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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 electromagnetic 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, grounJ 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

complxity of many of these systems, detailed modeling of 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 IECAP,

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 described: XTALK, XTALK2, FLATPAK, and FLATPAK2.

-1-



XTALK analyzes three configurations of transmission lines: (1) (n+l) bare

wires, (2) n bare wires above an infinite ground plane, and (3) n wires

within a cylindrical 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 e-x: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

..imperfect 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 resdlts 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 prograis have been implemented on an IBM 370/165 computer

at The University of Kentucky using the Fortran IV, G level compiler and

should be easily 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-coupled inter-

ference problems. Other prugrams which address more specific structures

and structures not considered by these four programs will be documented in

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

are developed,

-2-



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

.4rameter representa-ion (assuming the TEM mode or "quasi-TEM" mode of

tpropagation 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 sectiono 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]. In 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-Magnetic) mode. If the line is immersed in an inhomogeneous medium,

e.g., 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

inhomogeneous 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-

-3-



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 + l)st or

zero-th conductor is the reference conductor for the line voltages. For

sinusoidal, oteady-state excitation of the line, the line voltages,V/(xt),

(with respect to the reference, the zero-th, conductor) and line currents,

i(x, t) are

1i(x,t) = Vi(x) eiwt (2-1a)

(x,t) = Ii(x) ej ut  (2-1b)

for i = 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 = 2fff. The current in the reference conductor satifies

n
(x, 0--Z i(xt) (2-2a)

i=l

n
SE(x) =-Z i(x) (2-2b)

0 i=l

The MTL 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

d [V(x)1] Fnjn V (2-3)
dxL(x)J--- n0nJ L(xi + 2(x

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

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

-4-
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Fig. 2-l(cont.). An (n+l) conductor, uniform transmission line.
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Fig. 2-1. An (n+l) conductor, uniform transmission line.
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and j 1 1, --- , p. An nxl vector is denoted with a bar, e.g., V, with

the entry in the i-th row denoted by [V] i = Vi . The matrix 0 is the mXp
-i mp

zero matrix t ith zeros in every position, i.e., [mOp]ij = 0 for i = 1,

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

*to the reference conductor (the zero-th conductor), Vi(x), and line currents,

I(x) , are given by [V(x)]1 = Vi(x) and [I(x)]i = Wi(x).

The nXn 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.

These per-unit-length matrices are separable as

Z = R + JwL + JWL (2-4a)

Y = G + JWC (2-4b)

where the nXn real, symmetric matrices RC, Lc, L, G, C 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 7n terms of the elements of

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

J[Rii = rci + r e, [R]ij r rc0 (2-5a)

i#j

[Li = + ,[L] = £ (2-5b)
i ci -c i co

[L]i = + 0- 2mi0, [Llij = £0 + mj - mio - mj 0  (2-5c)

iij

n
[G] = g 0 + Z g [GI -gi (2-5d)

ij =1i~j

-8-



n
a[C], c A + E l c W [cli Cjo (2-5e)

,i#j i~j

The nXl column vectors, V (x) and I (x) contain per-unit-length equiv-_ a= ' S -S

alent voltage and current sources, [V (x)]i V s(x) and [I (x)]i I (x),
.- i

which are included to represent the effects of the spectral components of

incident electromagnetic field sources which illuminate the line. These

entries are complex-valued functions of frequency and position, x, along the

line. In this report, no external incident fields are considered and these

sources are set equal to zero, i.e., V (x) = 0 and I (x) 0
-s n-1 -s n-l

The solution to (2-3) is

[V(xf V(x 0)1 x [V(]
F - = (x,x + (x,ix) d(

= (x'x° (Xo)1 + FS(x)1

where D(x,x 0) is the 2nX2n chain parameter matrix (or state transition matrix)

and x0 is some arbitrary poeition along the line x > x0. The chain parameter

matrix can be partitioned as

=[ (x'x 0 ) T12 (x'xo) (

L 2l (x,xd) (D (x,Xo)

where Dij (x'x0 are nXn for i, j=l, 2. Thus (2-6) can be written as

A

V(x) = (Dl(Xx O) V(xO ) + (D2 (X,xo) I(x O) + V(X) (2-8a)

A

l(x) = 2 1 (x,x 0 ) V(x0 ) + 2 2 (X,xo) l(x 0 ) + I(X) (2-8b)

The entries Dij (x'x 0 ) are given by

-9-



ll(,X 0 ) = 1/2 Y T (eX(X-X0) + e-!(x-x0)) T- I Y (2-9a)

1 2 x 0  -1/2 Y T y(e!(X-XO) - e-!(X-XO)) T-1  (2-9b)

(xx = -2xO) T e - 01y T 1 Y (2-9c

(D (XX 12T !(x-x 0 ) + -!(X-Xo)) T-1

2 + e T (2-9d)

where ey(x-x0) is an nxn diagonal matrix with [e(x-X0) ] eyi(x-x0 ) and
[eY(XXO)] = 0 for i, j=l, ---, n and i#j. The matrix T is an nXn,

complex-valued matrix which diagonalzes the matrix product YZ as

-2T Y Z T y (2-10)

2 2 2 2

where y is an nXn diagonal matrix with [y ]ii Yi and [y ]ij 0 for i,

J=l, --- , n and i#j. The nXn characteristic impedance matrix, ZC, is given

by

ZC  Y T Y T =Z T y1 T (2-11)

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

and at x = 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

by "Generalized Thevenin Equivalents" as

V(O) = V0 - Z0 1(0) (2-12a)

V(J) = V + Z (2-12b)

where V0 and Vf are nXl complex-valued vectors of equivalent, open-circuit,

port excitation voltages (with respect to the reference conductor) and Z
z0

~-10-
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and Z.are nXn 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 ZO and (2-12b)

on the left by and rearranging as

1(0) = I0 - YO V(0) (2-13a)

I() -I+ YtV(t) (2-13b)

where I0 and I are equivalent, short-circuit, port excitation current sources.

The nxn port admittance matrices Y and Ytare given by YO ZO and Y Z-

where the inverse of an nXn matrix M is denoted by M-1 and I0 = VO -

Y . These port admittance matrices can be found by treating the line

currents 1(0) or I(t) as independent sources and writing the node voltage

equations for the termination networks. The transmission line voltages, V(O)

or V(t), 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). If the terminati.on net-

works at x = 0 and x -- consist only of admittances between the i-th and J-th

wires, Y and Yij , respectively, and between the i-th wire and the re-

ference conductor, Y and Y , respectively, then the entries in Y and Y
0 1n Xii n -0n

become + -- Y [Y -Y [ = +S 0 J i ~ ii J=l Ji

Y]ij = -Y~i for i, j=l, ---, n and i# j.
ij

With x =tand x0 
= 0 in (2-8), one can straightforwardly obtain using

the"Generalized Thevenin Equivalent" characterization of the termination

networks given in (2-12)2

2 In (2-8a) with x=X,x =0 substitute (2-12a) for V(0) and (2-12b) for V($).
Then substitute I(t) ?rom (2-8b) with x=t,xo=0 into 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-



: [~z -22 1 -z Z21 ( -0  - 12 1  n 1  Zo-0 --

,, ^(2-14a)-11 () - 41!21 O - v+v () + () Z 1(0)

A

-Iu) = 421 (Q) Vo + [ 22W - 021 () zO] 1(0) + Is (9) (2-14b)

whe:re (D(t,0) 4 (). V(x) and I(x) can be obtained for any x, 0 < x < X

from (2-8) with 1(0) from the solution of (2-14a) and V(0) determined from

(2-12a). Generally, we are only interested in the terminal voltages and cur-

rents, V(O), V((), 1(0), I(z). The terminal currents, 1(0) and I(C), can be

obtained from (2-14) and the terminal voltages, V(O) 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 D J submatrices of the chain parameter matrix in (2-7) satisfy

cart&en fundamental identities, [1,2]. These identities can be used to

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

21 ! 22 (  {!21 ( ) 0 - !22 ( )} -1 n (0) =

221 (X) ,X+ {T21 (X) Z- T22 ( 4) 1 (21 (Y-) - £21 (A)

A A[V s (4) -Z~, (z W] (2-15)

where 1 is the Lff idenity matrix with [1] 1 and [1] = 0 for i,
-n 1-n ii -n ij

J=l, --- , n and i # J. Notk that the formulations in (2-15) and (2-14b)

require computation of cn ]. two of the four chain parameter submatrices,

!21( ) and T22

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

-13-



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 t _se analogous

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

Y l - Y 1 (g) .Y - D2i + 0 2 (t) Y] vo) -

(2-16a)
A A

[02 (f - 0 ;e) I I + I + I (;C) _ Y;(V(Z)

A

v(W) = 12(t) I + [0 (e) - 01200 Y0I V(0) + V (.t) (2-16b)-2! -0 -1 12 - - -s

[{!~12 (× -. n() 12(  -0- 1( ) --n] vo=
0

i- 12(;e) IX + [0-12 (X') Y- !11 ( ") ] 0-12 ( 4) Io (2-16c)

A A0 -@12(00 [ is (0) - Y. _VYs W ]

2.2 The Equations to Be Programmed

The equations for I(s) and V(t) are given in (2-14b) and (2-16b), re-

spectively. Either (2-14a) or (2-15) could he used for determining 1(0) and

either (2-16a) or (2-16c) could be used for determining V(O). However, (2-14a)

and (2-16a) will be selected for determining 1(0) and V(O), respectively.

Since no external incident fields are considered, Vs(b andI s(t) in (2-14),
A A

(2-15) and (2-16) will be zero, i.e.,V ( =  (%) = n0l

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-



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 substituted 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(o)

(;Q V (t)

z-0  10

V(0) 1(0)

(D)

@1 ( '$) 2 (X)

ii" -22( !11
.21 ( U !2 (

A A

(? ) v ( )-s -s

-s -s-

-15-



total length X(x0  0, x= ) become

y-1 T -E+ T-1 Y (2-17a)

2 -y T y E T (2-17b)

-T E y T - (2-17c)

+2-

22=(9 T E+ T-1 (2-17d)

where the nXn diagonal matrices E+ and E- are given by

I i + elt) (2-18a)

E -1 (eyl - y) (i-18b)

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

Equivalent representation of the termination networks

[Z X T E Y 1 T-Y Z0  (2-19a)

+Y Ty T +Y T Y 0 1O+ y-1 T -y E - T- 1 + y-1 T E+ T- 1 Y Z0 1I(0)

=[Y T E+ T Y + Zt T E- T 1Y Vo Ve

IM -T E- -i T-1 Y V (2-19b)

+[T E+ T-1 + T E-y ~ T Y Z0 ] I(0)

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

Equivalent representation of the termination networks,

[ Y -1 ~ Y0 (2-20a)

+TE Y T Y + T E+ T-1 Y V(O)

=[T E+ T- 1 +Y Y TyET 1 1 + I

+ - (2-20b)
V()-Y T E T-1 10 + [Y- T E y+y T Y E- T i Y0]V(0)

-16-
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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

4{ represents these losses in (2-4b) is zero, i.e., G = 0. Therefore the per-
n n

unit-length admittance matrix becomes

Y =j W C (2-21)

The per-unit-length impedance matrix is

Z = R + j w L + j w L t2-22)

where R and L are zero matrices, i.e., n0n, 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

(2-20) ,define

* -1 -1 (2-23a)
* -i -i

Y =T Y C T (2-23b)* -l-

V*() T C V(t) (2-23c)

V (0) - 1 C V(O) (2-23d)

* -1
I - T I (2-23e)

i' i* -i
SI0 

aT I 0  (2-23f)

y j w A (2-23g)

Equations (2-20) can then be written as

+ * - * + V*(O) -24a)

[E +Y A E I

-17-



() -A E- I* Y0 ] V (0) (2-24b)

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

i V (0) and V ()and using (2-23c) and (2-23d) to obtain

V(0) = C T V (0) (2-25a)

V() = C T V ( ) (2-25b)

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

* -i'.Z . T -1C ZT (2-26a)

Z T1 C Z T(2-26b)
0 -l

I*() T-1 I(t) (2-26c)

1 (0) T-1 1(0) (2-26d)
• - .

V= T1 C V- (2-26e)

"* -i

V0 =T CV (2-26f)

y =j w A (2-26g)

Equations (2-19) can then be written as

+1* + * *[Z*E + +ZE A z +A E +E Z (0) (2-27a)
4.( 0 ~0I+ * A -1] V* *

= [E+ Z*E A1  v-0 -v

I()=-E- A- V0 + [+ +.E- A7 ZO ] 1*(01 (2-27b)

and the actual eruminaLxuun curreanLs can be obtained by solving (2-27) for

1 (0) and I (t) and using (2-26c) and (2-26d) to obtain

-18-



1(0) = T 1*(0) (2-28a)

I(f) = T I* () (2-28b)

These equations are summarized in Table 3.

There are two reasons for using the equivalent representations in Table

2 and Table 3 rather than the representations in (2-20) and (2-19). First

of all, note the direct similarity of the equations in Table 2 and Table 3.

The only differences (other than symbols) between equations (1) and (2) in

Table 2 and the corresponding equations (1) and (2) in Table 3 is that A used

in Table 2 corresponds to A in Table 3, and Iin Table 2 corresponds to

-Y.tin Table 3. (Note that since A, A-I and Eare diagonal, E- A7I

A7I E and E A = A E.) Therefore we may form the Norton Equivalent equations

in the programs and not need to urite a duplicate set for the Thevenin

Equivalent representations.

The second reason for using the representations in Table 2 and Table 3

is that if the termination networks are purely resistive, i.e., Z09 Z , 0

and Y are real and the transformation matrix, T, is frequency independent,

i.e., perfect conductors are assumed (as in XTALK and FLATPAK), then the

matrix multiplications as well as the inversion of T to form T-I needed to

obtain YO Y .0, Zneed only be performed once and need not be changed as

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

need be reformulated for each frequency. This can represent a significant

savings in computation time when the line response for many frequencies isI 3
desired (as it usually is) since n operations (multiplications or divisions)

are required to multiply two "full" nXn matrices which is the minimum number

of operations required to obtain the inverse of a general nXnmatrix [i].

-19-



I
TABLE 2

Programmed Equations for the Generalized

Norton Equivalent Representation

[YE + Y + E A +E ]V(O)
+ * *0 * 0

E [+ +Y/A ElI+I

(2) V (f)=-A.E-I 0 +[E + +AE7 Y* v*(o )
-l -0

3Z{jwC[R + Jwl. + JwL]}

.4 ~ ~ f .4 - . . 4 .c -4C - -4 -

(4) y= wj A

(5) 1 (0) = - !, (( =) f ( Y

* -1 -1 * -l -1
(6) Y=T YC T , Y= Y C T

(7) 1T Io it T

(8) E 4 1 (e.Y+ e-4) , E- 1 -e- e f
.-

1 *-- -l V*

(9) V(O) C T V(0) , V() =c T ( )
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TABLE 3

Programmed Equatlons for the Generalized

Thevenin Equivalent Representation

+
(1) [Z(E + -E- A V* + E + (0)

+ - 1 * -1* *
+f +Zt A

S* - - - * -I

(2) 1 (t) -EA V0 +[ + EA z I*10)

-- 0 20

(3) T Y Z T T {JwC[R + JA + JwL]} T Cy
.. -C + -,- - -

(4) A

(5) V(O) =V i(O) , _ Of)v + Z )

* -l *** -*

(6) 0 = Z ( , Z ) = C ZtT

( , T-1 * T-1

7)where: V (0) = CV(O , V (t) =  CV()

- f-21-
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Z.3 Formulation of the Terminal Network Equations

The previous formulation requires that one determine the entries in

the nxn matrices Z, Z, YO and , and the nxl vectors, VO, V , I 0 and I

in the Thevenin and Norton Equivalent representations of the terminal net-

works in (2-12) and (2-13), respectively. In 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:

V1 (0) = 1 - 1 Il (0) (2-29a)

V2 (0) = -10 12 (0) (2-29b)

3VI( M = 10 11 () (2-29c)

V2(t) = 104 12 (U) + I (2-29d)

and comparing these equations to the Thevenin Equivalent representation

V(0) V0 - Z0 1(0) (2-30a)

YV() = V + Z -I( ) (2-30b)

where

I Vl2(0) ]  Wl( 2-31v(0) v(°) v(t) = V1 ()

1 2i(0)] 2(X 1

-22-



1 1(O) 0 ,(

,.. ~A . o I ( ) le) I KR.

IOKa2
I(O) © Ia(')

IOQj V2 (0) V2(A)

(a) Example ,

V,(O I(0 4 __-0A V (4) T 0-3 U

1?(0)© 2

}0 I V2 () ILQ--A }10-47j 1V2(1)
(b) Example 2

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

YO= [ 
=

i 0 0i

[.. (2-32)

V 1 t 103 0
S0 104]

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

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

12(0) = 1 - 1 V1 (0) (2-33a)

12(0) = -10-1 V2 (0) (2-33b)

-3
,(X) = 10 V U) (2-33c)

1. 12(Z) = -10- 4 + 10- 4 V2 (t) (2-33d)

Comparing these equations to the Norton Equivalent representation

T(0) = 10 - Y0 V(0) (2-34a)

I(.) = -I( + Y4 V(t) (2-34b)

where 1(0), I(), V(0), V(t) are given in (2-31), one can readily identify

for Example 2

1 1 0= Y0 =  -

• 0 0 i

0 
1 [ -3  0

10-4 Y 0 10 - 4 ]

Note that

10 =Z0 V0  (2-36a)
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- j 4- .0~' =  z - I

Y 0  (2-36b)

x Z-1 (2-36c)

Y = 1 (2-36d)

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 thiud 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)

1 1 (2-37a)
2 2(0)j -. 4 .6 V2 (0)

1(0) 1o Yo VO
1 -0 - -

o+= L (2-37b)

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)

v 1 (0) 3 3 2 [1 ) (2-38a)

(0) v0  z0

2-25-



ID 3V 1()IV

+ 2(0) 1(t

(a) Example 3

I1(O) 0 _D__

.2U {~V,(0) V,(x)j j.4U

U45- - .2U3

12(0) I2(z)

.275 1v?(0) V2(~) 2 .2U

(b Example 4

Fig. 2-5. Example termination networks. (cross-coupling)
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rZ-1

V 0112 ~1

+_ (2-38b)Note that

y = z 1  (2-39a)

Yi = 1 (2-39b)

10 = yOv0 (2-39c)

I= Y (2-39d)

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 (V1 (O), V2 (O), V1 (4),

V2( (). 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

Y, V., Z0 and or _f _O, YO and is particularly simple. The situation

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

generally the problem of interest in wire-coupled interference calculations.
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4, However, it was felt that the more general case of allowing cross-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 characterization chosen is either the

Thevenin Equivalent (1) or Norton Equivalent (2). The second digit indicates

to the program whether the admittance (Y0 and Y ) or impedance (Z0 and Z )

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 OPTION 21 indicates Norton Equivalent, diagonal admittance matrices.

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

example, in cases where Z0 (or Zt, or Y or Y must be multiplied by another
02

nxn matrix such as in T Z09 if Z is diagonal one only needs n multiplications

3
to form this product whereas if Z 0 is full, n 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 entries 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 rc. and I , respectively, in Figure 2-2

and (2-5) as well as the reference conductor resistance, r , and
-28- 0

p.



inductance, k.

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 than when perfect conductors are

assumed. This can be seen in Tables 2 and 3 in that the transformation

matrix T will be frequency dependent (and complex) when losses are included,

gwhereas T will be frequency independent (and real) when perfect conductors

are assumed, i.e., R = L = 0 . Therefore when perfect conductors are
~c ~c n~n

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 involving T in Table 2 and Table 3.

The primary effect of imperfect conductors is to introduce common

impedance coupLing. Consider a transmission line in which there is no cross-

coupling within the termination networks. In this case, ctearly the voltages

induced via electromagnetic field coupling at the ends of a "receptor"

circuit consisting of one conductor (wire) and the reference conductor due to

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 receptcr

circuit even at D-C and this is usually termed common impedance coupling.

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

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

total impedance, Z0, which may be considerably smaller in magnitude than

-29-



ZOG 0 Generator Wire IG

V + Receptor Wire Z4G

; I " G Zo Reference Conductor

(a)

Received "

VX R Voltage

or
VO R; * Common Impedance

Electromagnetic Coupling Contribuion

A--Coupling Contribution
it. '  Assuming Perfect Conductors

0
0 ,Frequency

(b)

Fig. 2-6. Illustration of common impedance coupling.
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Z or ZR Consequently, the current in the generator wire at frequencies

approaching D-C may be determined as

e G = (2-40)

G Z + Z

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

producing a voltage drop across Z .  This results in received voltages

{ IRz Z0 IG (2-41a)VR= [Z + z 0 G

V R O 0o  (2-41b)

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 two co'nling 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 rw

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

v (2-42a)

2 f x1 0

ro = 2 (2-42b)
ira rw

zO = 'IV= .5 x 10 - 7  (2-42c)

where a is the conducto- conductivity, f is the frequency and P v is the per-

meability of the metal which is assumed to be that of free space (v=4ffxl0 7).

The quantity 6 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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I (I) r <6

r w-<

r = r0  ohms/meter (2-43a)

k = £0 henrys/meter (2-43b)

S(II)< r < 36w

1 r
r = (- + 3) r0  ohms/meter (2-44a)

r
k [1.15 - .15 ()]Z 0 henrys/meter (2-44b)

6 o

(III) r > 36

r
r w2 r0  ohms/meter (2-45a)26

=r 0 henrys/meter (2-45b)

w

These equations are used to generate the per-unit-length self impedances of

the transmission line wires (zi = r+jw2) and the reference conductor when

the reference conductor is also a wire (z0 = r+jwk). 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 refereuce conductor is a thin walledoverall, cylindrical

-34-
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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, 6, is given in

(2-42a). Denote the interior radius of the cylinder by r and its wall

thickness by t. The equations become [7]

r0 = at(2rs+t) (2-46)

r = r0  ohms/meter (2-47a)

j= .4( ) r0  ohms/meter (2-47b)

(II) t > 36

r 2 6 ohms/meter (2-48a)

k= r ohms/meter (2-48b)

(III) .56 < t < 36

2t 2t1

1 sinh(t2-) + sin( ) ohms/meter (2-49a)
21Tr a 2t - 2ts [cosh( 6 cos( b)

a- 2t 2t1
k 1 sinh( ) - sin( 6 )

S L a6 cosh( 2t ) COS(2t) ohms/meter (2-49b)

The per-unit-length self impedance of the shield is given by z0 = r+jwt.

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

All of the formulations shown in Tables 2 and 3 require the computation

of the nxn, real, symmetric, per-unit-length transmissi.. line inductance

and capacitance matrices, L and C, respectively. The computation of these

matrices will be discussed in this section.

2.5,l Transmission Lines Consisting of Perfect Conductors in a Lossless,

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 three choices of reference conductor (the zero-th

conductor) cross sections of which are shown in Figure 2-8. Computer program

XTALK considers these cases.

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

a homogeneous medium are related by [1]

L C = . (2-50)

where p and e are the permeability and permittivity of the surrounding

homogeneous medium. The per-unit-length capacitance matrix can be found

from a knowledge of the per-unit-length inductance matrix fro,. (2-50) as

C = ipL - I  (2-51)

A logical choice for the surrounding medium in Figure 2-8(a) and 2-8(b)
~-7

would be free space with permeability Pv = 4xxl0 henrys/meter and per-

mittivity e ~ (i/36i)x0 9 farads/meter. However, for all structure types,

the homogeneous medium may be characterized, for generality, by a relative

dielectric constant (permittivity) of c r and a relative permeability of Pr'

(Although the permeability of typical dielectrics is that of free space, Pv'
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Fig. 2-8. Lines in a homogeneous medium.
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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, ZC9 in (2-11) is related to the

per-unit-length inductance matrix by [1]

Z = L= o L (2-52)

where v = i/V/P€ is the velocity of light in the surrounding medium. The velocity

of light in free space, v0, to 7 digits is 2.997925 x 108 meters/second.

( j 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]

yvr dio0

[L]i- I- Zn ( rwirw0) (2-53a)S27T r wi rwA
Hv~r d 0d

[L]i n ) (2-53b)j 2,n ~ r Ad
~ rwOdij )

for i, J=l, ---, n and i j j where dio is the center-to-center separation

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

center separation between the i-th and j-th wires, and r w and rw0 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
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given by [11

• ~r 2h i
L 2 n (_ ) (2-54a)

$11 271 r  wdi l

2h

[L]i= ' kn ( (2-54b)
~ 1 dij

for i, j=l, ... , n and i 0 j where hi is the height of the i-th wire above

the ground plane.

