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I.      INTRODUCTON 

WAMP (Wire Antenna Modeling Program) is a general purpose frequency 
domain antenna modeling computer program.    Antennas of arbitrary form 
and orientation may be modeled and analyzed in both free-space and in the 
presence of a conducting half space. 

The WAMP users manual is written to serve two purposes.    The first, 
and prime purpose, is to provide the user with a basic working knowledge 
of the program's input requirements and capabilities.    Examples will be 
employed to illustrate the use of the program.    The second purpose of 
this manual is to present a brief description of the theoretical formu- 
lation behind the numerical techniques used in the WAMP code. 

Section II, which immediately follows, presents a brief development 
of the thin-wire electric field integral equation (EFIE).   This is fol- 
lowed in Section III by a description of the numerical techniques used 
to solve the EFIE for a segmented structure, and the methods employed 
to model an antenna in the presence of an imperfectly conducting half- 
space.    (A listing of the program's subroutines and their function is 
provided in Appendix A). 

Sections IV, V, AND VI are devoted to applications.    Section IV 
describes in detail the program input parameters needed to model an 
antenna structure. Section V contains a series of illustrative examples 
designed to demonstrate the WAMP program, and Section VI concludes with 
a section on modeling guidelines and special calculations. 

II.      THEORETICAL DEVELOPMENT OF THE ELECTRIC FIELD INTEGRAL EQUATION 

Discussion of the Boundary Value Problem.    The solution to Maxwell's 
equation which satisfies specified behavior of the fields at given 
locations or boundaries, requires treatment of a boundary value problem. 
Classically, such problems have been successfully treated only for special 
boundary surfaces to which the method of separation of variables could 
be applied.    This eliminated complex surface shapes from consideration 
and restricted the three-dimensional solutions to the sphere and various 
simple sphere modifications.    This situation resulted principally from 
inability to calculate the eigenfunctions for the various special geom- 
Qtries, although considerable progress has been made in this area in 
recent years due to availability of numerical  techniques and more sophist- 
icated computers.    An additional problem arises in these special coordinate 
systems since the boundary condition equations may be coupled, so that a 
solution of an infinite matrix is required, in principle at least, rather 
than the term-by-term solution which is encountered for the spherical 
case.    At any rate, the shapes to which the classical analysis are re- 
stricted force the use of a different approach to problems which Involve 
complex geometrical shapes. 

Integral  Equations Formulation.    Because of the problems cited 
above, general  three-dimensional boundary value problems require a 
basically numerical approach.    This approach usually begins from an 
integral-equation viewpoint rather than the differential equation 
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approach implicit in the classical method.    There is, however, no unique 
integral equation formulation for a given   problem, so some leeway in 
treatment is afforded at the outset.    For reasons to be clarified later, 
our attention is restricted here to the electric field integral equation 
(EFIE).    As a starting point, the electric field E due to a volume current 
distribution 3 is written by means of Green's dyadic as 

E(r0)    
=JJf^0 J(r) • G(?,f0) dV (1) 

V 
where r^ and r are the observation and source points, respectively, 
and the Green's dyadic is expressed in the usual notation as 

G(r.r0)    =    -(1/4 rr) [I +  (1/k2)    VV] g 

where 

g    =   exp(-ik|f-?0|)/|(f-r0)| 

and I is the unit second-rank tensor.    The suppressed time variation 
is exp(icjt) with w the radian frequency.    The plane wave propagation 
constant is k, and is related to •.. and \iQ, the permittivity and 
permeability of free space respectively, and w by 

k    =    UJ/UQCQ ' 

When the current distribution is limited to the surface of a 
perfectly conducting body. Equation (1) becomes 

E{r0) = JJ'^Q  'Krr) • Zit>'rQ)  dA (2) 

with K the surface current density.    If this surface current is induced 
by an incident electric field El, then an integral equation for the 
unknown surface current K can be obtained from Equation  (2) and the 
boundary condition that 

fi(r0)  *  [ES(r0) + L1^)]    =    C (3) 

with h{r0) a surface normal  at rv and Es thg scattered field of the 
individual  current distribution.    Equating E    of Equation  (3) with E 
of Equation (2) leads to 
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-T r   ; 

- "('r0) x E (f:0)    =    "^ < ,;  J1"^ 'K{?)  ' ^.FQ) dA (4) 

.      Thin Wire Approximation.    Upon restricting our attention to 
circular cross-section bodies of small diameter compared with the 
wavelength, the azimuthal current may be neglected, and Equation (4) 
becomes ' 

n{ro) x E (-r0)   =   n(ro) x ±j j {^QUQ ^("r) [5 + L|V] grr^)} dA    (5) 

where s is  the unit tangent vector at r pointing in the direction of 
the current.    A scalar integral equation for the current is obtained 
by taking the dot product of Equation (5) with the unit tangent vector 
SQ at the observation point r0 as 

§0 • ^(ro)    =   IfrjhwQ Ks{r0)[§ • s0+ (§ .  vf-^] g(r,?0) dA (6) 

If the assumption is now made that the surface current, K   is 
independent of the azimuthal variable, Equation (6) can be written 

E (r0)   = ^    ^   aiVo KS(S) j      [s • s0+ ^^3 gCr;^) d^ds (7) 

where a is  the wire radius and the s integration is over the entire 
length of wire. 

A final approximation is that the current may be realistically 
represented as a filament of strength I,(s) = Zua Ks(s) flowing on the 
wire axis while the field is evaluated on the wire surface, allowing 
Equation (7) to be written as 

k'^^^^^J^ism-s^^^   U(rtr0)äs (8) 

where |r -  rJ  is now measured from the wire axis, or source point, 
to the observation point on the wire surface, which can thus never be 
closer than the wire radius a.    By considering the current as a tubular 
lZf™ W1re aX^ Whi2e evaluating the electric field on the wire 
surface, one can resolve the ambiguity in the azimuth involved.    The 
form of Equation (8) is not changed using this convention, but the 
l6^ fr 0f th,e tangential field evaluation is siSpii? ed when 
non-parallel, non-planar wires are considered. 
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II1-      METHOD OF NUMERICAL   SOLUTION 

su fhf niJ,r!riCa] solution t0 an integral equation may be undertaken 
by the method of moments.    This is a well-founded mathematical technique 
briefly stated as a method for finding the unknown by forcing the     ique 

befw      equat1on wh1ch is solved by the method of moments described 

wHtf;-ndUCtK0?-t0,iinear SySt^ (allocation) - Equation  (8) may be written symbolically as: \  >     y   * 

L(f)    =   g (9) 

fo lowing Harrington's  (1968) notation.    The solution of Equation 
b) (or of Equation 9)  is obtained by the method of moments.    An 

intuitive approach to solving Equation (9) for the unknown function 
t is to set f equal  to a constant fi within N subintervals of the 
aomain of L, and to require Equation (9) to be satisfied at N points 
over the range of L, thus acquirini N equations in the f.  unknowns, 
ihis is a specialized application of the method of moments which is 
more generally written as follows.    Let 

i f • n n 

(gfmaJ'be'wHtten^10"2 fn ^^ in the d0main 0f L S0 that Equation 

IanL(fn)   =   9 (10) 

Then, with the set of weighting functions w. defined in the range of 
L, the inner product is formed as m 

^an <wm' llfn)>    =    ^^ (11) 

where m=l,2,3,  ...N, Equation (11) can be written in matrix form 

[Gmn:iK]    r;    ^m^ 0?) 

where 

Gmn    =      w   ,L(f )- mn m' v n' 



and 

nJiJf   fflu G1in 1S ^e/red to in this case as the structure 
S Ih'c It t5e 1!I-ers! 0!.G"in exi'sts' then the ^n "n be found and thus the function f which is the desired solution, for any 
specified source function sm. 

The proper choice of weighting functions and basis functions, as 
well as the subsectioning of the domain of L is not an obvious one 
Although there is some leeway in the matter, careful consideration of 
the physics of the problem and the nature of the expected solution 
will show that some representations for the fn will be more efficient 
than others in terms of computer time and accuracy.    Constant, linear, 
quadratic, trigonometric and Fourier series have all been used for 
this role.    The weighting functions have generally been more restricted 
in choice than f       The special case, wn = fn, is' referred to as 
faalerkin s method (see. for example, Harrington, 1968).    More often 
the weights are «-functions, a method referred to as collocation, so 
that the inner product (Eq.   11) merely becomes the sequence of values 
Mr jm and g,,.     These are, respectively, the tangential electric fields 
S*   iCUrr?ntr-e?n!ent n at observation point m and the tangential  inci- 
S r tfr-V161^ observation Point m.    It is interesting to no?e 
that Galerkin;s method is equivalent to the Rayleigh-Ritz variational 
method.    Harrington  (1968)  thoroughly discusses the method moments. 

