representation; _
diagonal impedance matrices, Z0 and Zl'
OPTION = 12 Thevenin Equivalent representaticn;
full impedance matrices, Z0 and Zi.'
_ Norton Equivalent representation;
OPTION = 21 { diagonal admittance matrices, Y, and Y.
_ Norton Equivalent representation;
OPTION = 22 é full admittance matrices, YO and YL' }

The structure and ordering of the data in Group II are given in Table
5 and can be summarized in the following manner. The first group of cards
in Group II, Group II(a), will describe the entries on the main diagonal in
zo(go), YOii(ZOil)’ and z (%I), Yfii(ziii)’ and the entries in IO(YO)’
IOi(VOi)’ and Zi’(yi)’ Iti(vti)' These cards must be in the order from i =1
to 1 = n. Each of these entries is in general, complex. Therefore two card
blocks are assigned for each entry; one for the real part and one for the
imaginary part. For example, consider a 4 conductor line (3 wires and a
reference conductor). Here n would be 3. Suppose the Thevenin Equivalent

characterization is selected, with the following entries in the characterization

matrices:

1+ 32 (7458 0 0

Vo= |3+ 35 zo=| © 39 o0
6 + 34 0 0 10+j11_
12 16 0 0

ve |93 zp=| 0 17418 0
14+415 | 0 0 319
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TABLE 5 (cont.)

NG

32

22 AR

uiiu 3
X

Format of the Termipnation Network Characterization Cards, Group II

-

i

"
bt

Group II(a)(total = n)

”?~' card column format
”% real part 1-10 E
‘ YOii(ini) imaginary part 11-20 E
real part 21-30 E
IOi(VOi) {' imaginary part 31-40 E
%r real part 41-50 E
,?- Yfii(zfii) {. imaginary part 51-60 E
%?; real part 61-70 E
gé Iii(vti) imaginary part 71-80 E

xS

vﬁ;t :rjﬁ—. o :.;*:

Note: A total of n cards must be present for an n wire line and

must be arranged in the order:

ot f s N

’

wire 1

g At s
a5 2
o

sessesdniie:

5

wire 2

T ARy
SR
N

e
3

g2
Py v

wire n

R R St i

TR

R A e, o Do St e
Sy r}’a‘?: R s g T

o ERe

IR AT
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TABLE 5

total = n(n~-1)/2 if OPTION = 12 or 22

Group TI(b) ((ora1 = 0 1f OPTION = 11 or 21 )

card column format }?

{ real part 1-10 E
Y .. (Z . :
013~ 043 imaginary part 11-20 E H

real part 41-50 E

Y (z )
£13° 443 { imaginary part 51-69 E

Note: If OPTION = 12 or 22, a total of n(n-1)/2 cards must be

present and must follow Group {I(a). If OPTION = 11 or

21, this card group is omitted. The cards must be arranged
so as to describe the entries 1in the upper triangle portion
of 30(50) and gi (gi) by rows, i.e., the cards must contain
the 12 entries, the 13 entries, ---, the 1ln entries,

the 23 entries, ---, the 2n entries, ---- etc. The

ordering of the cards is therefore:

wires 1,2

wires 1,3

wires 1,n
wires 2,3

wires 2,4

wires 2,n

wires (n-1), n
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One would have selected OPTION 11, The n=3 cards would be arranged (in this

order)
7,E0 | 8,E0 | 1,E0 | 2,EO | 16,E0 | O.E0 | 12,E0 | O.EO
4 4 d 4 4 4 3 4
10 20 30 40 50 60 70 80
Group
I1I(a) 0.EO | 9.EO | 3.,EO | 5,EO | 17.EO {18.EO 0.E0 |13.EO

EO.EO 11.E0 | 6.E0 | 4,EO 0.E0O [19.E0 |14,E0 |15.EO

If the terminal impedance matrices were not diagonal, e,g.,, OPTION 12 is
selected, then n(n-1)/2 additional cards, Group II(b), would follow the above
n cards comprising Group II(a). These cards describe the entries In the
upper triangle portion of the termination impedance or admittance matrices
by rows. Suppose the networks are characterized by the same YO and Y'I

Jectoy . a5 above bat the ZO and Ztmatrices are

7 + 38 20 + 421 22 + $23
o= [20 + 321 39 24 + 325
22 + §23 26 + 425 10 + jl1
16 26 + §27 28
2, = |26 + 327 17 + 418 329
28 §29 3§19

The following n(n-1)/2 = 3 cards must follow the above 3 cards in the order

of the 12 entries firsv, the 13 entries next and then the 23 en.ries:

-72=
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¢

20.E0 | 21.EQ 26.E9 27.EQ
4 4
10 20 50 60
Group

I1(b) 22,E0 | 23.R0 28.E0| 0.E0
24,E0 | 25.E0 0.E0} 29.E0

.

4,3 Program XTALK

XTALK considers (n+l) conductor transmission lines consisting of n wires
in a lossless, homogeneous surrounding medium and a reference conductor for
the line voltages. The n wires and the reference conductor are considered
to be perfect (lossless) conductors. There are three choices for the re-

ference conductor type:

TYPE = 1: The reference conductor is a wire.
TYPE = 2: The reference conductor is an infinite

ground plane,
TYPE = 3: The reference conductor is an overall

cylindrical shield.

Cross-sectional views of each of these three structure types are shown in
Figure 4-1, 4-2 and 4~3, respectively.

For the TYPE 1 structure shcwn in Figure 4-1, an arbitrary rectangular
coordinate system is established with the center of the coordinate system at
the center of the reference conductor, The radii of all (n+l) wires, oo
as well as the Z and Y coordinates of each of the n wires serve to completely
describe the structure. Negative coordinate values must be input as negative

data items, For example, Zj and Yj in Figure 4-1 would be negative numbers,
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Figure 4-3, Type 3 structure.
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For the TYPE 2 structure shown in Figure 4-2, an arbitrary coordinate
system is established with the ground plane as the Z axis, The coordinates

Yi and Y, (positive quantities) define the heights of the w’' 2s above the

3

ground plane., The necessary data are the Z and Y coordinates and the radius,

r

Wi’ of each wire,

For the TYPE 3 structure shown in Figure 4-3, aa arbitrary angular
coordinate system is established with the center of the coordinate system at
the center of the shield. The necessary parameters are the radii of the
wires, LI the angular position, Oi, and the radial position, I of each
wire and the interior radius of the shield, I

The format of the structural characteristics cards, Group I, are shown
in TABLE 6., The first card contains the structure TYPE number (1,2,or 3),
the load structure OPTION number (11,12,21, or 22), the number of wires, n,

the relative dielectric constant of the surrounding medium (homogeneous),

€ the relative permeability of the surrounding medium (homogeneous), Moo
and the total length of the transmission 1ine,i , (meters), If TYPE 1 or 3
is selected, a second card is required which contains the radius of the
reference wire, L (mils) for TYPE 1 structures or the interior radius of
the shield, T (meters) for TYPE 3 structures. For TYPE 2 structures, this
card is absent. These cards are followed by n cards each of which contain
the radii of the wires, rog (mils) and the Z, and Y, coordinates of each

i i

wire (meters) for TYPE 1 and 2 structures or the angular coordinates r,
(meters) and Gi (degrees) of the i-th wire for TYPE 3 structures. These n

cards must be arranged in the order i =1, { = 2, ==~-, 1 = n,

4,4 Program XTALK2

XTALK2 considers the same structure types as XTALK. The only difference

between the programs is that XTALK2 considers imperfect conductors. This
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TABLE 6

Format of the Structure Characteristics Cards, Group I, for XTALK

e il S L B 51

Card Group #1 (total = 1):

card column format é

¥

i

(a) TYPE (1,2,3) 10 1

(b) LOAD STRUCTURE OPTION (11,12,21, or 22) 19 - 20 I g

(c) n (number of wires) 29 - 30 I %

relative dielectric

(d) r (constant of the ) 36 - 45 E %

surrounding medium i

i

- E i

© v GelesivameTReabingty of the oo ‘3

A

() L (Line length in meters) 66 - 75 E %

total = 1 if TYPE = 1 or 3 3

Card Group #2 (. /v _ o if TYPE = 2 ) é
1. radius of reference §

(a) TYPE =1 rwo wire in mils ) 6 - 15 E %
(b) TYPE = 2: absent %
_ A interior radius of g

(c) TYPE = 3: rs (shield in meters ) 6~ 13 E %
%

Card Group #3 (total = n) %
;

(a) r (wire radius in mils) 6 - 15 E k]
wi e §

(b) Zi for TYPE 1 or 2 in meters 21 - 30 E é
r, for TYPE 3 in meters g

5

(c) Yi for TYPE 1 or 2 in meters 36 - 45 E %
: 5

Gi for TYPE 3 in degrees ,

{

Note: Cards in Group #3 must be arranged in the order: H

wire 1
wire 2

wire n

g
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B .
Ei requires an additional set of cards in Group 1 which must follow those in %
. Table 6. The format of these cards is shown in Table 7. %
3 -
g ks
:;\ {2
ko 4,5 Program FLATPAK g
%% | FLATPAK considers (nt+l) wire flatpak or ribbon cables as shown in %
e 2
*% : Figure 4-4. The (n+l) wires are considered to be perfect conductors. In %
%3 :
s &
,é; = addition,the surrounding media are assumed to be lossless. The required b
4 3
F: 4

cards in the Structure Characteristics card group, Group I, are shown in

s
2
o
3

ﬁ‘ g Table 8.

%7 The first card is similar to the previous programs and communicates
%; three items to the program. The first entry on the card is the number n
Ef‘ which is the number of wires in the cable exclusive of the reference wire,
,g. The second entry on the card is the load structure option which is to be

i selected from the choices 11, 12, 21, c¢r 22 as discussed in section 3.2.
The third entry on this card is the total length of the cable in meters.

Card Group 2 concerns the entries in the per-unit-length capacitance
matrix, C, for the ribbon cable. Since C is symmetric, it is only necessary
to input the entries on the main diagonal of C and the entries in the upper
(or lower) triangle of C., Computer program GETCAP [8] was designed to compute

these items, GETCAP has the provision for providing a punched card output

of the entries in C in the form required by FLATPAK,

4

S
i
L, ¥
B .,

A few comments are in order to assist users of GETCAP. The program is

s

documented in Volume II of this series [8]., However, some confusion as to

the wire numbering sequence in GETCAP and FLATPAR may arise., The wires

-
s

in the cable are numbered from left to right with numbers from 1 to N=n+l

for use in the GETCAP program with the reference wire number chosen from

R st om o

this sequence. In the FLATPAK program, the wires are numbered from left to
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i TABLE 7 (Cont.)

Format of the Structure Characteristics Cards, Group I, for XTALK 2

Card Group #1 same as XTALK (TABLE 6)
Card Group #2 same as XTALK (TABLE 6)
Card Group #3 same as XTALK (TABLE 6)
Card Group #4 (total = 1) card column format
TYPE = 1: (a) radius of strands in reference 6 ~ 15 E
wire (mils)
(b) conductivity of strands 21 - 30 E
(siemens/meter)
(c) number of strands in referewce 39 - 40 I
wire
TYPE = 2: (a) per-unit-length resistance 6 - 15 E
of ground plane (ohms/meter)
(b) per-unit-length inductance 21 - 30 E

of ground plane (henrys/meter)

TYPE = 3: (a) thickness of shield (meters) 6 - 15 E
(b) conductivity of shield 21 - 30 E
(siemens/meter)

Card Group # 5 (total = n)

(a) radius of wire strands (mils) 6 - 15 E

(b) conductivity of wire strands (siemens/ 21 -~ 30 E
meter)

(c) number of strands in wire 39 - 40 I

NOTE: Cards in Group #5 must be arranged for wires from 1 to n.
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Figure 4-4. Wire numbering for ribbon (flatpack) cables.
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: TABLE 8

Format of the Structure Characteristics Cards, Group I, for FLATPAK

Card Group #1 (total = 1) Card Column Format
(a) Number of wires (exclusive of the 9 - 10 I

reference wire) (n)

‘ (b) LOAD STRUCTURE OPTION (11,12,21, or 22) 19 - 20 1
(c) Line length (meters) L 21 - 30 E

Card Group #2 (total = n(n+l)/2)

(a) 1 5-6 I
(b) i 10 - 11 I
(c) [C]ij (farade/meter) (Entries in 14 - 26 E

the per-unit~length transmission
line capacitance matrix with the
wire dielectric insulations in

place, computed with GETCAP)

Card Group #3 (total = n(n+l)/2)

(a) 1 5-6 I
(b) 3 10 - 11 I
(c) [CO]ij farads/meter) (Entries 14 - 26 E

in the per~unit-length transmission

line capacitance matrix with the wire

£ dielectric insulations removed, com-

puted with GETCAP)

per

LRt R
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right with numbers from 1 to n with the reference wire numbered as the zero
(0) wire as shown in Figure 4-4, Whether the cross section of the cable
in Figure 4-4 is at x=0 looking to the right (increasing x) or at x = L
looking to the left (decreasing x) is irrelevant so long as the user is
consistent in using the same cross section for wire numbering in GETCAP and
in this program when assigning the load termination entries,

The third group of cards in Group I, Card Group #3, are the elements

of the per-unit-length transmission line capacitance matrix computed with the

dielectric insulations removed, CO. GETCAP may be used to compute these
items and provide punched card output for direct use as data input for

FLATPAK,

4,6 Program FLATPAK 2

FLATPAK 2 considers (n+l) wire ribbon cables as in FLATPAK. However,
FLATPAK 2 considers che (n+l) wires to be imperfect (lossy) conductors.

The format of the Structure Characteristic Cards, Group I, is shown in
TABLE 9. Only one additional card over those required for FLATPAK is needed.
Since all wires in the cable are assumed to be identical, this card describes
the characteristics of these wires for use in computing the wire self imped-

ances,

4,7 Examples of Program Useage

In this section, some typical examples w.1ll be shown to illustrate the
use of the programs. Entries onthe data cards as well as typical printouts
of the results will be shown,

The terminal network structures for the examples are those comprising

Examples 1, 2, 3, and 4 shown in Figure 2-4 and Figure 2-5, For Examples
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Format of the Structure Characteristics Cards, Group I, for FLATPAK 2

- -

ki

Py
ke

Card Column Format

ZESR TP

Card Group {#1 same as FLATPAK

Cans Yo
TR

Card Group #2 same as FLATPAK

s

5L

Card Group #3 same as FLATPAK

3
o
=7

N
A

Card Group #4 (total = 1)

£t
AN

(a) radius of wire strands (mils) 6 - 15 E

43
A
1
ks

(b) conductivity of wire strands 21 - 30 E

(siemens/meter)

(c) number of strands in each wire 39 - 40

| ad]
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1 and 2, the entries in the Thevunln Equivalent characterization matrices
are given In (2-32) and the entries (n the Norton Equivalent characterizatfon
matri{ces are given in (2=35). For Examples 3 and 4, the entries {n the
Norton Equivalent characterization matrices are given {n (2-37) and the
entries in the Thevenin Equivalent characterization matrices are given in
(2-18).

The terminal voltages for each wire (with respect to the refercnce
conductor) at x=0 and x-I’are the entries in Y(O) and y(t), respectively,
The magnitudes and angles of the entries in V(0) (V(L)) are denoted by
VOM and VOA (VLM and VLA), respectively, on the computer printouts., Two

frequencies will be considered, 10 MHz and 100 MHz,

4,7.1 Examples of the XTALK Program

The transmission line structure chosen for all examplces in cthis section
is that of two wires with another wire as the reference conductor. The
wire radii (mil1s) are 6.3 mils (thousands of a inch) for wires f#1 and #2
with the reference wire of radius 6.3 mils. The three wires are in a linear
= 1,27 mm, Y, =0, 2, = 2,54 mm, Y

array with 2 = 0, The line length is

1 1 2 2
5 meters and tie relative dielectric constant is chosen (for the purpose cf
illustration) to be 3.0 with a relative permeability of 1.0,

The data cards are shown in Figure 4=-5 through 4-8 and the printouts

are shown in Pigure 4-9 through 4-12,

4.7.2 Examples of the XTALK ¢ Program

The 1lne considered for XTALK in 4,7.1 will be used here. Each wire
7
will be stranded, copper (o0 = 5,8 x 10 ) with 7 strands in cach wire. The

radlus of each strand is 2,5 mils.
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The data cards are shown in Figure 4-13 through 4~16 and the printouts

are shown in Figure 4-17 through 4-20,

4,7,3 Examples of the FLATPAK Program

A three wire ribbon cable will be considered, The wire radii are
ok .16002 mm, the insulation thicknesses are .3479 mr and the center-to-center

separations of the wires are 1.27 mm, The insulations are polyvinyl

chloride and a relative dielectric constant of 3.5 is assumed. The reference
‘ wire is the middle wire in the cable. The elements in the per-unit-length
:"'i capacitance matrix (with and without the dielectric insulations) were com-
puted with GETCAP [8].

! The data cards are shown in Figure 4-21 through 4-24 and the printouts

are shown in Figure 4-25 through 4-~28,

4,7.4 Examples of the FLATPAK 2 Program

‘ The three wire ribbon cable considered in the previous section with the
FLATPAK program will be investigated. Each wire is stranded with 7 strands
(copper) and each strand is of radius 2.5 mils.

The data cards are shown in Figure 4-29 through 4-32 and the printouts

are shown in Figure 4-33 through 4-36,
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Flgure 4-7. Input Cavds, XTALK, Ixample 3.
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Fipure 4-8, Inpul Cards, JTALI, Lxample 4.
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Figure 4-13. Input Cards, XTALKZ, Example 1.
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Figuce 4-15. Input Cards, XTALK2, Exemple 3.
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Figure 4-16. Input Cards, XTALK2, Example 4.
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Figure 4-17. Output Listing, XTALK2, Example 1.
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Figure 4-18., Output Listing, XTALK2, Example 2.
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Figure 4-19. Output Listing, XTALK2, Example 3,

-101-




LA

TR AN e

X

3
5

&

3

E

03

»

o

P e R Y
i

: {.'4.‘ 2

24

A

I

o
gon

ATy

o5z

XTALKE

T PANRLLEC dTWS

TYRF _OF STRUCTURPS |

LOAD STRUCTURE OFTIONs 22

LINE LENGTHY S,0000000 00 MET”AS

BIPLFCTRIC TONSYARY UV YHE WEDTUNE

RELATIVE PERMEABILITY OF THE MEDIUME

2L 1

t+900D 00

REFERENCE CONOUCTOR FOR LINF VOLYAGES IS & VIRE WITH RAD{USe

943000 D0 MILS

~ QBRSO ' BOBA™ & & 184008304 87 Chsoe S0F 004 T8 STATORE

S e e CROWOTNATE TNETEN ST TV COUROTRATE TWTENEY ]
1 843000 00 - e te2700=03 94000008
I3 641000 00 24840003 0,0000-01

—

PERUNTT=LENGTH CAPACITANCE MATRIX INVERSION ERROAs O

CONDUCTIVITY OF REFERENCE WIRE STUANDSa

TRFTNERCE VIRY TS S W ANOYD WTTH EACH STRAWS UF WADTUSY  P7S00D o0 WrLy  —

S.800D 07 SUIEMENS PEN NETER

ROV OF S Y Y

ook 75 OTCHCLID Po0(h ~ABANIAINE *7 SO08 1M F30w 13 S1LICLAML

CONOUCTIVITY (STENENS PER NETER)

wing NUNAER WIRE STRANO RADTUS (MILS) NUMBER OF STRANOS
\ J
R T, 800 UV P00 r-
( ? 249900 00 8.8000 07 1] \
i ADVITYANCE AT Xs0 CURRENT SOURCE AT xw0 ADMITTANCE AT xsl CURNENT SOURCE AT Xsi
} (S1EMENS) e - {ANPS} (SIEmeNnS) —LaNPS)
; ENTRY ATAL 1UAG REAL 1nAG REAL 1NAS REAL RLTY )
X
5 TTUETTY 7T 640006961 T T 04000n-01 t.9000 00 04000001 6,0000-01 0. 0000-01 (X112
§ :r 2 6,0000-01 040000~01 04000001 040000+01 4,0000-01 0.0080+01 140000 90 0,0009-01¢
i T T 1 1 S L T L
PREQUENCY(HERTZ)®  1,00000 07 SOLUT1ON #RmORse 9 1
Ad -
i i R
H TRANSFORNATION HATRIX [NVERSION EARams o
y vine VEM(VOLYS)  VOA(DEGREES) VLHIVOLTS)  VLA(DEGREES)
ibh_A e - . —
3 1 2,9090 00 ~7,2040-01 1,0000 00 =2.9$740 00
i 2 220000 09  -1,6)60 00 = 209990 00  ~-6,5340°01
( )
PREGUENCY(HERTZ)s 1.00000 08 SOLUTION EARONS 0
- HIR B et R
S Cpg §- (% s §,8{80-03
i TPANSFORWATION MATRIX INVERSION ERRORs 0
; vine VOM(VOLTS)  VOA(DEGREES) VLM(VOLTS)  VLA{DEGREES)
H e e el el
4
3 [ 2,9930 00 -8 7380-01 1.0070 00 3.2740 %0
H
: 2 1e9990_00 __ 24292008 Lo 229960 00 -%.4430-0} :
5 CINE USAGE BJIECT CODEs 59896 BAYTESARRAY AREA® 1312 BYTES . YOTAL AREA AVAILABLEs 1631792 WLYVES
"‘“‘E‘ﬂ'éib‘:ﬂtf“ T MINSPFR OF ZRRORSe 0+ NUNBER OF WARNINGSs Os NUMBER OF EXTENSiONSe ~— R¢~ T T 7T T T
A ZONPILE TiWTw 1429 SEC.EXECUTION 1INE® 0,13 SEC, 10,4782 TuESDAY . ocr 77 WATFEY = JAN 1976 ViLS
i 3$ST0P

Figure 4-20.