When the reference conductor is an overall cylindrical shield as

shown in Figure 2-8(c), the entries in the per-unit-length inductance matrix

are given by [1]

2 2# vr rs - r i
[L]i 2- n ( ) (2-55a)i 2r rs rwi

(r ir)2 + r 4 - 2rr r 2 cos®

[Lli; 2 £n{ ( r i + i s (2-55b)._ sff r (rir )2 + r 4 2rir3 cos 0

for i, J=l, ... , n and i # j where r is the interior radius of the shield,

ri is the separation of the i-th wire from the center of the shield and ij

is the angular separation between the i-th and J-th wires

For the case of lossless conductors in a ossless, homogeneous medium,

the equations for the terminal voltages and currents in Table 2 and Table 3

can be further 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 = 1 , as is clear from the fact that for this case Z = jwL,

Y = JwC and
4 ~

Y 2 L C (2-56)

_ 2
-2 n
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Also, the nxn diagonal matrix, A, in Tables 2 and 3 becomes

1
A =- 1 (2-57)

-V -n

Therefore the equations for the terminal voltages, V(O) and V(P), for

the Norton Equivalent representation of the terminal networks in Table 2

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

[cos() {Y + Yo} + j sin(Ut) {Y Zc YO + Z-1] V(O)
, (2-58a)

= [cos($t) 1n + j sin(Bf) YZ t + C I210+It

T V(f) = -j sin( t) Z I0 + [cos(")l + j sin(O;) ZC Y0] V(0) (2-58b)-C ~n 0-

where a is the phase constant

= W/V (2-59)

and the characteristic impedance matrix Z is given in (2-52).

Similarly the equations for the terminal currents, 1(0) and I(,t), for

the Thevenin Equivalent representation in Table 3 simplify to

[cos(OX) {Z + ZO} +j sin(8%) {Z Z-1 Z + z }1 1(0)+~ Z o +C . -C
(2-60a)

- -V + [Cos(3) 1 + j sin(6e) Z -V
-n -0~

I(4)ri -j s )Z-I V0 + [cos(8) n + a sn(.0 ZL Z0 I(0)(2-60b)

The Lerminal voltages can be obtained from the solution of (2-60) for the

terminal currents, 1(0) and I(a), with the equations for the terminal

networks

V(0) = V0 - Z 1(0) (2-61a)
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V( ) = X + Z of )  (2-61b)

2.5.2 Transmission 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-unit-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

Y = JwC -1 (2-62)

The per-unit-length impedance matrix is given by

Z = R + jw L + jw L (2-63)
* c c

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

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

as [1]

R + jw L = (r +w 2c 0 ) U + Z (2-64)

where U is the nxn unit matrix with one's in every position, i.e., [Un i= 1 ,

and Z D is a diagonal matrix with

[Z D~ii = rc + ]WXci (2-65)

i i

and [ZD]ij = 0 for i, J=l, --- , n end i # J. The calculation of the wire
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self impedances, r + jWc, and the reference conductor self impedance,

r + jec , is discussed in section 2.4.

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 cable3.

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 and capacitance 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, v . Therefore, one may compute the per-unit-length capac-

itance matrix with the wire dielectric insulations removed, denoted by

C0) and determine L through (2-50) as

L C (2-66)
v v .0

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].

-42-

• e ---



430

'4 U )'\

.- >

C +

C .Q

-
(1 

(

0---

i O. Z -(-5 z LL

Fig. 2-9. An (n+l) wire ribbon (flatpack) cable.
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The per-unit-length impedance and admittance matrices become

Z = JwL (2-67a)

Y = JWC (2-67b)

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

must therefore diagonalize the product C L as

Y ZT=-w C L T (2-68)

2 2
=-w A

In addition, it can be shown that [1]

-1 t -lT = T C (2-69)

t

where T 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 or 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 GEICAP 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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impedance and admittance matrices become

Z = z(U + 1 )+ JAL (2-70a)
-.n .,n

Y =JWC (2-70b)

where z r +jwk is the self impedance of each wire.
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III. 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 convett each program to single

nr-cision arithmetic. Listings of two of the required subroutines, NROOT and

EIGEN, are provided in Appendix E - Appendix F. The remaining required sub-

routines, LEQT1C and EIGCCj 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 ff and the speed of light in free space.

Cards 061 through 065 define the complex numbers l+JO,O+jO,and O+jl as

*well as other constants.

Cards 071through 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

= 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
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arrays Vi and V2 are used to temporarily store the Z. and Y coordinates
1 i

or the r and 0 coordinates of the wires in the real parts of the arrays
Si

(see Figure 4-1, Figure 4-2, Figure 4-3). The nXn complex array Ml 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 Ml 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 nxn complex array

M2. M2 will be needed (as a complex array) later. The matrix inverse is

computed with subroutine LEQT1C dhich 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 10 and IL store

the entries in 1(0) and I(t), respectively, for the Norton Equivalent in

(2-34) or V(O) and V(;), respectively, for the Thevenin Equivalent it'

I (2-30). The In complex arrays YO and YL store the entries in Y and Y

respectively, for the Norton Equivalent in (2-34) or Z0 and Z, respectively,

for the Thevenin Equivalent in (2-30).

Card,, 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-
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~quencies. To explain these cards, consider the similarity of the forms of

i 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:

S(2-58) (2-60)

YX Z

YZo

v0 -0

'C -_r

v(0) 1(0)

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

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

ZC YO Ml (3-1a)

YZY+Z -  M2 (3-1b)

i ZC I Vl (3-1c)

iY ZC I V2 (3-1d)

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

Array
Z-I1z M1 (3-2a)
~C ~0

Zi Z Z + Z 112 (3-2b)
.c fo .
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Z V Vi (3-2c)
~C -0

Z ZV V2 (3-2d)

for the Thevenin Equivalent characterization.

Cards 295 through 300 read the frequency and form

13t 21f (3-3a)
V

sin (Bf) (3-3b)

ii cos (X) (3-3c)

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

characterization or (2-60a) for the Thevenin Equivalent characterization.V
These equations are solved with subroutine LEQT1C in card 320. The solutions

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

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

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

characterization is chosen,from

V(O) = V0 - Z0 1(0) (3-4a)

VW = V + ZtI (3-4b)

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

Array Norton Thevenin

B V(O) I(0)

WA V(X) I( )

Cards 353 through 365print the resulting terminal voltages, V(0) and V(i).
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3.2 Program XTALK2

A listing of XTALK2 is given in Appendix B.

Cards 001 through 190 have the same purpose and are of the same general

structure as cards 001 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

- (3-5a)L~ C 2 ~n

or

vC= 7 L 1  (3-5b)

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

1 ao

is.h. (3-5c)

is the permittivity of the medium, v is the permeability of the medium,

8
v 0is the velocity of light in free space (v 0 =3 x 10 m/sec) and e r and 1

0~

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

acteristic impedance matrix is given by

-C = L (3-6)

Therefore = C" C is stored in array C and C 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 26 9 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
Ml Y C c z

0 C0
4 Y M2 Y C-1

vi IO C V0

V2 I C V

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=2fff

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 ZO 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

per-unit-length admittance matrix is given by

Y = j W C (3-7)

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

Z =z U + Z + j w L (3-8)
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where U is an nxn unit matrix with ones in every position, z0 is the self-n

impedance of the reference conductor and Z is an nXn diagonal matrix with

the self impedance of the i-th wire in the i-th row and i-th column. The

matrix product becomes (with the relation in (3-5a))

2
YZ jWC [z U +-Z+JwL] jwz n + iW Z 1 (3-9)

.0  n D ] 0  Un D- 2 -n

Note that C U is simply on nxn matrix with the sum of all elements in the
-n

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

-.~n

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

computes the nXl eigenvectors of YZ, Ti, and their associated eignenvectors,

2
SThe matrix T - ] will diagonalize YZ as [1]~~ 1i" Th ari 2, in

-l 2T Y Z T =y (3-10)

2 2
wherd y is an nxn diagonal matrix with y in the i-th position on the main

diagonal. This is required in Tables 2 and 3. T is stored in array T and
" 2~

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

array B.

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

array TI.

Cards 416 through 448 compute certain other quantities in Tables 2 and

3. These are

ArrayNorton Thevenln

*1 -T -* T-
YO Y = T YO C T =T CZ T

-0 - 0- - Z0 -S* - C-I * -I

YL Y = T-  Yt T Z =T C ZT
• T-I * -i

I0 I = I 0  V =T C V-0 -0 -0 YO f -0* -i * -i
IL I T I -V -T CV

-52-



Array Norton Thevenin

EN E =(e! t e-d) E- =(e- - e-))
1 1 "

~G A= A __
-Jw 2 - jW

Cards 449 through 458 form equation (1) in Tables 2 and 3. This equation

is solved with subroutine LEQT1C in card 462 with the result stored in array

B as:

Array Norton Thevenin

B V (0) * (0)

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

result stored as

Array Norton Thevenin

G V (t)

Cards 485 through 531 form the terminal voltages V(O) and V(st) by back

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

3.3 Program FLATPAK

A listing of FLATPAK is given in Appendix C.

Cards 001 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

wit), GETCAP) is stored in array C. The per-unit-length capacitance matrix

with the wire insulations removed, C0,(computed with GETCAP) is stored in

Sarray C 1O. tvc
~Cardsl105 through 113 compute the eigenvectors and corresponding eigen-
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Values of the matrix product C L. Subroutine NROOT computes the matrix K

such that

K - 1 C 0 K: (3-11)

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

interest is finding T such that

-1 2
T C L T =y (3-12)

where

L= l2  CO  (3-13)
V 0

Taking the inverse of both side3 of (3-11) results in

-Ic-l C K =-1 (3-14)

Taking the transpose of both sides of (3-14) results in

4 t

Kt C C-1 K7 p1  (3-15)

t
t -1 -l(Since C and C0 are symmetric, C = C and C = C Also 'is diagonal.

Therefore ' = ' ,.) Thus comparing (3-15) to (3-12) and using (3-13) we

-4 identify
-_t

K T (3-16a)

1 - 2 (3-16b)

and T is stored in array C and array G contains the square roots of entries

on the main diagonal of Y t Y.
Cards 114 through 128 compute T and lif the Thevenn Equivalent

characterization is chosen. Thus, contained in arrays TI and G are:
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Array Norton Thevenin
t

T! T T
~-1

G y

Cards 138 through 175 read and print the teamination network character-

kistics and are identical to the corresponding cards in the previous programs.

Cards 182 through 220 form the following frequency independent quantities

(see Tables 2 and 3)

Array Norton Thevenin

* -l--1 T1
YL Y =T Y C T Z = T CZ T

S0 T  C V
-0 = 10 -YO -0IL E* T-I * -i

IL = -Vg =-T C Vr

-4l

Since T satifies

T- 1  Tt C- 1  (3-17)

then
*T- It = - T (3-3]8)

and these relations allow the entries in the arrays YO, YL, 10 and IL to be

more easily generated as:

Arra Norton Thevenin

YO Y0 T Y T Z T Z T
* -l -l * Tt

YL Y = T Y T Z-- ZcT

I0 I = T I V =T V
0 - -0 -0 -0

* -1 -_*
IL I -T I -T V
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Cards 224 through 227 read the frequency and compute w = 21rf.

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

Equation (1) in Tables 2 and 3 is solved with subroutine LEQT1C 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:

SArray Norton Thevenin

B V (0) 1 (0)

WA V I*(

The terminal voltages, V(O) and V') are computed in cards 269 through

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

Norton Thevenin
V((0 C T- V (0) V (0) =g0- Z0 (0)

-_t *
= 
1 V (0)

V(-t) =C - T V*f V(O) = - 1 T V (0)

Ttv * Z T _1V*(O)

C-1 *=T V*(W
V( ) = V *

v( ) - i tV (Z)

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 (001 through

097) in FLATPAK.

Cards 12 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

-
-1

2 -0 (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-

i I ination networks and are identical to the corresponding cards in the previous

programs.

Cards 197 through 262 form certaia frequency independent quantities in

Tabjes 2 and 3:

Arra Norton Thevenin

Ml Y 0
M2. C Z

v2 Y 1  c

V2I CV

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

and the sums of the eleme.ts 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 jw.

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

-I 2
T Y Z T y (3-20)
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y 2where y is a diagonal matrix and

Y Z = jwC(z U + z 1 + jwL)
~ ~ nn 2

= jz C U + jwz C - w2 C L

Subroutine EIGCC computes T and stores it in array T and stores the entries

2on the main diagonal of y 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

i* -i - * -1,, c-1k YO Y =T YC T Z =T CZ T

YL Y 1 Yt-lT *-l1

I0 I* = T 1 i i0V = T - CV 0

-010 1 -0 -0 T YO-

IL it I -Yt -T C V.

EP Y -Y + 1, Y e-Y

1 Yxe -Ye 1 Yf e-YEN E= -C(e- -e) E =-(e- - e)E- 2 t- - ~ - 2 [~- -

G A -1-- A11 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 eq'iation (2) in Tables 2 and 3. Thus the

arrays B and G contain:

Arrays Norton Thevenin

B V (0) 1 (0)

G V* WZ *
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Cards 381 through 406 form V(O) and V(e) by back transforming V (0)

and V ( ) as described in FLATPAK using the relations in Table 2 and Table

3:
-1 *

V(0) = C-  TV (0)

V() = C-1 T V (f)

Cards 407 through 427print the -erminal voltages.

3.5 Required Subroutines

The four programs require certain subroutines: LEQTIC, EIGCC, NROOT, and

EIGEN. The individual programs require:

Program Required Subroutines

XTALK LEQTIC

XTALK2 LEQTIC, EIGCC

FLATPAK LEQTIC, NROOT, EIGEN

FLATPAK2 LEQTIC, EIGCC

The required subro'utines must follow the main program and precede the data

cards.

3.5.1 Subroutine LEqTIC

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

A X =B (3-22)

~ ~ ~A
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where A is an nxn complex matrix, B is an nxm complex matrix and X is an

nxm complex matrix whose columnsX,are solutions to

A X B (3-23)

where B is the i-th column of B.

The calling statement is

CALL LEQTIC(A,N,N,B,N,M,WA,IER)

j where

A A

B B

N n

M m

and WA is a complex working vector of length n. IER is an error parameter
1

which is returned as

IER = 128 - no solution error

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 nxn matrix by

computing

A X = 1 (3-24)

where 1 is the nxn identity matrix. Thus the solution is X = A-1 . LEQTIC
Zn

1The solution error parameter is printed out whenever LEOTIC is used. The

printed error is iER-128 so that the solution error should be 0.
-60-
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Ais 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, T,, of M as Tl T --- and
-' n ' - n

the corresponding (complex) eigenvalues as bl, b2  --- b. EIGCC computes
2 ' n

the nxn matrix T = [Tl' T2 ' 13' --- T in ] such that

T M T =B (3-25)

where B is an nXn diagonal matrix with [B]i bi and [B]i 1  0 for i,

J=l, --- , n and i 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. 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(l), and indicates [9]

Solution Precision
WK (1) < I - Excellent

1 < WK (1) < 100 - Good

WK (1) > 100 - Poor

iThe solution error is printed out as IER-128. A successful solution would
then be indicated by 0. -61-

I .a



The matrix T is stored in the nxn array T and the eigenvalues, bi, are

stored in the nxl 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

B- 1 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

C L (3-27)

Subroutine NROOT calls subroutine EIGEN.

NROOT computes the nxn real matrix T such that

T-1 B- I A T =G (3-28)

where G is an n)n diagonal matrix with [G]ii = and [G]i = 0 for i, J-1,

--- , n and i#j. The eigenvectors Ti correspond to the eigenvalues gi and

ST = [ i v 12 9 - - - ' 9 n ] '

The calling statement is

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

where
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Array

A A

B - B

N n

G *G

AT +T

The nXl array G returns the eigenvalues gi in the same sequence as the

columns (corresponding eigenvectors) of T.

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

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

(S =S)

S B S =H (3-29)

where H is an nxn diagonal matrix with [H] h and [H] 0 for i, J=l,

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

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

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

NROOT then forms the products

M = S H-1 /2  (3-30)

and

M A M (3-31)

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

orthogonal matrix W such that (W
-1 = Wt)

2 Wt [Mt A M] W =G (3-32)
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and G is diagonal. The transformation matrix T is given by

T=S H-  W (3-33)

To show that T in fact diagonalizes B A, form

T B A T=

I Wt HI / 2 S t 1-  H- 1 / 2 W=

W~ H" St B 1 A SH~

iA (3-34)

~n

Wt H 2 St B- S H 2 H/2 St A S H/ 2 W= G

Mt AM

The NROOT subroutine used in the program FLATPAK and shown in Appendix

G is 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

-i 2
T CLT=y (3-35)

will satisfy the identity

T =T t C-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

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

data input:

Group I Transmission Line T
GStructure Characteristics Cards

Group II Termination Network 7
Characterization Cards

Group II(a)
Group l(b)

Group III Fiequency Cards

These card groups must follow the main program (and any required subroutines)

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-jastified 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

analysis 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

r -65-



TABLE 4

Format of the Frequency Group Cards, Group III

card column format
frequency (Hertz) 1-10 E

Total number unlimited

17
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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

card columns 7 8 9 10

If, instead, the frequency was punched as

card columns 6 7 8 9

to b a fequncy f 160
The program would take this to be a frequency of 10 Hertz (zeros are added

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

assigned card block applies to all other data entries.

More than one frequency card may be included in the frequency card group.

Each program will process the data provided by Groups I 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

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-

ination networks at the ends of the line, x = 0 and x = . The termination

networks are characterized by either the Thevenin Equivalent or the Norton

Equivalent characterization. These characterizations are of the form

V(0) = V 0 - ZO [(0) 1 Thevenin
-Q .,.0(4-la)

V(2) = V + Z4( ) . Equivalent

1(0) = I0- Y0 V(O) Norton
0" (4-1b)

104) = -I + Y V(t) Equivalent

and are discussed in detail in section 2.3. The transmission line consists

of n wires which are numbered from I to n and a reference conductor for the

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

ductor. Thus V0, V, 0, It are nXl vectors and 0, Z, Y0, Y. are nxn

matrices which are assumed to be symmetric.

The impedance or admittance matrices Z and Z or YO and Y , 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

-68-
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(4-1). These are:

OPTION = Ii S Thevenin Equivalent representation;( diagonal impedance matrices, Z0 and Z

O O 1Thevenin Equivalent representatiun;
full impedance matrices, Z and Z

Norton Equivalent representation;
OPTION = 21 diagonal admittance matrices, Y and Y .

-0 A

OPTION = 22 Norton Equivalent representation;
full admittance matrices, Y and Yo

: 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 ll(a), will describe the entries on the main diagonal in

Y0 (Z0 ), Y0ii(Zoi), and Yf (Z ), Y4i(Zii), and the entries in 10(V0) ,

10 (Vai), and t (vi), I -i(Vti). These cards must be in the order from i = 1

to i = 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:

1l + J2 7+j8 0 0
V0  3 + J 5 Z 0 J 9 0

+ J4 + lO+JllJ

12 16 0 0

[V Jl Z{ 0 17+j18 l
0 0 ji
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TABLE 5 (cont.)

Format of the Termination Network Characterization Cards, Group II

Group ll(a)(total = n)

card column format

r real part 1-10 E
Y (Zo)

imaginary part 11-20 E

C real part 21-30 E10li(Voi)
1 imaginary part 31-40 E

Yi(Zi I real part 41-50 E

imaginary part 51-60 E

real part 61-70 E

imaginary part 71-80 E

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

must be arranged in the order:

wire 1

wire 2

wire n
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TABLE 5

Group 11(b) total = n(n-l)/2 if OPTION = 12 or 22
Group _ lb total = 0 if OPTION = 11 or 21

card column format
real part 1-10 E

Y ij(Z0iJ) imaginary part 11-20 E

real part 41-50 E
Y (Z )

Y imaginary part 51-60 E

Note: If OPTION = 12 or 22, a total of n(n-l)/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 in the upper triangle portion

of Y (Z0) and Yj (Zj) by rows, i.e., the cards must contain

the 12 entries, the 13 entries, ---, the ln entries,

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

ordering of the cards is therefore:

wires 1,2

wires 1,3

wires l,n

1 wires 2,3

wires 2,4

wires 2,n

wires (n-i), n

-71-
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One would have selected OPTION 11. The n=3 cards would be arranged (in this

order)

7E .O LO 2.EO 16E .O 12.EO O.EO

10 20 30 40 50 60 70 80
Group
11(a) .E0 9.EO 3.EO 5.EO 17.EO 18.E0 0 13.EO

IKO.EO lloEo 6.EO 4.EO 0.EO19.EO 3.oI

If the terminal impedance matrices were not diagonal, e.g., OPTION 12 is

selected, then n(n-l)/2 additional cards, Group ll(b), would follow the above

n cards comprising Group ll(a). These cards describe the entries In the

upper triangle portion of the termination impedance or admittance matrices

A by rows. Suppose the networks are characterized by the same V and V

* ector, on above bit the Z and Z matrices are
.0 X

7 + J8 20 + J21 22 + j23j

Z 20 + J21 J9 24 + J25

22+J23 24+J25 0 + jll

16 26 + j27 28

Z.= 26 + j27 17 + j 18 j29

28 j29 ji9

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

of the 12 entries first, the 13 entries next and then the 23 en'tries:
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= . GroupGr(u) 22.E° 23.EHO 28. EO 0.EO

24. EO 25. EO 0.EO 29.EO

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, rw,

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, Z and Y. in Figure 4-1 would be negative numbers.=, j
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TYPE I

(Zi yi)

(0,0)

z © Reference Wire

I ZjYj

Figure 4-. Type 1structure.
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TYPE 2 

4
Yl

if I I0
( i 

4;

Z'/Gounj/ $Plane

Figure 4-2. Type 2 structure.
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A,

TYPE 3

a 0

/ (rj Oj~

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

Y and Yj (positive quantities) define the heights of the w" as above the

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

ri, of each wire.

For the TYPE 3 structure shown in Figure 4-3, ea 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, rwi, the angular position, Oi, and the radial position, ri, of each

wire and the interior radius of the shield, r .
S

The format of the structural characteristics cards, Group I, are shown

in TABLE 6. The first card contains the structure TYPE number (l,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),

E r, the relative permeability of the surrounding medium (homogeneous), 11r'

and the total length of tha transmission line,t , (meters). If TYPE 1 or 3

is selected, a second card is required which contains the radius of the

reference wire, rw0 , (mils) for TYPE 1 structures or the interior radius of

the shield, r , (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, rwi, (mils) and the Zi and Yi coordinates of each

wire (meters) for TYPE 1 and 2 structures or the angular coordinates ri

(meters) and 0i (degrees) of the i-th wire for TYPE 3 structures. These n

cards must be arranged in the order i. = 1, 1 = 2, ---, i = 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
-77-



TABLE 6

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

Card Group #1 (total 1): card column format 3

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

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

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

(d r(relative dielectric(d) Er (constant of the 36 - 45 E
surrounding medium

(e) pr (relative perme abil ty of the 51 -60 E
surroun ing me luml ofl.

(f) t (line length in meters) 66 - 75 E

C G p total = 1 if TYPE = 1 or 3)Card Group #2 total 0 if TYPE 2

(a) TYPE = 1: r wire in mils 6 -15 E

(b) TYPE = 2: absent
(interior radius of

(c) TYPE = 31 rs  shield in meters 6 - 15

Card Group #3 (total = n)

(a) r (wire radius in mJis) 6 - 15 E

Z for TYPE 1 or 2 in meters,$(b) -- 21 - 30 E

ri for TYPE 3 in meters

(c) Y. for TYPE 1 or 2 in meters3 4W i 36 -45 E

0i for TYPE 3 in degrees

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

wire 1

wire 2

wire n
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requires an additional set of cards in Group I which must follow those in

Table 6. The format of these cards is shown in Table 7.

4.5 Program FLATPAK

1?LATPAK considers (n+l) wire flatpak or ribbon cables as shown in

Figure 4-4. The (n+l) wires are considered to be perfect conductors. In

addition,the surrounding media are assumed to be lossless. The required

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

Table 8.

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

which is the number of wires in the cable exclusive of the reference wire.

The second entry on the card is the load structure option which is to be

selected from the choices 11, 12, 21, or 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.