Current Expansion - The WAMP thin-wire program employes the collo- 
cation method with constant, sine and cosine te^s for the fn segren 
or current basis function, i.e., n be9menT: 

Ks)   =    1^.(5)^. + B. sin k(s-s.) + Ci cos k(s-si)] 

N 

I 
i = l 

U1.(s)I.(s) 03) 

nfn^nLU5  \^en S !S 0n segnient 1" and zero othenvise      Eauation 

the^rre    ^ aen c^6^^^"^6 Zl^Zll^ ^^ ^^ 

this sinusoLl  current ex    nsio'b.tthf "^ 0f reasons for usin5 
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It is not necessary to employ the integral equation itself to 
find the extra unknowns introduced by the sinusoidal expansion.    Two 
of the three constants for each segment may be obtained by requiring 
the current on adjacent segments to satisfy some specified mutual 
conditions.    The extrapolated current from a given segment must match 
the center current values on two adjacent segments to satisfy the 
required condition for two-wire junctions in the thin-wire program. 
Junctions of three or more wires are handled in similar fashion 
(Maxum, et al, 1969). 

The sinusoidal  current expansion appears to make the system of 
equations resulting from collocation somewhat more involved, but the 
required computer time is not significantly increased when compared 
with the same number of current unknowns without using the sinusoidal 
expansion.    Other current expansion functions - linear, quadratic, 
Fourier series - could be used in place of the constant-sine-cosine 
expression, but this particular expansion has a number of additional 
advantages over the other possibilities mentioned.    For instance, a 
solution for the current to a specified accuracy for a half-wave 
dipole scatterer and antenna requires the fewest current segments 
using the sinusoidal expansion (Neureuther, et al, 1968).    This 
advantage can be expected tc carry over to more complex geometries. 
Second, the solution will  more accurately exhibit the required depend- 
ence on wire radius  (Andreason, 1968) because the constant current term 
produces infinite    tangential electric field on the current axis, as 
opposed to the sine and cosine terms which do not. 

Third, the parallel  and perpendicular electric field components 
(due to the sine and cosine current terms) and the radial  field 
components  (due to constant current terms) may be analytically evaluated. 
This eliminates the necessity for extensive numerical  integration to 
evaluate all  the elements in the coefficient matrix Gmn.    Only the 
tangential electric field excited by the constant current terms  requires 
numerical integration and this is  handled by applying a Romberg variable- 
interval width technique  (Miller,  1970) to the difference integrand. 

Calculation of the Structure Matrix -  It is worthwhile to discuss 
here the form of the matrix elements which result from applying the 
method of collocation to the integral Equation (8).    Each entry G,-,- 
in the structure matrix represents  the tangential  electric field at 
observation point i  on the structure produced by unit current flowing 
on segment j.    The boundary condition on the tangential  electric field 
is enforced at each observation point.    The collocation method of solving 
the integral equation is  thus basically one of calculating electric field 
components at specific points due to the induced current on the structure. 

It was stated that the thin-wire approximation involves  the explicit 
assumption that the effects of azimuthal  currents can be neglected in 
comparison with those of axially directed currents and that, in addition. 



the cylindrical  tube of axial  current has no azimuthal  dependence.    The 
former assumption allows us to consider only one current component 
rather than two, while the latter provides partial justification for 
reducing the surface integral  to a line integral.    It may be deduced 
from an examination of Equations  (7) and (8), however, that even where 
Ks is independent of $ the kernel of the integration equation depends 
in general upon both ^ and s.    However, the integrand is independent of 
<(> in the special  case where the observation point is located on the axis 
of a linear tube of current, and the <p integration of Equation  (7) may 
be replaced without approximation by the factor 2v. 

We choose to locate the observation points where the tangential 
electric field is to be calculated on the axis rather than on the surface 
of each wire segment.    The $ integration in Equation (7) is thus exact 
for the self-field as well as the mutual  fields for all  current segments 
having a common axis.     In addition, the possible ambiguity involved in 
evaluating the incident field over a 2TT variation in $ on the wire surface 
is resolved.    As a final  point, the observation point is always at least 
a; far as the wire radius from the source point. 

When the mutual fields of non-axially aligned current segments are 
required, the $ integration is not so simply performed.    And if no approx- 
imation were used, the 0 integration would require numerical evaluation. 
The most obvious approach is to then consider the tubular current source 
to approximate a linear filament on the wire axis, a procedure which 
again replaced the 4- integration by a 2- factor.    Unfortunately, this 
approximation eliminates the influence of the wire radius from all mutual 
field terms on the phase change and geometrical  attenuation of the field 
caused by the separation of the source and observation points. 

An alternative to the above method is replacement of the current tube 
by a current filament which is not located on the wire axis but is dis- 
placed in distance from it by the wire radius.    The direction of displace- 
ment is perpendicular to the plane of the wire axis and the line joining 
the observation point and wire axis midpoint (the observation point for 
the self-term field).    The geometry of this method is shown in Figure 1. 

To summarize briefly, the surface integral  is  reduced to a line 
integral by neglecting azimuthal* currents and azimuthal  variation of 
the axial current.    Self-field terms are calculated with the observation 
point on the axis of a cylindrical current tube, while mutual  field 
terms are calculated at the same observation point with the current repre- 
sented as a filament displaced from the wire axis by the wire radius. 

Taken here to mean the direction measured along the intersection of 
the current tube surface with a plane perpendicular to the axis of 
the current tube. 
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Figure la.    Thin-wire Current Approximati on 
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Figure lb. Geometric Parameters for Field Evaluati on. 
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We can now write the integral Equation (8) in the form 

E, =  (i%/4.)   ^ J[V  sn+ J-   Ji-] g(rm,r) IJs) ds 

m=l, 2, ..,, N observation points 

where Asn denotes the length of source segment n, 

(14) 

exp[-ik /P
Z + (s   - s)2 

g(r ,r)    =    ——~ __JB _ 
m 

/o2 + (sm - s)2 

"m 

and it should be noted that the integration over L has been reduced 
to a sumnation of N separate straight-wire segment integrals      It is 
convenient to rewrite Equation  (14) in terms of cylindrical coordinates 
referred to the wire segment being integrated.    Then we get 

^o^J,     I   tV  =ra - J?   ^ g(rmn.2n) InUn) dZn (,5, 
n n   m 

where 

and 

9(rmn'zn)    =    ^-^mn^mn 

rrn v mn       m'       f    '      dn 

a    is the radius of wire segment n, and ;)m and zmn are the radial 

m rPf:^;"3^5 0f.the 0^rati0n Point at theTenter S? segne t m referred to the midpoint of source segment n. 

Ground Effects - The integral equations (14) and (15) aoolv onlv 
to wTre structures located in free space, or more generally in a * 
homogeneous medium having electrical  constants u and üc    ion of 
the structure rear the mterface between two electrically diss milar 
media, however   leads to reflected fields which can mod fy     e7ree 

S2C^ current distributions, and thus an additional term must be 

ofInteresTh^r?9"1 eqUati0n f0r U t0 apply t0 the ^"^ ^™ 
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Historically, the basic work on the solution of this problem was 
formulated in 1909 by A. Somnerfeld (1964).    By deriving field expressions 
for vertical  and horizontal electric and magnetic Hertzian dipoles in 
free space as influenced by the ground plane, Somnerfeld obtained the 
Green's functions which permit equations  (14) or (15) to be rigorously 
extended to the interface problem. 

Unfortunately, the solution of the Sonmerfeld integrals  requires  a 
double numerical integration which can be very costly in terms of computer 
time.    Miller, et al.,  (1972a, 1972b) describes an approximation that is 
used in the WAMP program.    The approximation is to represent ground 
reflected fields via plane wave reflection coefficients.    This procedure 
is basically quite simple, involving decomposition of the image fields 
into TM and TE modes relative to the vertical plane containing the 
image and observation points, after which the reflected fields are 
obtained by multiplying the image fields by the appropriate reflection 
coefficients.    The advantage of this technique lies in the fact that it 
represents but a simple extension to the free space integral-equation 
treatment. 