Output Listing, XTALK2, Example 4.

-102-




-

11 ) ey "1%?".!&!i‘ll"IINNI‘NHN".”IN"NMltl)lIll‘l‘l"uﬂ."dﬂl'l’"i‘.l”‘hnﬂﬂ.ﬁ'l..“"ﬂlﬂ..".”.

LI R NI ) I‘1§ZHIDII‘llll'ﬂ)’DNH."NH""”N'IHIIIlU.ul.ﬂll.'l’ﬁ“II”‘%”I..U..U..I!.l.ll..‘.

PR EY 1 P Y . f NN 1N TR 1N £ SO 1 SN 10 TR O« U X <
ok m"..n.n»m,....ms;n..,.,..9,m.....x.m.....e.ocs.....n.m.....nm
R R I 1 7« <=1
A B 1 1< 14 T A
G b b A TREETINE L s nnx i nee o anvaunsunsnnunsunnannusnnnsnsnannene
e R O 11T 1 U
o T LT 14 i £ L1 L2 RS

QI E ] l‘.l L) .&IBIe‘§“’m=li;’"ﬂ;ﬂNllllﬂ!l“.dd“ICGQCI.II.N;.‘”"”ﬂ.;lﬂl;;..ln'ﬂﬂll'.l.

11243818 lg"Iﬂllll""lﬂ"ﬂﬂ;*gggﬂﬁnlnlﬂl'“ﬂdd“l.l..ﬂlu’“l‘wﬁ"ﬂ'.‘“..ﬂ..llED”“»‘.I’I’”H

SOL BN OB O O OND 0 a oI o N am RO h O e O R RO ReRRRIYIIICIIITSE]Y
IR EBR-RERERRERDEE-FEREREPRERERREE) HBNUSANENDUBEY RYIEIRENGSUEREENNEANNEDST NN
lll!Illllifillllll!lll!l!li(

1 lyf&illlllllllll!llllllllllllllll'llll

— - =

'21‘322212121211221121221212121122!11
11]IIJJJ31313313JJJJJJJJJS{JJJ!ﬁ&fIJ

A4 4440443884344 084084000414 il

3 33333333333333333333331212313331133

: Ehued L LALAAAALAQANE000 0400800004414
] ‘

T ARRERRREERREEEREEEEEREREREEIERY

1644 ﬂ"iii‘liﬁiiisliiiillllllilillilli(

L1 717JE¢7 511711111777:177771771111171717111
-~

PESEBO AN BB UBEEBRRIONREBINZFNBYIORNY l&l‘1l1l

999999999939993999999995935989999°9
EERNE] “

11 BWH2NUDHRTRININDUDBAININ AN
HACKETY ZOI088

SSFSss5555555555555555557 557 5588858
Siiilliiiiiiiiiiiiliii“iiiiillié%;
1

T1T11111 1711111111t Irriiine

BEUBBBYTRIRRRIBNNBNIBRORRRGLRNTY
$U05399399809099998988899310)38°

VUHURI U UNUUBHVBUTUUNNIIAIXBRANTANR

<
h°)
Lt
=
<
A
& Py
Z
-
L2t 2
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Figure 4-25. Output Listing, FLATPAK, Example 1.
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Figure 4-26. Output Listing, FLATPAK, Example 2.
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Figure 4-27., Ouiput Listing, FLATPAK, Example 3.
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Figure 4-28, Output Listing, FLATPAK, Example 4.
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Figure 4-29. Input Cards, TLATPAK2, Example 1.
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Figure 4-3J. Input Cards, FLATPAL2, Example 2.
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Figure 4- 31, Input Cards, FLATPAKZ, Lxample 3.

-113-

| L




o

PRV

2 e

IR

i et

s

P, FA e P

9t

Gl it

Chia ot

FE ey

R

psiodie

by

SRR Y TR T TS h B STV SR PR S 3 S S R R W =3

e e rin e it e MU it s s et — 0 = - e m e e e e e e

11343 l‘iseﬂlﬂﬂiIlll.'aINM‘llﬂl"lﬂllll”ul‘lﬂdu.lﬂl.ll.'ﬂ.’ﬁll..’..“I“UI.‘..I'Ili’lﬂ”
¢ .

1!!o:o’lgtn..nluuln.atuulllnlnrnaullﬁnlc:coulut.ol!Ilull!n.'u'lﬂl....lul!lllrull
1224 ”Iﬁgnu w’&i'na-unmnunn:axaunnuuaonuc!#ﬁ!---n:’!ﬁ'--luuouu.sa anuunuu\
1134 s’\ﬁ’nnu-'!ﬁ—nnnos’lﬁgu.u-9!5!-:.cuo’&ﬁluu.u:!?_t'an-uu"yﬁ’un-un, 1\

1r3e s’}ﬁ!nnu-,!fnua-‘!ﬁgaa:m&gﬁ!ucuu’!ﬁ':n.uu‘!ﬁ'uonu.’&ﬁ!u»nu-'}ﬁ \\,

\

113438282 'g\‘ﬁ!n'lﬂﬁll"lll;!mlll’..'.IZQCCQ.Q....Il!ﬂ."...l..II'Q.O.Hlﬂlﬁlﬂll'\

\

e o N

!
gl 3¢ ‘g 1 o-gnnn‘bmnnauuaauumalmaaouuuuumuuuuuuu.uuu-u-lnun.:ulununnuu ‘\i

N

El e !& L 'lglIﬂ“mﬁl‘gﬂﬂlﬂ:;8”"’!"0‘.0“."...!ll‘lﬂ!l’.’.l...'.'.“"lll'll"'. *

—— N

9! 3¢ " re 0""I“M:‘lﬂ.llluilll!’lﬁ‘ﬂ..“II.C.UIH.NII}’.'.G.'“I.N..‘B1"'."".‘ .

?2 3 l‘ re 0lg"-ﬁ“mn“ﬂli"””ﬂll”‘adlQU“I.GI.’I!I“-‘I‘l.l'.'.“..ﬂlﬂﬁl.”l'l"".\

qt L] ’l e l'l.'ﬂg‘mm;:l‘ﬂﬂ"ﬂﬁ:l’!’ﬂ"‘ll.“....IIll.“llﬂ...ll.ﬂ..ﬂ..'lﬁ.lllﬂl”ﬂ .

!

l

R |

?! 3¢ !gi ’ '.giﬂlg‘m‘m‘1ﬂﬂﬁaﬂ&ulll!1.lﬂ010!n“COG.Q'll'ul.ﬂ."l..ﬂ’.'.ﬂ”llIlllllﬂﬂ\ 1
|

{

!

123084178 'a"l‘HlIw.gGﬂIlﬂﬂl§h§;93ﬁh)0llﬂluﬂ“l.“‘Cﬂ..'lﬁﬂ“l'ﬂ!.'..I“.ﬂﬂ..ﬁ'ﬂ.”'l"l’l. \

INHZUNNRTUNNIRDINARNANNNANNSN SUAERNINDUANVANNURSHNENNNIARANERNKNE

:HIHHlllllllllllllllllll (R R R R R R R R R R R AN AR AR AR R R RR
lml2222222!2221222222221!"2222“2
| 9333333353339933333333333323838 !
'4&4““4“Ul“l“l““l““““" '
§ !P’HHHiHHHHHSSSHSHHH”

CEEEEEBBREECOECOiBEaaBUBERERESTS r} lhillHHNIIHNHNIHNHHHSG

111111111111”11111111171111111114”_‘; 11.)'_7/11 nmmnnmmmmnnImnnInnnnnnnnNn l
lllllllllll”llHlllllllll.euhlﬁij( lq%qllFllllélﬁl"lll”"lNNIHNNNHI ¢
! :23:”!“!9!!!Nl!H!HHHHHH"H $OOR008000000000008009809098¢2100099999)

| TNNRDUBSHUBRINZDUBADIARNNRLHBANBANUQGHAKAARNININBRTRYBUROUHERRHUAIRIINERTINN
NACKETT 201089

N"HllllNlHlllllll._'l_flllllll"li"lllllllllHll.llll.llll"lllﬂ"lllll
"1
R

"ne
114
Hin

$3933333339333933333333333 330353
YR Y LR RN RN AR AR YY
FSSESSsa8585555555555555° 55558448

Figure 4-32. Input Cards, FLATPAKZ, Example 4.
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Figure 4-34. Output Listing, FLATPAK2, Example 2.

-116-~

sy e
e B e S



grii o A g TR i T R RS R T ST S T F T TG RS TR o
H

s 4~ e

' PLATPAK2

3 PARALLEL wimes

RANE_LENGTHE 540000000 00 METEAS

LOAD STRUCTURE OPTION® 12

= STON ERRGRs 0

PER-UNIT-LENSTH CAPACITANCE MATRIX INVERSION ERROR= O

~ABEMOARL *® BOBE™ & & 160INAEY of 30400 THIREANOY PSR NE

W OSYNAND OF WABYUSS™ F58066 $0 WICS™ 7

- CONOUCTIVITY OF WIRE STRANDSs 53,8000 07 SIENENS PER NETER
g TN SYRANDSa Y - T B B T T -
H
.4 R e ~ . I
-
= TMPEDANCE AT X0 VOLTAGE SQURCE AT X=0 ~TMPROANCE AY xoL . YOLVAGE SOURCK AY Xef. . |
‘ (0mg) tvoLTs) (OwHms) tyeLvs) .
2 INTRY REAL feAG  __ REAL  IMAG _  APAL TMAE REAL 1848
Tt 3,0000 00 0.0000-01 3,0000 00 0,0000-01 240000 00 0.0000-0t 10000 00 0.0000-01

U oo 2 sumammae £{11 . e Y2 1-OCT Sy Y1112 T P11 115 A S FY 1 {1 ] M P11 [T ) B Y 1L ] DN M| o | S
.
s 1 2 240000 00 04000071 10000 00 040000-01

4 )

FREQUANCY (HEATZ)®  1,0000D 0T SOLUTION EmmoRs 0

g‘ 5 v Y 13
] TRANSFORMATION MATRIX INVERSION ENRORT o
s wing VOM{VOLTS)  VOA{DEGAEES) VLMIVOLTS)  vLA(ORGREES) i
3 ] 2,9900 00  -5.$520-01 140000 00 =2,0380 00
i 2 220000 00 =3,3010 90 2,999D 00 __ =3, 3830=)

( FREQUENCY{HERTZ)s  1,00000 OB SOLUTION ERRONS ¢

‘%HW"“"T‘“ -
g (1} AECIATONY 52 81AD=0 3
' TRANSFORMATION MATRIX INVERSION FARORs 0
§ wine VOM(VOLTS} VOALDEGAEES) VLMEIVOILTS) VLA (OZGREES)
s t 7.9040 00  ~1.4520 00 ,9930-01  ~4,0990 00
2
g 2 129970, 00 _ =340230 Q0 = 2.994D 00 =9,4980-01_
: CONE usaGe OBJECT CODEw  $3296 DYTES,ARRAY AREA® 1206 BYTES.TOTAL AREA AVAILASLE® 161792 eVTES
i*““‘smwwrcs'—"“"ﬁmi!ﬂf‘umﬂ?‘“’ Oy NUMBER OF WARNINGSs 0y NuNBER OF EXTENSTONS® 24
. COMPILE TINEs 1513 SEC.EXECUTION TINEw 0e10 SEC, 1043838 TUESDAY 4 ocT 77 WATPFLIY = JAN 1976 VILS
ll *$Y0K
: O [ —— - .
i - e ~

Figure %4-35, Output Listing, FLATPAK2, Example 3.
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V. SUMMARY

Four digital computer programs, XTALK, XTALK 2, FLATPAK, FLATPAK 2, for
determining the electromagnetic coupling within an (n+l) conductor, uniform
transmission line are presented. Sinusoidal steady state behavior of the
line as well as the TEM or '"quasi-TEM" mode of propagation are assumed.

XTALK and XTALK 2 consider lines consisting of n wires (cylindrical
conductors) and a reference conductor. The surrounding medium is homogeneous
and lossless. XTALK assumes that all (n+l) conductors are perfect conductors
whereas XTALK 2 considers the conductors to be lossy. There are three choices
for the reference conductor: a wire, a ground plane, an overall cylindrical
shield,

FLATPAK and FLATPAK 2 consider (n+l1) wire ribbon (flatpack) cables in
which all wires are identical and are coated with cylindrical, dielectric
insulations of identical thicknesses, All wires 1lie in a horizontal plane
and all adjacent wires are separated by identical distances. FLATPAK
considers the wires to be perfect conductors and FLATPAK 2 considers the wires
to be lossy. The dielectric insulations are considered to be lossless,

General termination networks are provided for at the ends of the line
and the programs compute the voltages (with respect to the reference con-
ductor) at the terminals of these termination networks for sinusoidal steady

state excitation of the line.

-119-




[1]

[2]

[3]

(4]

(5]

(6l

(7]

—
[s o]
P

S T
[ _— T P A AR o TS T
rerinra e A e S A S B e T S RS R NI N R I T s Rss L *

REFERENCES

C. R. Paul, Applications of Multiconductor Transmission Line Theory to

the Prediction of Cable Coupling, Volumz I, Multiconductor Transmission

Line Theory, T:cimical Report, Rome Air Development Center, Griffiss
AFB, NY, RADC-TR-76-101, Volume I, April 1976 , (A025028).
C. R. Paul, "Useful Matrix Chain Parameter Identities for the Analysis

of Multiconductor Transmission Lines", IEEE Trans. on Microwave Theory

and Techniques, Volume MTT-23, No., 9, pp. 756-760, September 1975.

J. L. Bogdanor, R. A. Pearlman and M., D. Siegel, Intrasystem Electro-~

magnetic Compatibility Analysis Program, Technical Report, RADC-TR-

74-342, Rome Air Development Center, Griffiss AFB, NY, December 1974,
Vol I, (A008526), Vol II, (A008527), Vol III, (A008528).

C. R. Paul, Applications of Multiconductor Transmission Line Theory

to the Prediction of Cable Coupling, Volume TII, Prediction of Cross—

talk in Random Cable Bundles, Technical Report, RADC~TR-76-101, (A038316)

Rome Air Development Center, Griffiss AFB NY to appear.

C. R. Paul, Applications of Multiconductor Transmission Line Theory

to the Prediction of Cable Coupling, Volume IV, Prediction of Cross-

talk in Ribbon Cables, Technical Report, RADC~TR-76~101, Rome Air

Development Center, Griffiss AFB, NY, to appear.

W. C. Johnson, Transmicsion Lines and Networks, New York: McGraw-Hill,

1950,

S. Ramo, J. R. Whinnery, and T. VanDuzer, Fields and Waves in Com~

munication Electronics, New York: John Wiley, 1965,

aul, /pplications of Multiconductor Transmission

Line Theory to the Prediction of Cable Coupling, Volume I, Computation

of the Capacitance Matrices foir Ribbon Cables, Technical Report, Rome

~120-




PRTET SRR AY

R R TR AT,

o

AR

i
i

P

o

Y 27T «nggmwmvmmﬁvﬁmﬁm
5
3

(9]

(10]

[11]

Air Development Center, Griffiss AFB, NY, RADC-TR-76~101, Volume II,

April 1976 , (A025029).

IMSL, Sixth Floor, GNB Building, 7500 Bellaire Boulevard, Houston,
Texas 77036 (Fifth Edition, November 1975),

System/360 Scientific Subroutine Package, Version III, Fifth Edition
(August 1970), IBM Corporation, Technical Publications Department, 112
East Post Road, White Plains, New York 10601.

C. R. Paul, "Efficient Numerical Computation of the Frequency Response

of Cables Illuminated by an Electromagnetic Field", IEEE Trans. on

Microwave Theory and Techniques, Volume MTT-22, No. 4, pp. 454-457,

April 1974,

-121-~

e

N CTT I SOUE N

&

| RENpRTe




R AT Ry

TR

APPENDICES
-122-

e R

2 atp——
- . —— o

by S . I L ISP L AR

SO A Rt N I e Sl LB A T IR *
£ & 3 A R N A N R

% .}:;«.f i PRI R MN.;,.» MR G n it g ‘w\. N AR RN RO s

-

g S A .
g w.w%&wuw... ey S

3

_ i i pkw sioed

»

e




N e AT A )

R S AR AT Rl P N T L T R TS IR By

h> 42

00
5

: < + ch

¢ /2]

Tvm. 4 L) 17..._

] = = _

i

{ =3 = m

g & > “

A ﬁ 80

: 1)

2 ko

! [




e e A T R PTIARS
e e n ey gwergin e wivem omes ke € RO NSRS TR ER -@»e?«.%'ii’iﬁ-&