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

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

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

in the cable are numbered from left to ri6ht with numbers from 1 to N=n+l

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

this sequence. In the FLATPAK program, the wires are numbered from left to
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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 refereL.ce 39 - 40

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

NOTE: Cards in Group #5 must be arranged for wires from 1 to n.
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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 I

(c) Line length (meters) 21 - 30 E

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

(a) i 5-6 I

(b) j 10-11 1

(c) [C] (farads/meter) (Entries in 14- 26 E
~ij

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) i 5-6 I

(b) j 10 - 11 I

(c) [C (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)
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right with numbers from I 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=O looking to the right (increasing x) or at x

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 wvll 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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TABLE 9

Format of the Structure Characteristics Cards,1 Group I, for FLATPAK 2

Card Column Format

Card Group #1 same as FLATPAK

Card Group #2 same as FLATPAK

Card Group #3 same as FLATPAK

Card Group #4 (total - 1)

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

(b) conductivity of wire strands 21 - 30 E

(siemens/meter)

(c) number of strands in each wire 39 - 40
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I and 2, the entries in the Thevuliin Equivalcnt characterIzat on mjtrices

are given in (2-32) and the antrQn In the Norton Eqlivnlvnt characterization

mtrices are given In (2-35). For F.xamples 3 and 4, the entries in the

Norton Equivalent characterizntion matrices are given in (2-37) and the

entries in the Thavenin Equivalent characterization matrices are given in

(2-38).

The terminal voltages for each wire (with respect to the reference

conductor) at x-0 and x-f are the entries in V(O) and V(f), respectively.

The magnitudes and angles of the entries in V(O) (V(4)) arc denoted by

VOM and VOA (VLM and VLA), respectively, on the computer printouts. Two

frequencies will be considered, 10 MHlz and 100 MHlz.

4.7.1 Examples of the XTALK Program

The transmission line structure chosen for all examp]es in this section

is that of two wires with another wire as the reference conductor. The

wire rndii (mils) are 6.3 mils (thousands of a inch) for wires #1 and #2

with the reference wire of radius 6.3 mils. The three wires are in a linear

array with Z1 - 1.27 mm, Yi W 0, Z2 - 2,54 mm, Y2 0 0. The line length is

5 meters and t;e relative dielectric constant is chosen (for the purpose of

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 Figure 4-9 through 4-12.

4.7.2 lExamples of the XTALK 2 Progrnm

The line considered for XTALK in 4.7.1 will be used here. Each wire

will he stranded, copper (a - 5.8 x 10 7) with 7 strands in each wire. The

radius 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

I are shown in Figure 4-17 through 4-20.
,l

4.7.3 Examples of the FLATPAK Program

A three wire ribbon cable will be considered. The wire radii are

.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

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

A 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 througi 4-36.
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XILI

- ________ - 2 PARALLEL 021W -___________________________________

______-______ LOAD STRUCTURE OPT0.ION 11__ _

0 LIA.9 LCNGflIW S.0000000 00 417191

~ ~~~~~T7ZI - -OYG --s: s

0 .3000 00 2.11400-03 *.DOOD-et

@74,07 REAL IlIAG OCPIA EAL IlIAC 91L IMAG

2 0 .0.000 02: *::: 04 80ooo..e 1.6000 #00osoo

C"06ACTOISIC MPRANCT MATRIX IN~VERSION EROor,. 0

Prfauteik-Y4 .. 1.00000 07 SOLUTION ERRO0. 0

IwISP VOWIVOLTSI V0AIO#GWEesw VLN(VOLSI ftlAor-3"EPsl

1 9.8290-02 1.6710 Ob 3.5,08 -1.4740 00

,IOUENty dER'z). 1.0000D am SOLUTION ERROR. 0

AWIRE VOMVOLTSI VOAIOeG0FAI VLWIVOLTSI VLAIOfO201ES)

1 9.0BI0.0I A.9100.01 1.2940 00 7.0090 00

I L.........A.IBI22 ~-ft.00 01- 3.0%,10-02 1.0350 02 _________ ___

CORE USAGE OBJECT coot. 3030 BYTES.AOqAY AREA. 675 BYTCS.?2?AL AREA AVAILABLE. 141793 BYTEII

DI AGN4OSTICS lt !~WNWFI - F-OI5 E 0711401OlS- v

20NI'ILE TIM!. 0.5A SFCCXECUTtOM TIME, 0.06 SEC. 10.44.4s TUESDAY 4 3(T 17 VATPIV -JAN 1970 VILA

Figure 4-9. Output Listing, XTALK, Example 1.
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XT ALE

LOA*STRUTUREOPTION- III

LINE LENGTH- 9.00000 00 WIell"

0 DIELECTRIC Cf ASyAN? OF THE-

______________ ~ Z.A!1yE~fRIEA1L~tyOF TIM E RCIVAI. 1.0O0#1_96___________________

~~~~~ ~~A WRE 31110 AAOIUI. 4.30~000 Of01L1 -_________________

TVl61A IF ME fees9001 I -- _____Y ll

, 6 .120000 2.4400.03 #.O000"

j ADMITTANCE AT X-0 CURRENT SOURCE AT' X-C A201ITTANCE AT XSL CWMRNT MamC At etL

eNm"? REAL INAG REAL. INA4 REAL INA$ REAL. TIA

a 1.0000-01 0.0000 01 0.0000-OS 0.0000-01 1.0000-04 0.0000-01 1.,80"Sa 0.9000-01

CHARACTERISTIC IMPEDANCE MATRIX INVERSION #RR0R. 0

FREOUENCY(IRTZ1. 1.0000- 07 SOLUTIONI RoR. 0

It~ WIE vaIVOLTII v VAI0DEGREES I VLA(VO.TS I VLAIGREEOI1

I I~ ~~ 9.0190-01 I .S770 00 311100 00 -I .4790 0as________________________ -
PREOIJENCV(IIERTZI. 1.00000 00 SOLU'lom E0ROR. 0

-iWIRE VOMMVLTS) V CA IUMGRESI V1.110OLTtI VLAIDEGOEEI

1 9.0910-01 4.91OO-01 1.1940 10 T. *70j 00

- M US46E OBJECT CODE: 1103360VLS.R& ARIA. 68BTS0AL . AVAILABLE. ISM 2 JANTT _____

DI&OTC _ _._U _E-FETESaS

Figure 4-10. o'utput Listing, XTALtK, 'Example 2.
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LINE ..EoGTw. S.0oooooo 00 set eos

afPifteNE Cofotopa Fo0 LINE VOLTAGES 19 A_10tWt 40av _p 4.S0oqk 00 "It's___________________

a S 0000 00 t.1Too-*3 6.41900-91

IMPEDANCE AT X.0 VOLTAGe SOU"CEt AT .0INPSEOANCE AT XML YOLAM IUM~ AT 5.0.

fNTAY RUAL INW EAL INAGR REAL__________NA

I _ _T _T __.______.___________________-of-__

f a 3.0000 00 0.0000-al 2.000 00 0.0000-ot 3.0000 00 0.6640-91 3.600"090 0.000"t4

CHNAACEWISTtc ?WlrfDANce MTI TVWINERR ________________________

F"FWfeviUPWC INET. 1.0v000 07 SOLUTION ff0000- 0

.2~ 4 00 VOolvoLTI) VOAIOFG0I1S Ei VLSI voLTsl VLAIOE601300

itI t.0000 00 -7.0960-01 1.0000 00 ..641 00
ii-- -.. ~ 2. t0 0 -1.(090 00- 2.0900 00 .6.47*0-01

POIOUINTINERZ) a.0000 SOLUTION roWooRM 0

N INE VONIVOLTS) voAIol[GREI0I VLWIVOLTS) VLAfDEOREEOI

II 1.90.05 60 -0.0300.01 1.404o 00O 3.37D 60

______ .L~~ 0 0 9. - 0, d30-01 29994000 .. 9I!0QL.

VIN Clu1AGr osjErcv cool. 10013S "YISARPAY AREA- 612 §TS.T3TAL ARIA AVAILAOLE. 01700 BTESI

' OP"LI TIN! 0.0 1 UTC. "to u wl TINE. 0.04 a 6 -t SEC.n 760.40. S7 TUEDAY 27 C757 4%9vta* JAN 1070 VILE

Figure 4-11. Output Listing, XTALK, Example 3.
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XT ALK

1 LOAD SlTuarTD0 OPTION. at

LINE LWM4T". S.0000040 as ogIe00

o~vtl"CtC TO IIIL I CW TH RADI*Y .34U~00 0 

0.3000 00 e~?0O .0408-42
0.3090, 00 0.000-O0

ADITNRAT 1.0 CURRENT SOREAT X.0 A000TTANC2 AT l.L CURRENT SOURCE A? 2.4.

owl-l Q 9060 SA.qwo 01115. -417-0. 30

I 20 W C.004 .00 0-:01 0.0000-01 0.0000.01 4.000100 40000-el 00000 00000

~I1~C~~00tCIMPVOAIICE "ATROX thy"S6400 "R500 0 ____________________________________

row Ncy"Cots.1.6600at OLUTION 10600f. 0

*lo 012 v00(v0LTS) 00000F0111 VL"(VOLTSI VLA404oOEIO

a.l0 00 *.0160000 1.0000 00 -2.46t0 00

a - 40 - ,1.000 00 2.990D000 -. U-1-____________

PWE0~lU14'0\oHfIlt. 000000 all SOLUTIONO f0605. 0

%.,~I It vo0l vftA V011G1 1 vNI0OLTI0s VLAIDIONV6101

I 2 .oolb 00 .64300-00 .04 00 3.1110 00

j coon USAOI OBJECT CODE- u0130 *YI.AOAT ASIA. fi?l SYT11I. *TAL AREA AVAILADLW. 101700 01700

CoOPEL 11"1. 0.00 06c.e0ICUTIO0 TIRE- 0.00 Sec. 10.49.40 TWsoDav A OCT I? vATPOV JAN 097 000.0

Figure 4-12. output Listing, XTALK, Example ~
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Figure 4.14. Input Cards, XTALK2, Example 2.
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4 So15 10M n *

24 IS1~ "Vl o

1II 92I.NU3-4~INA

1_ _ ____NI )KI : lW;jXO~lII. * WI o

123455 18*1 0VN011I OI I**0* 11
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Figue 4-5. IpuLCards, HTALK2, Examiple 3.
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Figure 4-16. Input Cards, XTALK2, Example 4.
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- STALES

I LOAD STrUCTU.. OPTIO.1 It

LIEO' LEO4NSm 9.000000000*V

~~~~-IZ AARWIN- R&0EUSS A.)300.00 NILIL _______

PRER.4MT-LEMOtN CAPACITANCE MATRIX INVERSION ERROR-

I-COMOUCT:VITY OF*F6fC WINE 15T RU 0UAE. 1i000 0 07SIMES ER Lf

WIRE mUNrIR WINE STRANDO RADIUS IMILS) CONDUCTIVITY (SIEMENS pepRITN REVEso OUNERU STRAND$

a f.0000 00 $.GOOD 07 7

iIMPEDANCE AT X-0 VOLTAGF IOUDCIT A? X.0 IMPfDANCE AT XIL VOLTAGE SOURCE AT XIL,
_________ I___IV___TO__1_00!21 (MOLYSI

qMTRY REAL 26*0 REAL 2600 REAL OMAs 0141L INA&

I ir a fo-o 1 - 0.6060;81 -1.160 66 0.66oo-6o IM650 63' 0.0000-91 .6b09s-41 11.11905o.

S a 2 1~oo0 .0000 01 0.013D0 .000).01 0.0000-01 l.0000 00 0.0000-01 1.0400, so 0.00002

PREiJO'CIHRTL*t.00000 07 SOLUTION ERROR. 0

?RAN0POIMATION MATRIX INVERSION ERROR. .610 0.70 0010 0 .. 700

-41 ---------- WIMP -ValifVOLTS) VOAlk,FG- C461S VLWIVOLS) OLAIDES029ESI

FRROuf*Cl(HrRTz- 1.40000 )b SOLUTION C1400. 0

TRANSFORMATION MATRIX INVERSION 9RROR. 0

11, - RS VONIVOLVSI vOAIOEGmgeEO VLMIVOLTOI VLAIOCGREEISI

2.?D0 -- 17R70t-00 .2470 00 0.1070 00

* CORC UfAGE OBJECT CODP. 5096 OYTeS.ARRAY AREA. 0312 0YTt0.T3YAL AREA AVAtLA0LE*- 061703 aYTes

b ~ ~ ~ ~ ~ O --- UNNOSF11-0ERF10O!. 0.-11M O IANIGO. 1 4IMORPXENTT

COMPIE TIWM. 123 stC.exeCUTEO'm tIME- 0.22 SEC. 10.40.10 TUESDAY 4 OCT 1 WArtPV *JAN 2IS6 VILS

Figure 4-17. Output Listing, XTALK2, Example 1.
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XTAL$C2

a VA3.LLCL WINES

L0AD STRUCTURE OPTION- It

3 LINE LIN00 S.0000000 00 METERS

OVEL]ECTRIC tUNS T OF THE RECONS 3.0030 5 0

ME *1D341CNUCTOS P2a LINV VOLTAGES ISA 23WT 0AIU 300 0 ILl___________

S I A.IOCI 0M 0j.S70 9-03 -_____________________________

1 3.300 002.1400-03

- 33-UNIT.LEH6T4 CAPACITANCE MATRIX INVERSION VN303. 0

~~-1 P5EE31 * 1SR3WVTTW30 W, l TO 11 Woo00 of-TLT- --

CIOCIIVOF REFERENCE WINE STRANDS. 5.900t) 07 SIEMENS PE3 NIEE

flat WORE*3 WINE STRANG RADIUS (MILS) CONDUCTIVITT IIIIMINS PE3 31713) 3OU13N OF Sr30301

2 .6000 00 3.8000 0?

IADMITTANCE AT X.0 CURRENT SOURCE AT X-0 ADMITTANCE AT WAt. CURRENT 10Uit AIR Sa..

ENR R93 EAL IMAG REAL SNAG 4)EAL SNAG 11. 1300

I T T.505 W -e.6oo-ot f.:000 -00 0.0000-01 1.0600-03 II"wI~I -- 0-466-W- .060-0

14F 3-: 1.0005-01 0.0000-ol 0. 000-01 0.8000-01 1.0000-04 0.0900-01 $.000-04 0.6100-0t

W3OUOINCY4(IET21. 1.00000 07 SOLUTION I3301., 0

TONFOR14ATION NATRIE INVEMStON ERROR. 0

WIRY VOWIY'ILTSI VOA(0303110I VLM(VOLTS) VLA133631101

I 9337- 1 .7300 00 1.3300 00 -1.4700 03

041OUENCT(HEarzI. 1.00000 06 SOLUTION 1RR03. 0

TR7ANSFORMATION MATRIX 130030101. ENRON. 0

WINE VON(VU)LTS) V0A4OtGMffPSI VLWIVOLTSI VLAt IGREESI

A I 94.2270.01 3 .140-Ol 1.2 61001

* -Coal! USAC? -0JEC? cof'e. 59646 YTES.ARRAY AREA. ISIS SYTES.TI?1AL AREA AVAILABLE- 16179M BYTES___

Figure 4-18. Output Listing, XTALK2, Example 2.
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2 PARALLEL WIes

ILOAOSTRUCTURE! OPTION- It

LIMP LENGTH- S.0000000 00 WREE"

I .~RE33e~c0~IJCn!'?JJ), VM.tA S 15 A VERE 60Th RADIUS- 6.3010 00 MILE _____________

2 .00 00 %.GOOD.0 0.660.

PO.UITLEOT ;:-ALTNC IMTRI BE~mlm Eat.R VMGRAL

QU-

1OWIF06MAIO03MATQIX INESO EROR -0_________________

WIRE URS NINE6 VTA O RAIUSLS CIINGOLII OUIVLT? SIEMEIN EREERINRE O TAO

1.900 -.0. @0-o .0000 -07 4 00

r(V03.TM~tO MATRIX ______ ERO.

t 1 3.00010 00 .0000D-01 1.00 0 00 0-I 3.2700 00 0.0.6 .0 0 0.0.0

DRAWPIUSAi t 681030 INECON RO. - RNS60 GVOtS404GREESI 1t. IRTL0,3TA ARE AV - 141791_ BYTES_

O_ MU--tm Of-INS eNME

Figure 4-19. Output.00s0ing, XTAUTIO Example 30
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XTALCS

*1 2 PAWALEL OIWN

I TYPE OP STRI~1~A I________________

LOAD STRUCTURE OPTION. 22

* LINE LENGTH, 5.0000000 00 METRS1

DVLVLNC CORT*Aff W3 iTM -upvUal ,0"00 U

A RELLAYIVE PERMEARILITY OF THE MEDIUM. t.0000 00

I REFERENCE COMOUCYOR PO" LIMP VOLTAGES ISA NIE WITH RAIU. 6 300 30 MILS

I __.3000 0 .700 .004

- ~ ~ W O ve 1.090 .100-03 RROR

PR-WfT-LrVNGH CAPACITAN4CE MATRIX INVERSION ERROR. 0

S CONOUCTIVITY 00P REFERENCE MIREf $VIANDS- 0.6000 07 SIEMENS PREOTER

RIME HUMGER MIRE' STRAND RADIUS IMILSI CONDUCTIVITY (SIEMENS PER RETEal 14UNER OF STRANDS

2 20400O 00 S.8000 0? 7

AADWITTANCE AT X-0 CURRENT SOURCE AT X.0 ADMITTANCE AT SAL CURRENT SOUIRCE AT VOL

I~~ AMP I_ _

ENTRY REAL IRAC REAL IMAG REAL. i"AG RaL IMA$

I *rI 0.0020.01 .Ooofl.I t.000D 00 0.0000.01 6.00001 . OI 0.0-l 005-I

6 .1006:101 0.0000-01 0.0000-01 0.0000-01 4.0000-01 0.0000-RI 1.0000 0R 0.0600-01

PROUNC(NMTI. 1.00000 07 SOLUTION ERROR. 2

TOANSPORMATtON MATRIX INVERSION 9RRq4A 0

MIRE VA0M 1VOLTS I V11AOAIDGAEES1 VFLM(VOLTSI VLAIDEGREES

2.99000 ?.OA-0I 10000 00 .2.1740 00

PREOUfMCTINERIZI. 1.00000 0R SOLUTION ERROR- S

TVANS ONATION MATRIX INVERSION ERROR- 0

RINE VOM(VT'LTS) VOAIOEGRIESI VLNIVOLYSI VLAfDE6REES1

1 2.9930 00 -0 TSOO-0S 1. 00 ' 70 00 3.27D__

COMPILE TIP-- t.9 SECEEUIY f IE 0.toE. l.A 5 fUSDAY 0 OCT 77 WATPIV -JAN 1976 VILS

Figure 4-20. Output Listing, XTALK2, Example 4.
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I II b I ) t SUM tH NHlNI N M IMfM 4U*.W tSa6WUSl WWw f,# MgN ggp..g* U UaNjU
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a o I I I) UI 14 U25 ND N V MNN II HN I O I I NNNNNUUUIUMM4 IUWUNNUW NUUMM IM RIBUU
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1 I 4 I16I t 10112UW I O I UN NNMMM NM n3WU.II.4S. 4UWUWUW.MMN 4M4MU.4 S01 .MI SM3,2I .... 3 MM

222222222*"2222222222 222222222222 227 2 ~ 27 2222 2 222222222222 2222122

311 33331 113 23 3 3 51333 31 -33 3 31353 "4 3333333353 3 3333 333333 33 313

4 14 44 4 44 4 4 44 44 4414 44 44 44 4 4 4 4 4 4 4 "4 .4'414 4 4 4 "4 4 4 4 4 4 1 . 4444 4 4 4 4 44 4 4 444
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ai., @a *Q l l nwka ~ o

I, a a ""allug KI WN0,2o o ""-r24 eflk2 0*ot

I oi tAo.,t 0,1 X I o )* tam v id6 010on VNO o ln s w w * ** s

09 to *aa*p * ~ *aNaxi e-o *onWs Vlw vOm o *aa %aao

2
9 3 33331 311 1 33333331 31

9 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 55ss5s51 ,,,Agi 4 1IgUW9UW,3pNEg iS i,,WIUUMgfUWUs I I I I s 1
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LOoD STRCTURE IPl04. It

* M004ACLI AT X.0 VOLTAGeS UUQCEP AT X-0 IMPROA14CIE AT X*L v :AG SORCl AT SOL.

* j0.~J ___ -~ Q!1 - --- JQTI-s -v~s -

1.200-0 1.1900 0)v fE IUA(G SO ~ t -1.044 *a1 0

PRfOGUNcYq*IP'a:. 1.00000 07 SOLUTIONd 55505. 0

S 7 200-02 9.8200 01 1.970 00 -1.1110 0a

PIGSEUOCY(271 1.0000 O90s . .ICI U7Ofl 1*0- 0AW G. 0 U&MO Xc$O$
CO.L TIM 79I SWE flCTa ------ 4-5VytAIV -WkEII JIM 11178______________

Fiue42.Otu itip LIAEape1
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I __________________LI LNt.50000000@0 me?1f R

I LOAD 3 TUCYUC00?! Ow. Of -

(113166(AMPS) IIINSII *2*3

1 ~ ~ 0000-Ot 0.00001 .000.0 0000-34 *.000.t .0005-02 0.0000-0

~P tNCTl40190z:S) 1.00000 0r SOLUTION 11303. vi vyy.V, a.nt.

it T.20700. f.1940 0f 1.9740 00 -3.0610 02

P3 0UoNI ? I. O 00 0 lUorgfrl 303S0 y~tL- vAM ~ v I

ii. L.~~ ±~t~"'I. OSDV 0000-. SO. ..
fl..Q 

......
____

$ .so30-02 0.0*30 &1 I.S470 00 -W.710 01

31AGNOSTICS AlUma0# Of 263000. 0. MUSSil Of 5035116015 0. MUal OF eATeM3!0M55 3

Figure 4-26. Output Listinj:, FLATPAK, Example 2.
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FLA TMAK

S~ IPARALLEL. 01S

I LOAD SSIJCTU*I OPTIOM. It

IMIDANCE AT 0.0 .A SOURCE AT X.0 IPtOACe AT Xtl VOLAin Soc1 AT NXt.

ENTRY REA IWGPAL INA6 EA INA REA TOM

-~* 300000 0000-1 2.0000 00 0.0000-01 3.9000G 0.0000-01 3.00" s 3 9 .0001

Pl~IWCINEV 1l I.0000 0? SOLUTION FARG0O. S

It~ VGNIVO TS1 Y0ADC44eg!Vl VLTJ IVLA0CISSII

9 _2.000D 00 -5.499-01 1 000D00 - *3t039 00k________________
2 2.0009 G0 -' .110 40 099 00 -. 317D-01

FRI N~v.I<Itl) .00600 OS SOLUTION ERROR. 0

J - ~AZ M0LMOLXIXOALEAEEZL. - A(V~dVOLT1L.Y.A

I -- - -A . - 2.9940 00 _M1,1270 0 1.0610 00 -3.910 &C___
2.0000 00 .2.9460 00 a.9070 0o *9.10V0-01

I ovojra1 zf9#-?Cookt. *f99t avyTO. ARRAY -AREA. 604 RTffS.73TAL ARIA AVIVILASLI. 1.1795 S.1 S

MAIOvICS 4v,\.rn Of CRomna. 0. WNRSR Of WARNING$. 0.RNI PITNSoNA.. 3 01.5 USA d ? VYI A 09w~

I , ~---- - '- _____________--___--_-TV

Figure 4-27. OULDut Listing, FLATPAK, Example 3.
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ijj~e * O~,, o- [ -I~0~Q L9S~*-tarot_____-______

Figure00 0 4-8.1 00pu Listing 00 TPK Example 4.
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22221
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Figure 4-29. Input Cards, ILATPAK2, Examplc 1.
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Figure 4-3). input Cards, FATPA2, Example 2.
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I -~ - - - rn6'a"L4t V 161 _____I~ ~ ~ ~ ~~d#" "I~Lf?*I6~f 6'6

'IA- 1-. -- - - - -- a- -- I -NI -Wat f.-" - . _ _ _ __ _ _

CI"QUCTYIr? or vielt STMANOS. 4.6660 6? otESAWI PON u6?3k

0. 00 1 1.6S O 0 .6006-01 9.0#40 01 0.60060-41 0.0006-01 00066-414

powow Cif 160 0's1. 1.00000 0? SOLUTI 10 ,004qa 0

TIASOMTO HAVOIN MINSIONW OM6- 0

win -vowtSaLY S ) .I VeA1011689II WulUIOL?6l VLA(044491

0.6170-01 -7.6170-01 310"00 -. ;~ 01

PUO~'C6N3?l.1.00000 0s SOLUTION ENRON- 0

also6U3? lku 3, I NYEOIION 5.1P0.l

WlI vamvOLII oa afiOEAE VLMI VOLVII VLAIOCE641II6

1.00O .000 1.41001 00 1.1?0 SO

calle USA4 61 C 399dO. 6196 DYT66.hMMAY ARIA- t600 D S.TSI,? t. ASIA AVAILAUW. tItll SYVIS

TISL TfW .3 I.WC I ME-l~t 0.11 sec. 10.31.11 full0&Y 4 Oct TV WkPtY - JAM 19" VILS

Figure 4-33. Output Listing, PLATPAK2 , E:ipc1.