Impedance Loading - The discussion has been thus far limited to 
the case of a perfectly conducting element.    The approach may also be 
generalized to allow for lumped loading of the structure by introducing 
a voltage drop term in the integral equation.    If the impedance loading 
per unit length on segment m is zm, then Equation  (15) becomes: 

Em ' Vm   =    sarne R'H-S-  as Equation  (15) 

Solution of the System of Equations - The solution of the integral 
equation is reduced by the method of collocation to the problem of 
solving a linear system   of equations for the N sampled current values. 
The problem is far from being resolved at this point, however, since the 
linear system which is generated may contain a very large number of 
complex unknowns.    A numerical  solution of such a system would be 
Impractical without the availability of a large-core, high-speed digital 
computer.    An additional factor of importance in the linear system 
solution is  the use of an efficient and accurate numerical  technique; 
an especially significant aspect of the problem since the solution time 
increases as the cube of the number of unknowns (see, for example, 
Forsythe & Moler, 1967).    The method used to solve the linear system of 
equations is discussed next. 

The final step in solving the integral equation for the induced 
current is a matrix multiplication of the solution or inverse matrix 
times the source vector. 
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The induced current solution can be written in the form 

[I]    =    - [G]"1  [E] (16) 

The values then obtained for the sampled current values at the centers 
of the N segments on the structure are used to obtain the current inter- 
polation functions for each segment. 

The solution technique employed in the WAMP program to solve the 
system of equations is the Gauss-Doolittle method (Ralston, 1965). 
The basic step in the Gauss-Doolittle method is factorization of the 
structure matrix [G] into the product of an upper triangular matrix 
[U], and a lower triangular matrix [L], i.e. 

[G]    =    [L][U] (17) 

and thus, 

[L][U][I]    =    -[E] (18) 

Let 

[U][I]    =    [F] (19) 

so that 

[L][F]    -    -IE] (20) 

Next, equation (20) is solved for the elements of [F] by forward 
substitution using the known elements of [E].    Equation (19) is then 
solved for the elements of [I] by backward substitution using the 
known elements of [F]. 

Matrix Symmetry - Many antenna structures exhibit geometric 
symmetries which may be exploited to a great advantage in terms of 
computer storage requirements and execution times.    Structure symmetry 
can be used to increase the calculation efficiency by reducing the 
time required to fill the structure matrix G, and by decreasing the 
computations required to  factor and solve the linear system of equations. 
The matrix fill  time, for example, is2reduced by a factor on the order 
of 1/n, and the inversion time by 1/n   , for a structure with n-fold 
rotational symmetry. 
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The reduction in matrix fill time is easily understood.    Consider 
a structure having 4-fold rotational  symmetry, such as Figure 2 below. 

Figure 2.    Structure with 4-fold Rotational Symmetry, 

which will have a structure matrix [G] of the form: 

[G] 

where 

^11 

'21 

'31 

Ml 

'12 '13 '14 

g22      923     g24 

932      933     9 34 

'42 M3 '44 

(21) 

911 = 922 = 933 

g12 = g23 = a34 

913 = 924 = 931 

914 = g21 = 932 

J44 

J41 

M2 

^43 

(22) 

2 
Thus, rather than their being N    = 16 matrix elements to calculate, 
there are only N /n or 4 to obtain, and the reduction in the structure 
matrix fill time and storage is on the order of 1/n. 

This version of the WAMP code is set up to handle rotationally 
symmetric structures with elements located on the axis of rotational 
symmetry.    An example of such a structure is shown in Figure 3. 

Figure 3.    A structure with 4-fold rotational symmetry and 
center wire.    (Turnstile Antenna) 
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The structure matrix is of the form given by (23): 

[G] = 

"Al A
2 

A3 A4 '    81 

A4 Al A2 Ä3 B
2 

A3 A4 Al A
2 

B3 
A2 A3 A4 A, B4 

Cl C
2 

C3 

  

C4    1 °1 

(23) 

Bl     =    B2    =    B3    =    B4 (24) 

and 

Cl     =    C2    =    C3    =    C4 

which is stored in the computer as: 

Al      A2      A3     A4    Bl 

.Cl      Cl      Cl      Cl    DlJ 
(25) 

The solution to a system of equations of this synnietric form 
may be accomplished by the following operations. First write the 
matrix equation, noting the partitioning; 

P nxn 

mxn 

B 
nxm 

mxm 

(26) 

m 
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where we have the relationships: 

and 

or 

and 

A   X  + B   Y  = U mxn n    nxm m    n 

C   X  + D   Y  = V io-i\ mxn n    mxm m    m (27) 

X„ = A"1 U  - A"1 B   Y IOQ\ n    mxn n    nxn nxm m ^^i       ; 

^  mxm ' mxn nxn Bnxm^ Ym = Vm " Cmxn AUn ^29) 

To solve the equations (28) and (29) for the X and Y matrices, 
we perform the following sequence of operations:  n    In 

1. Factor Anxn in place. 

. b_ „ DV solvina K 
nxn nxm   nxm 

place and storing the result in B. 

2. Compute E   - A"  B   by solving A   E   = B   in nxm   nxn nxm       ^ nxn nxm   nxm " 

m. 

3. Compute Fmxm = D^ - C^^ Enxm and store the result in D. 

4. Now factor Dmxm in place. 

5. Then compute Wn = A^n Un in place. 

6. Compute lm - ^ - C^ ^ and store in V 

7'    So1ve Fmxm Ym = Z
m 

for Y,n and store in v
m- 

8.    Finally, compute Xn = Wn - Enxm ^ and store the result in U , 

Solution Sequence - We may now list the sequence of operations 
performed in WAMP to obtain the solution for an antenna structure 
The basic steps are listed below: 

1.    Initialize WAMP and read in the antenna input frequency and 
the media over which the antenna is  located, i.e., free 
space, over a perfect ground or a finite homogeneous media 
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2. Convert a physical description of the antenna structure given 
in terms of the cartesian end-point coordinates of wire 
elements into a series of interconnected short straight-line 
wire segments.    The segments will  be used to describe the 
structure's line integral  path. 

3. With  the structure defined,  the structure matrix is  then 
computed by the methods outlined earlier in this section.    The 
electric field integral equation is first evaluated for the 
antenna in free space, where the co-location technique is used 
to fill  in all the entries of the structure matrix. 

If it is selected to model  the antonna over a homogeneous 
halfspace, the structure matrix entries are then recalculated 
and modified by the ground reflected terms.    The reflected 
fields are found by first computing the perfect ground imare 
fields, and then these fields are modified by the aporopri^te 
ground reflection coefficient which is a function of the ground 
media and the specular angle between thesource and the obser- 
vation points. 

4. If segments on the structure are  impedance loaded, e.g.   an 
inductivii load used for resonating an antenna, the loading 
may be simply included in the structure's impedance matrix at 
this point. 

5. The structure matrix my then be factored as outlined in the 
previous section.    Structure symmetries are exploited to 
minimize the amount of core storage required and the amount 
of computations needed. 

6. Once the structure matrix is factored, tue antenna source 
vector is setup by applying a tangential E-field to those 
segments excited. 

7. The factored structure matrix and the source field vector are 
then solved to yield the unknown currents at the center of each 
of the N segments. 

8. Once the segment currents are known, the antenna input imoedance 
and admittance may be calculated. 

9. The coefficients A, B and C of the current basis function, 
Equation  (13) are next determined and their values printed out. 

10.    The two last steps in  'he program are the computations of the 
near and far electric fields.    These computations are only made 
it selected as projram options. 

This completes the description of the WAMP code.    The next section de- 
scribes in some detail the  :nput parameters  required to use the program. 
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IV.      PROGRAM INPUTS 

WAMP is written to confcmi with ANSI X 3.0 FORTRAN, and allows 
for in core execution on a 147K CDC 3300 computer system.    All 
program inputs are via punched card data decks, and all program out- 
puts appear on an on-line printer output.    A main executive program, 
and 20 subroutines comprise this version of the WAMP code.*   Most of 
the program's inputs are requested by the MAIN program, however, 
several  subroutines  (DATAGN, CMSETUP and NEFLD) may also request 
additional  data inputs.    Figure 4 provides a basic flow diagram of 
the sequence of data inputs, which is followed by more complete details 
on the program's input variables. 