Sl £ | 2 T

' (R 22222122 22222222 222222 2 22 22 R 2R R 22 2RSSR I SRS T2 R 222232 22222232 5¢C VA (iR}
b c ITALK002
¥ c PROGRAN XTALK ITALX003
- c (PORTRAR IV, DOUBLE PRECISION) XTALKOOS
G c WRITTEN BY XTALK0OS
L c CLAYTON R. PAUL ITALK006
A c DEPARTNENT OF ELECTRICAL BNGINEERING XTALK0O?
2 c UNIVERSITY OF KENTUCKY XTALK0OS
4 c LEXINGTON, KENTUCKY 30506 XTALKOO9
E: c XTALKO 10
b c A DIGITAL CONPUTER PROGRAM TO COMPUTE THE TERNINAL VOLTAGES XTALKO 11
2 c (VITH RESPECT TO THE REFERENCE CONDUCTOR) AT THE ENDS OF A ITALKO 92
k- c NULTICONDUCTOR TBANSHISSION LINE POR THE TEN NODE Of ITALKO 13
k; c PROPAGATION. XTALKO 18
2N c ITALKO15
- c THE DISTRIBUTED PARANETER, BOULTICONDUCTOR TRANSHISSION LINE ITALKO 16
- c EQUATIONS ARE SOLVED POR STEADY STATE, SINUSGIDAL EXCITATION ITALKO 17
AR c OF THE LINZ. ITALKO 18
b c XTALKO19
E c TJE LINE CONSISTS OF N WIRES (CYLINDRICAL CONDUCTORS) AND A ITALK020
i c REFERENCE CONDUCTOR. THE REPERENCE CONDUCTOR NAY BE A WIRE XTALKO21
4 c {TYPE=1), AN INPINITE GROUND PLANE (TYPE=2), OK A# OVERALL XTALKO022
i c CYLINDRICAL SHIELD (TYPE=3) XTALK023
e C XTALKO 28
a c THE N WIRES ARE ASSUNED TO BE PARALLFL TO EACH OTHER AND THE XTALK02S
i c REFERESCE CONDUCTOR. ITALK026
! c XTALK027
e c THE N WIRES AND THE REFERENCE CONDUCTOR ARRE ASSUMED TO BE XTALKO26
b c PERFECT CONDUCTORS. fTALK029
3 c XTALKO30
| c THE LINZ IS INNERSED IN A LINEAR, ISOTROPIC, AND HOBOGENEOUS XTALK031
3 c MEDIUM WITH A RELATIVE PERNEABILITY OF NOR AND A RELATIVE ITALKO32
: c DIELECTRIC CONSTANT OF ER. THE NEDIUS IS ASSUMED TO BE LOSSLESS. YTALK033
! c XTALKO3®
: c LOAD STRUCTURE OPTION DEPINITIONS: ITALKO3S
4 c OPTION=11,THEVENIN EQDIVALENT LOAD STRUCTURES WITH DIAGONAL  XTALK036
i c INPEDANCE NATRICES XTALK037
3 c OPTION=12,THEVERIN EQUIVALENT LOAD STRUCTUGRRS WITH PULL XTALKO30
3 c THPEDANCE NATRICES XTALK039
i c OPTION=21, NORTON EQUIVALENT LOAD STRUCTURES WITH DIAGONAL XYALKOS0
7 c ADBITTANCE MATRICES ITALKOSY
A c OPTION=22, NORTON EQUIVALENT LOAD STBUCTURES WITH PULL XTILKOG2
9 c ADNITTANCE MATRICES XTALKOA3
z c XTALKONY
E c SUBROUTINES USED: LEQTIC XTALRO4S
4 c XTALKONG
}'; CEESAS AR RS R E IR BE RN L LA R SRR SR RN LR RERE U EBE R SRS EBESESES 2020 0B SSEXTALKOLT
3 c XTALKOAS
3 c ALL VECTORS AND MATRICES IN THE POLLONING DISENSION STATENENTS  XTALKON9
L c SHOULD BE OF SIZE N WHERE ¥ IS THE NOMBER OF WIRES(EXCLUSIVE OF  XTALK0S0
E c THE REFERENCE CONDUCTOR) , L.E., IO (N),IL(N),Y0(N,¥),YL(N,¥),B(N), XTALKOS1
N c AN, N) ,NA(K) M1 (8, N),N2(N, N) ,VI(I),V2(HK) IYALKOS2
i c XTALKOS3
e INPLICIT REAL®8 (A~H,0-2) XTALROS®
K INTEGER TYPE,OPTION XTALROSS
E ) REAL*8 L,NU02PI,NUR XTALKOS6
| COMPLEX*16 XJ,I0( 2} ,IL{ 2},%0{ 2, 2),YL( 2, 2),A( 2, 2) ,B{ 2), XTALKOS7
3 WA 2) ,MV( 2, 2),M2( 2, 2),Vi( 2),V2{ 2),SON0, SONL,V0,VL,ZEROC,  XTALKOS®
2 2C,A1,42,0NEC ITALKOS9
o DATA PI/3.141592653D0/,V/2.997925D8/ XTALKO60

DATA CHTM/2.54D-5/,80G2P1/2.D~7,/,B5/.5D0/,ZRR0O/0.D0/,0NE/1.DO/, XTALKO61
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1T¥0/2. 00/, Y0UR/H.D0O/,00EB0,/180.D0/ XTALK062
ON EC=DCAPLX (1. D0, 0.D0) XTALK0G3
ZEROC=DCNPLX (0. DO, 0. DO) ITALKOGS
XJ=DCHPLX (0. DO, 1.D0) XTALKO6S

c XTALKO6S
C**+ ¢ PREQUENCY INDEPEMDENT CALCULATIONSS#38A83448853885 4888448308838 88XTALKO6T
C XTALKOG8
c READ AND PRINT INPUT DATA ITALKO6S
c XTALKO70
READ(5,1) TYPB,OPTION,N,ER,NUR,L XTALKO71

1 PORMAT (9X,1%,2(8X,12),3(5X,210.3)) XTALK072
IP(TYPE.GE.1.AND.TYPE.LE.3) GO T0 3 XTALKO73
WRITE(6,2) . ITALKO7S

2 PORMAT (* STRUCTURE TYPE ERROR'//' TYPE® NUST EQUAL 1,2,0R 3°///)  IXTLLKO?S

GO0 70 82 ITALKO76

3 IP(OPTION.RC.11.0R.OPTION.EQ.12) GO 170 S XTALKO77

IP (OPTION.RQ.21.0R.0PTION. 2Q.22) GO T0 S XTALKO?7S
WRITE(6,4) : XTALKOT9

4 FORNAT (* LOAD STRUCTURE OPTION ERROB'//' OPTION NUST BQUAL 11,12,2XYALK080
11,08 22'///) ITALKOS1

G0 T0 82 XTALKOS2

5 WRITE(6,6) N,TYPE,OPTION,L,ER,NDR XTALKOS]

6 FORMAT (1H1,50X, * XTALK®/// ITALKOSS
145X,12,' PARALLEL WIRES'/// ITALFO8S
243x,* TYPE OF STRUCTORE= *,11/// ITALKOEG
341X,' LOAD STRUCTURE OPTION= *,I2/// ITALKO087
439X,' LINE LENGTH= *,1PE13.6,' NEYERS'/// XTALKOSS
532X, ' DIELBCTRIC CONSTANT OF THE NEDIOM= *,iPR10.3/// XTALK089
631X,* RELATIVE PERNEABILITY OF THE REDIUN= *,1PE10.3///) ¥TALKO90

G0 TO (7,15.11) ,TYPE ITALK" 91

7 READ(5,8) BWO XTALKO092

8 POKMAT (5X,B10.3) ITALEO93
WRITE(6,9) RRO X727 7098

9 POR™:T (* REPERENCE CONDUCTOR POR LINE VOLTACES IS A WIRE WITH RADIXTALK0SS
10S= *,1P210.3," MILS'////) XTALKO96
RWO=RNO*CHTN XTALKO97
WRITE(6,10) XTALKO98

10 PORMAT (' WIRE NUNBBRY,4X,*WIRE RADIUS {(MILS)',18X, XTALKOSS
1'Z COORDINATE (METERS)',24X,°'Y COORDINATE (AETERS)'.//) ITALK100

Go TO 19 XTALK101

11 READ(S,12) RS YTALX102

12 PORMAT(5X,310.3) XTALK103
WRITEB{6,13) RS ITALK 0%

13 PGRMAT (' REFERENCE CONDUCTOR FOR LINE VOLTAGES IS A CYLINDRICAL OVXTALK10S
1ERALL SHIELD WITH INTERIOR RADIUS= *,1PR10.3,' NETERS'////) XTALK 106
RS2=RS*RS XTALRi07

WRITE (6, 14) XTALK108

14 POBMAT(' WIRE NUMBER®,2X,*WIRE RADIUS (NILS)*, 2X,'SEPAPATION BETHXTALK109
1EEN WIRE AND CENTER OF SHIELD (MELXRS)?',6X,'ANGULAR COORDINSATE (DEBXTALK110
2GREBS) *//) XTALKI1

GO TO 18 XTALK112

15 WRITE(G, 16) XTALK113

16 PORMAT{* REFERENCE CONDUCTOR FOR LINE VGLTAGBS IS AW INPINITE GROUXTALK11A
IR PLANES /A X2ALK11S
WRITE (6, 17) XTALK116

17 PORMAT ** WIRE NUNBER®,4X,'WIRE RADIDS (AILS)', 181X, xTALZM?
1'HORIZ\ AL COORDINATR {METESS)*,i6X,'W.RE HEIGHT (NETERS}',//) XTALK11a

C ATALK119
c READ AND PRINT LINE DIMENSIONS AND COMPUTE THE CHARACTERISTIC YTALK120
c IMPEDANCE MATRIX, 2C (STORE ZC IN ARRAY H1Y) XEALK121
c XTALK 122
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- 13 C=8U02°1*ONEC*V*DSQRT (NUR/2R) XTALK123
- DO 24 I=1,M XTATK 123
K READ(5,19) RW,2,Y XTALK125
S 19 TORMAT (3 (5X,B1C.3)) XTALK126
R WRITRI6.20} I[,RNE,Z,Y XTALK127
N 20 PORMAT(2X,12,13X,1PE10.3,27X,1PE10.3,35X,1PE10.3/) ATALK128
p V1(I)=ONEC*Z XTALK129
¥2(I)=ONECSY XTALK130
RR=RE*CH 1N XTALE131
GO TO (21,22,23) ,TYPE ITALK132
21 DI2=224Y27 XTALK133
H1(I,I)=C*DLOG (DI2/(RW*RWO0)) XTALK134
GO ™0 24 - XTALK13S
: 22 M1(X,I)=C*DLOG{TNO*Y/R¥) XTALK135
- S0 TO 2% X2ALK137
" i 23 A1(I,I)=C*DLOG ((RS2~2%2Z) /(RS*RW)) . XTALK138
- 28 CONTINOE XTALK139
3 IP(N.BQ. 1} GO TO 29 ITALK140
- Ki=N-1 XTALK 141
T DO 28 I=1,K! ITALK1S2
e K2=I+1 ITALKIAS
S DO 28 J=K2,M ITALK 14N
B ZI=DREAL (V1(I)) ITALK14S
. TJI=DREAL (V1{J)) ITALK146
ﬂ YI=DREAL {V2(X)) XTALK147
> YJ=DREAL (V2(J)) XTALK148
b GO T0 (25,26,27) ,TYPE XTPLK 149
¥ 25 DI2=ZI¢ZX¢YI*YX ITALK150
8 DJ2sZTINTI+YI*YI XTALK1S 9
. TD=2I1-2J YTALK 152
5 ID=1I-1J XTALK153
g DIJ2=ZD#ZD+YD*YD LTALK158
e #1(X,J) =PS*C*DLOG (DX 2¢#DJ 2/ {RUO*RUI*DII2Z)) XTALK15S
kL N1 (J 1) =R1(1,J) ITALKISE
e GO TO 28 : ZITALK 157
y 26 ID=2I-2J XTALK158
4 YD=YI-1J ATALK 59
| DIJ2=ZD*ZD+YD*YD XTALK 160
a 81(I,J)=PSAC*DLOG (ONB+FOURSYI®YI/DIJ2) XTALK161
4 N1 (J,I)=N1(1,J) XTALK162
b GO 10 28 XTALE163
3 27 THETA=(YI-1J) *PI/OREB0 XTALK 163
3 RIZ2=2I%21 XTALK16S
3 RI2%23%2J XTALK166
F: N1 (I,J) =PSOC*DLOG ( (RJ2/RS2Z* & (RI2#RJI2+RS2¥RS2-THOSLI*LI*RS2¢ YTALK167
P 1DCOS (THETA) ) /(RI2*RI2¢RI2*RI2-THO*TI$ZI*RI2¢DCOS (THETA) ) ) XTALK168
3 81(3,1)=81(1,J) XTALK 149
k. 28 CONTINUZ LTALK170
v c XTALK171
e c CONPUT2Z THE INVERSE OF THE CHARACTERISTIC IMPEDANCY AATRIX, ZCINY STALK172
3 c {STORE ZCINV I¥ ARRAY M2) XTRLX173
- c XTALK 178
o 29 po 31 [(=1,X ITALK17S
E - DO 30 J=1,M XTALK176
7 A(1,J3)=K1(1,J) XTALK177
4 30 N2(1 T =2FROC XTALK178
A 31 M2(I,L)=0ONIKC XITALL179
% CALL LEQTIC(A,N,N,B82,N,N,0,¥A,KER) XTLLK 180
- KER=KER-128 XTALK181
A c ATALK182
E: c READ AND PRINT ENTRIES IN LOAD ADNITTANCE(INPEDANCE) MATRICES XTALK183

.
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c AND SHORT CIRCUIT CURRENT SOUDCE (OPEN CIRCUIT VOLTAGE SOURCE) TTALK 183
c YECTORS (STORX ADNITTANCE (INPEDANCE) NATRICES AT X=0 IN ARRAY YO XTALK1 S
c AND THOSE AT f=I IN ARRAY YL. STORE SHOR? CIRCDIT CURRENT SOURCE XTALK186
c (OPEN CIRZUIT VOLTAGE SOURCE) VECTORS AT X=0 IB ARRAY X0 AKD ITALK187
c THOSE AT X=L IN ARRAY IL.) XTALK188
c ITALK139
IF (OPTION.EQ.11.0R.0PTION.EQ.12) GO TO 3% XTALK190
N YRITE(6,32) XTALK191
b 32 PORKAT(//, 18X, *ADNITTANCE AT X=0',i0X,°CURPENY SOURCE AT X=0°, X?.LK192
3 112X, *ADNITTANCE AT X=L', 10X, *CURBENT 50URCE AT X=L%/) ITALK193
= . WRITR(6,33) ITALK 198
2 33 PORMAT (21X,° (SIENENS) *,23X,* (ANPS) *,227,* (SIEXNENS) *, 23X, * (ANPS) */) XTALK195
4 GO T0 37 - XTALK196
X 34 WRITR(6,35) ITALK197
b 35 PORMAT (//, 18X, " INE4DANCE AT X=0',11X,° YOLTAGE SOURCE AT X=0°, XTALK198
i 112X, *IAPEDANCE AT X=L',11X,'VOLTAGE SOURCE AT X=L'/) XTALK199
e WRITE(6, 36) XTALK200
e 36 PORNAT (23X, (OHNS) *,23X,*(VOLTS) ',24X,* (OHNS) ' ,23X,* (VOLTS) * /) XTALK201
& 37 WRITE(6,38) ITALK202
' g ! 38 PORNAT (' ENTRY',10X,*REAL',11X,*INAG®, 11X, REAL® 11X, INAGY, 11X, XTALK203
B l 1'REALY , 11X, INAGR?, 11X, *REALY 11X, INAG" /) ITALK20M
. DO 41 I=1,N XTALK20%
: READ(5,39) YOR,YO0I,10(L),YLR,YLI,IL(I) XTALK206
14 39 PORMNAT (8 (E10.3)) ITALK207
e YO (X,I)=Y0OR+XJ*YO0I XTALK208
< YL(I,I)=YLR4XJ*YLI XTALK209
A WRITE(6,40) I,I,Y0{X,I),I0(X),YL(X,I),IL(I) XTALK210
: 28 40 PORRAT(13,12,2X,12,8(5X, 1P210.3) /) XTALK211
> 41 CONTINCE XTALK212
e IP (OPTION.RQ.11.0R.OPTIOK.EQ.21) GO TO 45 XTALK213
IP (5.2Q.1) GO TO 45 XTALK218
LG 4§ I=1,K? XTALK21S
K2=1+1 XTALK216
DO 4% J=K2,N XTALK217
READ(5,42) YOR,YOI,YLR,YLI XTALK218
42 PORNAT (2 (R10.3),20X,2(E10.3)) XTALK219
4 Y0 (I,J)*YOReXJI®YOY XTALK220
3 YL(I,J)sYLR4XJSYLI XTALK221
k: Y0 (J,1)=Y0(I,J) XTALK222
L YL (J,I) =YL {I,d) ITALK223
8 WRITB(6,83) I,J,Y0(I,J),IL(I,J) XTALK22%
5 %3 PORAAT (1X,12,2X,12,2{5X, 1PE10.3) ,30X,2(5X,1PRi0.3)) XTALK225
EC 48 CONTINUE XTALK226
3 c ITALK227
c IF THEVENIN EQUIVALENT IS SPECIPIED, SWAP ENTRIES IF HY AND M2. XTALK228
c M1 WILL CONTATIN ZCINV AND E2 WILL CONTAIN 2C. XTALK229
X c XTALK230
P 45 IPF (OPTION.PQ.21.0R.OPTION.EQ.%2) GU TO 48 XTALK231
: l DO 47 I=1,7 XTALK232
S D0 46 J=1,M XTALK233
g A=81(1,0) ITALK238
A2=82(1,J) XTALK235
n1(1,J)=A2 XTALK236
81(3,I)=A2 ITALK23?
82 (I,J)=A1 XTALK238
46 M2 (J,I)=A1 XTALK239
47 IL(I)=-I1(I) XTALK240
c ITALK281
c COMPUTE THE MATRIX ZC+ZL®ZCINV#Z0 POL THE TESVENIN BQUIVALENT ITALK242
c OR ZCINVYL*ZC#Y0 POR THE NORTON EQUIVALENT. .TORE I¥ ARRAY M2, XTALK243
c CONPUTE THE HATRIX ZCINV$Z0 POR THY THREVENIN EQUIVALENT OR XTALK24%
3
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48

49
50

51
52
53
54

55

56
57

58
59
60

61
62

63 PORBAT (//,' CHARACTERISTI" INPEDANCE MATRIX INVERSION BRROR= °*,I2
/)

ZC*Y0 POR THE NORTON EQUIVALENY. STORE IN ARRAY H1.

COMPUTE THE VECTOR ZL®ZCINVSY(Q FOR THE THEVENIN EQUIVALEXNT OR

YL*ZC*I0 FOR THE NORTOW EQUIVALENT. STORE IN ARRAY V2.
CONPUTE THE VERCTOR ZCINYS$V0 FOR THE THEVENIN REQUIVALEAT OR
ZC*I0 FCRB THE NORTON EQUIVALENT. STOBE IN ARRAY Vi.

IF (CPTYON. Q. 12.0R.OPTION.EQ.22) GO 10 5%
DO SO I=1,N

SUN0=2BROC

DO 49 J=1,¥

A(I,J) =H1(,J) #Y0(J,d)
SURO=SUNO+N1 (I,J) *10 (J)
V1 (I)=SURO -

DO 52 I=1,N

DO St J=1,N

N2 (I,J)=YL(I,I)*A(X,J) *82(1,J)
V2(I)=YL(I,I)*V1(I)

D0 53 I=1,M

DO 53 J=1,M
n1(I,J3)=A(I,J)

GO TO 62

DO 57 I=1,X

SUNO=ZERCC

DO 56 J=1,N

SUML=ZEROC

DO S5 K=1,M
SUNL=SUML+X1(X,K)*Y0(K,J)
SUNO=SURO+ N1 (I,J) *I0 ()
A{I,J)=SONL

V1 {I)=SO0R0

DO 60 I=1,N

SUNO=ZRROC

DO 59 J=1,¥

SUNL=ZBROC

DO 58 K=1,¥

SUNL=SUNL+YL (X,K)*A(K,J)
N2 (T, J) =SUAL+N2 (1, J)
SUMO=SDA0e YL (I,J)*V1 (J)
V2 (I)=SUKO0

DO 61 I=1,H

DO 61 J=1,N
H1(X,J)=A{I,J)
BL=THO*P I*DSQRT (KURS ER) $1/V
IP (KER.NE. 1) KER=0
WRITE(6,63) KER

XTALK24S
ITILE246
XTALK287
ITALK288
XTALK 289
XTALK250
XTALKIS1
XTALK2S2
XTALK2S3
XTALK258
XTALK255
XTALK256
XTALK257
XTALK258
XTALK259
XTALK260
XTALK261
YTALK262
YTALK263
ITALK264
XTALK265
XTALK266
XTALK267
XTALK264
XTALK269
XTALK270
XTALKZ71
ITALK272
XTALK273
XTALK278
XTALK275
XTALK276
XTALK277
XTALK278
XTALK279
XTALK280
XTALK281
XTALK282
XTALK283
XTILK284
XTALK285
ITALK286
XTALK287
XTALK286
XTALK289
XTALK290
YTALK29 Y
XTALK292

C
C*%s*SPRI(CUENCY DEPENDENT CALCULATIONS*S32388858 8488588883208 k8355830ITALK29)

C

[« NeNeNaKe]

64
65

CONTINUE
READ(S5,65,END=82) P
FORMAT (E10.3)
BETAL=BL*F
DS=DSIN(BETAL)
DC=DCOS(BETAL)

COMPUTE THE TERMINAL VOLTAGES

PORM THE BQUATIONS

-128~

XTALK29%
XTALK295
XTALK?96
XTALKZ97
XTALK298
XTALK299
XTALK300
XTALK301
XTALK302
XTALK303
XTALK304
ZTALK30S
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IP (OPTION. Q. 12.0R.OPTION. EQ.22) GO 7O 68 XTALK306

DO 67 I=1,N XTALK307

DO 66 J=1,N 1TALK308

66 A{I,J) =XJ*DS*N2(I1,J) ITALK309

A(I,I)=DC* (Y0 (I,I)*YL(I,I))+A(I,I) XTALK310

67 B(I)=DC*10 (I)+XJ*DS*V2(I)+IL(I) XTALK3I11

G0 10 71 XTALK312

68 DO 70 I=1,N XTALK313

DO 69 J=1,N XTALK318

69 5(I,J)=XJ¢DS*N2(I,J) +DC* (YO(I,J) *+YL(X,J)) XTALK3 15

70 B(I)=DC*10 (I)+XJ*DS*V2 (I)+IL(I) XTALK316

c XTALK317

c SOLVE THE EQUATIONS XTALK318

c ITALK31S

71 CALL LBQTIC(A,¥,N,B,1,N,0,¥A,I2R) XTALK320

IER=IER-128 XTALK321

IP(IER.NE. }) IBR=0 XTALK322

WRITE(S5,72) ?,1ER XTALK323

72 FORMAT (1H1,* PRRQUEKCY (HERTZ)= *,1PE11.4,10X,'SOLUTION ERROR= *, XTALK32%

12X,12//7) XT2LK325

WRITE(6,73) ) XTALK326

73 PORMAT (16X, WIRE',8X,' VON(VOLTS) *,3X, ' VOA(DEGREES) *,8X, XTALK327

1*VLN(VOLTS) *,3X, *VLA (DEGRBES) *///) XTALK328

c XTALK329

c COMPUTE AND PRINT THE TERMINAL VOLTAGES XTALK330

c ITALK331

DO 75 I=1,N XTALK332

SUHO=ZBROC XTRiK333

DO 74 J=1,X XTALKIIN

74 SUMO=SOMO+R1(I,J) *B(J) XTALK33S

75 %A (I)=XJeDS* (SUNO-V1(I)) +DC*B(I) XTALK336

DO 81 I=1,M ITALK33?