I LOAD STRUJCTUE OPTION- ?I

P"IN~IS?4..NGH CAPACITANCE MATIX IN EMSION fPQO*. 0

% C*VOIJCTIVITV Of WIR! SIA440S. S.600 Or SIEMENS pro "Ive*

ADOITTA04C AT x-0 USNT toUEA20 ADMITTANCE AT XI. CU!M,'4 ""lIS At X" ..

f sOPNENS) IA*ASf 12IENSI CAIWPSO

?--NTRY A EAL ___ NLAGi_ _ EAI, ___ NAG hA NA REAL nt

1I .0000 00 O .D00001 .00000 0.0000-01 - 1.0000-03 0.000-o1 0.0040-01 0.00"

PREOUENCVIHFR01I* 1.00000 0? SOtUVION ERS055 0

1 TNAOSPOPNAI!001 MATRIX IWVEOfStON lUSTS. 0

I IRE V0N1 VOLVO4) VOOSOPGSetsI VLN(VOLSI VLA4001RSI

0 .8370-01 -7.6170-51 3.79to 00 -. 6100g 01

v*OIOU!MCYIH1IwT1I 1.500000 03 SOLUTION4 ERR0R- 0

RM 1201 5mOIG S.CIO .4100-03

TRNSFORMATION MATRIX INVERSION ESSTS. 0

WIRE VONIVOLTS) VOA40OREES) VLMIVOLVSI VLA(OEGM91151

I 9.9455D-01 -6.0460-02 2.4210-01 -1.3730 02

a 6.11890.02 9.1440 91 J 0j j 00 .1.7700 of

.11V USAGE OBJECT CODE- 83296 ByES.AARAY ASIIA. IJ9 STYLEST)TAL AREA AVAILA§LZ. 161?"A 9YTS

0140 ONTICS MNWR a rNIM40i - - OIWstoI OF WAA4 NINIIO!Wg~bw.

-. I. VS. I) SCFEU O TIMIE- 0.11 SEC. 10.311 TUESDAY 4 OCT IT VATESY JAN t*76 VILS

Figure 4-34. Output Listing, FLATPAK2, Example 2.
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PLATPAKS

3 PA*ALEL ReS

S LOAD STRUCTURE OPTION- is

j *ERIIYL N CAPACITAFRE MATRIX INVERSION ERROR. 0

h RM-14IY-L&WHY CAPACITANCE MATRIX INVERSION ERRIOR. 0

CONDUCTI VITY OF WIRE STRANDS. S.0000 07 SIEMENS PER METER

_j*EJAtCK AT O904c Vl!0SU ET 0 - IPPAC&T XeL VOLVA62 IOU*0 AT-M.L

towMs) IVOLTRI t"$CSLS

Imlay EAl I NAG IREs tM- ORAL tMA

1 3.0000 00 0.0000-0 3.00 S 00 0.000001 2.000 00 0.8#00-02 t.4000 to 0.000-9

2.::: 3..0010 00 0.0000-01 :.:0:: :: 0 00-RI01..~

POREONCYIHERTZ). 1.00000 07 SOLUTION ERROR. 0

TRANSFORMATION MATRIX INVERSION ERROR. 0

SIRE VOMIVOLTS) VOA(DEGREES) YLMIVOLTS1 VLA( DEGREES)

a 1 2.591W) 00 -S.-9SRO-0I 1.0000 00 -0.0360 0

0 0.0001,00 .0,I41c. .,00 ~i~f~l

PREQUENC~tHERTZI. 1.00000 0R SOLUTION ERROR. 6

SOLUI -CttOM-5.41RD-03

TRANSPORMATION MATRIX INVERSION pRORo. 0

Iowine VOMIVOLTSI VOAIOEGReEfS1 VL-I(V')LTSI VLAIOEORIES1

I P.0940 0 -I .4520 00 9.9930-01 -.4.0990 00

* C3ME USAGE OOJECT CODE. 13206 BYTt'S.AFIRAY AREA- 1096 BYTES.TOAL AREA AVAILABLE. t0179v BYTES

1Ii?1oJ0 EU E-d )Ti -- 6. WOMREN Of RAR I NGS. 0. -NUMBER OPEx"-6Wf.----IEA

COMPILE TIME. 1.10 ORC."EEUTION TIME. 0.10 sec. 10.30.33 TUESDAY A Oct 77 WATPIV JI 1AN857 VILS

Figure 4-35. Output Listing, FLATPA(2, Example 3.
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PLAPAK2 -

X ~LOAD STAUCTURE OPtION. at-

I *.f-IPEIY.EOITH CAPACITANCF MATRIX INVERSION ENRON. 0

CONDUCTVITYV OF WIPE STRANDS. S.8000 07 STPOMS PER METEM

I --- -------- --- *A IA A - REL-A

6.000-01 0. 0000 .0n00 000-1 (.0000-01 0.0000-l @.8000-01 0.0000-0I

F I 0 -6.0000-01 0.0000.01 -3.0000-Al 0050t

PRVQUFNCy (maltyI 1 1.00000 07 %nLUTICVN FRM~. 0

* TIINPOROATION MATRIX INVeRSION F*MnA. 0

-WINE VON(VOLT151 VOAIOFGWFI!S) 0LMfVOLT3I VLA(DEGREES)

z I 2.9940 00 -5.55201-01 1.0000 00 -2.0365 00

________2 2.0000 00 tI2I)A 0 okqN 00 *j- 04 _____________________

[ *OUFNT§EPz) 1.00 oR SOLUTION emo.o. 0
- OPGIN. SOUION PRC30 15AI00 __

It TRAWOORMATIO-4 RATRIX INVERSION FROR.0

WI-RE~ VOMILTSI VOAIOFGQffq) VLM(VOLTS) VLAIOEGREell)

SI 2.99!0 00 -1.6520 00 9.9930-0- -4.0590 00

_________LA...lS~k.C0 lsOZODOO2.9940 00 -2.695101~ -____-______ _______

CORE USAGE oPJFCT COVE. 53296 01TES.ARRAT AREA- 1296 BYTI3,T3NL AREA AVAILA9LE. 161792 RYTES

-OIwaGb1tics .j6sr~o OF RnRnORS 0, "NDERa OFARNINGS. 0 Numsf* oF ExTENSIONS. 26

I.TO

Figure 4-36. Output Listing, FLATPAK2, Example 4.



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-TEI" 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+l) wire ribbon (flatpack) cables in

which all wires are identical and are coated with cylindrical, dielectric

insulations of identical thicknesses. All wires lie 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-



REFERENCES

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

the Prediction of Cable Coupling, Volume I, Multiconductor Transmission

Line Theory, Tichnical Report, Rome Air Development Center, Griffiss

AFB, NY, RADC-TR-76-101, Volume I, April 1976 , (A025028).

[2] 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.

[3] 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).

(41 C. R. Paul, ARplcations 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.

[5] 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.

[61 W. C. Johnson, Transmission Lines and Networks, New York: McGraw-Hill,

1950.

[7] S. Ramo, J. R. Whinnery, and T. VanDuzer, Fields and Waves in Com-

munication Electronics, New York: John Wiley, 1965.

[81 A. E. Feathcr and C. R. Paul, 'ppicacions of Multiconductor Transmission

Line Theory to the Prediction of Cable Coupling, Volume I1, Computation

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

-120-



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

April 1976 , (A025029).

[9] IMSL, Sixth Floor, GNB Building, 7500 Bellaire Boulevard, Houston,

Texas 77036 (Fifth Edition, November 1975).

[10] 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.

[11] 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.

.

V.

-121-

I



APPENDICES

-122-



APPENDIX A

XTALK

Program Listing

12

F.
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C WTALK0O2
C PROGRAM XTALK ITALKO03
C (FORTRAN IV, DOUBLE PRECISION) XTALKO00
C WRITTEN BY XTALKOO5
C CLAYTON R. PAUL ITALKO06
C DEPARTMENT OF ELECTRICAL ENGINEERING XTALKO0?
C UNIVERSITY OF KENTUCKY ITAL1O08
C LEXINGTON, KENTUCKY 40506 ITALK009
C XTALKOlO
C A DIGITAL COMPUTER PROGRAM TO COMPUT THE TERMINAL VOLTAGES ITALKOI
C (WITH RESPECT TO THE REFERENCE CONDUCTOR) AT THE ENDS OF A ITALK012
C MULTICONDUCTOR TRANSMISSION LINE FOR THE TEN MODE OF XTALK013
C PROPAGATION. ITALK014
C XTALKO15
C THE DISTRIBUTED PARAMETER, RULTICONDUCTOR TRANSMISSION LINE XTALK016
C EQUATIONS ARE SOLVED FOR STEADY STATE, SINUSOIDAL EXCITATION ITALKOI
C OF THE LINE. ITALK01U
C ITALK019
C T3E LINE CONSISTS OF N WIRES (CYLINDRICAL CONDUCTORS) AND A XTALK020
C REFERENCE CONDUCTOR. THE REFERENCE CONDUCTOR MAY BE A NINE rTALK021
C (TYPE-I), AN INFINITE GROUND PLANE (TYPB=2), ON AN OVERALL XTALK022
C CYLINDRICAL SHIELD (TYPE=3) lTkLK023
C XIALKO24
C THE N WIRES ARE ASSURED TO BE PARALLEL TO RACH OTHER AND THE XTALK02S
C REFERENCE CONDUCTOR. XTALK026
C ITALK027
C THE N WIRES AID THE REFERENCE CONDUCTOR ARE ASSUMED TO 91 ITALK029
C PERFECT CONDUCTORS. ITALK029
C XTALK030
C THE LIN! IS IMMERSED IN A LINEAR, ISOTROPIC, AND HOROGENEOUS XTALK031
C EDIUq WITH A RELATIVE PERMEABILITY OF BUR AND A RELATIVE XTALK032
C DIELECTRIC CONSTANT OF EL THE MEDIUM IS ASSUMED TO BE LOSSLESS. ITALK033
C XTALKO34
C LOAD STRUCTURE OPTION DEFINITIONS: ITALK035
C OPTION=11,THEVENIN EQUIVALENT LOAD STRUCTURES WITH DIAGONAL XTALK036
C IMPEDANCE MATRICES XTALK037
C OPTION=12,THEVENIN EQUIVALENT LOAD STRUCTURES VITH FULL ITkLK038
C 7MPEDANCE MATRICES XTALK039
C OPTION=21,NORTON EQUIV!LENT LOAD STRUCTURES WITH DIAGONAL XTALK00
C ADITTANCE MATRICES ITALK041
C OPTtON=22,NORTON EQUIVALENT LOAD STRUCTURES WITH PULL XTLKO042
C ADMITTANCE MATRICES ITALKOS3
C XTALKO4
C SUBROUTINES USED: LEQTlC ITAL1045
C ITALKO6

C ITALKO48
C ALL VECTORS AND MATRICES IN THE FOLLOWING DIENSION STATEMENTS XTALKO9
C SHOULD BE OF SIZE N WHERE N IS THE NUMBER OF WINES(EXCLUSIVE OF XTALK050
C THE REFERENCI CONDUCTOR), L E., IO(N),IL(N),YO(NN),YL(N,N) B(N), ITALK051
C A(NN),I(N),MI(UN),NM2(NN),1I(li),V2(N) XTALKO52
C XTALK053

IMPLICIT REAL*8 (A-H,O-Z) XTALKO5
INTEGER TYPEOPTION XTALKO55
REAL*8 L,MUO2PI,MUR !YALK056
COMPLEX*16 XJ,Io( 2),!L( 2),0( 2; 2),YL( 2, 2),A( 2, 2),B( 2), ITALK057

IVA( 2),MI( 2, 2),H2( 2, 2),Vt( ;!),V2t 2),SUMO,SURL,VOvvL.ZEROC, ITALKes
2C, AI,A2,ONEC IALK059
DATA PI/3. 141592653D0/,V/2.9979;'SD8/ XTALK060
DATA CHTM/2.5LD-5/,NUO2PI/2.D-7/,P5/.SDO/,ZHRO/O.DO/,ONE/I.DO/, TALK061
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1TWO/2.D D,POUR/LI.DO/,01E80/180.DO/ XTAL9062
ONEC=DCRPLXI. DOG. DO) ITAL9063
ZEROC-DCHPLX (0.DOG. DO) XTALKO6U
XJ-DCRPLI(G. DO, 1.DO) ITALKOGS

c ILLK066
C*****FREQUENCY INDEPENDRNT CALCULAIOS****ft***********'***************IALKO67
C ITALX068
C READ AID PRINT INPUT DATA I?1LK069
C ITALK0700

READ(5. 1) TYPS,OPIO,N,ZR,NUR,L ITALK071
1 FORAT(9X.1,2(8X.2),3(51,E1O.3)) ITALS072
IP(TYPl.GE.1.AND.TYPR.LZ.3) GO TO 3 XTALK073
WRITE (6,2) , XAL%074

2 FORMAT(' STRUCTURE TYPE ERROR@/$ TYPE MUST EQUAL 1,2,02 30///) MUM7
GO 70 82 XTALK076

3 IF(OPTION.EQ.11.OR..OPTION.EQ.12) GO TO 5 ITALK077
I?(OPTION.BQ.21.OR.OPTIOL EQ.22) GO TO 5 ITALK078
URITZ(6,4) XTALKO79

4 FORMAT(' LOAD STRUCTURE OPTION ERROR$//$ OPTION MOST EQUAL 11,12,21TALKO8O
11,03 22111A) ITALKOS 1
GO TO 82 ITALK082

5 WRITE(6,6) N.TYPE,OPTION,L,ER,MDR ITALK083
6 FORAT(H5X,XTALK/// ITALIO84
145X,12,0 PARALLEL VIRES91// ITALKO85

34XlLOAD STRUCTURE OPTION- 1,12/// IAK8

43XfLINE LENGTH- $,1PE13.6.' AETEISN/// ITALROSS

7READ(5.8) IWO XTALK092
8 FORINAT (51,310.3) XAK9

VRITE(6,9) IWO I4-
9 POR-AT($ REFERENCE CONDUCTOR FOR LINE VOITACES IS A WIRE W!TR RADIITALKOS

1US- I,1PEIQ.3,9 MILSI//,//) XAK9
RWO-RIO*CKTM ITALK097
WRITE(6, 10) ITAL9098

10 FORMAT(l VIRt: MN?8R9,4X,6WIRE RADIUS (NXLS)I.181, XTALK099
11Z COORDINATE (NETIRS)0,241,$Y COORDINATE (METERS)',//) ITALKtOO
GO TO 14 IAL K101

11 READ(5,12) IS XT'ALK102
12 FORMAT(51,1O.3) ITALKi 03

VRITE(6,13) IS ITALK104
13 FORMAT(' REFERENCE CONDUCTOR FOR LINZ VOLTAGES IS A CYLINDRICAL OVITALK1OS
IRRALL SHIELD WITH INTERIOR RADIUS= ,1PR1O.3.' NETRRS'////) XTALK106
RS2.&RS*RS IIK0
VRITE(6, 14) XTALI.K10

14 ?ORMATQl WIRE IUMBEU',2I,lWIRR RADIUS INILS)I, 21,9SEPAPATION BETVITAL9109
IIEN WIRE AND CENTER OF SHIELD (MlE.ERS)9,6I,lAIG0LAR COORDINATE (DITALK11O
2GRERS)f'./) XTALK11I
GO TO 18 ITALKI 12

15 NRITE(6. 16) IT A:K 113
ME 16 FORMAT(l REFERENCE CONDUCTOR FOR LINE Vt;.TAGES IS AN INFINITE GROUXTALK114

iij, 1L1*/i9aIALK1 15
WRITE (6. 17) ITALKi116

17 FORMAT" WIRE NUUBEI'.4X.'WVIRE RIADIUS (MILS)I.11.SX, 1

11UOIZ. AL COORDINATE (METESS)',16X,llRI BEIGHT (MIERSp.*//) ITALK1I6
C READ AND PRINT LINE DIMBNSIONS AND COMPUTE THE CHARACTERISTIC ITALK120
C IMPEDANCE MATRIX, ZC (STORE ZC IN ARRAY 81) NtAlKi21

C ITALK122
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18 C=BUo2'?I*ONZC*V*DSQRT(NUR/EU) ITALK123
DO 254 X=1,N IAX K I14s
RBAD(5,19) RV,?,! ITALK125

19 70ORAT (3 (X11C. 3)) ITAL9126

20 FORNAT(21,I2,13X, iPElO.3,27X,iPE1O.3,351,1PE10.3/) ITALK128
11(I)=ONEC*Z ITALS129
12(I)=011C'Y ITALK 130
fl~zRV*CglfN ITAL1131
GO TO (21,22,23) TYPE ITALK132

21 D12=Z*Z+YlF7 IALK133
Ni (II)-CDLOG(D12/(ERU*BOI) IIALK134
GO TO 254 XT&ALK135

22 il(X,I)=C*DLOG(TUO*Y/R) XTAL1131
GO TO 24 XIALS137

23 N It (1) C*DL OG ((IS 2-2*Z)/(IS*RV)) ILKI3S
254 CONTINUJE ITALK 139

17130 ~GO TO 29 ITALK1540
KiNy-1 ITAIK1541
DO 28 X-1,11 XTALK142
92-1*1 XI1543
DO 28 Jx32,N XIU144
ZIDRIALI (1()) ITALK145

ZJZDRlAL(Ti(J)) ITALK1546
TI-DREAL (2(I)) XTILK1547
TJ=DREAL(12b7)) ITALK148
GO TO (25,26.27)TPE ILI1549

25 DI2uZI*ZI+**T XTALK 150
DJ2sZJ$Z 3. TJ*Y ITALKi1
ZDZ3I-ZJ ITAL1152
TDwYI-TJ XTALK153
DIJ2uZD*ZD+TD*YD LIALKiSS
Ni (I,J)mP5*C*DLOG(DI20DJ2/jRNO*RVO*D132)) ITALS155
Ml (JqI)xN 1,J) RTILK156
GO TO 28 ITAL1157

26 ?D=ZX-ZJ ITALK158
YDzTI-YJ XTAIX1S9
DIJ2=ZO*ZD*YD*TD ITALK160
Ni (I,3)SP5*C*DLOG(0U3.TOUR*YI*YJ/D132) XYALK161
m1(J.I) am1 (,J) XTALK162
GO TO 28 XTALK163

27 THZTA- (TI- YJ) *PI/OUE 80 XTALK1654
RI 2aZI~zX ITALK165
IJ2uZJ*ZJ XTALK166
Ni (1.3) =P5C*DLOG ((RJ2,/lS2 * (112*332.1S2*S2-TO*ZX*ZJ*1S2* K!ALEI67

1 DCOS (THETA)) /(R12*RtJ2*RJ2*R3'2-TVO*ZI*ZJ*132*DCOS (TNB))) ITALS168
Ni (3.I)UN1(I.J) ITALK169

28 CONTINUA XIALK 170
C XZILK171
C COMUITE THE INVERSE OF THE CHARACTERISTIC IMNEDANCS MATIX, ZCINT IYALK172
C (STORE ZCIIV 13 ARRAY M2) ITILK 173
C SIAL 1754

29 DO 31 f-1,1 STALK175
DO 30 3=1,1 ITALK176
A (1, J) am 1(1J) XTALE177

30 M2EI.71=7RC ITALK176
A31 M2 (1,1)ON IC I!Alk 179

CALL LEQTlC(A,N,I4,M2,N,N,0WA,KR&) ITLLE18@)
KER=KER-128 XTALKI81

C XALK 182
C READ AND PRINT ENTRIES IN LOAD ADMIT!ANCE(IRPEDANCH) NATRICES ITALK183
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C AND SHORT CIRCUIT CURRENT SOUPR3 (OPEN CIRCUIT VOLTAGE SOURCN) XIALKl184
C VE~CTORS (STORE ADMITTANCE (IMPEDANCE) MATRICES AT Im0 11 ARRAY TO IMALK1IS
C AND THOSEs AT X-L IN ARRAY TL. STORE SHORT CIRCUIT CURRENT SOURCE I'TU.K186
C (OPEN CIRCUIT VOLTAGE SOURCE) VECTORS AT 1=0 IN ARRAY 10 AND IEAL11S7
C THOSE AT I-L IN ARRAI IL.) ITALK88
C IALK 19

IP(OPTION.EQ.11.OR.OPTION.EQ..12) GO TO 314 ITALK190
URITE(6. 32) XTALK191

32 FORMAT V/.181.'&DATTANCE IT X=O0'OX,lCUR1ENl SOURCE AT 1*09, IP.LK192
112X.'ADRITTANCE AT IuL9.10I.'CURRlNT 3OURCE AT ImLY/) ITALK193
VRITI(6,33) 1TALK194

33 FORNAT(211.' (SIENENS) %231.' (AlIPS) '.22J,' (SIENINS) .231,'(ANPS)'/)ITALK195
GO TO 37 ITALK1%

314 WRITI(6,35) ZTALK 197
35 FORNAT(//.18I,tIdfgiDANCE AT 1-O'.11I,'VOLTAGE SOURCE AT 1-06, ITALK19S

112X.'INPEDANCE AT 1-LO.11XIVOLTAGE SOURCE AT XuL.'/) 1TALK199
WRITE(6,36) ITALK200

36 PORNAT(231.'(OHNS)%,231,0(VOLTS)'.2'41,.(0HNS)',231,'(VOLTS),/) ITALK201
37 URITE(6,38) IALK202

S138 FORMAT(' ENTRY,1OXIREAL.1IX,IEAG.11I.REAL1I*'INlllAG'.1I, ITALK203
1'R!AL',11I,'I"Ar'.t1i.'REAL'.1IX,'IIAG'//) ITAL9204

*IDO '41 1-1,1 I!ALK20OS5
HEAD(5,39) YOi?.Y0II0(X) .TLR,!LI.IL(I) ITALK206

39 FORMAT(8(EIO.31) ITALK207
TO (1,1) !O3+XJ*T0I ITAL9206
YL (1.1) -LR+XJ*TLI ITAL1209
WRITE(6140) X..OII.0I.LII.LI TALK210

'40 FORNAT(1X,12,2I.I2.8(5XIPE10.3)/A XALK2I1
'41 CONTIUCE ITAL12 12

IP(OPTION.EIQ.11.OR.OPTION.EQ.21) GO TO '45 ITALK213
IF(iEQ )GO TO 45 ITAL1214
G414 I-1,K1 ITAL9215

K2=1*1 ITALK216
DO 4) J-12.N ITILK217
RZELD(5,42) Y0!.VYiIYLR*YLI XTALK21S

42 FORiNAT(2(21O.3),201,2(E1O.3)) XTALK219
TO (1.3) uOR*R3*T0I XALK220
!L (1.3) a!LW+X3YLI XT4LK221
TO p.I) -TO (1J) XAL1222
YL 0J,I) YL (I J) ITALK223
IRIE(6,43) I,J.1O(IJ),ThL(IJ) ITALK224

'43 PORNAT(11.12,21,2,2(1.1PIO.s),3012(SX.1PIO.3)) ITAL1225
'44 CONTINUE XTALK226

c ITALK227
C IF THEVENIN EQUIVALENT IS SPECIFIED, SWAP ENTRIES IN 91 AND 32. ITALK228
C MI WILL CONTAIN ZCINY AND 82 VILL CONTAIN IC. XTALK229
C IT ALK 230

45 IF(OPTION.EQ.21.OR.OPTI0L.EQ.22) GO TO '48 ITALK231
DO '47 1=1,1! XTALK232
DO 46 Jul.N ITALK233
A111 (1,J) ITALK234
A2=N2(i.3) ITALK235
N1(1,J)-A2 ITALK236
MI (JI)=A2 ITAL1237
12(i,J)Al XTALK238