DATA DECK STRUCTURE 

The structure of the input data deck for WAMP is illustrated in 
the flow chart of Figure 4.    Note that not all  inputs are requested by 
the program, and they are dependent on the run options selected by the 
second input data card.    Additional details on each data input parameter 
follows. 

Run Comments -  (Format [10A8])    The first card of a data deck is 
used to provide 80 characters of run identification.    Any text which 
fits on one card may be used, and the message will appear on the first 
page of the program output. 

Run Options  (Format [1615])    The option card allows the user to 
select several  program options at execution time.    The parameters are 
listed below: 

NPRINT    -—    Controls level of printed output.    Input Range 0-2, 
with more detailed outputs are given for higher 
numbers.    Typically NPRINT = 1. 

I LOAD 

IPGND 

IGSCRN 

If the structure has impedance loaded elements, make 
ILOAD =1.    The load values will  be read in later. 

If you want to model the structure over a perfect 
ground plane, set IPGND = 1. 

If IGSCRN = 1, a radial wire ground screen is modeled. 
Screen parameters are read-in in subroutine CMSETUP 
later. 

* 

^nnH^/T 1'S ir),ClUie<i iR Appendix A-    A brief ascription of each subroutine is also included. 
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START OF DATA DECK 

I 
RUN COMMENTS 

I 
RUN OPTIONS: 

NPRINT.ILOAD.IPfiND.IGSCRN.INEARJFAR.NPMR 

FREQUENCY & GROUND: 
GHZ.GR.NFS.KSYMPJPSR.SIG 

T 
STRUCTURE DATA GENERATOR: 

CARD!:  XI,Y1 ,Z1 .NCONI,X2,Y2,Z2,NCON2 
CARD2:  NSEGS.WIRERAD.WT.TENSJAU 

STRUCTURE SYMMETRY: 
NP.NX 

SOURCE EXCITATION: 
IS.ECM.ECA.NFLD x   ,  fLOAD>VYES-J SE:f7

NI LOAnjNG: 
NFLO 

IGSCRN^VYFS-*J RAniAL WIRF  r'm SCRE^  (CMSETUP): i^LM^>-Yti *^     NWIRES.mH 

jn   r*- — — 1 

INEAR^nVYF«;-fc4 NEAR ELECTRIC  FIELH (NEFLD) r 
1     ,>^Yfcb H     XO.YO^O^XI.YI.TT.NXY.NFLD 

J 
FAR ELECTRIC  FIFLH: 

THETR,PHYR,ETAR,DTHR,nPHR, 
NTHR,NPHR,NFLn,NFl«'SIG,SIGFF, 
EPSFF zzr 

Figure 4.    Flowchart of WAMP Inut Data Deck Cards 
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INEAK   —-    If INEAR = 1  the near field subroutine is called.    The 
location of the field observation points to be evalu- 
ated are requested by the NEFLD subroutine. 

IFAR   ---    Far field calculations are performed if IFAR = 1.    The 
far field observation angles are read in later. 

NPWR -- If NPWR = 1, the total input power to the antenna is 
normalized to 1 watt. All field values will also be 
normalized to this power. 

Frequency and Ground (Format [2F10.5, 215. 2F10.5])    The frequency 
and ground card allows the user to specify the frequency at which the 
analysis is to be performed, a A frequency, and the number of A frequency 
steps to be evaluated.    The u?&r also has the option of performing the 
analysis in free-space or over a conducting half space.    If the latter 
is selected, the ground media parameters must be supplied. 

GHZ    ---    Input frequency in Giga-Hertz. 

GR     —    A frequency in GHz.    If NFS is greater than 1, the 
frequency is changed by GHz = GHz + GR each frequency 
step. 

NFS    ---    NFS is  the number of frequency steps, and it must be 
greater than or equal to 1. 

KSYMP --    For analysis in free space, set KSYMP = 1.    For an 
analysis over a halfspace, set KSYMP - 2.    KSYMP must be 
either 1 or 2. 

EPSR   -    If KSYMP = 2, then read in the value of the relative 
dielectric constant of the ground media. 

SIG    -—    If KSYMP = 2, then read in the value of the ground 
conductivity expressed in mhos/metre. 

Structure Data Generator Inputs - After the frequency and ground 
cards are read, the main program calls the DATAGN subroutine,    the 
purpose of this subroutine is to transform a physical model of an 
HArÜn11"3 structure into quantities which describe the structure to the 
WAMP code.    Basically, all  structures are modeled by straight-line 
wire elements.    (A catenary element is a special  feature allowed by 
this subroutine and is described in more detail  in Section VI)     The 
elements in turn are subdivided into a number of straight-line secients 
and it is the segments which are used as the structure descriptors to    ' 
the program. K 
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Each wire segment is specified by its center-point coordinates, 
its orientation angles, its length, and its radius.    In addition to 
the segment's physical parameters, electrical  inter-connection data 
must also be provided.    The two arrays, ICON! and IC0N2 of COMMON 
BLOCK/1/ are used to store the connection data relative to the negative 
and positive ends respectively of each segment. 

All structure elements are specified to the program in terms of 
their cartesian end point coordinates, with dimensions given in metres. 
Elements are described to the DATAGN subroutine by specifying on one 
card the two end point coordinates, and interconnection data, and on a 
second card the number of segments to be used to describe the element, 
the element's wire radius, plus some additional details if a catenary 
is to be modeled, or if a variable length segment is to be used to 
model  the element. 

The connection data must conform to the following rules:    Given a 
positive reference direction of the i-th segment defined by cu and ß* 
and the arrow as illustrated in segment coordinate system of Figure 5, 
ICONl(i) must contain the index of the segment to which the negative 
end of the i-th wire is connected.    A multiple connection is identified 
by assigning a unique negative number to the endpoint connection value 
of each segment connected to the junction,and an unconnected segment 
is assigned a value 0 at the unconnected end.    One rule which must be 
observed is that if two segments are connected and the negative or 
positive ends coincide, as illustrated by Example 3 of Figure 6, this 
junction although not a multiple junction must also be assigned a 
unique negative number.    Segments which are grounded must be given an 
ICON value equal  to the segment's own index, see Example 4, Figure 6. 

IC0N2(i) array is similar and refers to the positive endpoint. 

The input variables NC0N1 and NC0N2 allow the user to specify the 
ICON! value (negative end) of the first segment of an element, and 
NC0N2 allows the user to specify IC0N2 value  (positive end) of the last 
segment of the element.    These rules are illustrated by a few examples 
as shown in Figure 6. 

Thus the data generator input variables are described as follows: 

DATAGN Card 1   (Format [3F10.5,  15,  3F10.5,  15]): 

XI, Yl, Zl    ---    Cartesian coordinates of the negative end 
roint of the line element.    Dimensions are 
in metres. 

NC0N1 Specifies the IC0N1 value for the first segment 
of the element. 

X2, Y2, Z2    ---    Cartesian coordinates of the positive end 
point of the line element. 

NC0N2 Specifies the IC0N2 value of the last segment 
of the element. 
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DATAGN Card 2  (Format [15, 4F10.5]): 

NSEGS* ---    Number of segments in the line element. 

WIRERAD       ---    Segment wire radius given in metres. 

WT ---    Wire weight given in pounds/metre.    (Needed 
only if a catenary element is desired.) 

TENS ---    Wire t-nsion in pounds, which iü needed only 
for a catenary.    If TENS £ 1., no catenary 
is used. 

TAU ---    Segment length expansion  (contraction) factor. 

Note:    additional  details on this factor are 
given later in Section VI and Appendix B. 

Structure Symmetry  (Format [1615])    After the antenna structure 
has been described, structure symmetries must be specified.    The WAMP 
code is set up to exploit either no symmetry or up to 12 sectors of 
rotational symmetry.    In addition, elements on the axis of rotational 
symmetry may also be used.    The symmetry card requires the following 
parameters: 

NP NP equals the number of segments in a rotationally 
symmetric sector.    (Excluding segments on axis of 
symmetry.) 

NX     ---     NX equals the number of segments on the axis of rota- 
tional symmetry. 

Note that the program will  work for the special  case where NP = N (no 
symmetry) and NX =0.    NP + NX must be less than or equal  to 22 for 
this version of WAMP. 