IF (OPTION. EQ. 11.0R.OPTICK.EQ.12) GO TO 76 XTALK338

v0=B(I) XTALK339

YL=WA(Y) XTALK340

GO 10 79 ATALKINY

76 IF (OPTION.EQ.72) GO TO 77 XTALK382

VO=I10(I)~-YO0(I,I)*B{I) ITALK343

VL=-IL (1) ¢YL(I,I)*NA(I) ITALK344

GO T0 79 XTALK34S

77 SUNO=ZEPOC ITALK2NG

SUNL=ZERCC ITALK3?

DO 78 J=1,N ITALK3IAS

SUNO=SUN0+Y0 (I,J) ¢B(J) ITALX3N9

78 SUML=SUML#YL(I,J)%¥UA(J) XTALK3SO

VO=I10(I)-SUNO XTALKISY

VL=—IL(I)+SOML ITALK3S52

79 YON=CLABS (V0) ITALK3S3

YLN=CDABS (V1) X2 ALK3SH

VOR=DREAL (V0) XTALK3SS

VOIxDINAG(Y0) ITILK356

YLR=DREAL (VL) XTALK3S?

VLI=DXNAG (VL) XTALKISS

I? (YOR.EQ.ZERO.AND.V0I.BG.ZERO) VOR=CME XTALK3S9

IP (VLR.EQ.ZERO.AMD.VLI.EQ. ZERO) VLR=CNE XTALK360

YOA=DATAN2 (VOI,VOR) *ONESO/PT ITALK361

VLA=DATAN2 (VLI,VIR) $ONESO/PI XTALK362

WRITE(6,80) I,VON,VOA,VLA,VLA XTALK363

80 PORMAT(17X,12,8X,1PE10.3,3X, 1PE10.3, 10X, 1PE10.3,3X, 1PE10.3/) XTALK364

81 CONTINUE XTALK365

GO TO 64 XTALX366
~129-




XTALK367
ITALK368

82 sTop
END
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TABLE A-1

Charges in XTALK to Convert

to Single Precision Arithmetic

Delete Card 054

Card Number Double Single
056 REAL *8 REAL
057 COMPLEX *16 COMPLEX
060 3.141592653D0 3.1415926E0
060 2.997925D8 2.997¢25E8
061-062 change all D's to E's
063 DCMPLX(1.D0,0.D0) CMPLX (1.E(,0.E0)
064 DCMPLX(0.D0,0,D0) CMPLX (0,E0,0.E0)
065 DCMPLX(0.D0.1.D0) CMPLX (0,E0,1.E0)
123 DSQRT SQRT
134 DLOG ALOG
136 DLOG ALOG
138 DLOG ALOG
145 DREAL REAL
146 DREAL REAL
147 DREAL REAL
148 DREAL REAL
155 DLOG ALOG
¢ 161 DLOG ALOG
. 147 DLOG ALOG
g 168 DCOS COoS
168 DCOS COoS
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Card Number Double Single

287 DSQRT SQRT
299 DSIN SIN
300 DCOS oS
353 CDABS CABS
354 CDABS CABS
355 DREAL REAL
356 DIMAG AIMAG
357 DREAL REAL
358 DIMAG AIMAG
361 DATAN2 ATAN2
362 DATAN2 ATAN2
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PROGEAN XTALK2
(FORTRAN IV, DOUBLE PRECISION)
WRITTEN BY
CLAYTOX R. PAUL
DEPARTNENT OF ELECTRICAL ENGINEERING
UNIVERSITY OF KENTOCKY
LEXINGTON, KENTOUCKY 30506

A DIGITAL CONPUTER PROGRAM TO COMPUTE THE TERNXNAL VOLTAGES
(VITH RESPECT TO THE REPERENC® CONDUCTOR) AT THE BNDS OF A
MULTICONMDUCTOR TRANSHMISSION LINE FOR THE TEN MODE OF
PROPAGATION.

THE DISTRIBOUOTED PARAMETER, NULTICONDUCTOR TRANSHMISSION LINE
EQUATIONS ARE SOLVED POR STEADY STATE, SINUSOIDAL EXCITATION
OF THE LINK.

THE LINE CONSISTS OF N WIRES (CYLINDEICAL CONDGCTORS) AND A
REPERENCE CONDUCTOR. THE REPERENCE CONDUCTOR MAY BE A WIRE

(TYPE=1), AN INFINITE GROUND PLANE (TYPE=2), OR AN OVERALL

CYLINDRICAL SHIELD (TIPE=3).

THE N WIRES ARZ ASSUNED TO BE PARALLEL TO BACH OTHER AND THR
REFERENCE CONDUCTOBR.

THE N WIRES AND THB REFERENCE CONDUCTIOR ARE CONSIDERED TO BB
INPERPECT CONDUCTORS. THE SELF INEEDANCES OF ZACH WIRE AND THE
REFERENCE CONDUCTOR INCLUDE SKIN BFFICT.

THE LINE IS INMERSED IN A LINEAR, ISCTROPIC, AND HONOGENEOUS
NEDIUN WITH A RELATIVE PERNEABILITY GF MUR AND A RBLATIVR
DIELECTRIC CONSTANT OF ER. THE MEDIUMN 1S ASSUNAED TO BE LOSSLESS.

LOAD STRUCTURE OPTION DEFINITIONS:

OPTION=11,THEVENIN EQUIVALENT LOAD STRUCTURES RITH DIAGONAL
INPEDANCE NATRICES

OPTION=12,THEVENIN EQUIVALEXNT LOAD STRUCTURBS WITH PULL
INPEDANCE NATRICES

OPTION=21,NORTON EQUIVALEMNT LOAD STRUCTURES WITH DIAGONAL
ADNITTANCE MATRICES

OPTION=22,NORTON EQUIVALENT LGAD STRUCTURES WITH PULL
ADMITTANCE HMAYRICE:

SUBROUTINES USBD: LEQTIC,EBIGCC

ALL VECTORS AND MATRICES IN THE POLLCWING DINENSION STATEMENTS

SHOULD BE OF SIZE N WHERE N IS THE NUNBER OF WIRES (EXCLUSIVE OF
THE REFERENCE COMDUCTOR), I.E., NS(N),C(N,N),Z(N),Y(N),CI(N,N),
10 (N) ,ZIL (N) , YO (N,¥) (YL(N,N) ,B(N) ,A(N,N),P(N, D) ,EN{N} ,BE(N),

Al (N,N) B2 (N, N) VI {N),V2(N),T(N,N),TI(N,N),G(N),VI(N), WA(K)

THE VECTOR WK NUST BE OF LENGTH 2N (N¢1)

INPLICIT REAL®8 (A-H,0-2)

INTEGER TYPE,OPTION,NS( 2)

REAL*8 L,LDC,LG?,C( 2, 2),2( 2),Y{ 2).CI( 2, 2),V3( 2) ,NK( 12),
18002PI ,BUO4PT, NUISPI KUR

CONPLEX*16 XJ,SUrC,SOUNL,SO,SL,VO0,VL,20,EPP,BNN,GAN,JONEGA
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XTALKQO02
XTALKOO3
XTALKOOW
ITALKOOS
XTALK0O6
XTALKOO7
XTALKOO8
XTALKO09
XTALKO 10
XTALKO 1t
XTALKO 12
XTALKO 13
ITALKO 14
XTALKO 15
ITALKO 16
ITALKO 17
XTALKO18
XTALKO19
XTALKO20
XTALKO 21
XTALKO22
XTALKO23
XTALKO 2%
XTALKO25
XTALKD26
XTALKO27
ITALKO28
XTALK029
XTALKO30
XTALKO I
ITALKO 32
XTALKO 33
XTALKO 34
XTALKO3S
XTALKO36
ITALKO3?
XTALKO38
ITALKO39
XTALKO&O
XTALKO&?
XTALKO42
KTALKO®)
XTALKOSS
XTALXOAS
XTALKO46
ITALKON?

(222 TSI TR RS RIRIERER2 RIS R R X2 RS R RS 22 22 R RLL 2222 2 R22 22 1)¢ QA Gl T)

XTALKOAS
XTALKOSO
XTALKOS1
ITALKOS2
XTALKOS5)
KTALKOS5&
ITALKOSS
XTALKOSS
XTALKOS7
XTALKOSS
XTALKOS9
XTALKO60
ITALKO61

il kﬂ r




1,I0{ 2),IL¢ 2) ,YO( 2, 2) JYL({ 2, 2) ,B( 2),A( 2, 2),¥A( 2),6( 2), ITALK062

2P( 2, 2) ,BP( 2) ,BR( 2),N( 2, 2) ,B2( 2, 2},VV{ 2),V2¢ 2), XTALKO63
IT( 2, 2),1I( 2, 2) ,ZEROC,ONEC ITALKOGS
DATA PI/3. 141592653D0/,V/2.997925D8/ XTALKGSS

DATA CNTHE/2.54D-5/,8002P1/2.D-7/,T90/2.D0/,P5/.5D0/,00R/1.10/, XTALEQ66
1POUR/4.D0/,0NEB0/180.00/,Z22R0/0.D0/, NUOBPL/.5D~7/,UQUPI/1.D~7/, RTALKQ6?

2THREE/3.D0/,P25/.25D0/,0REP15/%. 15D0/,B15/.45D0/,P8/.4D0/ ITALKO68
YV=v8y ITALKO069
ZEBROC=DCHPLX (0.D0, 0. D0) ITALKO70
ONEC=DCHFLX{1.D00,0.D0) XTALKO71
XJ=DCAPLX (0.D0, 1.D0) XTALKO72

C ITALX073
C*#*¢s PREQUENCY INDEPENDENT CALCULATIONS#5335& 083482834485 88S3 88389640 SSYTALKOTY
Lot XTALKOTS
(o READ AND PRINT INPU7T DATA ITALKO76
C XTALKO77
REBAD(S5,1) TYPE,OPTION,N,ER,NUR,L ITALKO78

1 PORNAT (9X,X1,2(8X,X2).3(5X,210.3)) XTALKO79

IP {(TYPE.GE. V. AND.TYPE.LE.3) GO TO 3 ITALKOS80
WRITR(6,2) ITALKOS1

2 PORNAT (* STRUCTURE TYPE BRROR'//' TYPE MUST BQUAL 7,2,3R 3%///) ITALKOS2

GO T0 121 ITALKO83

3 IP(OPTION.BQ.11.0R.OPTION.EQ.12) GO 10 S ITALKOSN
IF(OPTION.XQ.21.0R.OPTION.EC.22) GO TO S XTALKOBS
WRITE(6,4) XTALKOBE

4 PORMAT(' LOAD STRUCTURE OPTION ERROR'//°® OPTION MOST EQUAL 11,12,2XTALKO087
11,08 22'//7/) XTALKOS8S

GO TO 121 XTALKOSY

S WRITR(6,6) N,TYPE,OPTION,L,BR,NUR XTALKO90

6 PORNAT (1H1,50X,*XTALK2'/// XTALKO91?
145X,12," PARALLEL WIRBSY'/// XTALKO92
243X,' TYPE OF STRUCTURE= *,I1/// XTALKO93
341x,' LOAD STRUCTURE OPTION= *,12/// TALKO9Y
439X,' LINE LENGTR= *,TPE13.6,' MNETERRS'/// XTALKO95
532x,' DIELEBCTRIC CONSTANY OP THE NEDIUM= ¢,1PE10.3/// ITALKO96
631X,* RELATIVE PERMEABILITY OF THR MRDIUN= *,1PR10.3///) ITALRO9?

GO TO0 (7,15,11) ,TYPE XTALKO98

7 READ{5,8) BRWO XTALKO9S

8 FORMAT (5X,E10.3) XTALK100
SRITE(6,9) RSC XTALK10Y

9 PORNAT (* REFERENCE CONDUCTOR POR LINE VOLTAGES IS A LIRB WITH RADIXTALK102
1US= ', 1PE10.3,"' NILS'////) ITALK103
RHO=RWOSCNTIN XTALK104

WRITR (6, 10) XTALK105

10 FORMAT (' WIRE NTABRR®,4X,*WIRE RADIUS (MILS) *,18X, XTALK106
1'% COORDINATE (METERS) *,24X,'Y CCORDINATE (BETERS)',//) YYALK 107

GO T0 18 XT2LKi08

11 READ(S5,12) RS ITALX109

12 PORMAT(5X,210.3) XTALKY 1D
WRITR(6,13) RS XTALK1 11

13 PFORMAT(® REFERENCE CONDUCTOR FOR LINE YOLTAGES IS A CYLINDRICAL OVXTALRI12
12RALL SHIPLD WITH INTERIOR RADIUS= ! ,1PE10.3,' METRERS'////) XTALK1 13
RS2=BS*RS XTALK1 14
JRITR{6, 14) XTALK115

14 FORNAT(* WIRE NUMBER',2X,*WIRE RADIUS (MILE)Y, 2X,°SEPARATICN BETWXTALK1S
1BEN WIRE AND CENTER OF SHIELD (NETERS)*,6X,*'ANGULAR COORDINATE (DEXTALK117

2GREES) '/ /) ITALK118
GO 10 18 XTALK119
1S WRITE(6, 16) ITALK120
16 PORMAT (* REFERENCE COMDUCTOR FOR LIKE VOLTAGES IS AN INFINITE GROUXTALK121
18D PLANZt////) ITALK122
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WRITE(6,17) XTALK123
“7 PORMAT (* WIRE NUNBER',4X,'WIRE RADIUS (MILS)®, 18X, ITALX123
1'HORIZONTAL COORDINATE (METERS)',16X,'WIRE HEIGHT (MBTERS)',//) xrnzx:gs

¢ ITALK126
¢ READ AND PRINT LINE DINENSIONS AND CONPUTF THE INVERSE OF THE XTALK127
c PER-UNIT-LENGTH CAPACITANCE SATRIX,CINV XTALK128
c (STORE CINY IN ARRAY CI) ITALK129
c ITALK130
18 D=NUO2PI*YV/ER XTALK131

DO 28 I=1,¥ ITALK132
READ(S,13) BW,Z(I) Y (I) ITALK133

19 PORNAT (3 (5X,510.3") XTALK138
WRITR(6,20) I,RW,Z(I),Y(Y) YLALK13S

20 PORNAT (21,12,13X,1PE10.3,27X, 1PE10.3,35X, 1PE10.3)) ITALK136
RN=RWSCNTN XTALK137

GO TO (21,22,23),TYPE ITALK138

21 DI2=Z (I) *2 (I} +Y (I) *Y (I) ITALK139

CI (I,I)=D*DLOG (DI2/{RWSREOD)) ITALK 140

GO YO 24 ITALK1NY

22 CI(X,I)=D*DLOG (THO®Y (I) /aW) XTALE142

GO 70 2% XTALY 143

23 CI(Z,I)=D*DLOG ((RS2~Z(I)*Z(I))/(RS*RY)) XTALK 183

24 CONTINUE XTALK14S
IF(N.EQ.1) GO TO 29 ITALK 146
Ki=N-1 ITALK147

D0 28 I=1,K) ITALK148
K2=I+1 ZPALK149

DO 28 J=K2,¥ ITALK150

GO T0 (25,26,27),TYPB ITALK1S?

25 DI2=Z(I)*Z (I) +Y(I) *¥(I) XTALK1S2
DJI2=% (J) 82 (J) +X (J) *Y (J) XTALK153

ZD=2 (I) -2 (J) ITALK1SA

D=7 (X) -2 (J) TTALKISS
DIJ2=2D*2DeYD*YD X:ALK1S6

CI (I,J) =B5#D*DLOG(DI2#DJ2/ (RWO*REO*D1JI2)) XTALX 157
CI(J,I)=CI(I,J) XTALK 158

GO Tu 28 ITALK1S9

26 ZD=2(I)-2Z(J) XTALK160
1D=Y (I)~Y(J) ATALK16Y
DIJ2=ZD*ZD+YDSYD XTALK162
CI{I,J)=P5*D*DLOG(ONE-POURSY (I) ¢Y (J) /DIJ2) XTALK163
CI(J,I)=CI{I,J) XTALK168

GO TO 28 XTALK 165

27 THETA= (Y (I)-Y(J)) *PI/0AES0 XTALK166
BI2=2 (I) #Z (1) XTALK167

RI 223 (J) *2 (J) XTALK168

CI (I,J)=PS*D¥DLOG( (RI2/RS2) * (RI2#KJ2¢RS2ORS2-THO*E (I) #2 (J) *RS2*  XTALK169

1DCOS (THETA) ) / (RI2#RJ 2¢RI 2% RI2-THOY (1) *2 (J) $RI2:DCOS (THETA) ) ) XTALK170
CI(J,I)=CI(L,d) XTALE171

28 COWTIRDE XTALK172

c XTALK173
c COMPUTE THE PRR-UNIT-LENGTHR CAPACITANCE NATRIX,C XTALK17KC
c (STORE C IN ARRAY C) XTALK17S
c ITALE176
29 DO 31 I=1,N ATALK 1YY

DO 30 J=1,N XTALK 178
A{I,J)=CI(I,J) *ONEC XTALK179

30 P(I,J)=ZEROC ITALK180

31 P(I,I)=0KEC ITALK181
CALL LBQTIC(A,¥,N,P,N,N,0, R, KER) XTALK 182
KER=KER- 128 YTALK183
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IF (KER.NE. 1) KBR=0 ITALX188

WRITE(6,32) KER XTALK18S5
32 FORAAT(//,' PER-UNIT-LEMGTH CAPACITANCE MATRIX INVERSION ELROR= ', XTALK186

112/7) XTALK187

DG 33 I=1,M XTALK188

PO 33 J=1,8 XTALK189

33 C(X,J)=DREAL (P (1,J)) XTALK190

c XTALK191

c READ AND PRINT CHARACTERISTICS OF THE WIRRS AND THE REPERENCE TTALK192

c COXDUCTOR YO BE USED IN THE SELP IKPEDANCE CALCULATIONS XTALK193

c XTALK198

GO 7O (34,40,37),TYPR XTALK195

34 READ(S,35) RWSO,SIGO,NSO XTALK196

35 PORNAT (2 (5X,210.3) ,8X,I2) XTALK197

WRITZ(6,36) RWSO,SIGO,NSO ITALK198

f 36 PORMAT(////* REFERENCE WIRE IS STRANDED WITH EACH STRAKD OF RADIUSXTALK199
1= *,1PE10.3,° MILS?//* CONDUCTIVITY OF BEPERENCE WIRE STRANDS= !, XTALK200

21P210.3,' SIEMENS PER NETER'//* NUMNBER OF STRAKDS= *,12////) XTALK201

| RESO=RUSO*CATA XTALK202
; GO T0 43 ITALK203
37 READ(S,38) TH,SIGO XTALK208

38 PORMAT {2 (51,210.3)) X7ALK205

WRITE(6,39) TH,SIGO YTALK206

39 PORMAT(////* SHIELD THICKNESS= ',1PE10.3,' NETERS'//' SHIELD CORDJIXTALK207

1CTIVITY= *,1PE10.3,% SIENERS PER NETER'////) ITALK208

GO 70 43 XTALK209

40 READ(5,81) RGP,LGP XTALK210

81 PORMAT {2(5X,210.3)) XTALK211

BRITE(6,42) RGP,LGP ITALK212

42 PORNAT{////® GROUND PLANE RESISTANC3= *,1PE10.3,' OHNS PER BETER' XTALK21)

1//% GROUND PIANE INDUCTANCE= *,1PE10.3,' EENRYS PER NETER'////)  ITALK21%

93 WRITE(6,44) ITALK21S

48 PORMAT(/,//' W.RE NUMBER®,4X,°WIRE STRAND RADIOGS (RILS)®,18X, ITALK216

19CONDUCTIVITY (SIENE4S PER NETER)®,10X,'NUNBER OF STRANDS'//) XTALK217

DO 47 I=1,N ITALK218

READ(S,45) Z(1),Y(I),XS(D) ITALK219

"S PORNAT(2(S1,B10.3) ,8X,12) ITALK220

WRITE(6,46) I,Z(X),Y(I),¥S(I) ITALKZ2Y

n6 PORNAT (2X,12,16X,1PE10.3,35X, 1PE10.3,32X,12/) XTALK2::2

87 T(I)=Z(I)*CHTA XTALK223

c ITALK228

c READ AND PRINT ENTRIZS IN LOAD ADNITTANCE(IAPEDANCE) MATRICES XTALK22S

c AND SHORT CIRCUIT CURRENT SOURCE(OPEN CTRCUIT VOLTAGE SOURCE) XTALK226

c YECTORS. XTALK227

c (STORE ADEITTANCE(INPEDANCE) KATRICES AT X=0 IN ARRAY YO AND ITALK228

c THOSE AT X=L ¥ ARRAY YL, STORE SHORT CIRCUIT CURRENT SOURCE XTALK229

c (OPEN CIRCUIT VOLTAGE SOJRCE) VECTORS AT Xs0 IN ARBAY IO AND XTALK230

| c THOSE AT X=1 IN ARRAY IL.) ITALK231
! c ITALK232
: IF (OPTIOK.EQ. 11.0R.OPTION.2Q.12) GO TO 50 ITALK233
VRITE(6,48) XTALK238

48 PORNAT (//,18X,'ADNITTANCE AT X=0°',10X,°CURRENT SOURCE AT X=0¢,  XTALK235

112X, ADSITTANCE AT X=L¢, 10X, *CURBENT SOURCE AT X=L'/) XTALK236

VRITE(6,49) XTLLK23?