46 N2(3,I)=Ai XTALK239
47 IL (I) s-It (I) ITAL1240

C ITALK24 1
C COMPUTE THE MATIX ZCIZL*ZCIUV*Z0 POL. THE TH!IVEN1U EQUIVALENT ITALK242
C OR ZCINVYL*%C*YO FOR THE NORTON EQUIVALENT. .,TONE IN ARRAY K2. XTALK243
C COMPUTE THE MATRIX ZCINV$ZO FOR THA THIVENIN ECUIVALINT OR ITALK24IR
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C ZC*YO FOR THE NORTON EQUIVALENT. STORE IN ARRAY E1. IAK~
C COMPUTE THE VECTOR ZL*ZCIIV*VO FOR TIE THEVININ EQUIVALENT OR KT'plK246
C YL*ZC*IO FOR THE NORTON EQUIVALENT. STORE IN ARRAY V2. ZTALK247
C COMPUTE THE VECTOR ZCINV*VO FOR THE THEVEIN EQUIVALENT OR ITALK248
C ZC*IO FOR THE NORTON EQUIVALENT. STORE IN ARRAY V1. ITALK249
C ITAIX2 50

48 IF(OPTION.EQ.12.OR.OPTIEON.EQ.22) GO TO 54 XTIL12SI
DO 50 I=1,N XTALK252
SUMOUZEROC MUMK25
DO 49 J-1,9 ITAL1254
A (I3) -a I(I. J) *!O(J,J) ITAL12S

49 SURJO=SUMO.N1(I.J)*IO(J) XUALX2SE
50 11I) -SUNO , ITALK257

Do 52 1=1,1 ITIL1259
Do 51 3-1,N ZTALK259

52 V2 (I) =YL(I I) *Vl 11) Z1111261
DO 53 I-IN IAX6
DO 53 3-1,1 IT&L1263

53 N1(I,J)-A(IJ) ITAL9264
GO TO 62 ITALK26S

54 Do 57 11l,N 11111266
SUMOZZERoc M~aUM6
Do 56 J-1,N ITAL1261)
SUML-ZEROC X1AL1269
DO 55 K-1,N XTIL1270

55 SUNL=SURL*NI (I,K)*YO(K,J) ITAL1fl I
5SUIOwSURo+N1 (13) X0 (J) 111A.1272
56A(I,J)zSUNL AK7

57 VIjI)-SUfO IALK274
DO 60 Is1,N ITAL1275
SUfl 0Z RRCC XA97
DO 59 J31,U XTALK277
SUNMLZEROC X11ALK278
Do 58 K-1,1 1111.3279

58 SUNL=SUltNL*T(LK)*A(K*3) ITALK280
l2 (1.3) =SURLN2(1,J) 1111.1281

59 SUNO=SUBO+YL (13) *V1 (3) ITAL.1262
60 12(I)=SUNb X1ALK283

DO 61 Im1.W 11flK284
DO 61 J-1,N 11113285

61 Nl(IJ)=AjI,J) ITALK286
62 BLxTVO*PI*DSQRT(HOR*ER) *L/V ITALX287

IF (KER.UR. 1) KER0 ITALK288
IRITE(6,63) Rt ITAL9289

63 FOIRNAT(//,§ CHARACTERISTI- INPZDANCE MATRIX INVERSI0N ERROR- 1,12 ITALX290

C ITAL91292
C*****FRZCUENCY DEPENDENT CALCULATIONS********************S************IfAL1293
C ITALK294

64 CONTINUE ITA1.K295
READ(5,65,END-82) F X1&LK196

65 PORMAT(E1O.3) XT&L~k97
BETAL=BL*Pl ITALK298
DS-DSIN(BEAL) 11113299
DC=DCOS (BETAL) ITALK300

C XTALK301
c COMPUTE THE TERMlNAL VOLTAGES 1111.X302
C XTALK3303
C FORM THE EQUATIONS ITALK304
C XTALK305
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IP(OPTIOL.EQ.12.OL.OPTIOI.EQ.22) GO TO 68 XTAL9306
DO 67 I11, ITALK307
DO 66 3=1,3 iT1L1308

66 A(I.J)=XJ*DS*H2(I,) XTAL1309
k (I, I) -DC* (TO (1, 1) *YL (I, I)) +&(I, I) XTILLK310

67 B(I)-DC*IO (I) XJ*DS*V2 (I) IL (I) XTAL9311
GO To 71 XTALK312

68 DO 70 1=1,N XTAL93 13
DO 69 3=1,1 IALK3 14

69 K (I, J)=XJ*DS*H2 (I,,J)+DC*(YO (I, J) *YL(1,J)) XTALI315
70 Dfl)-DC*IO(1) ,LI*DS*V2 (I) IL(I) ITALK3 16

C ITALK3 17
C SOLVE THE EQUATIONS XTALK318
C ITALK3 19

71 CALL LBQTIC(AN,N,B,1,N,O,IA,IER) ITAL1320
IERIIR- 128 XTAL1321

I?(IE.3E I)11=0R!LK322
URITE(5,72) 7,133 ITALK323

72 FOSMAT(1H1,' FREUTENCY(NIRTZ)- ',1PEII.II,1OI,'SOLUTION 33301= ITALK324
121,12/"/) XTIL1325
VRITE(6,73) XT&IK326

73 FO3MAT1161I'IRE',8IV0N(1OLS) .31,'VOA(DEGREES) 6.81. ITALK327
1$VLN(VOLTS) ',31,'VLA(DEGIES) 1///) ITALK328

C XTkLK329
C COMPUTE AND PRINT THE TERMINAL VOLTAGES ITALK330
C ZTKLK331

DO 75 Xul,l XTALK332
Sao HZxRoc ITaK333
DO 74 J=1,N ITALK334

74 SUHO=&SDNO+N1 (13) *B(3) XALK335
75 WA (I)=XJSDS* (SUMO-Il (I)) *DC*D(I) ITALK3 36

DO 81 1-1,N ITALK337
IF (OPTION. EQ. 11. OR.OflIOI. EQ. 12) GO TO 76 ITALK338
VOuD(I) XTALK339
VL=WA (I) XTALK340
GO TO 79 ITALK341

76 I7(OPTION.ZQ.72) GO TO 77 ITALK342
VO1O(I)-1(I,I) *B(I) ITALK343
ViZ-IL(I) +YL (I, I) *VA (I) IT&LK344
GO TO 79 ITALK345

77 SUMOxZEPOC ITALK346
SUNLZZERCC ITALK347
DO *18 321,3 ITALK348
SUflOUSDNO+YO (13) *B(3) ZTALK349

78 SUNL=SUHLYL(IJ)*UA(J) IkL1350
VO-I0(I) -SUNO XTALK331
YL-IL (I) +SUML Z?1LK352

79VON=CDABS(VO) IAK5
VLN=CDABS ('VL) XiLALKM5
VOR-DRBAL (TO) ITALK355
VOIDIMAG (10) ITILK356
YLRuDREAL (IL) ITALK357
VLI-DIBAG (IL) XTALK358
IF(VOR.EQ.ZERO.AND.VOL.Eg..ZEIO) TOR-ONE XT&L1359
IF (1LR.EQ. ZERO.AUD.VLI. EQ. URO) TLU=CUE ITALK360
YOA=DITAN2 (VOI,VOR) *0NE80/PI ITALK361
VLA=DATAN2 (VLI.FLR) *01180/PI XTALK362
UEITE(6,80) IqVON,VOAVLR,ILA ITALK363

80 FORMAT(17 .2,81,PEO.,3,IPEIO.31OX.P10.33X,IPEIO.3/) XTALK364
81 CONTINUE XTALK365

GO TO 64 XTALK366
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82 STOP
END ITAL1367

ITALK369
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TABLE A-i

Changes in XTALK to Convert

to Single Precision Arithmetic

Delete Card 054

Card Number Double SIngle

056 REAL *8 REAL

057 COMPLEX *16 COMIPLEX

060 3.141592653D0 3.1415926E0

060 2.997925D8 2.997925E8

- ~ 061-062 change all D's to E's

063 DCMPLX(l.DO,0.DO) CMPLX(1.EC,0.EO)

064 DCMPLX(0.DO,0.DO) CMPLX(0.EO,0.EO)

065 DCMPLX(0.DO.1.DO) CMPLX(0.EO,1.EO)

123 DSQRT SQRT

134 DLOG ALOG

136 DLOG ALOG

138 DLOG ALOC

145 DREAL REAL

146 DREAL REAL

147 DREAL REAL

148 DREAL REAL

155 DLOG ALOG

161 DLOG ALOG

167 DLOG ALOG

168 DCOS Cos

168 DCOS Cos
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Card Number Double Single

287 DSQRT SQRT

299 DSIN SIN

300 DCOS COS

353 CDABS CABS

354 CDABS CABS

355 DREAL REAL

356 DUMAG AIMAG

357 DREAL REAL

358 DIMAG AIMAG

361 DATAN2 ATAN2

362 DATAN2 ATAN2
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I APPENDIX B

XTALK2

Program Listing
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C XTALKO02
C PROGRAM ITALK2 ITALK003
C (FORTRAN IT, DOUBLE PRECISION) ITALA004
C WRITTEN BY ITAXK005
C CLAYTON R. PAUL ITALK006
C DEPARTHET OF ELECTRICAL ENGINEERING ITAL1007
C UNIVERSITY OF KENTUCKY ITALK008
C LEXINGTON, KENTUCKY 40506 XTALKO9
C ITALKO 10
C A DIGITAL COMPUTER PROGRAM TO COMPUTE THE TERMINAL VOLTAGES ITALKOl
C (WITH RESPECT TO THE REFERENCI CONDUCTOR) AT THE ENDS OF A ITALK012
C RULTICONDUCTOR TRANSISSION LINE FOR THE TEN BODE OP ITALK013
C PROPAGATION. ITALKO 14
c ITALKO1
C THE DISTRIBUTED PARAIETE1, MULTICONDUCTOR TRANSNISSION LINE ITALK016
C EQUATIONS ARE SOLVED FOR STEADY STATE, SINUSOIDAL EXCITATION ITALK017
C OF THE LINE. ITALK018
C ITALKO19
C THE LINE CONSISTS OF N WIRES (CYLINDRICAL CONDUCTORS) AND A XTALKO20
C REFERENCE CONDUCTOR. TdlE REFERENCE CONDUCTOR RAT BE A WIRE XTALKO21
C (TTP,=I), AN INFINITE GROUND PLANE (TYPE=2), OR AN OVERALL ITAL9022
C CYLINDRICAL SHIELD (TYPE-3). ITALK023
C ITALK024
C THE N WIRES ARE ASSURED TO BE PARALLEL TO EACH OTHER AND THU ITALS025
C REFERENCE CONDUCTOR. XTALK026
C XTALKO27
C THE N WIRES AND THE REFERENCE CONDUCTOR ARE CONSIDERND TO R ITALK028
C IMPERFECT CONDUCTORS. THE SELF IMPEDANCES OF VACH WIRE AND THE ITALK029
C REFERENCE CONDUCTOR INCLUDE SKIN EPPECT. ITALKO30
C ITALK031
C THE LINE IS IMMERSED IN A LINEAR, ISOTROPIC, AND HOMOGENEOUS ITALKO2
C MEDIUM WITH A RELATIVE PERMEABILITY OF OUR AND A R1LATIVE ITALKO33
C DIELECTRIC CONSTANT OF EL. THE MEDIUM IS ASSURED TO 31 LOSSLESS. ITALK034
C ITALK035
C LOAD STRUCTURE OPTION DEFINITIONS: XTALKO36
C OPTION11,THEVENIN EQUIVALENT LOAD STRUCTURES ITP DIAGONAL ITALKO3
C IMPEDANCE MATRICES ITALK038
C OPTIOlu12,THEVENIN EQUIVALENT LOAD STRUCTURES WITH FULL ITALKO39
C IMPEDANCE MATRICES ITALKOO
C OPTION=21,NORTON EQUIVALENT LOAD STRUCTURES WITH DIAGONAL ITALKOI
C ADMITTANCE MATRICES ITAL1042
C OPTION=22,NORTON EQUIVALENT LOAD STRUCTURES WITH FULL ITALKO 3
C ADMITTANCE HATIICE2 XTALK044
C ITALKO5
C SUBROUTINES USED: LEQT1CREIGCC ITALK046
C ITALKO7

C ITAL1049
C ALL VECTORS AND MATRICES IN THE FOLLCWING DIMENSION STATEMENTS XTALKOSO
C SHOULD BE OF SIZE N WHERE N IS THE NUMBEP OF WIRES(EXCLUSIVE OF ITALKOS
C THE REFERENCE CONDUCTOR), I.E., NS(N),C(N,N),Z(N),Y(I),CI(N,l), ITAtKO52
C IO(N),IL(N),YO(N,N).YL(NN),B().,A(N,),P(NN),E(N),P4N), ITA4K053
C MI (NN),M2(NN) VI|N) ,V2 (N) ,T(N,IN) .TINN),G(N) ,V3(N) ,WA(N) XTALK054
C THE VECTOR WK RUST BE OF LENGTH 20(N.I) ITALKOSS
C ITALKO56

IMPLICIT REAL*8 (A-H,O-Z) ITALK057
INTEGER TYPE,OPTIOV,NS( 2) ITALK058
REAL*8 L,LDC,LG?,C( 2, 2),Z( 2),Y( 2),CI( 2, 2),V3( 2),WK( 12), XTALK059

1MUO2PI 1 MUO'PIM(,18PI,XUR ITALKO60
COMPLEX*16 XJ,SU1\,SUML,SOSL.VOVL,ZO,EPPENGAN,JNEG XTALK061
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2P( 2, 2),EP( 2),El( 2).11( 2, 2),112( 2, 2),V1( 21,V24 2), ITAL1063
3T( 2, 2),TI( 2, 2),ZEROC,ONEC ITALK064
DATA PI/3. 141592653D0/,Y/2-.997925D8/ ITALRS55
DATA CNTa/2.54ID-5/,NUO2PX/2. D-7/,TVO/2.DO/,P5/.5D/,05I/1.JO/. X!?ALK66

11aUg/4. DO/,0N380/180.DO/,ZBDO/O. DO/. 108P1/.SD-,7/,IIJO4PI.D-7/, I !ALK067
2THREE/3.DO/,P25/.2SD0/,OIEPI5/1. 15D0/,PI5/.ISD0/,PS/.#DO/ ZTXLK068
V,=v*v ITALK069
ZEROCDCAPLI (0. DO, 0. DO) XTALKOIO
ONEC=DCHPLX(1. DO,O.DO) 12hLKO? 1
IJ-DCHPLI(0.DO,..DO) XTALK012

C ITALK073
C***** FREQUENCY INDEPENDENT CALCULATIONS**************************S****ITA.K07R
c ITALK075
C READ AND PRINT INPU75 DATA ITAiLK076
C XTALK077

READ(5. ) TYPE,OPTION,N,IR.NtJR,L ITAL1078
I FORNAT(91,I1,2(SX,12).3(51,E1O.3)) ITALK079
IP(TYPE.GE.1.AND.TYPELE.3) GO TO 3 XTALKOBO
IRIE(6,2) ITALKOS 1

2 ?ORNAT(f STRUCTURE TYPE ERROR9//l TYPE MOST EQUAL #,2,02 31///) XILKOS2
GO TO 121 ITALK083

3 IP(OPTION.EQ.11.OL.OPTIOI.EQ.12) GO TO 5 XTAIKOSI
XF?(OPTIO..Q.21.OR.OPtfION.EQ.22) GO TO 5 ITALKOBS
UITE(6,4) XTALK086

4 PORNAT(' LOAD STRUCTURE OPTION ESIORI//1 OPTION BUSY EQUAL 11,12,2TA&KOS7
11,01 221/./) ITA11OSS
GO TO 121 ITALK089

5 WRITI(6,6) N,TYPI,OPTION,L,ER,XUR XTILK090
6 FORMATj1H1,50X.'ITALK2l/// It~YKO9 1
145X,12,9 PARALLEL IIRESI/// XTALK092
2431,1 TYPE OF STRUCTURE= 1,I1/// ITAL1093
341!,' LOAD STRUCTURE OPTION= 0,12/// flALK094
439!,' LINE LENGTH= 1*1PE13.6,0 METERS@/// ITALK09S
5321,' DIELNCTRIC CONSTANT OF THE UEDIUNw IPE10.3/// ITALK096
631X,' RELATIVE PERMEABILITY OF THE NIDIUMN I,1PEIO..3///) ITA19097
GO TO (7,15,11),TYPE XTrALK098

7 READ15,8) IWO ITALK099
8 ?ORMAT(5X,E10.3) ITALK 100

VRITE(6,9) RVC XTALKIOl
9 FORAT(v REFERENCE CONDUCTOR FOR LINE VOLTAGES IS A LIRE1 VITH RADIXTAL9102
IUS- ',1PE1O.3,1 NILS'////) ITALK103
RNOZR10*CmTm ITALK1 04
VRITE(6, 10) ITALK1O5

10 FoRNAT(I WIRE NrAfBIRl,4X,lIRE RADIUS (MILS)9.181, ITAL1106
1'Z COORDINATF (NETIRS) ',241.'Y COORDINATE (ffITIRS)v,//) ITALK107
GO TO 18 IttKI08

11 READ(5,12) IS IAK0
12 ?ORMAT(51,B1O.3) XTALK1IO

IN ITE(6, 13) Ri% ITALKI 11
13 FORMAT(l REFERENCE CONDUCTOR FOR LINZ VOLTAGES IS A CYLINDRICAL OVK'TAI;Kt2

11RALL SHIF!.D WITH INTERIOR RADIUS= $,IPB1O.3,v *ETEDS'////) XIALK113
RS2z9S*RS XTALK1 14

r ,RITY-16, 14) XTALK1 15
14 FORMAT(O WIRE XUBER,2X,' WIRE RADIUS (fIL!;4', 21,1SEPARATIOI 81[TIITALK116

IEIN WIRE AND CENTER OF SHIELD (METERS) ',61,#ANGULAR COORDINATE (DEXTALKII7
2GREES) '1/) XTALK1 18

GO TO 18 ITALK119
15 WRITE(6,16) ITALK120
16 FORMAT($ REFERENCE CONDUCTOR FOR LINE VOLTAGES IS AN INFINITE GROUXTALK121

IND PLANE////) ITALK122
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URITE(6. 17) XTRLK123
,7 ?ORNAT(' tIRI IUMNhl,4X.'VII RADIUS (NELS)'.181, ITALS124
19HORIZONTAL COORDINATE (MITIUS)'.161,#IIUK BRIGHT (U1]TB2S)o//) ITAII2l5

C ITAL1126
C READ AID PRINT LINN DIMNSIONS AND CORPUTI THE INVERSE OF THE ITAIN127
C PER-UIIT-LEING!1 CAPACITADCE NATII,CIVV ITALK 128
C (STORE Clii 11 ARRAY CI) ITILK129
C ITAL1130

18 DN0U02P1*YV/ER ]MA4LK131
DO 24 Izl,N XTALKl 32
RZAD(5,19) RV,Z(I),Y(I) ITAL9133

19 FORMAT (3(51,E10. 31 ) RYALW134
URITE(6,20). IRV,Z(I),Y(I) ITALK13S

20 PORNAT(21,12,131.1PE1O.3,271,1PB1O.3,35X,WP1O.3/) XTALK136
aw-Eu*CnlmITLK3
GO TO (21,12223),TYPE ITALK138

21 DI2Z ()Zf) +() SY (1) XTALX139
CI(I)SD*DLOG(DI2/(R3*RUO)) ITALKI 40
GO TO 241 ITALK141

22 CI (I,I) uD*DLOG (TVOSY ()/ZV) XTALK142IGO TO 24 ITALE143
23 CI (1,1 -D*DLOG((RS2-Z(I) *Z(I))/(RS*3U) ITALK140
24 CONTINUE UA&LK1 45

IF (N. IQ. 1) GO TO 29 IMALK146
K 1al-1 ITALK1 47
Do 28 11l,Xl STAL1148
K2=1+1 ZIALK149
DO 28 3-12,1 ITALK1SO
GO TO 125,26,27) UTYPE ITALKISt

25 DI2*Z(Z)*Z(I)*Y(I)*?(X) Z!ZK1152
DJ2=Z (3) *Z (J) + Y(J) *Y (J) 12ALK153
ZD-Z (1) -7 (J) XTALK154
YD.Y(I) -1(3) ITALK 155
D132=ZDOZD#IDYD'I WLAL1K56
CI (1,3) UPS*D*DLOG(DI20DJ2/(B3O*RVO*D1J2)) ITALKIS?
CI (J,1) uCI (1,J) K!AX.K156

GO TU 28ITALK159
26 GO TU 12J ITAWK6O

TD 1() -1(J) ITALS161
DIJ2ZD*ZDYD*YD X!ALK162
CI (I,Jp*P5*D*DLOG(ONE4bFODE*Y(I)*Y(3)/D1J2) ITILE163
CI(3.I)wCl (1,3) XTALK164
GO TO 28 ITALK 165

27 THETA- (Y (I)-! (J)) *PI/0lZ8O ITALK166
RI2wZ(1) *Z (1) XTA11167
RJ?-,(J)*Z(J) ITAL9168
Cl (I.J)?5D*DLOG( (332/352) *(112*132#RIS2*3S2-TMO*Z(I)*Z(3) *RS2* IRALK169

1 DCOS (THETA)) /(3I2RJ2RJ2*332-TVO*Z (I) SZ(3) *332 DCOS (TIBIA))) XTALK 170
CI (3,1) -CI I,J) ITALK171j IC28 CONTINUE ITILK172

C COMPUTE THE PER-UNIT-LENGTH CAPACITAICE IATEIIC XTALK17C
C (STORE C IN ARRAY C) XTALX175
C XIALK176

29 DO 31 121,N 1T1L-117
DO 30 Jxl,U ZYALK 178
A(I,3)UCX(I,3) *ONEC ITALK179

30 P(I.)=ZROC ITALK18O
31 P(I,I)-ONEC ITALK18i

CALL LEQ71C(A,NN,P.,1,O,VA,KE!A) ITALK 162
KIR-KBR-128 ITALK 183

-136-



IF (KER.NL.1) KE3=0 XTALKiSS
11113(6,32) KER ITALKI 65

32 FORNAT(//.' PER-UNIT-LINGTH CAPACITANCE MATRIX 111335103 EHlORS 1.12 1,116
112//) ITALKI 87

DO 33 1=1,1 ITALKI 66
DO 31 3=1.3 XTALKI189

33 C (1,J) DREAL (P (1,J)) ITA2LK190
C XTALK191
C READ AND PRINT CHARACTERISTICS 0F tax VRRtS AND THE REFERENCE ITALKI92
C COWDUCTOR TO BE USED IN THE SELF IMPEDANCE CALCULATIONS ITALK193
C 1TAY.K191

GO TO (344O,37).TYPE RIALK195
341 RIAD(5,35) UUSOSIGO,1SO 111199
35 PORMAT(2(5121EI.3) .81,12) XTAL9197

URITE(6,36) lUSO,SIGO,1SO IIALK198
36 FORMAT(///$' REFERENCE VIER IS STRANDED RITE, EACH STRAND OF RADIUSITALK199

1a #.1PE1O.3,9 NILS$//* CONDUCTIVITY 0F REFERENCE VIER STRANDS- 0, XTALK200
21P!1O0.3,' SIEMENS PER MITER*//' NUMBER 01 STRANDS= 0,12////) XTALK201
RISO-RUSO*CMnlf XTAIL9202
GO TO 413 1151.1203

37 READ(5.38) TH.SIGO ITAL92041
38 ?OREAT(2(5R,EIO.3)) ITAL9205

11113(6.39) !H,SIGO ITALK206
39 FORMAT(////' SHIELD THICKNESS- #,IP11.3,9 M2TIRS9//# SHIELD COND31TALK207
1CTIVIY- 9,1I1O.3,0 SIEMENS PER NITER*////) ITALK208
GO TO 413 ITA.K2 09

'40 READ(S,11) RGPULGP 1111.1210
411 FORMAT(2(5X2E10.3)) I11ALK211

HR111(6112% RGPLGP I15A.1212
42 ?ORMAT/////' GROUNP PLANE RESISTANCSa O.1PE1O.3,0 OHMS PER NITERI ITALK1213

1//# GROUND PLANE INDUCTANCE- 1,I1O.3,0 RIERS PER METER*////) ITALK214
413 VI111(6,441) ITALK2 15
'44 FORMAT(/j///* N'.22 MNMER141,1IIRE STRAND RADIOS (BLS)0,181, XTAL9216