If structure symmetry is to be exploited, a formalism exists 
which must be followed if a proper structure matrix is to be set up. 
Basically, the rules for setting up the proper structure symmetry are 
as follows: 

1.    All elements in a sector of rotational symmetry must be completely 
specified before going to the next sector. 

Note:    If NSEGS is a positive number, the DATAGN subroutine jumps back 
to request an additional  pair of line element cards to specify 
the next element of the structure.    Input continues until a NSEGS 
(negative number of segments) is used to specify the last element 
of the structure.    At this point, the program control  returns to 
the mam program. 
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POSITIVE REFERENCE 
DIRECTION OF WIRE 

i-th WIRE SEGMENT 

Figure 5a. Segment Coordinate System. 

K      OBSERVATION DIRECTION 
r 

E      ELECTRIC FIELD 
ORIENTATION 

' y 

Flbure 5b. Field Coordinate System 

WAMP COORDINATE SYSTEM 
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IC0N1(1)=0 IC0N2(1)=2 
IC0N1(2)=1 IC0N2(2)=3 
IC0N1(3)=2    ICnN2(3)=0 

1 

EXAMPLE 2 

IC0Nl(1)=n ICON2(1)=-7 
IC0N1(2)=0 ICnN2(2)=-7 
ICON1(3)=n    ICnN2(3)=.7 

EXAMPLE 3 

(-8) 

ICONl{1)=0 ICnN2(l)=-8 
ICnNl(2)=-6 ICnN2(2)=-8 
ICONU3)=-6 ICON2(3)=n 
IC0N1(4)=-R IC0N2(4)=n 

(-6) 

EXAMPLE 4 
ICON! OH     ICON?(l)=2 
ICONl(2)=1    ICnN2(2)=n 

/7777/ 

Figure 6.    Examples of the ICON Connection Values for Various Types of 
Segment Junctions. 
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2. One may progress in either a clockwise or counter clockwise 
fashion around the axis of symmetry in describing the structure. 

3. Elements located on the axis of rotational symmetry must be 
specified last to the data generator subroutine. 

Source Excitation  (Format [15, 2F10.5, 15])   The source card allows 
the user to specify the segments which are driven.    Any of the segments 
may be driven, and no symmetry of the excitation is assumed.    In order to 
compute a correct input impedance, a 1.0 V at 0° phase angle source must 
be used. 

IS     ---     Segment number to which the source is applied. 

ECM   ---     Magnitude of driving source voltage in volts. 

EGA   ---     Phase of source in degrees. 

NFLD ---      If NFLD ^ 1, an additional source card is read in. 
Input of source cards continues until NFLD = 0.    This 
feature is used to specify multiple excitations. 

This completes a normal data deck. Additional inputs may be required 
if certain options are selected on the run option card. These inputs 
are described below. 

Segment Loading (Format [3E10.3, 315]):    If ILOAD on the RUN OPTION 
card f 0, the segment loading option is selected.    Resistive and   reactive 
loading of segments is allowed.    Symmetric loading of rotationally 
symmetric segments is assumed, and only one sector of symmetric loads 
need be specified.    The inputs are listed below: 

ZR        --    Resistance value in ohms distributed on each of the 
specified segments. 

ZI --    Inductance value in henrys distributed on each of the 
specified segments. 

ZC --   Series capacitance in Farads on each segment (Note: 
if ZC = 0.    On input, no capacitive loading is included.) 

11,12   --   Specify the range of segments numbers which are loaded. 
All segments from II to 12 each receive the above load 
values. 

NFLD If NFLD ^ 0, an additional load card may be specified. 
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Radial Wire Ground Screen (Format [15, E10.5]) If IGSCRN on the 
RUN OPTION card t 0, a  radial wire ground screen model is placed in 
parallel with the normal ground media. The ground screen parameters 
listed below are read in by subroutine CMSETUP. 

NWIRES 

COH 

Number of radial wires. 

Wire radius in metres of the radial wires. 

Near-Electric Field    (Format [6F10.5, 215])    Subroutine NEFLD is 
used to compute the near E-field at specified points in the structure's 
coordinate system.    NEFLD is called only if INEAR = 1 on OPTION CARD. 

X0, Y0, Z0   — 

XI, Yl, Zl    — 

NXY 

NFLD 

Are the initial  field evaluation coordinates. 
(metres) 

Are the final  field evaluation coordinates,    (metres) 

NXY + 1  field evaluation points are made along the 
straight line connecting point 0 with point 1. 

If NFLD / 0 an additional near field evaluation 
path may be specified. 

Far-Electric Field (Format [5F10.5, 415, 2F5.1])    A far field   radi- 
ation pattern will be computed if I FAR on the OPTION CARD = 1.    A 
provision is made to allow a far field calculation over a media which is 
different than the media over which the antenna is located.    The farfield 
inputs, which refer to Figure 5, are listed below: 

THETR 

PHYR 

ETAR 

DTHR 

DPHR 

NTAR 

NPHR 

NFLD 

NEWSIG 

SIGFF 

EPSFF 

Initial   Theta angle in degrees. 

Initial  Phi  angle in degrees. 

Polarization angle Eta in degrees.     (See Figure 5) 

Delta Theta step size in degrees. 

Delta Phi    step size in degrees. 

Number of Theta angle steps. 

Number of Phi  angle steps. 

If NFLD ? 0, another far field card may be read in. 
Up to five cards may be specified. 

If NEWSIG = 1, new values of sigma and epsilon will 
be read in for the far field. 

Far field sigma value in mhos per metre. 

Relative dielectric constant for far field. 
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Note that if a new value of sigma and epsilon are not requested, the 
far field ground media is the same as the ground media of the antenna. 

Multiple Data Decks - The above cards complete the data for one 
specific structure.   MuTtiple data decks may be stacked one behind 
another to provide for multiple runs.    The program control returns to 
read the next comment card, and if an end-of-file is encountered, the 
run is terminated. 
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SAMPLE PROBLEMS 

Perhaps the easiest way to gain a working familiarity with the 
WAMP code is to use it to model some simple antenna structures which 
are familiar, and which we can compare the computed results with known 
data.    This section illustrates the use of WAMP by a series of examples. 
The input data decks and the pertinent output will be shown. 

Example 1 - Half Wavelength Horizontal Dipole - A half wavelength 
electric dipole is a good place to start.    For this example, the antenna 
specifications are given as follows: 

Frequency - 10 MHz 

Length - X/2 = 15 meters 

Wire radius - 8.3 mm {ü = 15) 

Height above ground - 10 meters 
_2 

Ground media - c    = 25, o = 10     mhos/m. 

The first step is to describe the structure in terms of straight line 
elements whose end point coordinates are given in terms of the system's 
cartesian coordinates.    For the dipole, this is simple, and is illus- 
trated in Figure 8. 

The input data deck may now be set up.    (Refer to the previous 
section for a more detailed description of the input parameters) 

Card 1:    Comment Card 

Halfwave Horizontal  Dipole -- Example 1A 

Card 2:    Run Options 

NPRINT =2 Get a printout 

I LOAD   = 0 No loading 

IPGND   = 0 No perfect ground 

IGSCRN = 0 No ground screen 

INEAR   = 0 No near field calculations 

I FAR     =0 No far field calculations 

NPWR     = 0 Don't normalize input to 1 watt 
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o 

(0.-7.5,10)   C 
Pt A 

WIRE RADIUS=8.3mtn 

=© 
LENGTH= 15M O 

'D  (0,+7.5,10) 
Pt R 

HEIWMO METERS 

V 

GROUND PARAMETERS; 

<fr=25,   (T-O.Ol 

Figure 8.    Half Wavelength Horizontal Dipole for Example 1 
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We have chosen a very simple example, and none of the program's options 
have been selected. 

Card 3:    Frequency and Ground 

GHZ   =   0.01      Input frequency = 10 MHz 

GR     = 0. 

NFS    = 1 

*KSYMP = 1 

EPSR = 25. 

SIG    = 0.01 

No frequency steps 

One frequency 

First model antenna in free space 

Ground dielectric constant 

Ground conductivity mhos/in 

Note that since the analysis is first being made in free space, r. 

and a of the ground are not required at this point, but were included 
for later use. 

Cards 4 and 5:    Data Generator Inputs 

XI = o ; Coordinates 

Yl = -7.5; of en-i point 

Zl = 10. A 

CARD 
4 

NC0N1 

X2 

— 0 

o 

End point A is an open circuit 

Coordinates 

t Y2 = 7.5 of end point 

; Z2 = 10. B 

! NC0N2 = 0 End point B is an ooen circuit 

|    NSEGS - -7 Model with 7 segments  (number is negative 
( to end data generator inputs) 

CARD   iWIRERAD = 0.0083 The radius of the dipole is 8.3 mm 

|     WT       = 0. 
i No catenary 
I     TEN      = 0. 