49 PORNAT (21X,' (SLEMENS]?,23X,' (ANPS) ¥, 22X, {SIENENS) *,23X,? (AAES) */) ITALK238

G0 10 53 ITALK239

50 WRITR(6,51) XTALK280

51 PORNAT {//, 18X, INPEDANCE AT X=0¢,11X,' VOLTAGE SOURCE AT X=0°, 1TALK241

112X, INPEDANCE AT X=L',11X,'VOLTAGE SOURCE AT X=L'/) XTALK242

WRITE(6,52) ITALK243

52 FORMAT (23X, {OHAS) *,23X,?(VOLTS) *,2LX,* (OHNS) *,23X,"* (YOLTS) /) ITALK243%
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53 WRIZE(6,54) XTALK245
S4 FORMAT (* ENTRY', 10X, *REAL’,11X,*INAGY, 11X, REAL’,11X,°INAG*, 11X, XTALK286

1YREALY, 11X, INAGY, 11X, *REAL! , 11X, THAG?/)) XTALK247
U0 57 I:1,M XTALK288
READ(5,55) YOR,YOI,I10(I),YLR,YLI,IL(I} ITALK289

S5 FORBAT (8 (E10.3)) XTALK250
Y9 (1,I)=YOR#XI*YOL XTALK2S1
YL(I,I)=YLR+XJ*YLI ITALK252
SRITE(G,56) I,I,Y0(1,X},I0(I),YL(I,I),IL(T) XTALK253

56 PORNAT(1X,12,2X,12,8(5X, 1PE10.3)/) XTALK2SS
57 CONTINOR ITALK25S
17 (OPTION. BQ. 1 .. OR.OPTION.2Q.21) GO TO 61 XTALK256
IP(N.EQ.1) GO TO 61 XTALK2S57

DO 60 I=1,K1 XTALK2S58
K2=T+¢1 ITALK259

DO 60 J=K2,M XITALK260
READ(5,58) YCR,YOI,YLiR,YLI XTALK261

58 PORMAT (2 (£10.3),20X,2(210.3)) XTALK262
YO(I,J)=YOR+XJ*YOI XTALK263

YL (I,J)=YLReXJ*YLY XTALK268

Y0 (3,I)=Y0(Z,Jd) XTALK265

YL {J,I)=TL(I,J) XTALK266
WRITE(6,59) I1.J,Y0(L,J),YL(I,J) XTALK267

59 FOBNAT(1%,I2,2X,12,2(5X, 1PE10.3) ,30X,2(5X,1PE10.2)) ITALK268
60 CONTINIE XTALK269
c IT21K270
c CONPUTE THE RATRICES C*30,C*Z1,C*V0,C*VL YOR THE THRVEAIN ITALK271
¢ EQUIVALENT OR YO®CINV, YL®CIXY,I0,IL, POR THE NORTON RQUIVALENT ANDITALK272
c STOR® IN ARRAYS N1,82,V1,V2, RESPECTIVELY. XTALK273
c ITALK27%
6 IF(OPTION.2Q.11) GO TO 62 XTALK27S
IF (OPTION.BQ.12) GO Y0 65 ITAL.L276

IF (OPTION.2Q.21) GO TO 69 ITALK277
IP(OPTION.%Q.22) GO TO 72 TTALK278

52 DO 64 I=1,M ITALK279
S0=ZEROC XTALK280
SL=ZBROC XTALK281

DO 63 J=1,M XYALK282
N1(I,d)=C(L,J)*Y0(JI,J) 11ALK283

A2 (1,3)=C(1,J)*Y1{J,J) XTALK288
50=50¢C (I,d) *I0(J) ITALK285

63 SL=5L¢C(I,d) $IL(J) XTALK286
v1(I)=S0 XTALK287

64 V2(I)=SL XTALK288
GO T0 76 ITRLK289

65 DO 68 I=1,M XTALK290
S0=ZBROC ITALK291
SL=2BROC ITALK292

DO 67 I=1,N XTALK293
SUMO=2BROC XTALK294
SUPL=ZBROC XTALK295

DO 66 K=1,N XITALK296
SUMO=SUN0~C (I,K) $YO0(K,J) ITALK297

66 SUNL=SUNL#C(I,R)*YL(&,J) XTALK298
50=50+C (1,J) *10(J) XTALK299
SL=SL+C(1,Jd) *I1(J) XTALK300
N1(I,J)=SUNO XTALK309

67 82(1,J)=SUNL XTALK302
v1{I)=50 XTALK303

68 V2 (I)=SL XTALK304
GO TO 76 XTALKIO0S
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69 DO 7% I=1, N YTALK306
DO 70 J=1,% XTALKIO07
H1(1,3)=Y0{I,I)*CI(1,d) XTALK3IOS
70 N2(X,J)=YLII,I)*CI(1,d) XTALK309
K VI =I0(X) ITALK3I10
3 Tt V2{1)=IL () ITALK3ItY
ES §- GO TO 76 RTALK3I12
. @ 72 D0 75 I=1,% XTALK313
:"% DO 74 J=1,N XTALK3 1N
,3..ﬂ SUNB0=ZRROC ITALK3 1S
5 SUNL=7ERCC XTALK316
;t% p0 73 K=1, . ITALK31?
g SURU=SON0+ Y0 (X, K) *CI {X,J) XTALK318
. 73 SURLx=SUMLYL (I,K)*CI(K,J3) XTILK39
- n1{X,J)=SUN0 XTALK320
74 82(1,3)=SUML ITALK321
YI{I)=Y0 (1) XTALK322
% 75 v2(I)=1IL (1) ITALK3I23
? 76 CONTINODE ITALKI2S
é c XTALK32S
} C SI¥ THE ENTRIES IN EACH ROW QF C AND STORE IN ARRAY V2 XTALK3I26
b C XTALKI27
DO 78 I=1,% XTALK328
S=2ERO XTALK3I29
70 77 J=1,% XTALRIIO
77 §=S¢C(I1,J) XTALK3 Y
78 v3(I)=s XTALK332
C XTALK33)
C**$¢*PREQUENCY DEPENDENT CALCULATIONS #* ¢35 858538 ¢524 RS 4508000800684 ¢6XTALKIIR
C ITALKIIS
79 CONTINDR ITALK3IE
READ(S5,80,BND=121) P XTALK33?7
80 PFOBHAT(R10.3) RTALK338
ONEGA=TIROSPIsP ITALK3Y9
JONEGA=XJ*ON2GA XTAT-K340
[y TTALK34Y
C COMPUTE THE WIRE AKD REFERZACE CORDUCTOR SELF INPEDANCES FTALKIN2
o {STORE SBLP INPEDANCES OF EACH WIRE I¥ ABRAY 3 ARD TRE SEL? XTALK3IN]
C IMPEDANCE OF THE REPERENCE CONDUCTOR IS STOREDR IN VARIABLE 20) XTALKIAS
C ITRLK3AS
LDC=AU0B PRI ITALK346
DO 83 I=1,8 XTALKIANT
DELTA=ONER/ (TWO*PIS*DSQRT (Y (4) *FeNU04RT)) XTALK3I4S
RDC=ONE/ (PI*Y (I) *{Z(I) *Z(1))) XTALK3IN9
IP(2(I).1B.DELTA) GO T(C 8% TTALK3IS0
IF(Z (1) .GE.THRRR®DRLTA) GO TO 82 ITALK3SY
B{I)=(P25% {Z (1) /DELTASTLRER) SRDC+JONEGA® (ONZP15~-P15¢2 (I) /DELTA) XTALKIS2
181LDC) /AS{I) ITALK3S?
GO T0 83 XTALKISS
81 B(I)=(RDC+JONKGASLDC) /NS (1) XTALKISS
GO T0 83 XTALKISE
82 B(I)=(PS*Z (1) *RDC/DELTACJONBGACTHOSDRLTASLDC/Z (1)) /US(I) ITALK3IS?
83 CONTINUE ITALK3ISS
GO TO (84,A47,88),TYPE ITALK3IS9
84 DELTA=Q0NB/ (TWOSPI®DSQRT(SIGOsP*RUO4PI)) ITALK36G
RDC=ONE/ {PI*SIG! #(RWSO*RUSD)) XTALK361
IP(RWSO.LE.DELTA) GO TOQ 85 XTALK362
IP (RNSO.GE.THRREE*DELTA) GC TO 86 ITALK36)
70= (P25* (RASO/DELTA¢THREE) *RDC+JCREGA® {ONEP15-P15*RUSO/DELY A) *LDC) XTALKIGR
1/880 ZTALKIES
GO TO 91 JXTALKI66
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85
86
87
a8

89

90

91

92
93

9%
95

96

20= (RDC+JOBEGASLDC) /XSO

Go T0 91

20=(PS*RUSO*RDC/DELTA+JONEGA*THO *DELTASLDC/RWSO) /NSO
GO 10 91

20= (RG P+ JONEGASLCY)

60 T0 91

RDC=ONB/ (PI*SIGO*TH® (THO*RS+TH))

DELTA=ONE/ (THOSPI*DSQRT (SIGN ¢FP*NUONPI) )

IP (TH.LX.DELTA®*PS) GO T0 89

IF (TH.GE.THREE#DELTA) GO TO 90

I=THO*TH/DBLTA

SINH= (DEXP {X) ~DEXP (- X)) *PS
COSH=(DEXP {X) +DEXP(~X) ) #FS

Z0= ((SINH¢DSIN (X)) +XJ® (SINH~DSIN(X)) )/ {THO*PI*RS*SIGO*DELTA®
1{COSH~DCCS {X)))

GO 10 99

Z0= (ONE+XJ*P4*TH/DELTA) *RDC

G2 10 91

20= (ONE+3J)/ (THO*PI*RS*SIGO*DELTA)

COMPUTE THE EIGEWVALUES AND THR EIGENVECTIORS OF THE PXODUCT Y2
(STORE THE EIGENYECTORS AS COLUNNS OF ARRAY TI. STORE THE
EIGEHVALUES IN ARRAY B.)

ON2=ONEGA®ONEGA

DO 93 I=1,N

DO 92 J=1,M

A(I,J) =JOMEBGA® (V3(I) *20¢C(T,J) *B(J))
A(I,I)=A(I,I)~OM2¢NORCER/VY

CALL RIGCC(A,M,N,2,B,T,N,VK,LER)
LERaLER-128

I? (LER.L1.1) LER=0

COBPUTE THE INVERSE OF THE TRANSTOREATION BATRIX, T
{STORE IN ARRAY TI)

L0 95 I=1,M

DO 94 J=1,M

ALI,I) =T (1,J)

TI(I,J)=2EROC

TI(I,I)=0ONEC

CALL LEQTIC(A,N,N,TX,N,N,0,WA,ABR)
NER=NER~- 128

IF (RER.NE.1) HER=0

CONPUTE THE TERMINAL VOLTAGES
PORN THE EQUATIONS

DO 98 I=1,N .

S0=ZEROC

SL=%EROC

D0 97 J=1,¥

SUN0=2BRCC

SONL=ZERCC

DO 96 K=1,N
SONO=SUMO+¥1{I,K)*T (K,J)
SOUML=SOML¢82 (I,K)*T(K,J)
S0=S04TI {I,J)*V1(J)
SL=SL+TI (I,J)*V2(J)
A(I,J)=5UN0
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97 P(1,J)=SUAL ITALKG428

10(1)=S0 XTALKM29
IL(I)=SL XTALKS 30

I? (OPTION.EQ.11.0R.0OPTION.E2Q.12) IL(I)=~IL{I) XTALKE31
GAN=CDSQRT (B{(I)) XTALKA32
EPP=CDEXP (GANSL) ¢PS XTALKG3)
ENN=CDEYZ \~GANSL) *¥PS ITALKAIN

EP ()~ ¢PP2ERN ITALKS3S
TH{I)=20p-RXN XTALXS 36
G(I)=GAN/JONEGA ITALKNI7

IP (OPTION.BG. 11.0R.OPTION.BQ. 12) G{I)=CNEC/G(I) ITALK&38

98 CONTINDE ITALKS 39
DO 100 I=1,¥ XTALKA&0

DO 100 J=1,N XTALK4N 1
S5UN0=ZEROC XTALK&R &2
SUBL=ZBROC ITALK4A3

DO 99 K=1,N XTALKS &N
SUNO=SONO+2I (I,K) *A(K, ) ITALKSAS

99 SUNL=SUML4TI(I,K)*P(K,J) XTALKS 46
Y0 (I,J)=S0N0 XTALR4NT

100 YL (I,J)=SUNL ITALKSAS
DG 103 I=1,N XTALKANS
SO=ZEROC XTALKSS0

DO 102 J=1,N ITALK4SY
SL=ZEROC XTALKAES2

DO 101 R=1,M XTALKAS3

101 SL=SL+YL (I,K)*G (K) *E¥(K) *YO0(K,J) XTALKASS
A(I,J)=SLe¢YL(I,J)*EP(J)+Y0(I,J)*2P(I) ITALKASS

102 SO=S0+YL (X,J) *G(J) *EN(JI) #10(J) ITALKS 56
A(II)=A(I,I)eEN(I)/G(I) ITALKNS?

103 B(I)=SO0eEP(I)*I0{I)+IL(X) XTALR4SS
C ITALKASY
C SOLYE THE RQUATICNS XTALKAGO
c XTALKNG1
CALL LBQTIC{A,N,N,B,1,N,0,WA,ZER) ITALKNG62
IBR=IER-128 XTALKAS)
IP(IER.NE. 1) IER=0 XTALKA6N
WRITR(6,104) P,IER XTALK#6S

104 FORBAT(1H1,' PREQUENCY(HERTZ)= *,1PE11.4,10X,*SOLUTION BRROR= ¢, XTALKS66
12x,12)) XTALKA6?
PREC=WK(1) XTALKAG6S
WRITE(6, 105) LER,PREC XTALKAGS

105 FORNAT(* EIGEM SOLUTION ERROR= *,IN/° EIGEN SOLUTICN PRECISION= °,XTALKA70
11P210. 1)) ITALKS T
NRITE (6, 106) NER ITALKA72

106 FORMAT(* TRAMSFORMATION SATRIX IBVERSION BRROR= ',I2//) XTALKE?7]
WRITR(6,107) XTALKAT7N

107 PORBAT (16X, *WIRE®,8X,* YON(VOLTS) *,3X, ' VOA (DEGRABS) *,8X, XIALKATS
1 VLN(VOLTS) *,3X, ' YLA(DEGRERS) *///) ITALKMT76

C XTALKATT7
C COMPUTE AND PRINT THE TERMIRAL VOLTAGES XTALKA478
C XTALR& 79
DO 109 I=1,N XTALXL0
$0=ZZRQC ITALA4SY

DO 108 J=1,N XTALK482

108 S0=S0+Y0(I,J)*B(J) ITALKAGS8]
109 G(I)==G(I)*EN{I)*I0(I) +ER(X) *B(I)+G(I)*EN(I)*S0O XTALKAS8G
IFP (OPTICN.EQ.21.0R.OPTION.2Q.22) GO TO 11% ITALKABS

DO 111 I=1,N XTALKS 86
SO0=ZERQC XTALKU48?
SL=ZEROC XTALK48S
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110

111

12
! 113
h 18

115

116
17

118

19
120

121

DO 110 J=1,K
S0=S0-Y0 (I,J) *B(J)

SL=SL+ YL (I,J) *G(J)

Y0 (I,I)=10 (I) ¢SO

YL {I,I)=-IL(I)+SL

DO 113 I=1,N

SO=ZEROC

SL=2EROC

PO 112 J=1,N

S0=S0+T(I,J) *Y0(J,J)
SL=SL+T (I,J) *YL(J,J)
P(I,I)=S0

A(I,I)>SL

GO0 10 117

D0 116 I=1,¥

S0=2RROC

SL=2EROC

DO 115 J=1,N
S0=S0+T (I,J) *B(J)
SL=SL¢T(I,J) *G(J)

P(I,I) =50

MI,I) =51

DO 120 I=1,N

S0=3BROC

SL=%ZEROC

DO 118 J=1,N
S0=S0¢CI(I,J)*P(J,J)
SL=SL+CI(I,J) *A(J,J)

V0=S0

YL=SL

YON=CDABS (V0)

YLN=CDABS (VL)

YOR=DREAL (V0)

YOI=DINAG(Y0)

VLR=DREAL(VL)

VLI=DINAG (VL)

IP (YOR.2Q.ZERC.AND.VOI. Q. ZERO) VOR=ONE
IP (YLR.2Q.ZERO.AND.VLI.EQ. ZERC) VLR=OXE
YOA=DATAN2 (VOI,YOR) *ONE80/PI
VLA=DATANZ (YLI,VLR) *ONE80/PI
WRITE(6,119) I,VON,VOA,VLN,VLA
PORNAT (17X,12,8X,1P210.3,3X,1PE10. 3, 10X, 1PB10. 3,3X, 1PB30.3/)
CONTINUE

Go 170 79

sTop

IND
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TABLE B-1

Changes in XTALK2 to Convert

to Single Precision Arithmetic

Delete Card 057

Card Number Double Single
059 REAL *8 REAL
061 COMPLEX *16 COMPLEX
f ! 065 3.141592653DC 3.1415926E0
@ 065 2.997925D8 2.997925E8
% | 066-068 change all D's to E's
% 070 DCMPLX (0. D0, 0,D0) CMPLX (0.E0, 0. EO)
1 071 DCMPLX (1.D0, 0,D0) CMPLX (1.E0, 0. E0)
5% 072 DCMPLX (0.D0,1.D0) CMPLX(0.E0,1.E0)
g 140 DLOG ALOG
é, 142 DLOG ALOG
144 DLOG ALOG
157 DLCG ALOG
163 DLOG ALOG
: 169 DLOG ALOG
, 170 DCOS cos
| 170 DCOS cos
.
2 190 DREAL REAL
: 348 DSQRT SQRT
360 DSQRT SQRT
374 DSQRT SQRT
f 378 DEXP EXP
; 378 DEXP EXP
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Card Number Double Single