11CONDUCTIVITY (S1311*15 PER NhThR)*.10I.'NUNDIR OF STRANDS@//) ITAL1217
DO 417 1-1,N 1151.1218

ID(5,4S) Z(I).Y(I).NS(I) ITALK219
ft5 FORMAT(2(51.B1O.3),81,12) ITAL1220

117 t(I)-Z(I)*CTM ITALK223
C 17A1221
C REID AND PRINT ENTRISS IN LOAD ADITTANCE(IUPEDANCE) MATRICES XT11.225
C AND SHORT CIRCUIT CURRENT SOUI1CE(OPEW CICUIT VOLTAGE SOURCE) ITALK226
C VECTORS. XTALK227
C (STORE iAITTINCE(IMPEDANCE) MATRICES AT 1=0 IN ARRAY T0 AND ITALK228
C THOSE AT XuL 11 ARRAY YL. STOVE SHORT CIRCUIT CUNREN? SOURCE XTAL1229
C (OPEN CIRCUIT VOLTAGE SOURCE) VECTORS AT 1=0 IN ARRAY 10 AND) 21TLK230

[IC THOSE AT X=L IN ARRAY IL.) ITALK231
C ITALK232

IF (OPTION. EQ. 11.OR.OPTION.EQ.12) GO TO 50 AALK233
V3113(6,48) I~K3

48 FORMAT(//,181,'ADHITTANCE AT X=01,1OI,'CURRENT SOURCE AT 1-00% ITALK235
112X1tADNITT&NCE AT XzL6,10I,1CURENT SOURCE AT I-L'/) XTALK236
VR113(6,19) ITALK2 37

419 FORMAT(21X, (SIEMENs).,23X, (AMPS) %22X,'(SIEMENS)0,23X,'(AMPS)*/)ITALK238
Go TO 53 ITALK239

50 VRITE(6,51) ITALK240
51 FORMAT V/,18X,'IMPEDANCE AT 1=00,11I,'VOLTAGE SOURCE AT 1-0', ITALK21

112X,'INPZDANCE AT l=Lf,11X,'VO1IGE SOURCE AT X-LI/ ITALK2412
IRITE (6, 52) XT5.1.213

52 FORMAT(231. (OHMS)',231,'(VOLTS) '.21$1.(OHMS)'.23X.S (VOLTS)'/) 1111.12411
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53 VRI21(6,54) XTALK24S
54 ?ORSAT(I EITEYO,101, VRBAL I11I.IRAkGt,111.IEAL II, #IMAGO 111, XYALS246

1BRAL',tlI.'INAG'.11X,'REAI.1IIENIG'//) XTALK247
DO 57 I;1,N ITALK248
READ(5.55) YORYOII0(I) .YLB.YLI,11L(I) IT'ALK249

55 FORMAT (8 (810.3)) 12L1230
fO (1.1l)=Y01*IJ*YOI ITALK251
YL (1.1)=TL3~xjsyLr ITAL9252

56 FORAT(1I,12.,21,12,8(51, 1PBIO.3)/) ITAL1254
57 CONTINUE ITALK255

IF (OPTION. EQ.1 I .OR.OPTION. 2Q.21) GO TO 61 I!AL12S6
IF (#.SQ. 1) GO TO 61 IALK257
DO 60 1I,K1 ITAL925S
K2=1+1 ITALS259
DO 60 3uK2,N ITALK260
R200,558) YCR,YOI4TLRTLI ITAL12I 1

58 FORRAT (2 (310.3) ,20I,2(E1 0.3)) ITALK262
TO (I,Jju!0R+IJ*YOI ITALK263
IL (1,J) 1L3+IJ*YLI UAL126S
TO 04J,) -70 (!,J) XTAL1265
IL (3.1) =I1,3) ITALK266
URITB(6,59) IJ,TO(I,J),TL(I,J) XTALK267

59 FOBAT(1122X,122(51.1131.3),301,2(I,IPI1O.'I) 11ALK268
60 CONTIN32 XTALK269

C ITALS270
C COMPOTE ?HE MATRICES C*ZOC*ZLC*V0.C*YL FOR ?HE TRIVII ITALK271
c EQUIVALENT OR YO*CIV,YL*CINV,1O.IL. FOR THE NORTON EQUIVALENT AITALK272
C ST002 IN ARRAYS U1.M2,T1.12. RESPECTIVELY. I?ALK273
C IALK274

67 IFr(OPTI0l.EQ.11) GO TO 62 IT AL127S
IFP(OPTION. 20.12) GO TO 65 1?17t276
IF(OPTION.EQ.21) GO TO 69 ITJLK277
IF(OPTIOU.XQ.22) --0 To 72 ITALK278

62 DO 64 1=1.3 ITALK279
SOmZEROC ITALK280
SLZEIROC ITALK281
DO 63 3=1.1 1AL5.28 2
Ml (I.J) 3C (1 ) *TO (J,J) IIALK283
22(IrJ)-C(I,J) *T1(J,3) ITALK284

SO-SO+C (1.3) $10 (J) IIALK285
63 SL=SL+C (r. 3) *IL (J) X'1ALI286

V1(i)-SO XTALK287
641 V2(I)-SL ITALS288

GO ?O 76 XTRL12S9
65 DO 68 1-1,0 XTALK29O

SO=ZZROC ITALK291
SL=ZEROC IT ALK 292
DO 67 F7=1,N XTALK293
SO -n!ER OC XALK294
SUFL=ZBOC XTATK29S
0O 66 K1a,1I XTALK296
SUmO:SUMOC (I, K) $TO(K,J) ITALK297

66 SUMLSULC(I.Rt)*YL(X43) XTALK298
SO=SO+C(1.3) *10(3) XTALK299
SL=SL+C(IJ) *I1(J) XTALK300
ml (I,J)=SURO XTALK301I

67 M2 (1,J) SUML ITALK302
11 (I).SO ITALK303

68 V2(I)=SL ITALK304
GO To 76 XTALK30S
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69 DO 71 1N Y&L5
Do 70 J=1,l ITALK307
ml (I,J)=YO(I,I)*CI(I,J) IAK0

70 52(IJ)z!L%'I,I)*CI(IJ) ITAL0sO9
lit I) 10(1) XTALK310

71 V2(lI)1L(I) ITALK311
GO TO 16 1t11312

72 Do 75 1=1,1 ITALK313
Do 714 J-1,1 ITALK)314
SU 50=233CC IIAL13 1S
SUAL=ZERCC ITALK316

CDO 73 K1,11. XTALK317
SUIJRCS0N0+TO (1.3) CI (E.3) IY&L13 18

73 SUML=SU~lJNL (1,K) *C (K4 ) ITILK319
al(IJ) =sUmO XTALK320

74 U12(I.3)SJL ITILK321
11I (I) -TO (I) 1211L3322

75 V2 (1)=IL (1) ITAL1323
76 CONTINUE ITAX1324

C S I THE ENTRIES is EACH ROV OF C AND STORE 11 ARI V3 I11ALK326

C ITALK327

D=O ITAK32
DO 78 J-1,1 Ik&3

C ITALK333

C****YRQUECY DPENENTCALCULATLIS**0*****************************1TALK33R
C ITALK335

79 CONTINUE ITALK336
READ(5,80,BND=121) F ITALK337

80 POIAT10.)XAI1338

EAC VIE N ADAYB ND UE EL ITALK339

C COMPUTE THE VIRE IND REFERENCE CONDUCTOR SELF INPIDANCES ITAL1342

C (TREFIMPEDANCE S OFECOEI ARY3ADTB EFIA14

DO 83 1-1,3 IIALK347
DELTAuONE/(TVO*PI*DSQRT(!() *F*RUOIIP1)) 121LK348
RDC-ONE/ (Pl*'f () * (2 (1) *Z (I)) X?11K3%9
I?(3(I).lE.DLA) Go T( 81 ZTALK350
IF (2(I) .GE.THRZE*DILTA) GO TO 82 XTALK351
B (I) = (P2 5* (% (1) /DELTA*?IRKE) OR DCG30MEGA* (OUl P1 5-P 15*2 (1)'YDELTA) XTATL1352

1OL DC) jfS (I) ITAIN353
GO TO 83 1?TM.1354

81 D(I)-(DCJONiGA*LDC)/US(I) XTALF355
GO T0 83 XTALK356

82 3(I) =(P5*2 (I) *DDC/DELTA.JONUGA*.TVO*DELTA*LDC/2 (I)) /US () 1 1L93S7
83 CONTINUE XTIT1358

Go To (84.87,88).TYPE ITALK359
814 DELTA=Oi3/ (TUO*PI*DSQ3T(SIGOQSRUO0aPX)) ITALK36(G

RDC=OUE/ 4PI*SIG, #(RISO*RUSO)) XTALK361
IF(RIS0.LLI.D~ITI) GO TO 85 12TA.K362
IF(RVS0.GE.THR3E*DELT&) GO TO 86 12*1.1363
ZO0 (P25*(RWSO/DELTA*THREE) *RDC*JCBEGA* IONZP15-Pl5*RUSO/DEL'dA)*LDC)ITALK364

1/NSO IT ALK 365
GO TO 91 .12*1K366
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85 20=(RDCJOEGA*LDC)/NSO ITALK367
GO TO 91 XTALK368

86 ZO=(P5*RISO*RDC/DELTAJOMEGA*TUO*DELTk*LDC/RUSO)/NSO XTALS369
GO TO 91 XTALK37 0

87 Z0= (RG P*JO1EGA*L^UP) ITALK371
GO TO 91 XTALK372

88 RDC=ONE/ (PIISIGOITHI (TVO*RS+tH)) XTALK373
DELTA=OUE/4TVO*PI*DSQRT(SIGO*F*MUOSPI)) XTALK374
IF(TH.LX.DELTA*P5) GO TO 89 XTALK375
IF (TH.GE.THREE*DELTA) GO TO 90 XTALK376
X-TVO*TH/DELTA XTALK377
SINH=(D1XP (X)-DEIP (-I) )*P5 XYAL1378
COSH=z(DEIP (X) DEXP(-X)) "PS XTL379
ZO- ((SIN E*DS IN ()) IX3* (SINH-DSIU (I)) )/ 4TO*PI*RS*SIGO*DELTA* XTALK380

I (COSH-DCCS (I))) XTAIK38 I
GO 1O 91 ITALK382

89 ZO=(OIE*XJ*P1*TU/DILTA) *RDC XTAL.1383
GO~ TO 91 ITALK3SR

90 20= (ONE3)/ (TVO*PI*RS*SIGO*DELTA) XTAL1385
c ITALK386
C COMPUTE TUE EIGENYALUES AND THE EIGIVECTORS 0? THE PrODUCT 12 X!ALK387
C (STORE THE EIGENIECTORS AS COLUMNS OP ARRAY T. STORE THE UT&LK388
C EIGZIVALUES 11 ARRAY 3.) XTALK389
C ITALK390

91 OM2sONEGA*OKEGA ITALK391I
Do 93 Iu1.1 ITALK392
DO 92 3-1,1 XTALK393

92 A(I,J)JOMEGA*(V3(t) *20*C(,J)'B(J)) I!ALK3I11
93 A(I,I)A(II)-OM2*IUR*EB/VX ITAL1395

CALL IXGCCIA,,2,B,T.N,VK,LER) ITALK396
IER-LER- 128 IT!AL1397
IF (LER.L7. 1) LE29-0 IT ALK398

C 1TALK399
C COMPUTE Till INVERSE O? THE TRANSFORM~ATION MATRIX, T ITALK1100
C (STORS 11 ARRAY TI) ITALK401
C ITALK402

1,0 95 1-1.1 ITALK403
DO 94 3-1,1 XTAL14 04
A *I,J) =T 11,J) XTALK41OS

911 TI (1,J)=Znoc ITALK40O6
95 ?1(1.1) MOVEC XTAI11407

CALL LIQTlC(A,N,U,TI,N,O,VASER) ITALK408
IERMER- 128 ITILK40O9
I? (HER.UI. 1) HIRZ0 XTALK41 C

C XITALK411
C COMPUTE THE TERMINAL VOLTAGES ITALK4112
C TTAL1113
C FORK THE EQUATIONIS ITALK414
C XALK115

DO 98 1-1,N ITALK416
SOuZEROC Z!ILL117
SL=%EROC XTAIK1118
Do 97 J=1,l ITALK419
StJMOZERoc ITALK4120
SOML=ZEROC ITALK421
DO 96 Kz1,U XTALKS22
SOMO-SUMO*M1 (I,K)*T(K,J) XTLLK4123

96 SUHLzSUMLMl2(I,K)*T(K,J) ITALKE 21
SO0SOGT1 (13) *11(3) Il ALK4125
SLzSL+TI (1,3) *2 (3) Xi AIKR26
A(I,J)-SUMO XTiL11127
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97 P(I.3)-SUNL ITRL1428
10(I)XSO ITAL1429
IL(1) -SL XT&LK4 30
IF (OPTION. EQ. 11.ON.OPTION. EQ. 12) ILI)-I I TALK43 1
GlM=CDSQlTj( )) ITALK432
EPP=CDllP(GAN*L) *P5 ITILKS33
ENNZCDEJD (-GAM*L) *P5 ITAL9434
EP(Ilrtppi~ENN ITALK35
E(!'-E N 1T&11636
G (I)-GAN/JO82GA ITAI.1437

9IF (OPTION.EQ. 11.0OLOPTION. EQ. 12) G I)-GNVC/G (I), ITALK438
9CONTINUE ITALK4 39
DO 100 1.1,1 XTAL1440
DO 100 3u1.N ITALKt441
SIJOZZENC XTU1442
SUIL-ZEROC ITALK44S3
DO 99 Kul,U ITAL1444
SU8OzsDNO+?I(I,K)'A(K,J) I!ALK44

99 StJHLmSOEl+TI(I,K)*'(K,J) ITALK446
YO(I,J)=SuxO ITALK447

100 IL(IJ)=SUML ITALK448
DO 103 X1l,N ITALK449
SOUZEmoc XTAXK450
DO 102 J31,N ITALK451
SLwZZROC ITALK4 52
DO 101 X-1,N X!ALK453

101 SL=SL*YL(X,K)*G(KRi*EN(K)*YO(K,J) XTALK4

102 S=SO+YL (I J) $G(J) *BY(3) *IO(J) XAL1456
A(I,~uA(,I)*N(I)G(I)ITALK457

103 B(I)=S0.EP(I)*I0(I).IL(I) ITALEI458
C ITIL1459
C SOLVE THE EQUATIONS ITALK460
C XTRL9461

CALL LBQT1CfA,N,N.B.1,N,0,V&,!ER) ItAL1462
IElulll- 128 ITALK463
Ir(IER.NE.l) Il~mO ITALK404
URITE(6IOEI) ?,IEN XTALK465

104a FORMAT(I11 FREQUENCT(HERTZ)- 1,IPE11.U,101,0SOLUYION 33303- 9, ITAL9466
121,12/) ITAL9467
PRECIVK(1) ITALK468
URITE(6,105) LEDIPUEC ITALK469

105 FORMAT(' BIGhN SOLUTION 13303- leI4/0 RIGBY SOLUTION PRECISION. %ITAL1470
11PB10.3/) XALK47 1
URITE(6,1O6) MN ITALK472

106 FORMAT(* TRANSFORMATION RATRIX INVERSION 12202- 0,12//) XTAILK473
UVtITE(6, 107) XTALK474

107 FORNAT(16X,'NIRE',81.'VON(VOLTS) '.31.'VOA(DEGRUES)'.8X, IfALKUS5

1'VLM(VOLTS) '.3X,'VLA(DEGREES) '/1/) ITALK476

C COMPOTE AND PRINT THE TERMINAL VOLTAGES XTAJ.K478
C XTALK4 79

DO 109 IzlN XTAIX4L FQ
SO=ZEROC ITALK481
DO 108 J=1,N XTALK482

108 SO-SO+T0(I,3)*B() XTALK483
109 G(1) --G (1) $EN 11) *10(1) 4EP(I) *13(1) +G (1)*EN (I) *SO XTALK484

IP(OPTION.EQ.21.OR.OPTIO.Q.22) GO TO 114 ITALK485
DO 111 I=1,N ITILK4 86
SOZIROC XTALK4I87
SL-ZIROC XTALK488
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DO 110 JzIl1 x?1Lxs89
SO-SO- TO (I J) *3 (J) IALK490

110 SL=SLGIL(I.3)*G(3) ITALK491
TO (II) 10 (I) +SO ITIL9412

DO 113 1=1,V fl19
SO-ZEROC ITALE495
SL-ZlROC IIAL9496
DO 112 J-1,N XTALK497
SO=SO+! (I,3) *10 (3,3) ILK498

112 SL-SLG(IJ)OYL(J,) HTAMSR?
P(I,i)uSo K'?ALK5O(0

113 A(ItI)=St I!Uk501o
GO 7O 117 ITAIK1502

114 DO 116 ls1,N ITALKS03
SO-ZIROC ITALKS04
SL =ZEROC ITALE5S
DO 115 3.1,N IYALISOI

SO=SOT (1, J) *8 (J) IAK
115 SL-SL*T(,J)*G(J) ITALISOS

PCIj,!)=So ITALK509
116 A(II)*St RTALK51O
117 DO 120 1.1,1 X2ALK1II

SO-22ROC ITAINS512
SL=ZEROC ITALKS13
DO 118 3.1,1 ITALKS14R
So=so~CI ,3)*P(J,J) XTALKSIS

118 SLUSLC I,J) *A(J, J) ITALKS 16
10-SO ITALIS 17
YL-SL ZTALK5 IS
1ONSCDADS(10) ILKS 19
1LR=CDABS(IL) ITA1.1520
IOR-DRIAL (I0) XTALKS21
VOI=DINAG (10) ITALKS22
ILP=DRIAL (IL) X11AL1523
VLI=DINAG(VL) 111AL1524
IF (V01.IQ.ZER0.AD.VOl.ZQ.ZlRO) 103.03! ITALKS25
IF (VLl.EQ. ZERO.A ID.ILK. EQ. ZERO) 11.3.013 2211.1526
IO1=DATAI2 (101,101) *0180/Pl XTALK1527
ILAzDA!A12 (ILIPVLR) *00180/Pl 1111.126
13113(6,119) I,VON,10A 'VLNVLA ITALKS 29

119 FORNA(17,2BX,P11.3,32,1,P110.3,101,IPBIO.3.31,1PB2O0.3/) IALIS3O
120 COUTIMOE 2111.1531

GO TO 79 XTALIS32
121 STOP 2111.1533

END ITALK1534
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TABLE B-i

Changes in XTALK2 to Convert

to Single Precision Arithmetic

Delete Card 057

Card Number Double Single

059 REAL *8 REAL

061 COMPLEX *16 COMPLEX

065 3.141592653DC 3.1415926E0

065 2.997925D8 2.997925E8

066-068 change all D's to E's

070 DCMPLX(0.DO,O.DO) CMPLX(0.EO,O.EO)

071 DCMPLX(l.DO,0.DO) CMPLX(i.EO,O.EO)

072 DCMPLX(0.DO,i.DO) CMPLX (0. EO, 1. EO)

140 DLOG ALOG

142 DLOG ALOG

144 DLOG ALOG

157 DLOG ALOG

J.63 DLOG ALOG

169 DLOG ALOG

170 DCOS COS

170 DCOS COS

190 DREAL REAL

348 DSQRT SQRT

360 DSQRT SQRT

374 DSQRT SQRT

378 DEXP EXP

378 DEXP EXP
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Card Number Double Sipgle

379 DEXP EXP

379 DEXP EXP

380 DSIN SIN

380 DSIN SIN

381 DCOS Cos

432 CDSQRT CSQRT

433 GDEXP CEXP

434 CDEXP GEXP

519 CDABS CABS

52,0 CDABS CABS

521 DREAL REAL

522 DIMAG ATMAG

523 DREAL REAL

524 DIMAG AIMAG

527 DATAN2 ATAN2

528 DATAN2 ATAN2
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APPENDIX C

FLATPAK

Program Listing
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A4

C FLATPO02
C PROGRAM FLATPAK FLATP003
C (FORTRAN IV, DOUBLE PRECISION) FLAIPO00
C hRITTEN B FLATPOO5
C CLAYTON R. PAUL PLATP0O6
C DEPARTMENT OF ELECTRICAL ENGINEERING FLAIPO07
C UNIVERSITY OF KENTUCKY FLATPO08
C LEXINGTON, KENTUCKY 40506 PLATPO09
C PLATPO 10
C A DIGITAL COMPUTER PROGRAM TO COMPUTE THE TERMINAL VOLTAGES FLATPOll
C (WITH RESPECT TO THE REFERENCE VIRE) OF AN N+I IRE PLATPACK OR FLATP012
C RIBBON CABLE FOR THE 'QUASI-TEM' BODE OF PROPAGATION. FLAP013
C FLATP014
C TH DISTRIBUTED PARAMETER9 MULTICONDUCTOR TRANSMISSION LINE FLATPO15
C EQUATIONS ARE SOLVED FOR STEADY STATE, SINUSOIDAL EXCITATION PLATP016
C OF THE LINL PLATP017
C PLITPO 18
C THE N+l WINES ARE ASSURED TO BE PARALLEL TO EACH OTHER. PLAIP019
C PLATP020
C THE N+l WIRES ARE CONSIDERED TO 0N PERFECT CONDUCTORS. PLATP021
C FLATP022
C THE SURROUNDING MEDIA ARE ASSURED TO BE LOSSLESS. FLATP023
C FLATP024
C THE PER-UNIT-LENGTH CAPACITANCES OP THE CABLI(WITH AND ITHOUT FLATP02S
C THE DIELECTRIC INSULATIONS PRESENT) ARE INPUT DATA AND MAY BE iLATP026
C COMPUTED WITH THE PROGRAM GBTCAP. PLATP027
C PLAfP028
C LOAD STRUCTURE OPTION DEFINITIONS: PLATP029
C OPTION=11,THEVESIN EQUIVALENT LOAD STRUCTURES WITH DIAGONAL PLAIP030
C IMPEDANCE MATRICES PLATP031
C OPTION=12*THEVEUIN EQUIVALENT LOAD STRUCTURES WITH PULL PLATP032
C IMPUDANCE MATRICES PLATP033
C OPTION=21,NORTON EQUIVALENT LOAD STIUCTURES WITH DIAGONAL ?LATPO3]
C ADMITTANCE MATRICES PLATPO35
C OPTIONR22sNORTON EQUIVALENT LOAD STRUCTURES VIT8 PULL PLATP036
C ADMITTANCE MATRICES PLATP037
C PLATP038
C SUBROUTINES USED: LEQT1C,NROOTEIGEN PLATP039
C FLATPOO

C PLATPOe2
C ALL VECTORS AND MATRICES IN THE FOLLOWING DIMENSION STATEMERTS FLATPO83
C SHOULD BE OF SIZE N WHERE N IS THE NUMBER OF UIRES(EICLUSIVE OF ?LATPO4R
C THU REFERENCE WIRE), I.E., C(NN),CO(NN),TI(N,N),G(N),UA(N), PLATP05
C 10(1), IL (U),YO (NN) .YL (N.N) * 1(N) ,A (N.N) ,P(NN) FLATPO6
C PLATP047

IMPLICIT REAL*8 (A-H,O-Z) PLATPO48
INTEGER OPTION FLATPO49
REAL*8 LC( 2, 2),C0( 2, 2),TI( 2, 2),G( 2) FLATP050
COMPLEI*16 XJ,SUrO,SUML,S0eSLVOVL.ZEROCONICe0( 2).IL( 2), 7LATP051

1YO( 2, 2),YL( 2, 2),B( 2),A( 2, 2).WA( 2),P( 2, 2) PLATP052
DATA PI/3. 141592653D0/,V/2.997925D8/ FLATPOS3
DATA ONE/I.D0/,TVO/2.D0/,ZRRO/O.D0/,ON8V180 .DO/ FLATPO5R
ZEBOC-DCPPLX (O. DO,0. DO) FLATPOS5
ONEC=DCMPLX (1.DO,O.DO) FLATPOS6
IJ=DCMPL (0. DO, 1.DO) FLATP057

C FLATPO58
C*****FREQUENCY INDEPENDENT CALCULATIONS *****************************FLATPO59
C FLATPO6O
C READ AND PRINT INPUT DATA FLATP061



C FLATP062
READ(5,1) N,OPTION,L PLATP063

1 PORNT(81,1281,12,E10.3) PLATPO64
IF(OPTION.EQ.11.OR.OPTIOL.EQ.12) GO TO 3 FLATP065
IF (OPTION. EQ. 21. OR.OPTION. EQ. 22) GO TO 3 IFLATF066
IRITB(6,2) FAP6