TAU No variable length segment, all = 

The DATAGN will  use this data to form a seven segment description of 
the dipole as shown in theprogram's output. Figure 10. 
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Card 6: Structure Symnetry 

NP = 7 No symmetry will be used, NP = NSEGS = 7 

Nx = 0 No segments on axis of symmetry 

Card 7: Source Excitation 

Is = 4 Excite the center segment 

ECM = 1. use a 1.0 volt, 

FCA = 0. 0.degree source 

NFLD = 0 Only one source card needed. 

This completes the data deck requirements.    The next step is to submit 
the program for execution and obtain the computer printout.    The punched 
data deck is shown in Figure 9, while the numerical  results are shown 
below in Figure 10. 

M»Lf  UAVf H0MI70NTAL  DIPOLE   •-   t««MPL€   I* 
2         0 0          0         0         0 

01 0.          I          I                 «S                   .01 
0. -7,5                10           0                  ".                 7.9 

-7 OOM                   0.                  0                     0. 
7         0 
>t I                      0.0 
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!•••• «. 

Ulm «NTCNNA nOKLINO mOOMAH 

H*Lr HAVf  HOMUONTM.   DIWLC   --  CXUVLC   IA 

2 0 0 0 0 0-0 

FMCOUCNCT •   i oooooe-oe 
FNtOUCNCT   INCRCHCNT     . .0C*00 
NO. rwoucNcr srcn   •     I 
MAVtlCNOTH     IMCTtRSI   ■     2.997«J£.0I 

ANTCIMA   IS  NOOCLCO   IN FRCC  SPACt 

DATA OCNCNATON   ItTUT   DATA  CAMOS 

.0     -7.S0000     10.00000 0 0       7.50000     10.00000 0 
OOBSO .0 0 .0 

NUHKK Of SCOfCNTS • 7 
NO. SCO IN A SCCTOR • 7 

NO.   SCO.   ON AXIS OF  NOTATION  • 

I   STNUCTUNC  OCOHCTNT      lOIMCNSIONS   IN  UAVCLENOTHSI 

coonoiNATCs or sco CCNTC»   seo    uint  ODICNTATION ANOLCS CONNCCTION DATA 

« V Z LENGTH   MAOIUS 
-.00000 -.tlOHJ .33396 .07l«l .000270*6 
-.00000 -.IHM* .3339* .07lt0 .00087000 
-.00000 -.071HO 33390 .071 HO .0002701« 
-.00000 -.00000 .33390 .07m* .00027*00 
-.00000 .071HO .33396 .071 HO .00027000 
-.00000 IH2M 3339« .07IH* .00027*** 
-.00000 .2IHH3 .3339* .07IH* .00027006 

TOTAL HIRC LCNOTH   • 9.003H923O2IHC-0I 

ANTENNA SOUNCE OISTKIOUTIONS 
SEC.       VOL   TAOE 
NO.     HAG.      PHASE 
H   I 00000       .0   0 

I-  I 

-H.9IHEOI     3.5H2E«0H   -9.600E<0I   -1.3H7C«0H   -S   IMC'OI     9?22e«0l   -H.600C«OI      I   Ollf«0?     H  OITt'OI   -H   ]S1C>0I 
-3.2O7E«0l   -l.662E»0l   -2.232E«0I   -c.OO3E«00 

I*    2 
-H.09HC«0I   -1.I27E»0H   -9..|6E«01      l.9O0£«0H   -^fn-TfOI      I   006C«0H   -5   I90E<OI     9 HH'01     HSOM'OI     I   Olll>0? 
-H.OSK'OI   -H.3»HE«0I   -2.92IE>0I   -1   639£«0I 

I-    ) 
-H.5OHE«0l   -9.0HHE.0I   -9.999E«0I   -I.OME'OH   -SS'.OC.OI     l.972E»0H   -9.927E.0I   -I   0*GC<0H   -9.100001   -9 222C«ai 
-H 727C.0I   -I.OI2E.02 -3.97OE»0l   -H.I02t«01 

I»    H 

-"<.IH9E»0I   -9.0Hlt.0l   -9.296C.0I   -9.239C.0I   -S 5a7E.01      I.OOOCOH   -9 6H0C.0I      I .972C.0H   -9.9271.01   -I   OOOCOH 
-9.290C.0I   -9.239C.01   -H.IHSE.01   -O.OHIE'Ol 

I-    9 

-3.»70t.0l   -H.102C.01   -H.727t.01   -I.012C.02  -5.196t.0l   -9.222t.ai   -9.927E.0I   -lOOGCOH   -9 6H0C.0I     I   972C.0H 
-9.999E.0I   -I.OOOE.OH   -H.90HE.OI   -9.0HHE.0I 

i«    * 

-2.021t.01   -1.039C.0I   -H.09SE.0I   -H.30HE.01   -H.OOOfOl   -l.0llt.02  -9. 190C.01   -9.222E.0I   -9 927001   -I  OOOC.OS 
-9.7liC.0l     I.OOOCOH   -H.09HE.OI   -I. I27E.0H » ae«. in     i.gntBH 

I»    7 

-2.232C.01   -2.OO3E.0O -3.207t.OI   -I.002C.01   -H  OI7t.OI   -H.S97E.01   -H MOCOI   -l.011t.02 -9  IOK.OI   -9 222C.0I 
-9.000E.OI  -I.3H7C.0H  -H.9SHE.0I     S.9H2C.0H 

ALPHA OCTA |- 1 1. 
.0 90.000 0 1 
.0 00 000 1 
.0 00.000 
0 00.000 
.0 00.000 
0 90.000 
.0 90.000 
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I   KWCNT  EXCITATION   IVOLTS/UAVCLCNOTHI 
SCO NUHKN      WAL  PAKT        INAOINAKY  PART 

-l.MSt.OI 

sec        CUMKNT- SCO.          CUHNCNT   - 
NO.            WAL INAGINARr MACH! TU«                 PHASE NO.             REAL 

1       e.HMK-OJ -1.967JC-OJ « 91X0J7IK-01    -M.jes S       S.070HC-03 
i       O.IIOK-OJ -1 8720C-OS 7.90613S60C-0)    -31   053 6    e.ii3oac-03 
)      9.070HC-0I -S.II96C-OJ 1   0HI3HM«C-02     -19.113 7       2.<tM3t-03 
■•    i.oaoK-a2 -9  OMK-01 \    \imt0lt-0l     -«7.011 
«OHM«     1   OOOÄ -08   -S.099K -03                       ZPCO'     7  93SIC<0I ■».otsac'Oi 

IIUGINMT       HAONITUH PHASE 
-9.IIMC-03     I   MIJ4MK-0? -29.^I 
-3 ■72W-03    7.M6333ME-03 -31.093 
-I.9673E-03    2.aiH0372lt-a3 -32.2M 

•.90«9E>0I «7 Oil 

I AR Al 
1 -3 9aO>tC-03 3.90<t9E-03 
i -l.7703t-0't I.H79IE-03 
3 it.9920C-0H I.239HC-03 
<• • W9iC-0t -9.MIIC-03 
9 H.9980C-0M I   239HE-03 
6 -l.7703E-0>i I   '•79lt-0J 
7 -3.900>fr-03 3.90<)9C-03 

■R ■ 1 
1 OHtX-Ol -6 .••M9E 03 
7 .9M3E-03 -<t OM3E •03 
■> .II33E-03 -1 .'<l37t 03 
3 .9307C-II -9 .I03IE II 

-H .II33C-03 ••137E -03 
-7 9M3E-03 OM3C 03 
-1 0H99E-02 »MSE OJ 

CR Cl 
9 9M7E-03 -9.07e2E-03 
6 6D78C-03 -9.390X-03 
8 ill2C-03 -8.I9I0C-03 
9 397HE-03 I .•I9W-0H 
■ 6II2E-03 -6.39I0E-03 
9 60TK-03 -9.3SOX-03 
9 9907C-03 -9.078Ä-OS 
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Example IB.    -- The results of example 1A were obtained for the 
aipole in free-space.    It is a very simple matter to now model the 
antenna over an imperfectly conducting halfspace. as specified on 
Figure 8.    Only the KSYMP variable on card 3 need be set to 2, as 
shown on the data card in Figure 12. 