379 DEXP EXP
379 DEXP EXP
380 DSIN SIN
380 DSIN SIN
381 DCOS cos
Eﬁ 432 CDSQRT CSQRT
2 f 433 CDEXP CEXP
E 434 CDEXP CEXP
519 CDABS CABS
y 520 CDABS CABS
-i 521 DREAL REAL
522 DIMAG ATMAG
593 DREAL REAL
524 DIMAG ATMAG
527 DATAN2 ATAN2
;f 528 DATAN2 ATAN2
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c PLAZP002
C PROGEAN FLATPAK PLATPOO3
c (FORTRAN IV, DOUBLE PRECISION) PLATPOOA
c WRITTEN BY PLATPOOS
c CLAYTON R. PAUL PLATPOOG
c DEPARTHENT OF ELECTRICAL BEGINBERING FLATPOO7
c UNIVERSITY OF KENTUCRY PLATPOOS
c LEXINGTON, KENTOCKY 80506 PLATPO09
c PLATPO10
c A DIGITAL CONPUTER PROGRAM TO COMPUTE THE TERMINAL VOLTAGES FLATPO 11
c (FITH RESPECT TO THE RRFERENCE WIRE) OF AN K+1 WIRE PLATPACK OR  PFLATPO12
c RIEBON CABLE FOR THE °*QUASI-TEN' BODE OF PROPAGATION. FLATPO13
C ' PLATRO A
c TH? DISTRIBUTED PARAMETER, NULTICONDUCTOR TRANSNISSION LINE PLATPO1S
c EQUATIONS ARE SOLYED POR STEADY STATE, SINUSOIDAL EXCITATION PLATPO 16
c OF THE LINE. PLATPO17
c PLATPO 18
c THE N+1 WIRES ARE ASSUNED TO BE PARALLEL TO BACH OTHIER. PLATPO19
c PLATP020
c THE N+1 WIRES ARE COMSIDERED TO BE PERFECT CONDUCTORS. PLATPO21
c PLATP022
c THE SURROUNDING NEDIA ARE ASSUMED TO BE LOSSLESS. FLATPN23
c PLATPO24
c THE PER-UNIT-LENGTH CAEACITANCES OF THE CABLR(WITH AND WITHOUY PLATPO25
c THE DIELECTRIC INSULATIONS PRESENT) ARE INPUT DATA AND HAY BE 1 LATP026
[ CONPUTED WITH THE PROGRAN GRTICAP. PLATPO27
c PLATPO 28
c LOAD STRUCTURE OPTION DEFINITIONS: PLATPO29
c OPTION=11,THEVENIN RQUIVALENT LOAD STROCTURES WITH DIAGONAL PLATP030
c INPEDANCE NATRICES PLATPO3
c OPTION=12,THEVENIN EQUIVALENT LOAD STRUCTURES WITH POULL PLATPO32
c INPLDANCE NATRICES PLATPO23
c OPTION=21,NORTON EQUIVALENT LCAD STRUCTURES WITH DIAGONAL PLATPO IS
c ADNITTANCE BATRICES PLATPO3S
c OPT10N=22,NORTON XQUIVALERT LOAD STRUCTURRS YITH PULL PLATPO36
c ADNITTANCE BATRICES PLATPOI?
c PLATPO38
c SUBROUTINES USED: LEQT1C,NROOT,EIGEN PLATP03)
c PLATPO4O
COS3 SR SR SRR ES S S 0E RER R AR (TR RS RIS IR EA 2 22 RS 12 ] ‘..‘.“.‘..f},l”o.‘
c PLATPON2
c ALL VECTORS AND NATRICES IN THE POLLOWING DINENSION STATENENZS PLATPON3
c SEOULD BE OF SIZE ¥ WHERE N IS THE NOMBER OF WIRBS(EXCLUSIVEZ OF  PLATPOAN
c THE REPEREBNCE WIRE), I.B., C(N,N),CO(N,N),TI(N,N),G(K), WA(N), PLATPOAS
c 10 (N) , IL (N) , YO (K, ¥) ,YL (N,K) , B(N) ,A (N, N) ,P (N, N) PLATPOAG
c PLATROG?
INELICIT REAL*8 (A-H,0-2) PLATPOAS
INTEGER OPTION PLATPOAS
REAL®8 L,C( 2, 2),C0{ 2, 2),TI{ 2, 2),G{ 2) PLATPOSO
CONPLEX*16 XJ,50%0,SUML,S0,.SL,V0,VL,ZBROC,0NRC,X0( 2),IL( 2), ?LATPOS?

1Y0( 2, 2),YL( 2, 2),B( 2)eAl 2, 2) ,2¥A( 2),P( 2, 2) PLATPOS2

DATA PI/3. 141592653D0/,V,/2.997925D8/ PLATPOS3

DATA ONZ/1.D0/,THO/2.D0/,ZER0/0.D0/,0RE80Q,180.D0/ PLATPOSH
ZEROC=DC #PLX (0. DO, 0. DO) PLATPOSS
ONEC=DCMELX (1.D0,0.D0) PLATPOS6
XJ=DCHBLY (0. D0, 1.D0) PLATPOS7

c PLATPOSS
Cos2 s PREQUENCY INDEPENDENT CALCULATIONSSSSS$4320840483438880 888443488 PLATP0S9
c PLATPOSO
C READ AND PRINT INPUT DATA PLATPOG?

-146-

'

l;éﬁ‘si P S



o7 -

S 4 Y SN Ny § AT LRy

OO0 0n

noaaon

anNaOaOOHO0On

READ(5,1) N,OPTION,L

1 PORNAT (8X,12,8X,12,E10.3)
IF (OPTION.EQ.11.0R.OPTION. EQ.12) GO 70 3
IF {OPTION. 2Q.21.0R.OPTION.EQ.22) GO 10 3
WRITE(6,2)

FLATP062
FLATP063
PLATPOGS
PLATPOGS
PLATPOG6
PLATPO67

2 FORMAT(* LOAD STROCTURE OPTION EBROR®//' OPTION AXUST EQUAL 11,12,2PLATPR068

11,0R 22 ///)
GO TO 60
3 wP=Ne1
WRITE(65,4) NP,1,OPTION
§ PORNAT (181,49X,*PLATPAK?///
145%,12,!' PARALLEL WIRES'///
239X,'LINE LENGTH= ',1PR13.6,% BETBES*///
342X,'LOAD STRUCTURE OPTION= *,12///)

READ ENTRIES IN THE PER-UNIT-LENGTH TRANSHISSION LINE
CAPACITANCE MATRIX,C(COMPUTED WITH GETCAP)
(STORE C IN ARRAY C)

DO 6 I=1,N

DO & J=I,N

READ(5,5) K,H,C(K,H)
5 PORNAT (4X,12,3X,12,2X,213.6)
6 C(M,K)=C(K,N)

REFD ENTBRIBS IN THE PER-OUNIT-LENGTH TRANSNISSIOMN LINE

PLATPO69
FLATPCTO
FLATP07?
PLATPO72
PFLATPO73
PLATPO7S
FLATPO?S
PLATPO76
PLATP077
PLATPO78
PLATPO7S
FLATPOSBO
PLATPOB?
PLATP0B2
PLATPOS83
PLATPOBY
PLATPOBS
ZLATP086
PLATPOBY
ZLATPOBE

CAPACITANCE MATRIX WITH THE WIRE INSULATIONS RENOVED, CO, {CONMPUTEDFLATPO089

WITH GERTCAP)
(STORE CO IN ARRAY CO)

D0 8 I=1,N

DO 8 J=I,N

READ(5,7) KX, H,CO(K,H)
7 PORNAT (41,12,3X,12,2X,E13.6)
8 CO(M,K)=CO (K,H)

PLATPO90
FLATPO9?
FLATPO092
PLATRO09]
rLATPO9R
FLATPO9S
FLATPO96
PLATPO9?
FLATPO98

COMPUTE THE EIGENVECTORS (COLUMNS OF THE BATRIX T) AND EXGENVALUEBSFLATPO99

OF THE HATRIX PRODUCT CL

FLATPI00

(THE ARRAYS TI AND G CONTAIN T AND THE INVERSE OF THE EIGENVALUZS PLATP101

FOR THE THEVERIN EQUIVALENT OR THE XNVERSE GF THE TRANSPOSE OF T
AND THE RIGENVALUES POR THE NORTON RCUIVALENY, RESPECTIVELY)

I¥(N.2Q.1) GO 10 9
CALL NROOT {N,C0,Co,G,TI,N*N)
GO T0 10
9 G(1)=C0 {1, 1)/C(1, 1)
TI(1,1)=ONE/DSQRT(C(1.1))
10 DO 12 I=1,N
80 11 J=1,N
11 €(1,3)=T1(I,)
12 G(I)=ONE/{V$DSQRT (G(I)))
IP (OPTION.EQ.21.OR.OPTION.EQ.22) GO 70 18
DO 14 I=1,N
DO 13 J=1,M
A(1,J)=TI(I,J) *ONEC
13 P(1,J) =ZEROC
14 P(I,I)=0NEC
CALL LEQTIC(A,N,N,P,N,N,0,7A,KER)
KER=KER~- 128
IF (KER.NE. 1) KER=0
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WRITE(6,15) KER FLATP123

15 PORNAT(//,"' TRANSFORMATION NATRIX IMVERSIONM BRROR= *,12//) PLATP124
DO 17 I=1,N PLATP 125
DO 16 I=1,K PLATP126
16 TI(I,3Y=DREAL({P(J,T}) FLATP127
17 G(IYy=ONE/G (1) FLATP128
C PLATP129
C READ AND PRINT ENTRIES IN LOAD ADMITTANCR(INPREDANCE) NATRICES FLATP130
C AND SHORY CIRCUIT CURRENT SOURCE(OPEN CIRCUIT VOLTAGE SOURCE) FLATP131
Cc VECTORS PLATP132
(o (STORE ADMITTANCE({INPEDANCE) NATRICES AT X=0 IN ARRAY YO AID THOSEPLATP133
C AT X=L I¥ ARBRAY YL. STORE SHORT CIRCUIT CURRERY SOURCE (CPEN FLATP 138
[of CIRCUIT VOLTAGE SOURCE) VECTORS AT X=0 IN ARRAY 10 AXD THOSE PLATP13S
C AT X=L IN ARRAY Il.) PLATP136
C FLATP137
18 IP (OPTION.EQ.11.OR.OPTION.EQ.12) GO T0 21 PLATP138
WRITE(6,19) PLATP1IY
19 FORRAT{(//, 18X, *ADBRITTANCE AT X=0°?,10X,'CURRENT SOURCE AT X=9°, PLATP 180
112X ,*ADNITTANCE AT X=L¢,10X,*CURRENT SOUBCE AT X=L"/) PLATRIAY
WRITE(6,20) PLATP1G2
20 FORMAT (21X, (SIEBENS) *,23X,* (ANPS) *,22X,* (SIENENS) * ,23X,* (ARPS) */) PLATP 183
GO TO 2% PLATPIAG
21 WRITR(6,22) PLATP1AS
22 PORBAT (//, 18X, *IBPEDANCE AT X=0°,11X,*YOLTAGE SOURCE AT 1=0°, PLATP 186
112X, *INPEDANCE AT X=L*,11X,*VOLTAGE SOURCE AT X=1'/) PLATP1NT
WRITR(6,23) PLATP 148
23 PORNAT (23X,* (OHAS) *,23X, *(VOLTS) *,24X,? (OHNS)*,23X,? (VOL2S) * /) FLATP 149
24 SRITE(6,25) PLATP150
25 PORBAT (* ENTRY', 10X, 'REALY , 11X, INAGY, 11X, *RERALY 11X, *INAG?, 11X, PLATPISV
1'REAL® , 11X, *INAG?, 31X, "REAL® , 11X, INAG'//) PLATP1S2
DO 28 I=1,RN PLATP1S3
READ(5,26) YOR,YOI,IO(I) YLR,YLI,IL(Y) PLATP1SA
26 PORMAT (B (E10.3)) PLATP1SS
Y0 (1,I)=YOR+XJ*YOL FLATP156
YL (I,I)=YLR+¢XJ*YLX PLATP 157
WRITE(6,27) X,I,Y0(I,X1),X0(QL),YL{X I),IL(X) PLATP158
27 FPORMAT {1X,12,2X,12,8(5X, 1PE10.3) /) PLATP1S9
28 CONTINOE 198 34 2 E1Y]
IF (OPTION.EQ.11.0B.OPTION.EQ.21) GO TO 32 PLATPISY
IF (N.EQ.1) GO TO 32 TLATP62
K1=N-1 PLATP 163
Do 31 1=1,K1 PLATP 164
K2=I+1 PLATP16S
DO 31 J=K2,N PLATP166
READ(5,29) YOR,YOX,YLR,YLI PLATP16?
29 FORBAT (2(E10.3) ,20X,2(E10.3)) PLATP168
YO (I,J)=Y0R+XJ*YOI FLATP 169
YL{I,J)=YLR+XJ*YLI PLATP170
Y0 {J,I)=Y0(I,d) PLATPY7
YL(J,I)=YL{L,d) PLATPY72
%RITE(6,30) I,J,Y0{I,J),YL(I,d) PLATP173
30 PORMAT(11X,22,2X,12,2 (5X, 1P210.3) ,30X,2(5X,1PE10.3)) PLATP174
31 CONTINOR PLATP17S5
c PLATE76
C COMPUTE THE MATRICES TTRAN#Z0$T, TTRANSZLsT, TTRANSV), -TTRAN®VYL ZLATP177
Cc FOR THE THEVENIN EQUIVALENT OR TINV*YOSTINVIRAN, TINVEYL¢TINVTRAN,PLATP178
(o TIXV*I0, TINV#IL FOR THE NORTON EQUIVALENT AND STORZ IN ARRAY!S PLATP179
C Y0,YL,I0,IL, RESPECTIVELY. PLATP 150
C PLATP 181
32 IF (OPTION.EQ.12.0R.OPTION.BQ.22) GO TO 35 PLATP182
DO 34 I=1,N FLATP183
~148- *
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£ 50=2BROC FLATPISY
g SL=2PEROC PLATP18S
= D0 33 J=1,¥ PLATP186

g A(1,3)=Y0(X,I)*TI(L,J) PLATD187

N P(I,J)=Y1(I,1)*TI{1,J) PLATP188

3 S0=S0¢TY (J,I)*10(J) PLATP189

4 33 SL=SL+TI(J,I)*IL(J) FLATP190

g B(I)=50 PLATPY91

- 38 WA (I)=SL FLATE192

. G0 T0 39 PLATP193

f> 35 DO 38 I=1,¥ PLATP19%

b S0=%Z2ROC FLATP 195

B * SL=2EROC PLATP196

€ 00 37 J=1,N FLATP197
N SORO=ZBROC PFLATP198
E SUNL=ZEROC PLATP199
i DO 36 K=1,N FLATP200

i SUNO=SUNO¢ YO (I,K) *TI (K,J) FIATR201

73 36 SUML=SOUNL4YL.I,K)*TI(K,J) FLATP202

B - A(I,J)=SUN0 FLATP203

E | P(I,J)=SONL PLATP208
3 SO=S0¢TI (J,I)*I0(J) PLATP205

& . | 37 SL=SL+1I (J,I)*IL(J) PLATP20S

. B(I)=50 PLATP207

K 38 WA(I)=SL FLATP208

b 39 DO 42 I=1,N PLATP209

£ DO 41 J=1,¥ PLATP210

o S0=ZEROC FLATP21Y

K SL=ZEBROC FLATP212
4 DO 40 K=1,M PLATP213

& S0=S0+2I (K, 1) *A(K,J) TLATP214

2 40 SL=SL+TI (K,I)*P(K,J) PLATP21S
= Y0(I,J)=S0 PLATP216

E 41 YL(I,J)=SL PLATP217
e I0(I)=B(I) PLATP218
s IL (X)=WA (X) PLATP219

- 42 TP (OPTIGN.EQ.11.0R.OPTION.EQ. 12) IL(I)=-IL(I) PLATP220
g c PLATP221
i C*#* s PREQUENCY DEPRENDERY CALCULATIONS¢¢ 6PN EEOLREE SIS S EESERVEES SRS PLATP 222

A c PLATP223

A 43 CONTINOE PLATP22W
k- READ(5,44,BND=60) F FLATP22S
% 44 YORMAT(E10.3) PLATP226
K OMEGA=TWC*PISF PLATP227
k. C PLATP228
A c COMPUTE 1THE TERMINAL VOLTAGES PLATP229
- C PLATP230
E: c POBN THFE EQUATIONS PLATP231
3 c PLATP2)32
; DO 45 I=1,N PLATP233

4 =G (I) PLALP234

¢ IF (OPTION.EQ.11.0R.OPTION. EQ. 12) W=ONE/W rL2TP235
g . U=0NEGA® W] PLATP236
2 €0 (I,I)=DCOS (W) PLATP237
4 45 P(I,I)=XJ*#DSIN (W) PLATP238
- n0 48 I=1,N FLITP239
g S0=ZEKOC FPLATP240
. DO 47 J=1,N FLATP241
- SL=2¥BGC PLAZPZA2

DO 46 K=1,N PLAT228)

46 SL=SL+YL {I,K)*G(X) *P (K, K)*Y0(K,J) PLATP240
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A{I,J0)=SL4YL (1,J)*C0(J,J)+Y0{I,J)*CO(I,X) PLATP24S

47 SO=S0¢TL (I,J)#G (J) 4P (3, J) #10 () PLATP2Y6
A(L,I)=A(I.1) +B(I,T) /G (I) 7LATP247
48 B(I)=S0eCO (I,I)*+I0 (I)+IL(I) FLAYP208
¢ FLATP2Y9
C  SOLVE THE EQUATIONS PLATP250
¢ PLATP251
CALL LEQTIC(A,N,X,B, 1,1,0,¥A,IER) PLATP2S2
IER=IEB-128 PLATP253
IF (IER.NE.1) IER=0 PLATP25M
WRITE(6,49) P,IER PLATP25S
49 PORNAT(1H1,' FPREQUENCY (HERTZ)= *,1PE1i.4,10X,*SOLOTION BERORs °, PLATP256
128,127) - FIATP2S?
WRITE(6,50) PLATP25S
50 FORMAT (16X, WIRE?,8X, YON(VOLTS) *, 3X, VOA (DEGREES) ', X, PLATP259
| 11VLA (VOLTS) * , 3X, VLA (DEGREES) *///) PLATP260
c PLATP261
| C  COMPOTE AND PRINT THE TERMINAL VOLTAGES PLATP262
¢ PLATP263
l DO 52 I=1,N PLATP26N
S0=ZEROC PLATP265
0 51 J=1,H PLATP266
51 S0=S04Y0 (I,J) *B (J) PLATP267
52 WA (I)=-G (I) #B(X,T) *T0(I) +CO(I, I) #B(I) +G(I) #P (I, I) #50 PLATP268
IP (OPTION.20.21.0R.OPTION.RQ.22) GO TO 56 FLATP269
DO 54 I=1,N PLATP270
S0=22ROC PLATP271
SL=22ROC PLATP272
DO 53 J=1,N PLATP273
50=50-Y0 (I,J) *B (J) TLATP278
53 SL=SLeTL (I,J) *¥A(J) FLATP275
A(I,I)=I0(I) +S0 PLATP276
54 P(I,T)=-IL{I)¢*SL PLATP277
DO 55 Ix1,N FLATP278
B(I)=A(I,1) PLATP279
§5 ®2 (1) =B (I, 1) PLATP280
56 D0 59 X=1,N PLATP28 1
S0=2EROC PLATP282
SL=ZEROC FLATP28]
50 57 J=1,¥ PLATR284
S0=50+C (1,J) *B (J) PLATP285
57 SL=SL¢C(I,J) *WA(J) PLATP206
¥0=50 FLATP287
VL=SL FLATP288
YO#=CDABS (10) FLATP289
VLA=CDABS (VL) FLATP290
; YOR=DREAL (V0) FLATP291
1 VOI=DINAG(Y0) PLATP292
; VLR=DREAL (VL) PLATP293
YLI=DINAG(VL) PLATP294
IP (VOR. EQ.ZERO. AND. VOI. EG. ZERO) YOR=CNE FLATP295
IP (VLR. EQ. ZERO. AND. VLI. EG. ZERO) VLR=CNE PLATP296
YOA=DATAN2 (YOI, VOR) *ONZ80/PI FLATP297
VLA=DATAN2 (VLI, VLR) *ON280,PI FLATP298
WRITE(6,58) I,VOM,VOA,VLN,VLA PLATP299
58 PORNAT(17X,12,8X,1PE10-3,3X, 1PE10. 3, 10X, 1PE10.3,3X, 12812.3/) PLATP300
59 CONTINOE FLATP30Y
GO 10 43 PLATP302
60 STOP PLATP303
END PLATP304
i ~150-
%