2 FORMAT(l LOAD STRUCTURE OPTION ERROR//' OPTION DUST EQUAL 11,12,2LATP068
11,01 221///) ?LATP069
GO TO 60 FtATP07O

3 VP=N*1 FLATP071
WRITE(6,I) UP.LOPTION ILAYP072

4 PORffAT(191.491,9FLATPAC'/// FLATP073
145Z,12,0 PARALLEL UIRES'/// PLATP074
239X,OLINE LENGTH= 0,1PE13.6,'1 METEDS9V// PLATP07S
342I.'LOAD STRUCTURE OPTION= 9,12///) IFLATP076

C tLATP077
C READ ENTRIES IN THE PER-UNIT-LENGTH TRANSMISSION LIII! PLATP078
C CAPACITANCE MATRlX,C(COPJTED 11TH G2TCAP) PLATP079
C (STORE C IN ARRAY C) FLATPOSO
C PLATP08 1

DO 6 I-1.N FLATPOS2
DO 6 J=I,N PLATP083
READ(5,5) KM,C(K,B) FLATPO84

5 FOREAT(41,I2,31,12,21,E13.6) PLATPO85
6 C(N,K)2C(K,R) ?LATPO86

C FLATPO87
C EP) ENTRIES IN THE PER-UNIT-LENGTH TRIUSHISSION LINE ?lATPO88
C CAPACITANCE MATRIX VITH THE WIRE INSULATIONS REMOVED, CO, (CONPUTEDPLATP089
C ITH GETCAP) PAP9

C (STORE CO IN ARRAY CO) PLATP091
C PLATP092

DO 8 1-1,N PLATP093
,,; ~DO 8 J-1,N PLATP094

READ(5,7) K,NCO(K.M) FLATP095
L7 FORMAT (41,I2,3R.12,2X113.6) PLATPO96

8 CO(MrK)mCO(K,fl) PLATP097
C PLATP098
C COMPOTE THE RIGENVECTORS (COLUMNS OF THE MATRIX T) AND EIGENVALUESFPLATP099
C OF THE MATRIX PRODUCT CL FlAT~lOo
C (THE ARRAYS TI AND G CONTAIN T AND) THE INVERSE Of THE BIGENVALUES FLATP1O1
C FOR THE 1HEVERIN EQUIVALENT OR THE INVERSE OF THE TRANSPOSS OF T PLATP102
C AND THE RIGENVALUES FOR THE NORTON ECUIVALENT, RESPECTIVELY) PLATE .03
C FLATP104

IY(N.EQ.l) GO TO 9 PLATP105
CALL NROOT(N,CO,CEG.TI,N*N) PLATP1 06
GO TO 10 PLATP 107

9 G(1)zCO1l. 1)/C(1, I) FLATPIOS
TI(l.1)-ONE/DSQRT(C(l,l)) PLATP109

10 DO 12 1=1,N FLATP1 10
DO 11 J-1,N PLATPI111

11 C (1,J) T I(I, J) PLIAP112
12 G(I)=ONE/(V*DSQBT(G(I))) FLATP1 13

IF(OPTION.EQ.21.OR.OPTION.EQ.22) GO TO 18 PLATP114
DO 14 I=1,N PLATP1 15
DO 13 J=1,3 PLATP116
A (I,J)=Tl (1,J) *ONEC PLATP1 17

13 P(I,J)=ZIROC FtATPI 18
14 P(I,I)=ONEC FLATP119

CALL LEQTlC(A,N,N,P,N.N,O,UA,KER) PLATP120
NER=KER- 128 PLATP121
IF(KER.N!. 1) KER=O PLATP122
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IRITE(6,15) KEN PLATP123
15 FORNAT(//vl TRANSFORMATION MATRIX INVERSION ERROR- 0,12//) PLATP124

DO 1? I11, PLATP125
DO 16 J=1*I PLATP126

16 TI (1I3= DR EAL(P(J, I)) PLATP127
17 G(I)=0NE/G(I) PLATP128

C PLATP129
C READ AND PRINT ENTRIES IN LOAD ADUITTANCE(INPEDAUCE) MATRICES PLATP130
C AND SHORT CIRCUIT CURRENT SOTUCE(OPER CIRCUIT VOLTAGE SOURCE) FLATP131
C IECTORS PLRTP132
C (STORE ADRITTAICE(IMIPEDAUCE) MATRICES AT 1-0 IN ARRAY TO AID THOSEPLATP133
C AT X=L IN ARRAY YL. STORE SHORT CIRCUIT CURRE12 SOURCE (CPEN PLATP134
C CIRCUIT VOLTAGE SOURCE) VICTORS AT X-0 IN ARRAY 10 AND ?ROSS PLAIP135
C AT X=L IN ARRAY IL.) PLATP136
C PLATP137

18 IF(OPTION..EQ.11.OR.OPTION.EQ.12) GO TO 21 PLATP138
IRITE(6, 19) PLAIP1 39

19 FORBATI//,181.'ADMITTANCE AT X=O'.1OX,1CURRENT SOURCE AT X-09, PLATP140
112X,IADMITTANCE AT I-Ll,1OX,9CUR1RT SOUNCE AT X-L%,/) FLA!P141
VRITE(6,20) PLATP142

20 FORMHAT(21X,' (SIEMENS)'.23X,' (AMPS) '.22X,' (SIBEES) ',231.'(ARPS)'/)?LALTPI%3
GO TO 24 PLATP144

21 URITE(6,22) PLATP145
22 FORMAT (//. 18X,IlPEDANCE AT X0'.11II,' VOLTAGE SOURCE AT 1-0, FLATP146

11X11PDAC A =L,1I1OLAE ORC TIntl'/) PLATP147
VRITE(6,23) ?LATP148

23 FOHMAT(23X.' (ONUS) %23X, '(VOLTS) '.211,' (ONNS)'.23X.' (VOLTS)'/) PLATP1419
211 URITE(6,25) PLATP150
25 FORMAT(' ENR'1KRA'1XIA'1XRA'11.1lG1R XATP151

1'REAL',1 I,IAG'.111IREAL%111.xMllAG//) FLATP1S2
DO 28 I11, PLATP153
READ(5,26) YOR,YOIIO(I).!LR,YLI,II(I) FLATP154S

26 FORMAT (8 (E10. 3)) FLATP155
TO 11,1) YOR+X3*YOI PLATP1 56
YL (1.1) YLR*LJ*Ytl PLAIP 157
VRITE(6,27) I..OIII()Y(e)I()FLATP158

27 FORMAT(1Z122XI2,8(5X. 1PEIO.3) /) PLATP159
28 CONTINUE ~?TP 60

IF (OPTION. EQ. 11. O.OPTIOI. EQ.21) GO TO 32 PLATPI1
IF (N.EQ.1) GO TO 32 PLATP162
K1=N-1 PLATP163
DO 31 I=1.Kl PLATP164
K2=1+1 PLATP165
DO 31 J=K2,N PLATP166
READ(5,29) YOR,YOI,YLR,YLI FLATP 167

29 FORMAT (2 (E10.3) ,201,2(E10.3)) PLATP168
TO (I,J) !OR+RJ*YOI FLAYP 169
YL (IJ)-YL3+!J*YLI PLATP170
TO 03,IU=TO (1,J) FLATP171I
YL(3,I)=1L(IJ) PLATP172
URITE(6,30) I,J,TO(I.J).!L(I,J) FIAP173

30 FORMAT(1R,12.2X,12,2(SX.1P110.3),301.2(5X1PE1O.3)) PLATP174
31 CONTINUE PLATP175

C COMPUTE THE MATRICES TTRAN*ZO*T. TTRAN*ZL*T, TTRA1*V0. -TTBAN*VL PLATP177
C FOR THE THEVENIN EQUIVALENT OR TINV*7O*TINVTRAN. TINV*YL*TINVE!RAN.FLATP178
C TINV'I0, TINV'It FOR THE NORTON EQUIVALENT AND STORE IN ARRAYS FLATP179
C YOYL.Io.IL, RESPECTIVELY. FLATP2180
c PLATP181

32 IF(OPTION.EQ.12.0OR.OPTION.EQ.22) GO TO 35 ?LATP182
DO 34 1=1,M1 FLATP183
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SO=ZRoC FLAYP 184
SL=ZEROC FlIIpI8s
DO 33 3=1,U FILATP186
&(I,J)-YO(X.1) *TI(I) 7LAfl187
P(I#J)=Yl(leI) *TI(1.3) FLAYPesS
sO=so*.T(31) *10(3) IFLAIP 189

33 SL=SL*TI (J I)*IL (J) Fnflpigo
B(i)-SO FLATP191

345 VA(I)=SL ?LATP192
GO T0 39 PY-ITP193

35 DO 38 1=1,N PLATP 194
So-ZlROC flATP 195
SL-ZIROC PLATP196
DO 37 3=1,N IPL197
SONOUZEROC PLATP 198
SUBLzZEROC FLA2P1 9
DO 36 K1I,N FtA!P200
SUmOwS0NOG+YO(I,K) *?I(K,3) F1.ATP20 1

36 SUNL=StNLL'Z,K)*TX(KJ) FLATP202
A (1,3)-Sm :5M0?i 203

SOzSo+TI(j,I)*Io(3) FLATP2O5
*37 SL-SL+YI (3,1) 'IL(.1) PLATP206

B(I)vSO PLATP207
38 VA(I)-SL PLATP208
39 DO 42 1=1,1 PLATP209

DO 41 .1=1,1 PLATP210
SO-ZEROC PLAIP21 1
SLZEROC PLATP212
DO 40 K=1,U ?LATP2 13
SO=3O+2 (9*I) *A (K,3) ?LATP2 14

40 SL-SL TI (K ,I) *P ((,3) PLATP2 15
TO (I,J)*So PLAT21 6

41 YL(I,J)-SL PLATP217
10 (I)Z1(I) PLATP2 18
IL (1) UA 11) PLATP219

42 IF (OPTION. EQ. 11. O.OPTION. EQ.12) IL (I) a-IL (I) PLAIP220
C ?LATP221
C*****?REQUENCY DEPENDENT CALCULATIOS********************************PLA!P222
C PLATP223

43 CONTINUE PLATP224
READIS,144,END=6O) r PLATP2 25

44 FOMAT(E0.3) LATP226
ONEGATUOPI*F PLATP227

C FLATP2228
C COMPOTE 7HE TERMNAL VOLTAGES PLATP229
C PLATP230
C FORM THE EQUATIONS FLATP2231
C PLATP2 32

DO 45 I-1,N FLAT1P233
I=G(I) FLAZP234
IF (OPTION. EQ. 11 .OR.OPTION. EQ. 12) V=011/U FLA.TP235
V=ONEGAS** FLITP236
CO (1, 1) = DCOS (W) FLATP237

45 P(I,I)=J*DSIN(V) PLATP238
DO 48 1-1,N FLATP239
So-ZEIOC FL AT P240
DO 47 1=1,N ILATP2#
SL=ZIHGC Fl AfPZ 42
DO 456 K=1,N FLAT2243

46 SL=SL.YL(I,K)*G(K)*P(K,K)*YO(K,J) PLATP244
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1(1.3)-SLTLI.J)*CO(JJ),!O(I.J) CO(I,I) FLA!P245
47 SOUSO.YL 1.3) *G (J)*P (J.J) *I0() PLATF246

A(1,1)=A (1.1)*P (1,1) /G(I) PLATP247
48 D(I)=S0*CO (1.1) *10(I) *IL(I) PLAIP248

C rLA!P249
C SOLVE THE EQUATIONS flATP:Is0
C PLATP2S 1

CALL LZQT1C(A,U,N,B. 1,N.O,iIAIER) IFLI!'2S2
IIEE3- 128 PLA!'P253
IF(IEE.Nl.1) IER-O PLATP254
VI?3(6,49) F,111 IPLATP255

£49 FORNAT(1H1,' FREQ!JENCY(HERTZ)- *9,1PI1.4,1OISOLUTtON BBiOla ', LATP256
12XvI2/) FLATP257
URITI(6 ,50) PLATP258

50 FO1PAT(1I.'U#Vlt*.8I,'YN( VOLTS) '.31,'VOA(DEGDEES)'.81, PLATP259
1 'ILl(VOLTS)' .3X. 'I(DEGIZES) '/1/) PLATP260

C PLATP26 1
C COMPUJTE AND PRINT THE TZINIUAL VOLTAGES FtAT1262
C PLATP263

Do 52 I-1.1I PLATP264
SOUZEROC PAF6

5 51*! 1,3) *33PLATP266

52 WA (I) -G (I)*P(I, 1)#10 (1) CO (1, 1)*B(I) *G(1)*P(I,1) *SO PLATP268
IF(OPTION.EQ..21.OR.OPTION.EQ.22) GO TO 56 riAT1269
Do 54 1-1,N PLATP27 0
SOZZEROC PLATP271
SL-Z320C 1LATP272
DO 53 J=1,N IFLATP273
SOSSO-lO 41,J) *3 (3) ILATP274

53 SLzSLTL (I.J) *WA(J) 2L.ATP275
A (I I) aIO0(1) +SO FLATP276

54 P(I.I)=-IL(I)*SL FLATP277
DO 55 1-1,N rLATP278
3(I)=A (1.1) FLATP279

55 '. " )=P (1,I1) FLATP280
56 DO 59 X-1,N PLATP281

SO=ZzROC PLATP282
SLmZZROk, FLATP283
Do 57 Jzl,l IPLATP284
Sssso.C(I.3) '3(3) FLATP285

57 SL=SL+C(I,)*IA(3) ?LATP286
vosso FLATP2 87
VL-xSL PLATP288
10 H-CDABS (10) FLATP289
VLR=CDABS (IL) FLATP290

a IOR=DREAL(I0) FLITP29 1
IOI-DIMAG(VO) PLATP292
VLU=DREAI (IL) PLATP293
VLI=DIMAG(VL) FLATP294
IF(OR.EQ.ZEO.AND.VOI.EQ.ZDO) VYOR=ClE ?LAP295
IF(ILR.0Q.2RO.lND.VLI.EC.ZE3O) VLR=CNE FLATP296
VOA-DATAN2 (IOI,VOR) *ONE8O/PI PLATP297
VLA=DATAN2 (VLI,VLR) *ONE8O/PI PLATP2 98
UWtITE(6,58) I,VON,IOA,Vtfl,VLA FL ATP299

58 FOilAT(171,I2,SX,lPE1O.3,3XIPE10.3,1O1,1PE1O.3,3XIPE13.3/) PLATP300
59 CONTINUE PLATP301

GO TO 43 PLATP302
60 STOP FL ATP30 3

END PLATP304
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TABLE C-I

Changes in FLATPAK to Convert

to Single Precision Arithmetic

Delete Card 048

Card Number Double Single

050 REAL *8 REAL

051 COMPLEX *16 COMPLEX

053 3.141592653D0 3.1415926E0

053 2.997925D8 2.997925E8

054 change all D's to E's

055 DCMPLX(0.DO,0.DO) CMPLX(0.EO,O.EO)
056 DCMPLX(I.D0,0.D0) CMPLX(I.E0,O.EO)

057 DCMPLX(O.DO,0.DO) CMPLX(0.EO,0.EO)

109 DSQRT SQRT

113 DSQRT SQRT

127 DREAL REAL

237 DCOS COS

238 DSIN SIN

289 CDABS CABS

290 CDABS CABS

291 DREAL REAL

292 DIMAG AIMAG

293 DREAL REAL

294 DIMAG AIMAG

297 DATAN2 ATAN2

298 DATAN2 ATAN2
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C FLATPOO2
C PROGRAM FLAT PAK2 FLAIPO03
C (FORTRAN IV, DOUBLE PRECISIU) FLATPOlS
C RITTEN BY FLIATPOO5
C CLAYTON L. PAUL FLATPO06
C DEPARTMENT Of ELECTRICAL ENGINIEER11; PLATPOO
C UNIVERSITY OF KENTUCKY FLATPO08
C LEXINGTON, KENTUCKY 40506 FLATPO09
C FLATPO 10
C A DIGITAL COMPU ER PBOGRAM TO COMPUTE THE ERINAL VOLTAGES FLATFOll
C (ITH RESPECT TO THE REFERENCE WIRE) OF AN 1,1 WiRl FLATPACK OR PLATP012
C RIBBON CABLE FOR THE 'QUASI-TIE BODE OF PIOPAGATION. FLATP013
C FLATPO 14
C THE DISTRIBUTED PARAMETER, SULTICONDUCTOI TRAISHISSIOI LINE FLATPO15
C EQUATIONS ARE SOLVED FOR STEADY STATE, SINUSOIDAL EICITATION FLATP016
C OF THE LINE. PLATP0 17
C FLATPO18
C THE N*l VIRES IRE ASSUMED TO BE PI$ALLEL TO EACH OTHER. PLATP019
C iPLATP020
C THE N11 WISES ARE CONSIDERED TO E IMPERFECT CONDUCTORS. THE SELF nLATP021
C IMPEDANCES OF EACH VIRE INCLUDE SKIN EFFECT. PLATP022
C FLATPO 23
C THE SURROUNDING MEDIA ARE ASSURED TO HE LOSSLESS. FLATP024
C FLATP025
C THE PER-UNIT-LENGTH CAPACITANCES OF THE CABLI(UITH AND WITHOUT FL1TP026
C THE DEfLCTRIC INSULATIONS PRESENT) ARE INPUT DATA AND MAY BE FLATP027
C COMPUTED VITH THE PROGRAM GETCAP. FLATP028
C FLATP029
C LOAD STRUCTURE OPTION DEFINITIONS: FLATP030
C OPTION=11,THEVENIN EQUIVALENT LOAD STRUCTURES VITH DIAGONAL FLATPO31
c IMPEDANCE RATRICES FLATP032
C OPTION-12,THIVENIN EQUIVALENT LOAD STRUCTURES WITH PULL FLATP033
C IMPEDANCE MATRICES FLATPO3
C OPTION=21,NORTON EQUIVALENT LOAD STRUCTURES ITH DIAGONAL PLATP035
C ADMITTANCE MATRICES PLATPO 36
C OPTION=22,NORTON EQUIVALENT LOAD STRUCTURES VITH FULL PLATP037
C ADMITTANCE MATRICES PLATPO38
C FLATPO39
C SUBROUTINES USED: LEQTlCEIGCC FLATPOO
C PLATPO 1

C FLATPO3
C ILL VECTORS AND KATRICS IN TliE FOLLOWING DIMENSION STATEMENTS PLATPO4
C SHOULD 5! OF SIZE N WHERE N IS THE NUMBER OF WIRES(EXCLUSIVE OF FLAT!045
C THE REFERENCE WIRE). I.E., C(NN),CO(UN),CI(NN) PLATPO46" C IO (N),XL (N) .YO (N,N).Y3L(N.Nl) B (N)EA1(NWl).2 1.N) .EN (Ni).]P (U). FATPOS

C M1 (N,), 2(NN),V1(N),V2 (),T (NN).TI (,,G(N) .V3(N),WA () P,ATP048
C THE VECTOR VK MUST BE OF LENGTH 23(N41) PLATPO9
C FLATPOSO

IMPLICIT REAL*8 (A-H.O-Z) PLATF051
INTEGER OPTION FLAIPOS2
REAL*8 LLDC,C( 2, 2),C0( 2, 2),V3( 2),CI( 2, 2),WK( 12), PLATPO53
1 MUO4PI, MUO8PI FLATP054
CCHPLEX*16 XJ,SUNOSUNLSOSL, VO,VL,ZEBOCONEC,Z,BPP,ENN,GAM FLATPOSSS1,10( 2).IL( 2),Y0( 2, 2),TL( 2, 2),B( 2),1( 2, 2),Wk( 2),G( 2), FLATPO56
2P( 2, 2),EP( 2),E( 2),M1( 2, 2),N2( 2, 2),V1( 2),V2( 2), PLATP057
3T( 2, 2),TI( 2, 2),JOMEGA FLATPOS8
DATA PI/3. 141b92653DO/,V/2.997925D8/ FLATP059
DATA CMTM/2. 4D-5/,ZERO/O.DO/,TVO/2. DO/,UO8PI/.SD-7/,ONE/.DO/, FLATPO0
IMUO#PI/I.D-7/,THRE/3.DO/,F25/.25DO/,ONEP15/1.I5D/,P5/.ISDO/, FLATPO61
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2P5/. 5D0/,01E80/180.DO/ PLATP062
V=Vv*V FLATP063
ZEBOC=DCEPLX (0. DO, 0. DO) PLATP064
OVIC-DCNPLX( 1.DO,0. DO) PLAIP065

C J=DCMqPLl(O. DO,1..DO) PLATP066
C PLATP067

C****?REQUXlNCY INDSPENDENT CALCLTIOIS****************************e***FLAT?068
C PLAIP069
C READ AND PRINT INPUT DATA FLAT 1070
C PLATFO? I

READ(5,1) U,CPTIOU,L FLATP072
1 FOBNAT(81,I2,8X,!,2,EIO.3) FLATP073

IF (OPTION- EQ. 11. OLOPTION.EQ. 12) GO Ta 3 AL&TP074
IF (OPTION. EQ. 21. 0R.OPTIOU. EQ.22) GO TO 3 ?LATP075
IRITS(6,2) PLATP076

2 FORMAT(# LOAD STRUCTURE OPTION ERROR9//0 OPTION BUST ZZ"Ay 11,t2,2FLA1P7
11.03 220///A FLA?1078
GO TO 81 FLA!1079

3 lP-N.1 TLAIPOSO
VRITE(6,4) NP.LOPTION FLATPOS 1

4 FORMAT(11l1,49X.'FLATPAK20/// FtATPO82
10'5X,12,1 PARALLEL UIRESI/// PLATP083
2391,'LINE LENGTHm '.1P213..6,0 fiBT~US*/// nLATPOs.
342X,'LOAD STRUCTURE OPTION= 4,12///1 FLATPOS

C FIAP006
C READ ENTRIES IN THE PER-UNIT-LINGTH THANSNIS3101 LINE ?LAP087
C CAPACITANCE MATRIX,C (COMPUTED N1TR GETCAP) PLATP088
C (STORE C IN ARRAY C) PLATP089
C PLATP090

DO 6 Izl,N PLATP091
DO 6 J=I,N PLATP092
*EAD(5,5) X,N.C(KN) PLATP09 3

5 FORMAT(441,I2,3X,12,2X,E13.6) PLATP094
6 C (N.K) =C K,M) PLATP095

C FLATPO96
C READ ENTRIES 1N THE PER-UNIT-LIUGTH TIANSMISSIOU LIVE FLATPO97
C CAPACITANCE MATRIX WITH THE WIRE INSULATIONS REBOVIDCO (COMPUTED 1LAt1098
C WITH GETCAP) FL&A!P099
C (STORE CO IN ARRAY CO) FLATP100
C FLAYP1OI

Do 8 11l,N PLATP102
DO 8 JZI.N FLATP1 03
READ(SU7) K.E.CO(K.R) FLAIP1 04

7 FORNAT(421,3X,12,2X,213.6) FLATP105
8 CO(M.K)-C(K,M) FLATP1 06

C PLATP107
C COMPUTE IHB PER-UNIT-LENGTH TRANSMISSION LINE INDUCTANCE MATRIXLFLATPIOS
C AND THE INVERSE 0? THE CAPACITANCE MATRIXCI PLATP109
C (STORE CI IN ARRAY CI ANr) L IN ARPAY CO) FIATP11O
C ?LATP111

DO 10 1=1,N F! :'IPI 12
DO 9 J=1,N PLATP1 13
T (Zl3) C (1.3) ONZC FLAP114
A (I.J) -C(1, J) *ONRC FLATP1 15
TI (I,J)Z2EROC PLATP1 16

9 P(I,3)=ZEROC PLATP117
TI (I,1) =CNEC FLAT?) 18

10 P(I,I)=ONEC PLATP1 19
CALL LEQ71C(A,N,%,P,N,N,O,VA,KER) PLITP120
CALL LEQ!IC(TN,N,TI0 NN.,IA,NES) PLATP121
NER=KER- 128 PLATP122
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NER=NER- 120 PLATP123
IF(KER.NE.1) KER=O PLATP124
IP(NER.UL.1) NER=3 ?LATP125
VR111(6,11) KER PLATP126
VRITE(6,11) NER PLATP127

11 FORMAT(//,$ PER-UNIT-LENGTH CAPACITANCE MATRIX INVERSION 32101= I,FLATP128
112/1A PLAIP129

DO 12 1=1,N PLATP130
DO 12 J=1,N PLATP131
CI (I.J) DRRAL (TI (I,J)) VLATP132

12 CO (1,J) DREAL(P (1,J) ) /TV PLATP133
C PLATP1 34
C READ AND PRINT CHARACTERISTICS OiF THE WIRES TO BE U91D 11 THE SEL!PLATP135
C IMPEDANCE CALCULATIONS PLATP136
C PLATP137