HALF  HAVC  MOM 1 ION TAL OIPOLE  -- uom.1 ii 
2          0         0          0 0 0 

.01                   0. 1 i n 
0.               -7.9 ID. 0                  0 

-7              OOH 0. 0.                  0 
7          0 
H                      1. 0 0 
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Hl«  ANTENNA HOOCLINO PMOMAH 

HALF  HAVE  HONIJONTAt  OIPOLE   --   EXAW.E   II 

2 0 0 0 0 0-0 

rWCQICNCr .     |   "OOOOC-02 
rKQMHCr   INCWHENT     • 0E»00 
•«. rRcoucNcr STEPS   •     i 
MAVELENOTH     (METtHS)   ■     ?.9979Jt.0l 

0«OW« PLANE  AT  I  .  0. 
DIELECTRIC CONSTANT     .    Z.MOOOE'OI 
CONDUCTIVITY ,     |.aa000C-02 

DATA GCNCRATON  INPUT  DATA CANOS 

0    -7.90000     10.00000 0 
. 00M0 .0 .0 

o    7 saaao   la.ooooo      o 
o 

NUMKR Of SEOHENTS - 7 
NO. SEO. IN A SCCTO« • 7 
NO.   SEC.   ON AXIS OF  POTATION 

x ¥ z 
-.00000 •eitti .J3IM 
•.00000 -mroe .»396 
-.00000 -.07im .11196 
-.00000 -.ooaoo .33196 
-.00000 .07 mo 33396 
-.00000 .i<me .33396 
-.00000 lIHHi .33396 

1   STPUCTUW  OEOMETPT     IDIHENSIONS   IN UAVELENOTHSI 

COORDINATES OF SEO.   CENTEP            SEO. NINE         OPICNTAT ION ANOLES       CONNECT ION DATA 
LENOTM PAOIUS 

.07l>»i .00027M6 

.07146 .000270M 

.07l>.« .00027666 
071 «.6 .00027666 

.07m6 .00027666 

.071 HI .00027666 

.07146 .00027860 

TOTAL  MIME LENGTH . 9.003S92IMI1E-0I 

ANTENNA SOURCE 0ISTPI6UTIONS 
SCO. VOLTAOC 
NO. MAC. PHASE 

1       1.00000 .0        0 

I«     I 
-6.I39E«0I     S.StlE'OI   -6.977t«0l   -I^WIE'OS   -6.<i83C*0l   -9  ]3ai>0l     5 
•>>.\»*t*OI   -I.«I7E<0I   -2,673£«0I   -9 232E-0H 

I ■ETA          1 1 !♦ 
0 90.000 )         1 
0 90.000 
0 90.000        < 
0 90 000 
0 90.000        > 
0 90 000 
0 90.000        « 

fOI   -1.01 It.0?  -S Oe-IC.OI   -•I.P76E.0I 

-l"Z:il :l:^:T, :l^:i', MIZZ ■''7,f•p, - 0'H•0,• -^•oi "«"" '«•«■ > •—« 

rk% :?:i^:Si:t.t£:i\ ::™z -7— ' ™"*-*™"" -••«♦•- -«-o. ...,«.01 
I-     H 

'1{J£*V.     l^'V   ■•M7I•0I -»»«♦01   -0677^01   -I   066E.0-   -7 0I2E.0I      I.97JE.0H 
-6.997E*0I   -9.3S3E<0I   -9.I99E«0I -9.659E«0I 

I-    9 

'ItZS'V,   '".IIZ'V   ■*K*"n -'   0.2E.02  -6.H93t.0l   -9  I36E.0I   -6.877E.0I   -I.066E.0H 
-6.962E.0I   -I.OOK.O»  -9.7I9E.0I -9.I93E.0I 

-6.67TE.0I   -l.0a6C.0H 

■7.0iaE»0l      I.972C.0S 

rkz '\^:i: :iv£:i\ ::^:s: -"•«"" ■'oi,t'« --«••• - ««.o. -..^.oi -1.^.0, 
'llwlll   TiST  "^l!^,0,   ■'   ,"7t""   "5 069E.0I   -ve79t.01   -9.663E.0I   -I.OIIE.O« -6.977E»0I   -I.3H9E.0H   -6.I39C.0I     3 9SIE.0S ■■•■■i   w« 6.463E.0I   -9  SJ6E.0I 
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I   SCWCNT  EXCITATION   (VOLTS/UAVCLENOTHI 
SCO NUHKH      KM.  PANT        IHAOINAMY  PAUT 

JME'OI 

I SCO. CUMKNT- 
NO. HCAl                   IMAGINARY 

1 2.IHIIE-0]  -I.ITHX-OS 
2 5.9T27t-0] -2.MS6E-01 
]    i.mm-n -i.tTMC-os 
t      ■.•7I7E-03 -J.9I62E-0] 
AWIIT-     •.«7I7E-0J   -3.9ISK-0] 

9.I97K-0] -22.072 

NAONITUOE PHASE 
2.H>lS09992£-0]     -2S.WH 
e.2eof>«io6c-03   -27.119 
• .MI1297IE-03     -29.078 
9.39749739E-03    -22.072 

Z«0-    9 MSHE'OI 
I.OM7E>02 22 072 

SEG. CURRENT   - 
NO. REAL                    IHAOINANY      NAOMI TUDC PHASE 
9 7.9929E-03 -3.679K-03    «HISMTTE-OS -29.079 
« 9 9727E-03 -2.a93K-03    •.2WM>ltl3C-03 -27.119 
7 2  IH9IE-03 -I.I7HSE-03    2.<mWM999C-03 -2t.9Wi 

AR Al an 91 CR Cl 
1      -3.0077E-03 2 9H97E-03 9.0699E-0S -x 9090E-03 9   1999E-03 -H I200E-03 
2     -m703E-0H I.XX99C-03 6 99I9E-03 -2 9993E-03 9.7I97E-03 -1 3029C-03 
3      3.93I9E-0« 1   3090E-03 3.96ME-03 -7.93I2E-0«« 7.H699E-03 -s 9M6E-03 
«       9   I999E-0H -9  19391-03 3.3B92E- 11 -9.17>«aE-l 1 9.'9S«E-03 1 «N79C-03 
9      3.933iE-0H I.3090E-03 -3 9M9E-03 7.«3l2t-0H 7.<(696E-03 -X 9MSE-03 
B     -m703E-0'. l.'«H99E-0J -B.98I9C-03 2.9K3E-03 9.7l97t-03 -«• I029C  03 
7     -3.0077E-03 2 ».97E-03 -9 M99C-03 ".  9090E-0J 9.IS99E-03 -H I200E-03 
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Example 2 - Two 5/8 Wavelength Monopoles. 1/3 Wavelength Apart 

As a second example, we will model two antennas, both fed, and compute 
the far field space radiation pattern.    This example serves to illus- 
trate the use of structure symmetry, the grounding of antenna elements 
and the use of the far-field option.   The'physical configuration is 
that shown in Figure 13, where we have made use of the structure's 
symmetry in the selection of the coordinate system's origin     The 
structure of the data deck is as follows: 

Card 1:    Run Comments 

Card 2:    Run Options 

NPRINT 

I LOAD 

IPGND 

IGSCRN 

I NEAR 

I FAR 

NPWR 

1 

0 

1 

0 

0 

1 

0 

Nominal printout 

No loading 

Use a perfect ground 

No ground screen 

No near fields 

Select far fields 

Don't normalize power 

Card 3:    Frequency and Grounds 

GHZ 

GR 

NFS 

KSYMP 

EPSR 

SIG 

0.01 

0 

1 

2 

1. 

0. 