Seiae sty

T

S0

P

Delete Card 048
Card Number

050

051

053

053

054

057
109
113
127
237
238
289
290
291
292
293
294
297

298

TABLE C~1

Changes in FLATPAK to Convert

to Single Precision Arithmetic

REAL *8
COMPLEX *16
3.141592653D0
2,997925D8

change all D's to
DCMPLX (0.D0,0.,D0)
DCMPLX (1.D0,0.D0)
DCMPLX (0.D0,1,D0)
DSQRT
DSQRT
DREAL
DCOS
DSIN
CDABS
CDABS
DREAL
DIMAG
DREAL
DIMAG
DATAN2

DATAN2
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Single
REAL

COMPLEX
3.1415926E0
2.997925E8

E's
CMPLX(0.E0,0.E0)
CMPLX (1.E0,0.E0)
CMPLX (0. EO,1.E0)
SQRT

SQRT

REAL

CcOoS

SIN

CABS

CABS

REAL

ATMAG

REAL

ATMAG

ATAN?2

ATAN2
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Program Listing
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CHEI23F L4 00RAR ISR EE2X A HEBESS OSSN SERL ISV BESESEO S SES LTSS S0 SIS RSPLATPOCY

et PLATPOO2
c PROGRAN PLATPAK2 FLATPOO3

c (FORTRAN IV, DOUBLE PRECISIUW) PLATRPOAS

C SRITTEN BY PLATROOS

c CLATTON 2. BAUL PLATRPO06

c DEPARTHENT OF ELECTRICAL ENGINEERING PLATPOO7

c UNIVERSITY OF KENTUCKY FLATP0OS

c LEXINGTCN, KENTUCKY 40506 PLATPO09

c FLATPO10

c A DIGITAL CONPU1ER PROGRAN TO CONPUTE THE TERNINAL VOLTAGES PLATPO 11

c (KITH RESPECT TO THE REPERENCE WIRE) OF AN Ne1 WIRE PLATPACK OR PLATPO12

c RIBBON CABLE POR THE *QUASI-TEN® BODX GF PROPAGATION. PLATPO13

¢ PLATPO 18

c THE DISTRIBUTED PARANZTER, NULTICONDUCTOR TRANSBISSION LINX FLATPO1S

c PQUATIONS ARE SOLVED POR STEADY STATE, SINUSOIDAL EXCITATION PLATPO16

c Or THE LINE, ‘ PLATPO 17

) c FLATPO18
c THE Ne¢1 WIRES ARZ ASSUMED TO BE plﬁlLLtL TO EACH OTHER. PLATPO19

c . PLATP020

1 c THE N+1 WIRES ARE CONSIDERED TO BE. INPERPECT COMDUCTORS. THE SELF FLATP021
, c INPEDANCES OF EACH WIRE INCLUDX SKXN BPFECT. PLATP022
c FLATP023

c THE SURRODNDING REDIA ARE ASSUNED TU B3 LOSSLESS. PLATPO 28

c PLATPO2S

c THE FER-ONIT-LENGTH CAPACITANCERS OF THE CABLE(WITH AND WITHOUT PLATPO026

c THE DIBLECTRIC INSULATIONS PRESENT) ARB INPUY DATA AND MAY BE PLATR027

c CONPUTED WITH THR PRCGRAN GETCAP. PLATP028

¢ PLATP029

c LOAD STRUCYURE OPTION DEFINITIONS: FLATPO30

c OPTION=11,THEVENIN EQUIVALENT LOAD STRUCTURES WITH DIAGONAL PLATRC2Y

< THPEDANCE XATRICRES PLATPO032

c OPTION=12,THEVENIN EQUIVALENT LOAD STROUCTURNS WITH PULL PLATPO3)

C INPEDANCE MATRICRS PLATRO038

c OPTIOR=21,NORTON EQUIVALENT LOAD STRUCTURES WITH DIAGONAL « PLATPO3S

c ADNITTANCE RATRICRS PLATP036

c OPTION=22,NORTON RQUIVALZNT LOAD STBUCSURES WITH PULL PLATPO037

c ADNITTANCE MATRICES PLATPO 38

¥ c FLATROI9

c SUBROUTINES USED: LEQTIC,RIGCC PLATPONO

c PLATPOAY
C‘t#“‘.tt“‘###.t““.".."‘t.‘#O#t#“t....‘.“‘.l‘..t..‘t.‘.""...“lLero.z

c FLATROA3

c ALL VECTORS AND MATRICES IN THE POLLOWING DINEASION STATENENYS PLATPOSS

c SHOULD BE OF SIZE N WHERE N IS THE NUNBER OP WIRES (BXCLUSIVE OF  FLATRO&S

c THE REFPERENCE WIRE), I.E., C(N,N),CO(N,N),CI(N,N) PLATPOAG

c 10 (N) , XL (N) , YO (N,R), YL (N,N),B(N) (A (N, W), 200, H) ,EN(N) ,BE(N), PLATPONT

c MY (N,N), B2 (N,N),VI(N),V2(%),T(N,N) ,TL(N, W} ,G(N),V3(N),WA(N) . ATPO4S

c THE VECTOR WK NUST BR OF LENGTH 2X(N¢1) TLATROQY

i C PLATPOS)
| INPLICIT REAL*8 (A-H,0-2) PLATPOS1
i INTRGER CPTIOR PLATPOS2
REALS8 L,LDC,C( 2, 2),C0( 2, 2),¥3( 2) ,CI( 2, 2),WK( 12), PLATPOS3

1MUO4PI ,NUOSPI PLATROSH

CCMPLEX#16 XJ,SUX0,SUML,S0,SL,V0,VL,ZEROC,ONXC,Z,BPP,ENN,GAN PLATPOSS

1,00( 2) o IL{ 2) ,YO( 2, 2) JYL( 2, 2) ,B{ 2)M{ 2, 2),WA( 2),G{ 2), PLATROSS

2P( 2, 2)LEP( 2) JEN{ 2) JMY( 2, 2) ,B2{ 2, 2)¢VI{ 2),V2¢{ 2), PLATROS?

31( 2, 2),TI( 2, 2),JOMEGA PLATPOSS

DATA PI/3. 1461592653D0/,V,2.997925D8/ PLATPDSY

DATA CMaTM/2. S4D-5/,ZERC/0.D0/,TWO/2. DO/, N00BRI/.5D-7,/,0RE/1.D0/, PLATPOGO
1pvo4pr1/1.0-7/,THREE/3.D0/, F25/.25D0/ ,ONBP15/1.15D0/,P15/.15D0/, PLATRPO6?
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2pP5/.5p0/,08E80/180.D0/

PLATPO62

Vi=Vesy PLATPO6]
ZEROC=DCHEPLX (0. D0,0. D0) FLATPOGS
ONERC=DCHELX(1.D0,0.D0) PLATPOGS
XJ=DCHPLX(0.D0,1.00) FLATPOGE

C FLATPO67
C*2x3%FREQUXNCY INDERPENDENT CALCULATIONS#ERR 0034524545 344004888400¢25243PLAT?068
C PLATPO69
C READ AND PRINT INPUT DATA FLATPO70
C PLATPOT
READ(5,1) N,CPTION,L FLATPO72

1 FOBMAT(8X,12,8X,12,E10.3) FLATPO73

IF (OPTI0E~EQ.11.0R.0PTION. BQ. 12} GO TO 3 PLATPO74

IF (OPTION. XQ.21.0R.0PTION.2Q.22) GO 70 3 PLATPO7S5
WRITE(6,2) PLATPOT6

2 PORNAT (* LOAD STRUCTUREZ OPTIQN ERROR'//¢ OPTIO¥ NUST IQ2MAr 11,12,2PLATPOT?
11,08 22/ PLATPO7D

GO T0 81 ZLATRO79

3 RPuNed PLATPOSO
WRITE(6,4) NP,L,OPTION PLATPOBY

§ POREAT{1H1,49X,* PLATPAK2Y/// PLATPO82
1865X,X2,' PARALLEL VWIRES'/// PLATPOB3
239X,'LINE LENGTH= *,1PE13. 6, NEBTYES'/// PLATPOSS
382X,'LOAD STRUCTURE OPTION= ¢ ,12///} PLATPOOS

C FLATPOSG
(of READ ENTRIBS IN THE PER-UNIT-LENGTH TBANSMISIION LINE PLATPOS?
C CAPACITANCE MATRIX,C (CUMPUTED WITR GETCAP) PLATPOBS
c (STORE C IR ARR2Y C) PLATPOSS
C FLATPO9O
DO 6 I=1,N FLATPOSY

Do 6 J=I,N PLATPO92
READ(5,5) K,H,C(K.,H) FLATPO93

S PORBAT (4X,12,3X,12,2X,213.6) PLATPOY9R

6 C{H,K)=C(K,H) PLATPOYS

C PLATPOS96
C SZAD ENTRIEBS IN THE PER~UNIT-LENGYTH TRANSHMISSION LXINE FLATROY9?
< CAPACITANCE BATRIX WITH THE WIRE INSULATIONS RENOYRD,CO (CONPUYLED PLATP(IS8
C SITH GRTCAR) FLATPO99
C {STORE CO IN ARBAY CO) PLATP100
c PLATP10Y
DO 8 I=1,N PLATP102

DO 8 J=L,N PLATP103
READ(S,7) K,K,CO{K,B) FLATP 104

7 PORAAT (42,12,3X,12,2X,E13.6) FLATP10S

8 CO(n,K)=CO(X,.N) PLATP106

C PLATP107
c CONPUTE THE PER~UNIT-LENGTH TRANSNISSION LINE INDUCTANCE NATRIX,L,PLATP108
C AND THE INVERSE OF THE CAPACITANCE NATRIX,CI PLATP 109
c (STORE CI IN ARRAY CI AN L IN ARPAY C9) PLATP110
C rFLATRPINY
DO 10 I=1,N L AEEY 2 B V]

DO 9 J=1,N PLATPI]
T{1,3)=C{I,J) *ONEC PLATP? NG
A{I,J)=CC(I,J)*OREC FLATP115
TI(I,J)=2EROC FLATP1Y6

9 P{I,3)=2ERCC PLATPYYY
TI({I,I)=CNEC YLATP118

10 P(X,I)=0REC PLATPYIYY
CALL LEQYIC(A,N,N,P,N,N,0,%A,KER) PLATP120

CALL LEQIIC(T,N,N,TI N,N,0,¥A,NE}) PLATPI2Y
KER=KER-128 FLATP122
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NER=NER-128

IP (KER.NE.1) KER=0
IP(NER.NE.1) NER=9
WRITE(6,11) KER
WRITE(6,11) NER

PLATP123
FLATP124
PLATP12S
PLATP126
PLATRI127

11 PORMAT (//,' PER-UNIT-LENGTH CAPACITANCE MATRIX XINVERSION ERROR= *,FLATPI28

12

13

14 PORMAT (////' WIRES ARR STRANDED WITH BACH STRAND OF RBRADIUS= °,

CI(I,J)=DREAL(TI(I,J))
CO0(I,J)=DREAL (P (1,J)}/VV

PLATP129
FLATP130
PLATP13Y
PLATP132
PLATP133
PLATP134

READ AND PRINT CHARACTERISTICS UF THE WIRES T0 BE USED IN THE SELFPPLATP13S

INPEDANCE CALCOLATIONS

READ(5,13) RWS,SIG,NS
PORMAT (2 (5X,E210.3) ,8X,12)
WRITE{6, 14) RWS,SIG,NS

11°E10.3,* MILS'//' CONDUCTIVITY OF WIRE STRHANDS= °,
21PE10.3,* SIENENS PER NEYER'//* MNUNBRP OF STRANDS= *,12////)

15 FORMAT{//.18X,*ADMITTANCE AT X=0°¢,10X,'CURRENT SOURCE AT X=0°,

RUS=RWS*CATH

READ AND PRINT ENTRIES IN LOAD ADNITTANCE (INPEDANCE) MATRICES
AND SHORT CIRCUIT CURRENT SOURCE(OPEN CIRCUIT VOLTAGE SOURCE)
VECTORS

(STORE ADNITTANCE(INPEDANCE) NATRICES AT X=0 IN ARRAY YO AND
THOSE AT X=L IN ARRAY YL, STORE SHORT CIRCUIT CUBRENT SOURCE
{OPEN CIRCUIT VOLTAGE SOURCE) VECTORS AT X=0 IN ARRAY IO AND
THOSE AT X=L IN ARRAY IL.)

IF (OPTION.RQ.11.0B.0PTION. EQ. 12) GO TO 17
WRITR(6,15)

112X, *ADNITTANCE AT X=L*,10X,*CORRENT SOURCE AT X=L%/)

WRITE (6, 16)

FLATP136
FLATP137
PLATP138
PLATP13%
PLATP140
PLATPINY
PLATP 182
PLATP1A]
PLATPIAG
2LATR1NS
fLATP 146
PLATP1GY
PLATP 148
PLATRINS
PLATP1S0
PLATP1S51
PLATR152
PLATP1S3
FLATPIS5Y
PLATP1SS
PLATP156
PLATP1S7
FLATP158

16 PORMAT (21X, (SIBNENS)*,23X,' (ANPS) ', 22X, * (SIBARNS) *,23X," (ANPS) */) PLATP 159

17

18 PORMAT(//, 18X, INPRDANCE AT X=0°',11X,*VOLTAGE SQURCE AT I=0°*,

GO 10 20
WRITR(6, 18)

112X, *INPEDANCE AT X=L',11X,'VOLTAGE SOURCE AT X=L'/)

19 PORMAT (23X, (OHNS)*,23X,*(VOLTS) *,24X,"* (OHNS)"* ,23X,* (VOLTS) /)

20

21 PORNAT (' ENTRY', 10X, *REAL', 11X, INAG', 11X, *REAL®, 11X, INAG®, 11X,
19REALY, 11X, INAG®, 11X, *REALY, 11X, INAG" /)

22

23

WRITE(6, 19)
WRITE(6,21)

DO 24 I=1,N
READ(S5,22) YOR,YOI,IO(I),YLR,YLI,IL(X)
PORNAT (8 (E10.3))

Y0 (X,I)=YOR+XJ*YOI

YL{I,I)=YLR¢+XJ*YLI

WRITE(6,23) I,I,Y0(I,I),T0{I),YL(I,X),IL(I)
PORNAT (1X,12,2X,12,8(5X, 1PE10..3) /)

CONTINOE

IP (OPTION.BQ. 11.0R.OPTION. EQ.21) GO Y0 28
IF (N.EQ.1) GO TO 28

K1=N-1

D0 27 I=1,K1

K2=I+1

pC 27 J=K2,N

READ(5,25) YOR,YOI,YLR,YLI

B R Al L R R L T I

PLATP160
PLATP16
PLATP162
FLATP163
PLATPRISN
PLATP16S
PLATP166
FLATP167
PLATP168
PLATP169
PLATP170
PLATPI?Y
PLATP172
PLATPY73
YLATP17Y
PLATP1TS
PLATE176
PLATP177
PLATP178
FLATP179
PLAYPIBO
PLATPISY
PLATP182
PLATP183
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25 PORNAT (2 (E10.3),20X,2(E10.3))

Y0 {I,J)=YCR+XJ*YOI
YL{I,J)=YLR+XJ*YLI
Y0 {J,I)=Y0({I,Jd)
YL {(J,I)=YL(1,J)

VRITE(6,26) I1,J,Y0(I,J),IL(l,J)

N s

26 FORMAT(1X,12,2X,12,2(5X, 1P%10.3),30X,2(5X,1PE10.3))

27 CONTINDE

COMPUTE AND STORE THE MATRICES AND VECTORS C*Z0, Cexl, CeV0, Ce*VL
POR THBE THRVENIN EQUIVALENT OR YO*CINV, YL*CINY, 10, IL POR THE
NORTON BCUIVALEET IN ARRAYS N1,M2,V1,V2, RESPECTIVELY

28 IF (OPTION.BQ.11) GO TO 29
IP (OPTION.2Q.12) GO TO 32
IP (OPTION.RQ.21) GO TO 36
IF (OPTION. 8Q.22) GO TO 39
29 DO 31 I=1,N
S0=ZEROC
SL=2EROC
D0 30 J=1,M
81 (I,J)=C(I,J)*Y0{J,J)
82 (I,J)=C(X,J) *YL(J, )
S0=50¢C(1,J) *10(J)
30 SL=SLeC(I,J)*IL(J)
v1(1)=S0
31 v2(I)=S1
GO 70 3
32 DO 35 I=1,M
S0=ZEROC
SL=2BROC
DO 34 J=1,¥
SUN0=ZBROC
SUNL=Z2ROC
DO 33 K=1,N
SUMO=SURO0+C (I,K) *YO(K,J)
33 SUNL=SONLeC{I,K)*YL(K,J)
S0=50+C(I,J) *I0(J)
SL=SL+C(I,3) *IL(J)
N1(I,J)=SOK0
34 N2{1,J)=SUAL
V1(I)=S0
35 v2(I)=SL
GO 70 43
36 DO 38 I=1,N
DO 37 J=1,M
M1(I,J)=Y0 (I,I)*CI{I,J)
37 N2(I,J) =YL (I,I)*CI(I,J)
Y1 (I) =10 (1)
38 ¥2 (I)=IL({I)
GO TO 43
39 DO 42 I=1,H
DO 41 J=1,X
SUNO0=ZPROC
SUNL=ZERCC
DO 40 K=1,M
SUNO=S0N0+Y0 (I,K)*CI(K,J)
40 SONL=SUML+YL(I,K)*CI(K,J)
n1(I,J)=SUN0
41 N2(I,J)=SUNL
V1 (I)=10(I)

PLATP184
PLATP18S
FLATP186
PLATP187
PLATP188
PLATP189
PLATP190
PLATP191
FLATP192
PLATP193
PLATR198
FLATP195
PLAC2196
FLATP197
PLATP198
PLATP199
FLATP200
PLATP201
PLATP202
PLATP20)
ZLATP20W
PLATP20S
FLATP206
FLATP207
PLATP208
FLATP209
PLATP210
FLATP211
PLATP21:
PLATP21)
PLATP218
PLATP215
FLATP216
PLATP217
FLATP218
PLATP219
PLATP220
PLATP221
FLATP222
FLATP223
PLATP228
FLATP22S
PLATP226
PLATP227
PLATP228
PLATP229
FLATP230
FLATP231
PLATP232
FLATP233
FLATP23%
PLATP235
PLATP236
PLATP237
PLATP238
PLATP239
PLATP280
PLATP241
FLATP242
FLATP243
PLATP2MS