READ(5,13) RVS.SIGNS PLITP1 38
13 FORPMAT(2(5X,21O.3),81,I2) FLATP139

VR111(6,14) RWS.SIG.IS PLATP1 40
14 PORMAT(////' WIRES ARE STRANDED VITH EACH STRAND OP RADIUS=' PLAIP141

lli'E10.3,1 NILS'//' CONDUCTIVITY OF WIRE STRANDS= 1, FLATP142
21PE10.3.' SIEMENS PER NETERI//* NUNDEP O? STRANDS- 1,12/i/") FLATP1S3
RVS=RUS*CRTN PLATP144

C ILATP145
C READ AND PRINT ENTRIES IN LOAD ADMITTANCE(IMPEDANCE) MATRICES ILATP146
C AND SHORT CIRCUIT CURRENT SOURCE(OPEN CIRCUIT VOLTAGE SOURCE) PLATP147
C VECTORS PLATP148
C (STORE ADMITTANCE(IMPIDANCE) MATRICES AT 1-0 IN ARRAY YO AND PLATP149
C THOSE AT XxL IN ARRAY YL. STORE SHORT CIRCUIT CU22EN! SOURCE FLAIiSO
C (OPEN CIRCUIT VOLTAGE SOURCE) VECTORS AT X0O IN ARRAY 10 AND FLATP151
C THOSE AT Xt IN ARRAY IL.) ?LATP152
C FtATPI53

IF(OPTION.NQ.11..OR.OPTION.EQ.12) GO TO 17 FLATP154
WRITE(6,15) FLATPSS

i5 PORNATI//,IOX,IADMITTANCE AT I1O*111'CU1RENT SOURCE AT X-04, PLATP156
112X.'ADNITTANCE AT I:L',tOX,'CURBEIT SOURCE AT X=L*/) FLATIiS7

VRITE(6, 16) ?LAP158
16 FORRAT (211.' (SIENEUS)1*,231.' (AlPS) '.221.' (SIUIINS) * 23X,' (AMPS) '/)PLATPI59

GO TO 20 PLATP160
17 WRITE(6,18) PLATP161
18 FORMAT(//,181,9INPEDANCE IT X0,11IVOLTAGE SOURCE AT 1-0, PLATP162
1122,'IMPEDANCE AT R=LI,11X.'VOLTAGE SOURCE k? X=L*/) PLATP163
VITE(6, 19) PLATP164

19 PORNAT(23X,' (OHNS)',231,'(VOLTS) ',241,'(OHRS)'.23.'(VOLTS),/) FLATP165
20 VRITE(6,21) PLATP166
21 FORMAT(@ ENTRYIXREAL,IX.lNAG,11,RIAL'.11I,'IAG',11X, FLATP167

1'REAt'.11X,'IMAG'.11I,'REALI,11I,1IRAGI//) PLATP168
DO 24$ I=1,N PLATP169
R?.AD(5,22) YOR,YOI.10(I) ,YLR.YLI.IL(I) PLATP170

22 PORMAT(8(210.3)) FYATP71
10(1,1) =YOD+X3*YOI PLATP172
YL (II)=YLR+XJ*YLI PLATP173

23 FORMAT(1,12,2,I28(51,lPE1O..3)/) PLATP175
24 CONTINUE PLATF176

IF(OPTI0N.EQ.11.OR.OPTION.EQ.21) GO TO 28 PLATP177
IF(N.EQ.1) GO TO 28 FLATP178
KW=N-1 FLATP179
DO 27 I=1,Kl FLAVP1 80
K2=I+1 FLATP181
DO 27 J=K2,N FLATP182
READ(5,25) YOR,Y0IYLR.YLl PLATP183
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25 FORMIT (2 (210.3) ,201,2(210.3)) FzA?p184
TO (1.3) =YOBIJ*YoI PLA?1185
IL(IJ)=YL3.X3*TLI 7LATP186
TO (3,I) -TO (1.3) PLATP187
YL (J,I) nTL (I J) F&ATPI 88

26 FORRIT(11,12,2I,12,2(SI~PS10.3) .301,2 (51, IPI1IO.3)) PLA?190
27 CONTINUE PLATP 191

C PLATP192
C CORUTET AND STORE THE NATRICIS AID VECTORS C*ZO, C*ZL, C*1O, C*TL PLATP193
C FOR THE THIVENIN EQOITALEIT OR To*cxxvU TL*civy, 10, IL FOR THE F1.Api9S
C NORTON EQUIVALENT IN ARRAYS N1,N2,T1,12. IISPUCTXVELY PLATP195
C FLATP196

28 IP(OPTIOI.BQ.11) GO TO 29 FLAtPl9?
IP(OPTIOI.lQ.12) GO TO 32 ?LATP198
IF(OPTION.IQ.21) GO TO 36 1'1ATP199

qIFJOPTIOI.3Q.22) GO TO 39 PLATP200
29 DO 31 1=1.1 PLATP201

SO-ZROC PLAIP202
SLmhEROC PLATP203
DO 30 J=1,3 PLATP2041
N (1,J) mC (I,3) *YO(J.3) PLATP205
82 (I ,J) =C(4,3) *YL(3,) PLATP206
SOUS0*C(I.3) *10(3) PLATP207

30 SLxSLOC(I,3)*IL(J) PLATP208
v1 (I) -so PA1220

31 V2(I)-SL PLATP210
GO TO 43 FLATP211

32 DO 35 1=1,N PLATP21&"
SoUZIRoC 1LATP213
SL=ZZROC IFLAP214
DO 34 3=1,1 1LA2P215
SUMOZIZROC PLAT0216
SD NL=ZBROC PtA2P217
DO 33 K=l,1 11121218
SaiIo=sa50.c(I,c) *10(1,3) 1LATP219

33 STJLSONltC(I,K)*YL(K,3) PLATP220
S0=SO+C(I,3) *10(3) 1LATP221
SL=SLGC(I, J) *1 (J) PLAT222
Ni (1,3)=SOfi FLATP1223

341 M241,J)-SURL P1A21224
11 (I)inSo PLATP225

35 V2(I)-SL PLATP226
GO TO 413 PLATP227

36 DO 38 I=1,N PLATP228
DO 37 3=1,3 1LA2P229
"I (1,J)YTO (1.1) *CI (1,J) 11121230

37 R2(I,J)=YL(II)*CI(I,J) 1112P231
V1 (I) -IO (I) PLATP232

38 V2(I)inILII) FLA2P233
GO TO 43 PLATP234

39 DO 412 Iz1,3 MOMP23
DO 41 3=1,3 PLATP236
SONO=ZE2tOC 1LATP237
SONL=ZERCC PLATP238
DO 110 K1l,f FLATP239
SUHO=SONO*YO (I,K) *CI (K,J) 1LA2P240

40 StIRL=SUNLGYL(I,K) *CI(K,J) PLATP24 1
N1i(,J)SUNO PLATP2412

41 N2(I,J)=SUAL FLATP2413

11 (I) =I0(I) 7L1TP244
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42 V2 (1)- L 41) PLATF245
43 cONTINB 9 nATP24

C PLATP247
C COMPUTE THE MATRIX C*l AND STORE 13 ARRAY CO. COMUTE! THE SONS PLATP248
C OF ELEMENTS 1.3 EACH RO3 OF C AND STORE IN ARRAY T3. PLATP249
C PLATP250

DO 46 1-1,N PLATP251
S=ZERO n1ATP252
DO 45 3=1,N flATP253
SS=ZERO PLATP254
DO 44 K-1,N PLATP255

414 SS-SS*C(I,1) *CO(K,J) PLATP256
P (1,3) SS*ONEC IPLITP257

45 S-SC(I,J) FLATP258
46 3(1)-S PIATP259

DO 47 1=1,1 PLATP260
DO 47 3=1.3 F'LATP25 1

47 CO(IJ)-DRlAL(P(1,)) PLATP262
C FLATP26 3
C*****FREQVBNCI DEPENDENT CALCULATXO1S***0*****S**********************?*LATP264
C FLAIP265

48 CONTINUE PLATP266

49 ORMTP25*10.D3TA) HBE SRCJMG*(NFSPU*3/LA LC/S TP268

50 Z=(C*EG*LDC)A/P26
GO TOwX 52 lA ?LATP270

C PLATP271
C COMPUTE THE EIRENSELF IEANCES EXEVCOSO TEPOUTY LATP272

C 11AAY) PLATP2137
C D:N0P PLATP214

52 OMZOMEGA*MEGBSRS PLATP216
DORSLIDLA 53O TO 50 PLATP277
DFlSG.Hl*AT)G O 51 P3, LATP278

53 A 5(I,) ELJCNREGZ* ( ) *C,3)-0fl*OZI-l*SDLAO(1,3) PLATP29

CAL hXRD+JGARU,,BNW.L PLATP281
GORLTO 28 PLATP282

51 7(P5*ISLT. 1) LTO GOTODLALD/V N PLATP283
C FLATP284
C COMPUTE THE EIINERSE O ND T HE TRANPOMTICO OArIX T PRDCT LAP285
C (STORE THE INVEE R IARA TI)MN OFARY7ADTH ?ITLB LATP28

C FLATP288

Do 55 1=1,N PLATP230
DO 53 Jn1,l PLATP291

53A (I,3) T (1.3 V(1+(IJ)-1*O() PLITP32

54 TIIP2EO LATP296

55 5 TI 1=1,N PLATP300

CALL LEQTlC(A,N,N.T1.N,N,O,VA,MER) PLATP305
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MERMER 128FLATP306
IT(MER.II. 1) l!zRzO FLATP307

C P.ATP309
C COMPOTE 283 TERflXNAL VOLTAGES FLATP309
C IFLATP3 10
C PORM THE EQUATIONS FLATP311
C FLATP312

DO 58 1=1,1 PLATP3 13
SO-ZIROC IPLATP314
SL=ZIROC FLATP3 1S
DOS 57 1 JIlF2LATP316
SURO-ZEROC IATP317
SUML-ZRCC PLATP318
DO 56 K'.1,N FLATP319
SIJMO=SUMNON1 (I,IC)*T(K,J) PLATP320

56 SJL-SUMLtN2 (,K) *T(K#J) FLATP32 1
SO=SO+TI (1,J)* I91(J) FLATP322
SLxSL*U (1,J) *12(3) PLA'TP323
A(I,J) mSUNO PLATP324;'157 P(I,J)zSUNL PLATP325
IO(X)-SO FLATP326
IL(I)-SL FLATP327
I? (OPTION. EQ.11O.PINI.2 Itl-LV LATP328
t3A3-CDSQRT (B (I)) PLATP329
EPP-CDBXP(GAN*L) *PS FLATP330
INN-CDEXP (-GAM*L, *P5 PLATP1331
EP (I)SEPP*ENN PLATP332
EN (I) =EPP-sNU PLATP333
G (I) GAN/JOMEGA FLA?P.334
.1? (OPTION. EQ. 11.0OR. OPTION. IQ. 12) G (I) a0I3C/G (I) KAL3P335

58 CONTINUE PLATP336
DO 60 I.1.,1 PLATP337
DO 60 Jsl,uN PLATP338
SUNO-ZZBOC PLATP339
SIJML=ZRRCC PLATP340
DO 59 KllU FLATP341
SUMomSUNO*TI(I.,K) *A(K,3) PLATP342

59 SUMlLwSIML*TI(I,K)*P(K,3) PLATP343
TO (I,J)SMO PLATP344

60 YL(I,J)=SONtL FLATP3U5
DO 63 Izl,N PLATP346
SOx~Za BlC LATP347
DO 62 Jzl,U VLAP348
SL= 2 R OC PLATP349
Do 61 K1I,N PLATP350

61 SL=SL#YL(IK)*G(M)*EN(K)*YO(R,J) PLATP351
A(I.J)=SI+YT.(I,J)*EP (J)+YO(I,J) *EP(I) PLATP352

62 SOmSO*YL (I.J)*G(J) *E3(J) *0(J) PLATP353
A (I,1) =A (1,.1) E(I)/G(I) PLATP3 54

63 B (I) =SOiEP (1) *10 11) +IL (1) FLA!P355
C PLATP354,
C SOLVE THE EQUATIONS ?LATP3 57
C PLATP358

CALL L2QTlC(R,NYB, 1,U,O,UA.IER) PLATP359
ItRuIER-128 PLATP360
I1 E.NE. 1) IER=O PLATP361
URITE(6,64) F,123 1L1TP362

64 FORMAT(131.' FREQUENCY(HEUTZ)= 9,1P211.4,l0X.'SOlUTION ERROR- 0, IFLATP363
12XI2/) PLATP364
VRITI(6,65) LER,VK(1) FLATP365

65 PORMAT(' EIGEN SCLUTION ERROR= 4,14/1 EIGEN SOLIITICK PRECISION= 0.FLAP366
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1 ilUO. 3/) FLA!I'367
U3ITE(6,66) ERR IFLA1P368

66 FORNAT(l TRANSPORHATION NATRIX INVIDSXOD 33303= 1,12//) FZAT1369
33!?! (6. 67) FLATP370

67 PORIAT(16X,IVIRE%8l,'V0I( VOLTS) '.31,.IOA(DBGIUZS) %81, IFLATP371
1'TLN(TOL!S) '.31,'TLA(DEGES) '///) nTP.1372

C PLATP373
C CON'TT AND PRINT TUE TEININAL VOLTAGES PLATP374
C 7LATP375

DO 69 131,3 PLATP376
SO-ZEROC PLATP377
DO 68 J=1,9 FLA!1378

68 SOUSO.!0 11,J) *3(3) FLATP379
69 G (I) -G(1) *13((1) *10 (1) -EP(1) *B (I) .G(I) *33 (1) *SO50TP8

IP(OPTIOI.BQ.21.03.OPVIOI.3Q.22) GO TO 7t PLTP381
Do 71 ImlE FLATP382
SO-23ROC PLATP383
SL=ZlROC FLATP384

7DO 70 3 ,3l PLATP385
$SO-L TO (I ,J) *8 (J) PAP8

Y0(1,I)v10()SO PL ATP388
71 YL (I I) w-IL(I) *Sl PLATP389

SOU2ROC PLATP391i

DO 72 31l,X PLATP393
SOoSa*T(1,3) *Y0(3,3) FLA?P3AS

72 SL=SL*T(I,J) *T1(3,J) PLATP395
9(1,1)=S0 PLATP396

73 Aft.I) '51 PLATP397
GO TO 77 PLITF398

74 DO 76 1=1,1 PLATP399
SOxZE3OC PLATP400
SL-ZIROC PLA'tPRO1
DO 75 J-1,N PLATP402
SO=SO+T(IJ) *B(J) PLATP403

75 SL=SL+T(I, J) *G(J) PLATP404
PfI,I) sSO PLATP405

76 A(I,I)=SL VLAP406
77 DO 80 la1,N PLATP407

SO-ZEROC PLATP408
StuZIROC PLATP409
DO 78 3-1,1 vxtPe 10
SO=S04CX (13) *9(3,3) PLATP4 11

78 SL-SL*CIIIJ)*A(3,J) PLATP412
VOUSO PLATP4 13
VL=SL PLATP414
VO.IUCDABS(VO) PLATP4 15
VLK-CDABS (IL) FLATPSI6
VOl-DRIAL, (TO) PLATP417
VOI=DI IIAG (TO) PLATP4 18
VLR-DRIAL (VL) PLATP4 19
VLI-DINAG (VL) FLAP4 20
I? (YOR.E0.ZERO.AUD.TI.3V.ZZ30) 103B=N PLATP421
IF (ILR. 3G. RO. AND.VLI. EC.ZH3O) 113201! FLA!P422
YOA=DATAN2 (101403R) *0180/P1 ?LATP423
VLA=DATA02 (VLI,VLB) *03380/P1 PLATP424
IIRITE(6,79) I,VON,VOA,VLN,VLA PLATP425

79 FOUNIAT(17XI2,81.19E10.3,31, 19110.3. 101I1PBIO.3,31,1P110.J/) ?LAP426
80 CONTINUE PLATP427
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GO TO 48 PLATF42881 STOP PLATP429END 
PLAIP430



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 3.141592653DO 3.1415926E0

059 2.997925D8 2.997925E8

060-062 change all D's to E's

064 DCMPLX(O.DO,O.DO) CMPLX(O.EO,0.EO)

065 DCMPLX(l.DO,O.DO) CMPLX(I.EO,O.EO)

066 DCMPLX(0.DO,1.DO) CMPLX(G.EO,I.EO)

132 DREAL REAL

133 DREAL REAL

262 DREAL REAL

275 DSQRT SQRT

329 CDSQRT CSQRT

330 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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Card Number Double Single

423 DATAN2 ATAN2

424 DAA2ATAN2
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APPENDIX E

NROOT

* Subroutine Listing



SUBROUTINE NRO0T(M.A,L IIIj) 
33002001

RZAL*8 A (11) BD(qA) XL(II) I ljA) 'SUIT 1113020DATA ZE30/0. DO/do,.#1. .DO/ 
11'OENB002K 1 
11000DO I J=2,n 
10010051=N*(J-1) 
NOT0DO I JIj 
VOT0L=LflSBOT0

I B =B (1) R31 0 0 9I 3 (K)=~C5210010
CALL SIGI3(B,X.N.N,l.

1~~) 13002012
Do 2 J=1*a 

13002014
2 XL(J)=ONE/DSQRT~(DABS(B(L,)) 

31002016DO 3 J=,m 
11002017DO 3 1=1,m 
3002019

B(X)=1(K)*XL(J) 
310O020DO 4 11l,fi 
130O02232=0 
310O022DO 4 3=1.N 
1300T023

L11* (J-1) +1 
NOT21(L) =ZERC 
31002026

12=N2+ 1 
3300T234 1 (L)=X (L) +B (31) *A (N2) 
31O00

DO 5 J=1, 
NBO023DO 5 1=1,j 
3R002033Ni =I-11 
33002035N2=5*(j-i) 
XOT3A1L) ZE1 
WR 00T037DO 5 K-1,I 
WR00T038

12=12+ 1 
11O0015 Ak(L)-A(L)*Xcut)*B(N2) 
N1002042CALL EIGIN 
90T4

L=O 131002043DO 6 I=1*5 
l0O2045

6 XL(I)=A(1) 
13002047DO 7 1=1M 
NRi1300N2=0 
MOT4DO 7 3=1,m 
NROOT059

11002051A (L)-ZERC 
3300T053DO 7 Kzl,m 
33002053

N2=N22, 1ROT7 A (L) =A (L) BN I) *X(N2) 
33O050

R=O ROOT57
DO 8 I=1,m 

NB00T068

12002061
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I3COT062
8 X(K)=A(K) iOoT063

RETURN NRoT06U
END
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TABLE E-1

Changes in NROOT to Convert

to Single Precision Arithmetic

Card Number Double Single

002 REAL *8 REAL

003 change all D's to E's

016 DSQRT SQRT

016 DABS ABS

-166-



APPENDIX F

EVCEN

Subrout Listing
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SUBROUTINE 31031 (A,3,U., Ml) 31033001

REAL*8 A(11) ,D (MA)AlRMANRI,THR,X.YSIUI,SlX2,.OSX,COSX2, 3I031002
1 SIUCS.3tAIGE,233O.OUE,PSTUO 31031003
DATA ZERO/0.DO/,0U3/1..DO/,P5/.5DO/,TIO/?.DO/ BEGRIO0S

I RANGE1l.,9D-12 siGRIGOS
IF(MV-1) 2,5,2 31G33006

2 IQ=-N ZIO31007
DO '4 3=1,N 11009

IQ=IQ+l 31G33009
DO 4 I-1,N 31031010
IJ=IQ*I 31031011

I(IJ)=ZER0 310310 12
17(1-J) 4,3,4 91033013

3 I(IJ)011E 1611014
'4 CONTINUE 310330 15
5 ANORM=ZEPO 81915016

DO 7 1=1,1 31013017

?~ DO 7 31,vN 31031018
17(I-3) 6,7,6 31921019

6 IA-1I-(J*J-J) /2 E1033020
ANORNZANORM+A (IA) *A(IA) 31023021

7 CONTINUE 31033022
17(13035) 36,36,8 3IG33023

8 ANORK-DSQRT(TUO) 'DSQBT(ANORM) 31033024
AIDMXz ANCRN*RANGE/PLOAT (3) 3IG33025
IN D0 3IG33026
THR-vANORM 31G33027

9 !Hfl=THR/?LOAT () 31G33028
10 L-t 31G31029
11 a-L~l 3I131030
12 BQ-(N*N-N)/2 31G31031

LQ-(L*T!-L)/2 31G33032
fix ,A 131033033

.3 IV;F((M)T~)29,14,14 31G33034
:4 IND,.% 31033035

LL-L. 11 'BI3103O36

* fl~l~M 1011037
X-P5* CA(LL)-A (MM)) 31031038

15 Y=-A(LM)/DSQRT(A(L1) *A(LM) .1*X) 31015039
17(l) 16,17,17 1G000

16 Y-- 3103101
17 StNXnf/DSQRT (TVO* (Oh31(DSQRT (013-1*1)))) 3IG31042

.,N12=SINX*SINX 31031013
18 CCSX=DSQRT(ONE-SINX2) RIG31044

C0S12=COSXV-'6SX 3IG03045
SINCS =SZNI*COSI 3IGE1046

ILQB* (L-1) 3I13047
1MQ=NV'(H-I) E103N048
DO 28 1=1.1 31031049
IQ= (I* 1- ) / 2 3IG33050

IF(I-L) 19,26,19 31031051
19 IF(I-M) 20,26,21 '10U05O2
20 IM=I+MQ 3IG33053

GO TO 22 31G33054
21 1MM*IQg 31033055

22 IF(X-L) 23,24,24 31G3N056

23 IL=I+LQ 31G3W057
GO TO 25 NG35

24 ILzt+IQ 31G33059
25 I=A(IL) *COSX-A(Il) *SIHX ZIURN060

A(IM)=A(IL)*SINX+A(IM) *CCSX E1031061



A(IL)=X RIG33062
26 IF(MV-1) 27,28,27 11633063
27 ILR-ILQt4I SIG11064

INV=IMI, 1IG3106S
X-R(ILR) *COX-fl(1N1) *5111 3IGS1066
B(133)-R3(11.) *SINX*3(IR) *COSI 11031067

1(11.)-I 1033068
28 CONTINUE 3I611069

I10*A$(13) *SINCS 31613070
Y1A(LL) *COS12.A(NN) *S1312-X 31431071
X=A(LL)*SIN12+A(NN)*COSX2+1 31013072
A(LN)= (A (LL)-A (NN) )*SINCS.A(LN)*(COS12-SI312) SIGI3073
A(LL)-Y 31G33074
A(NN)zl 31611015

29 IF(N-N) 30,31,30 31G31076
30 M=1.1 I11077

GO TO 12 3I13078
31 I7(1.-tN-1)) 32,33,32 1132079
32 L=L,1 11033080

GO TO 11 37031061

34 IND=O M113083
GO TO 10 31423084

35 I?(TH3-ARNX) 36,36,9 31613035
36 IQ-- 11031086

DO 911) [s1,Y 31013087
IQas *3 31633088
tLilv (Z*I-I) /2 31031089
3Q1N*(I-2) SG59
DO 40 JzI,V 31033091
JQ-JQ#N 31G33092
AN-J+(J*J-J)/2 103093
I1(A(LL)-A(NN)) 37,40,40 31633094

37 RzA(LL) 31633095
A(LL)-A(SH) 31633096
A(am)=X 11011097

IPN-)38,40,38 31033098
38 DO 39 9=1,1 3I13099

IL3=IQ4K 31013100
182=JQ.K 31611101
X1B(ILR) 1I03N102
B(1L3)=R(INR) 11G13103

k ~~39 R(133)-l RGN0
40 COWT:NUZ 3Z131105

RETURN E1613106
33 r 31G33107
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TABLE F-i

Changes in EIGEN to Convert

to Single Precision Arithmetic

Card Number Doubleinge

002 
REAL *8 REAL

004 change all D's to E's

005 
l.OD-12 

I.OE-6024 
DSQRT 

SQRT
024 

DSQFT 
SQRT

034 
DABS 

ABS
039 

DSQRT 
SQRT

042 
DSQRT

042 
DSQRT 

SQRT

044 
DSQRT SQRT
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