H 42 ¥2(I)=TL(1) PLATP24S

b 43 CONTIN E FLATP246
% c PLATP247
- c CONPUTE THE MATRIX C®L AND STORE IN ARBAY CO. CONPUTE THE SUAS PLATP243
. c OF ELENENTS IN EACH ROW OF C AND STORE IN ARRAY V3, PLATP249
i o PLAZP250
i DO 46 I=1,N PLATP251
N S=2ERO FLATR252
- DO 45 J=1,N PLATP25)
k. SS=ZPRO PLAYP258
: x DO &4 K=1,N PLATP25S
: B4 SS=SS+C (I, K) *CO (K, ) PLATP256
ki P(I,J)=SS*ONEC PLATP2S7
4 45 S=S¢C(I,J) PLATP258
£ 4§ v3(I)=S PLATP259
n DO 47 I=1,M PLATP260
5. | DO &7 J=1,M FLATP261
T 47 CO(I,J)=DREAL{P(I,J) PLATP262
i C PLATP26)
" Ctttttratqux'c, DEPENDENT CALCULATIONSE%23882020358L 5208828582800 880¢SSPLATP26S
4 c FLATF265
E: 48 CONTINDE FLATP266
@ READ(S,49,2ND=81) » PLATP267
4 49 PORMAT (210.3) PLATP268
g ONEGA=TUCRPI*P PLATP269
. JOMEGA=XJ*ONEGA {LATP270
b c FLATP271
A c CONMPUTE 1THR RIRE SEL? INPEDANCES FLATP272
4 C , PLATP27)
M LDC=NUOSPL PLATP27S
g DELTA=ONE/ (THO*DPI¢DSQRT (SIG*Z*NUQ4PI)) PLATP27S
v RDC=OXE/ (PI¢SIG*RNS*RVS) PLATP276
9 IP (RNS.LE.DELTA) #0 70 S0 PLATP2Y?
% IF (RWS.GE,. THREE*3LLTA) GO TO 51 PLAYP276
¢ 2= {P25% (RUS/DELTA+THREL) $RDC+JONEGA® (ONEP15-P15¢RWS/DELTA) *LDC) /NSPLATP279
i G0 T0 52 PLATP280
3 50 2x (RDC¢JCREGA®LDC) /NS PLATPZ81Y
e GO0 T0 52 PLATP282
L 51 2= (PS*RNS*RDC/DELTA+JONEGA*THO*DRLTASLDC/R¥S) /NS PLATP283
E: C PLATP28S
7 c CONPUTE THE EIGENYALOUES AND THE RIGENVECTORS OF THE PRODUCT Y2 FLATP28S
3 c (STORE THE EIGENVECTORS AS COLUNNS OF AREAY T AND THE EIGENVALUSS PLATP2086
3 c IN A3RAY B) YLATP287
s c PLATE288
k. 52 QN2=0NEGA%QNEGA FLATP289
= DO 53 I=1,N PLATP290
! DO 53 J=1,M PLATP291
4 53 A{I,J) <JCNEGA®Z#* (V3 (I)+¢C(I,J))~0N2¢CO(1,D) PLATP292
3 CALL BIGCC({A,N,N,2,B,T,N,WK,LER) FLATP293
4 LER=LER- 128 PLATP298
E: I?(LER.1LT.1) LER=0 PLATP295
g c PLATP296
. c CORPUTE THR INVERSE OF THE TRANSFORNATION MATRIX, T PLEP297
3 c (STORE THE INVERSE IN ARRAY TI) PLATP298
e C PLATP299
E: DO S5 I=1,N PLATRIO0
E DO 54 J=1,N PLATP3ON
t MI,3=T(1,J) PLATP302
# 54 TI(I,J)=2EROC PLATP3G3
3 55 TI(I.I)=CNBC FLATP304
v CALL LEQTIC(A,N,N,TI,N,¥,0,¥A,NER) PLATPI0S




anNnaan

ann

56

57

58

53
60

5,9
-

62
63

64 FORNAT(IH1,* FREQUENCY(HERTZ)= °*,1PE11.4,10X,*SOLOTION ERROR= *,

NER=NER- 120
I?(MER.NE. 1) NZR=0

CONMPUTE THE TERHINAL VOLTAGES
PORN THE EQUATIONS

DO 58 I=1,8

S0=2Z2ROC

SL=2ER0OC

DO 57 J=1 %

SUN0=2BROC

SUML=ZERCC -

DO 56 K=1,M

SURO=SUNO+A1 (I,K)*T(K,J)
SURL=SUML+N2 (X,K) *T (K, J)
S0=S0¢TI (I,J)*V1(J)
SL=SL+7I (I,J) #¥2(J)
A(1,3)=SURO

P(I,J)=SUNL

10(I)=50

IL(I)=SL

IF (OPTION.RQ. 11.0R.OPTION. BQ. 12) IL(I)=-IL(I)
CAN=CDSQRT (B (I))

EPP=CDEXP (GAN®*L) ¢P5

ENN=CDBXP (~GAN®Lj #P5

BP (I)=EPP+ENN

EN(I)=EPP-ENA

G(I)=GAN/JONEGA

1F (OPTION. EQ. 11. OR. OPTION. BQ. 12) G (I)=ONEC/G (I)
CONTINOE

DO 60 I=1,8

DO 60 J=1,N

SUNO=ZZROC

SUNL=ZRRCC

DO 59 K=1,M
SUNO=SUMO+TI (I,K) *A(K,J)
SUBL=SUNLTI (I,K) *B(K,J)

Y0 (I,J)=S0N0

YL(I,J}=SONL

DO 63 I=1,N

S0=ZBROC

DO 62 J=1,M

SL=ZEROC

DO 51 K=1,%

SL=SL+YL (I,K) %G (K) SEN(K) *YO (K, J)
A{X,J)=3L+YL(X,J) $EP (J) ¢70{I,J) *RP(I)
S0=S0+ YL (I,J)*G (J) *EN(J) *10(J)
A(I,I)=A(I,I)¢*EN(I)/G(T)
B(I)=SO0+EP (I)*I0 (I)+IL(I)

SOLVE THE BQUATIORS

CALL LEQTIC(A,N,¥,B,1,N4,0,4A,IER)
IBR=IER-128

IF(IER.NE. 1) IER=0

WRITE(6,64) 7,IER

12x,12/)
WRIT®(6,65) LER,WK(1)

FLATP306
FLATP30?
PLATPIO0S
PLATPI09
FLATP310
rFLATPINY
PIATR312
PLATP313
FLATPINR
PFLATPINS5
PLATP316
PLAYPI?
PLATPIS
PLATP319
PLATP320
TLATP321
PLATP322
FLATP323
FLATP3I2N
PLATP3I2S
FLATPI26
FLATP327
FLATP328
FLATP329
FLATP330
FLATPION
PLATPII2
PLATP3133
PLATRIIY
FLATP3IS
PLATPI IS
PLATP3Y?
PLATP338
FLATP3139
PLATR3ARO
FLATP3MY
PLATPIN2
PLATP3A3
FLATP3ING
PLATRPILS
TLATRPING
PLATP3NTY
PLATPIAS
PLATPINY
FLATPIS0
PLATPAS?
FLATP3S52
PLATP3S5]
FLATPISY
PLATP3SS
PLATPISG
PLATP3S?
PLATP3S58
FLATPIS9
PLATP360
PLATP361
PLATPI62
PLATP363
ZLATPIG
PLATP365

65 FORMAT(* EIGEN SCLUTION ERROBR= °*,I4/' EIGEN SOLUTICYN PRECISION= *,PLATP366
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11P210.3/) FLATP36?

- WRITE{6,66) MER PLATPIGS
A 66 FORBAT (' TRANSPORNATIOM BATRIX INVERSION ERROR= *,12//) PLAYPI6Y
4 WRITE(6,67) PLATP370
3 67 PORNAT (16X, WIRE',8X,'VOB(VOLTS) *, 3X,*VOA(DEGREES) *,8X, FLATPI7?
3 1* VLB (VOL1S) * ,3X, "VLA (DEGREES) *///) PLATP3I?72
3 c FLATPI73
| C CONPUTE AND PRINT THE TRRMINAL YOLTAGES PLATP378
b C PLATPIT?S
% N DO 69 I=1,N FLATPI76
5 S0=ZEROC PLATP3T?
K . DO 68 3=1,¥ PLATPITS
7 68 S0=S0+Y0 (I,d)*B(J) PLATP3I?9
. 69 G(X)=~G(X)*EN(I) *#I0(I) “EP(X) *B (I)+G (I) *EN(I)*S0 FLATP380
b IP (OPTION.EQ.21.0R.OPTION. BQ.22) GO Y0 7& PLATP3B1
A DO 71 I=1,H FLATPIS2
I S0=23ROC PLATPIO3
) SL=ZEROC PLATPISY
- Do 70 J=1,% PLATPIBS
5 $0=S0~Y0 (I,J) *B{J) PLATP386
b 70 SL=SL+YL (1,J)*G(J) PLATP387
4 YO (I, I)=I0(X)+S0 PLATPISS
g 7% YL(X,I)=~IL(X)+SL PLATP389
. DO 73 I=1,N FLATP3I90
s S0=7BROC PLATP3I9Y
E: SL=ZEROC PLATP392
b D0 72 J=1,N PLATPI93
d S50=S0¢T(1,J) *Y0(J,J) PLATP39S
4 72 SL=SLeT(1,J) *YL(J,d) PLATPIIS
4 P(I,I)=S0 FLATPI96
3 73 A(X,I)=SL FLATP397
H GO T0 77 PLATP398
& 74 DO 76 I=1,¥ PLATPIYY
5 S0=ZBROC PLATPADO
3 SL=ZBROC PLAZPAOY
; DO 75 J=1,% PLATPAO2
F: S0=S0+T(1,J) *B(J) PLATRNO)
A 75 SL=SL+?T(I1,J)*G(J) PLATPAON
% P(I,I) =50 PLATP40S
iy 76 A(I,I)=SL FLATR806
9 77 DO 80 I=1,N PLATRAO?
4 S0=ZEROC PLATP4Q8
H SL=ZEROC PLATPAOY
5 Do 78 J=1,M PLATPA 10
A S0=S0+CI (I,J) *P(J,J) PLATPS 11
k- 78 SL=SL+CI (1,J)*A(J,J) PLATPH 12
7 v0=50 PLATP4 1]
YL=SL PLATPS 14
VON=CDABS (¥0) PLATP# 15
VLE=CDABS (VL) PLATPAN 16
VOR=DREAL (V0) FLATP& 17
i ! VOI=DI MAG (V0) PLATPS 18
2 YLR=DREAL (VL) PLATP4 19
53 VLI=DINAG (VL) PLATP420
I IP (YOR.E2Q.ZERO.AND.YOI.EQ.ZERO) VOR=CNE PLATPA2Y
: IP {VLR.EC.ZERO. AND.VLI.B(C.ZERO) VLR=CNP PLATPS22
g YOA=DATAN2(VOL,VOR) *ONEBO/PI PLATPN23
4 VLA=DATAK2(VLI,VLR) *ONE8O/PI PLATPA24
E: WRITE(6,79) I,VON,VOA,VLN,VLA PLATP¥2S
E: 79 PORBAT(17X,12,8Y,1PE10.3,3X, 1PE10.3, 10X, 1PE10.3,3X,1PE10.3/) PLATPS26
3 80 CONTINUE FLATPNZ?
37
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PLATPA28
PLATPS29
FLATPA 30

GO TO
81 srop
EXD




TABLE D-1

Changes in FLATPAK2 to Convert

to Single Precision Arithmetic

Delete Card 051

Card Number Double Single

053 REAL *8 REAL

055 COMPLEX *16 COMPLEX

059 3.141592653D0 3.1415926E0

059 2.997925D8 2.997925E8
060-062 change =all D's to E's

064 DCMP1X (0.D0,0.D0) CMPLX (0.E0,0.E0)

065 DCMPLX (1.D0,0.D0) CMPLX (1.E0,0,E0)

066 DCMPLX(0.D0,1.D0) CMPLX (G.E0,1,E0)

132 DREAL REAL

133 DREAL REAL

262 JREAL REAL

275 DSQRT SQRT

329 CDSQRT CSQRT

339 CDEXP CEXP

331 CDEXP CEXP

415 CDABS CABS

416 CDABS CABS

417 DREAL REAL

418 DIMAG AIMAG

419 DREAL REAL

420 DIMAG AIMAG
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Single
ATAN2
ATAN2
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Double
DATAN2
DATAN2

Card Number
423
424
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SUBROUTINE NROOT (8,4,B,X1,x,M2) NROOTOO0 1

REAL*8 A(ul),n(nn).xn(u),x(nu),suav,zzno,ouz ¥R00T002
DATA ZERO/0.D0/,GNE/1. DO, NROOT003
k=1 ¥ROOT004
DO 1 J=2,8 ¥ROOT00S
L=n% (J-1) NROOY006
DO 1 I=1,3 NROOY007
L=L+1 ¥2007008
K=K+1 ¥R00T009

1 B(K)=B (1) ¥ROOT0 10
Hv=0 NROOTO 11
CALL EIGEN(S,X,N,NV,Nen) NROOTO 12
1=0 : NROOT013
D0 2 J=1,8 NROOTO 18
L=L4J NROOTO 15

2 XL (J) =ONE/DSQRT (DABS (B (1)) ) ¥ROOTG 16
K=0 ¥R001617
DO 3 J=1,n NROOTO 18
D0 3 I=1,n NROOT0 19
K=Ke1 ®R00Y020

! 3 B(K) =X (K) *XL (J) NR0OT021
. DO 4 I=1,n NROOT0 22
N2=0 ¥RO0T023
DO 8 J=1,x NROOTO0 24
Ni=ne(I-1) NROOY02S
L=N* (J-1)+] ¥ROOT026
X(L) =ZERC ¥ROOT027
DO § K=1, NR00T028
Ni=N1+1 ¥R00T029
N2=N2+1 FROOT030

4 X(L)=X (L) +B(F1) sa(N2) ¥ROOT031
1=0 ¥BOOT032
DO 5 J=1,n NROOTNII
DO S I=1,J NROOTO 34
N1=I-§ NROOTO 35
N2=K* (J-1) 7R00T036
L=1+1 NROOT037
A(L)=ZERO NROOTO38
DO 5 K=1,8 NROOT039
N1=N1eN ¥RO0T040
N2=N241 NBOOTORY

5 ML)=A (L) ex(N1) *B(N2) ¥ROOTO42
CALL EIGEN (A,X,N,NV,Hsn) NROOTO043
1=0 ¥ROOTONY
DO 6 I=1,8 NROJT045
L=1+1 NROOTO046

6 XL (I)=A(I) NROOTO47
DO 7 I=1,8 NROOT048
N2=0 NROOT049
DO 7 J=1,n NROOT050
N1=I-y NROQTO0S1
L=N® (J-1) ¢ AROOTO52
A(L)=2ERC ¥R007T053

| DO 7 K=1,8 NROOY0S54
Ni=N1en NROOT0SS
N2=N241 NROOT056

7 ML) = (L) +B(N1) #x(N2) NROOT0S7
k=0 NROOTO58
D0 8 J=1,H NROOTO0S59
DO 8 I=1,H NRO07T060
3 K=K+1 NROOT06 1
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RETORN

8 X({K)=A(K)
ERD




Card Number

002

003

016

016

TABLE E-1

Changes in NROOT to Convert

to Single Precision Arithmetic

REAL *8
change all D's to
DSQRT

DABS

~-166-

Single
REAL

E's
SQRT

ABS

[Py

P 2 U S
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b SUBROUTINE EIGEN (A,R,N,AYV,HA) BIGER001

A REAL*3 A(NA) R (31) ,ANORN,ANREX,THR,X,Y,SINX,SINX2,C0SX,COSX2, EIGR¥002
3 1SINCS,RANGE, ZERO,ONE,PS,THO 21GEN003

3 DATA ZERO/0.D0O/,OWB/1.D0/,P5/.5D0/,T80/2.D0/ EXGRNOON

: 1 RANGE=1.0D-12 EIGENOOS
3 1r(nv-1) 2,5,2 BIGEN006
¢ 2 I10=-N EIGER007
g DO 4 J=1,N EIGEN008
B IQ=IQ+ N EIGER009
) DO & I=1,N EIGENO010
E 1J=10+1 BIGENO 11
: R{1J)=2ERO BIGENO 12
i IP(I-J) 4,3,4 BIGEN013
& 3 R(IJ)=0N} RIGENO 14
S 4 CONTINUE EIGENO 15
3 5 AKORN=ZERO BIGENO16
3 DO 7 I=1,N E1GBN017
E DO 7 J=I,N BIGENO 18
. ‘ Ir(1-J) 6,7,6 EIGEN019
! 6 IA=I>(J*J-Jj/2 BIGEN020
2 ANORN=ANGRN¢A (IA) $A(IA) BIGENO021
7 CONTINUE RIGEN022

IP (ANORM) 36,36,8 BIGRNO23

8 AXORN=DSQRT (THO) $DSQRT (AMORN) EIGENO 28

ANRAX= ANCRESRANGE/PFLOAT () BIGER02S

IND=0 RIGEN026

3 THR=ANORN BIGRNO27
T4 9 THR=THR/PLOAT(N) BIGENO28
v 10 L= RIGEN029
3 11 B=L+1 BIGEN030
& 12 BO= (N*¥~-N) /2 EIGEN031
3 1Q= (L*1~1) /2 BIGEN0]2
; TH=%v2Y EIGEN03)
13 IP(GABS (A(LN))~THR) 29,14,14 BIGERNO3S

4 INDm EIGEN01S

Ll=y /1% BIGEN036

BAZ NNy BIGEN03?

X=P5#* (A(LL)~A (AN)) BIGEN033

15 Y=-A{LR) /DSQRT (A (LA) *A (LN) ¢X*X) BIGEN03I9

IP(X) 16,17,17 EIGENOR0

16 Y=-Y BIGENO&1

17 STNX=Y/DSQRT(THO* (ONE+ (DSQRT (CNE-Y*Y)))) BIGENOA2

i SINZ2=SINX#STINY RIGRNOA3
14 18 CuSX=DSQRT (ONE-S1NX2) EIGENOAS
COSX2=C05X’+0SX BIGENOUS

SINCS =SIAX$CGSX BIGERONS

ILQ=N* (L-1) EIGRNOG?

INQ=N {N-1) EIGENO3B

3 PO 28 I=1,N BIGRRONI
A 10=(I%1-1) /2 BIGEEO0S0
H Ir{I-L) 19,26,13 EIGENOSHY
i 19 IP{X-M) 20,26,21 »IGEN052
< 20 IN=I+NQ EIGENOS3
3 GO TV 22 ZIGEBNOSY
i 21 IM=N+IQ RIGENOSS
A 22 IP(I-L) 23,24,24 BIGBNO0S5S
é 23 IL=I+LQ BIGEHO0S57
GO TO 25 EIGENOSE

24 IL=L+IQ EIGENO0S59

25 X=A(IL)#COSX-A{IM) #SINX EIGENO6O

A(IN)=A(IL) *SINX+A{I¥) *CCSX EIGEN061
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A(IL)=X EIGENO62

26 IP{NV-1) 27,28,27 EIGEN06]

27 ILR=ILQ¢1 EIGENQ6S

INR=INQ+I RIGEN06S

X=R (ILR) *COSX~R{INR) ¥SINYX BIGEN066

R(INR)=R{ILR) *SINX+E (IMR) *COSX BXGENO67

R{ILR)=X EIGERO68

29 CONTINUE BIGENO6S

I=THO*A (1Y) ¢SINCS BIGEN070

Y=A(LL) #COSX2+A (NN) $SINX2-X RIGENO71

t X=A(LL) *SINX2¢ A {NN) $COSX2+X BIGENO72
A{LB)= (A (LL)—A (MN) ) *SINCS+A{LM) ¢ {COSX2-SINX2) BIGRNO73

] A{LL)=Y . RIGRRO7S
l A(an)=x BIGEN0?S5
i 29 Ir{s-N) 30,31,30 RIGERO76
30 y=n+1 BIGEROT77

GO 10 12 BIGENO78

31 IP(L-(N-1)) 32,33,32 RIGENOT9

32 L1 RIGEN080

G0 TO 11 BIGENO081

33 IP({IND-1) 35,34,35 BXGRN082

34 IND=0 RIGR#083

GO 70 10 BIG2N08M

35 I? (THR-ANRMNX) 36,36,9 EIGRNO8S

36 IQ=-N BIGENOOG

DO &0 I=1,¥ BIGENO87

IQ=i +N RIGENO8S

LL=XI~(I¢I-1}/2 BIGEN089

JQ=N® (1-2) BIGEN090

DO &40 J=1,¥% RIGENO91

JQ=JQ+N RIGBRO92

NU=J+ (3*J-J) /2 EIGENO9)

IP (A{LL)~-A(NN)) 37,40,40 EIGENO94

37 X=a(LL) BIGERO9S5

A{LL)=A(8N) EIGENO096

A{an)=Xx ’ RIGEN09?

Ir(uv-1) 38,40,38 BIGEN098

38 DO 39 K=1,8 BIGENO99

ILR=IQ+K BIGEN 100

IAR=JQ+K BIGEN101

X=R(ILR) BIGEN102

| R(ILR) =R {INR) EIGBN103
39 R{INR)=X BIGEN104

40 CONTINUE EIGER10S

RETURN EIGRN106

BNT BIGEN107
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Card Number
=ert umber

002
004
005
024
024
034
039
042
042

044

TABLE F-1

Changes in EIGEN to Convert

to Single Precision Arithmetic

REAL *8 REAL
change all D's to E's
1.0p-12 1.0E-6
DSQRT SQRT
DSQPT SQRT
DABS ABS
DSQRT SQRT
NSQRT SQRT
DSQRT SQRT
DSQRT SQRT
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