10 MHz input frequency 

No frequency steps 

Only one frequency 

Analyze over ground 

Set EPSR = 1 as a dummy value even though 

^ t r and a are not used. 
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(0,-5,18.75) 

(AXIS OF SYMMETRY) 

#2 

1/3A=10M 

U/M   1 volt(3120o 

(0,-5,0) 

a.    Physical Model 

(0,+5,18.75) 

#1 

>■ 18.75 Meters 

1  volt^O0 (\ß)    v 

GROUND PARAMETERS; 

PERFECT GROUND---- 
cfr=i5,   (r=n.oi — 

(n,+5,o) 

•NEAR FIELO 
•FAR FIELD 

NCON2=0 NCON2=0 

NC0N1=8 NC0N1=1 

b. Segmented Model 

Figure 13    Two 5/8 Wavelength Monopoles--Both Fed. 
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Cards 4, 5, 6, and 7: Data Generator Inputs (see Figure 13) 

XI        =    0. Coordinates of bottom 

Yl        =    5. 
1 

{ end of 

ZI        =    0. ^Monopole 1 

NCONl  =    1 Segment 1 is grounded 

Cards X2        =    0. Coordinates of top 

4 & 5   I1    Y2       =5. end of 

Model          Z2       =    18.75 Monopole 1 

Monopole           NC0N2 =   0 
#1 

Segment 7 is unconnected 

NSEGS =    +7 7 segments uased (A +7 means another set 
of data cards will be read) 

WIRERAD =    0.01 10 cm radius wire 

WT       =    0. No catenary 

!    TENS    =    0. No catenary 

TAU      =    0. Equal  length segments 

XI      =   o. Coordinates of bottom 

Yl        =    -5. \  of 
^ 

ZI        =    0. I.Monopole #2 

NCONl  =    8 Segment #8 is grounded 

Cards i     X2       =0. ^Coordinates of top 

6 & 7       Y2       =   -5. '   of 

Model    \      U       =    18.75 ^ Monopole *2 

Monopole     i    NC0N2    =   0 
#2 Segment #14 is unconnected 

NSEGS    =    -7 

jWlRERAD    =    0.01 

7 segments for monopole #2  (minus * ends input) 

10 cm radius wire 

WT       =    0. No catenary 

i      TENS    =    0. 
i No catenary 

TAU     =    0. 
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Card 8:    Structure Symmetry 

NP    =    7 7 segments per symmetric section -   (2 
sectors of symmetry) 

No segments on axis of symmetry 

Source Excitation 

Excite segment #1 

1 volt source 

0 degree phase 

Read in another source card 

Also excite segment #8 

1 volt source 

+1201 phase 

End source input 

Card 11: Far Field Input 

THETR = 0.     Initial 0 angle 

PHYR = -180. 

ETAR = 0. 

DTHR = 5. 

DPHR = 10. 

NTHR = 19 

NPHR = 19 

NFL!) = 0 

NEWSIG = 1 

SIGFF = 0.01 

EPSFF = 15 

Initial $  angle 

Polarization angle = 0° 

5 degree step in e 

10 degree step in <t 

19 steps in e 

19 steps in <p 

No more farfield inputs 

Compute far field over finite ground 

Conductivity of far field medium in mhos/metre 

Relative dielectric content of far field. 

The completed data deck for example 2 is shown in Figure 14, and the 
computed results are shown in Figure 15. The far field radiation 
pattern is shown in Figure 16. 
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i HONOPOLCS  »/• MAVCLCNOTH  --   l/S tMVCUNCTH «PAKT   --  EXAMPLE  i 

1 0 1 0 0 0 
01 0. i 1 0. 
0. 9. 0. 1 0 9. l«.79 0 

7 .01 0. 0. 0. 
0. -9 0. ■ 0. -9 li 79 0 

-7 .01 0. 0. 0. 
7 
1 

0 
1. 0. 

• 1 120 
0 -90. 0 5. 10. 19 19   0 1 

HIKE   ANTEWM  HOOCLINC  PftOCftAH 

^ nONOTOLES  9/9 HAVELCNOTH   -• 

I 0 I 0 0 I 

l/J UAVELCNOTH   APART 

0 

fWQUENCT ■ I   OOOOOE-02 
r«COUCNCT   INCHEHCNT • .0E*00 
NO    MtEOUENCY  STEPS • I 

MAVELENOTH     (METEAS> • 2  9979J£»01 

A PEMTECr   OMOUNO PLANE   AT   2>0. 

I   DATA OENCRATOM   IWUT  DATA  CARDS 

0  9.00000 0 1 .0 9 00000 19 79000 0 
7 .01000 0 0 0 

0  -9 00000 .0 9 .0 -5.00000 19 75000 0 
7 01000 .0 0 .0 

NUMKR DT SEOMCNTS ■ l< 

NO, KG IN A SfCTOP . 7 

NO    SCO    ON  AXIS  Of  ROTATION 
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I   StBUCIU«   OtOntTRr      IDIHCNSIONS   IN M»VCl tNOIHS 1 

COOHOINAIiS OF stc CtNItR SEC HIRE ORIENT«11 ON «HOLES COMCCT10N 0* > V ; LENOIM (UOIUS *LPM* BCT« 1 1 l< 
-.00000 16678 0ii'.67 08935 .00033356 90 000 0 1 1 l - 00000 16678 1 itOB 08935 00033356 90 000 0 1 ? 3 - 00000 16678 letsi 0B935 00033356 90 000 0 i 3 ■4 

00000 16678 iinn 08935 00033356 90 000 .0 3 s 5 - 00000 16678 Hoeoe 08935 00033356 90 000 0 »« 5 6 - 00000 16678 t9l11 08935 000333r>6 90 000 0 5 6 7 - 00000 16678 58076 08935 00033356 90 000 0 6 7 0 - 00000 16678 04467 08935 00033356 90 000 0 B a 9 - 00000 16678 utoe 0B935 1)0033356 90 000 0 8 9 10 - 00000 .16678 inn 06935 00033356 90 000 .0 9 10 1 1 
00000 16678 i\am 0B935 00033356 90 000 0 10 i i 1^ 
00000 '■ i7B t0?06 0B935 0003335h 90 000 0 1 1 i? 13 
00000 IU678 t9ltl 08935 0003335b 90 000 0 \l 13 It - 00000 I667B 58076 06935 00033356 'JO 000 0 13 m 0 

TOTAL   HIRE  LENGTH I   ?5086309554f-OO 

»NIENN*  SOURCE   DISTRIBUTIONS 

SCO VOLT«0£ 
NO MAC PHASE 

I        I   00000 0 I 

8       I   00000   MO   00000 0 

I    SCOMtNT   EXCITAtlO«    IVOtTS/MAVELENGTHl 
SCO   NUHKR        REAL   PART IMASINART   PART 

-I     1I9E»0I 

5.596E.00 

.   OE'OO 

9 693E>00 

ISCC CURRENT- SEC CURRENT 
NO RCAU IMAGINARY «AONITUUC PHASE NO RIAL IMACINAMT        nAGNItUOC PHASE 

1 9 H6IOE-0<< ?  >t9e5E~03 f  67I67I39E 03 h9  ^60 8 1   9377E   03 7  768)F   04 ?  OBTMSSHE   03 isaiss 
e 7.it950E-0«t 3 ?e09t   Ot 8    I8I6I744C Ot i'3  64 1 9 1   051«-04 ?  4689E   04 ? 683403I0E-04 111  06? 
3 * tiatt-o* -1   8ai9t   03 1   e7036'.B6{ 03 - '6  935 10 1   679St-03 1   ?I?3E  03 ?  07l?950HE-03 re •?? 
4 7 tsose-os -3   3'.70E-03 3   3H779l55e •03 88   7 1 8 1 1 ^  919NE   03 1   B4?7E-03 3  4»3l094E-03 W.MO 
5 -i eo7je-0'. -3  B06M-03 3.810593?5C 03 -9^   719 \l 3  ?594E-03 1   95eiE-03 3.799?9?ME-03 JO.918 
6 P 6i5J£   0«. -3  05flE-03 3   0634197JE 03 -94   916 13 f  5887E-03 1   5005(   03 e  9WI5487E-0I 30.097 
7 -1   IIBSt-OI -1 ^S57E-03 1   ?636339IE 03 -46   '«44 14 i oseat 0 3 5 9774t   04 1   ?1587M7E-03 ?9.<.>.7 
8 -I   9J77E-0J -7   76B3E-0H I  0875855'<E 03 158   154 

1 AR • 1 BR ei CR Cl 
1 1.0MK-04 -4  572?t •03 - 1   B46SC -04 -<?  03B5C 03 6 4046C 04 7  0707E -03 
I 3.M7SC-04 3.946aE 04 -4   9I47£ -04 ■4  0579E -03 4  ?377E -04 -6 65J« 05 
3 J S166E-04 e I4?IE 04 -6   3JS9C 04 -3 4517E 03 E 9I6IE -05 -? 036« -03 
4 S.7MIE-04 1   2464E 04 -5 66B6E -04 -1   B637E -03 3 0060C 04 3 4716t -03 
5 i.awflc-OH 1.4695E -04 ■3.I69?E 04 ?  768BE 04 5 663« -04 3 953K -03 
6 J.»7ISt-04 3 4J51E -04 3 B550E 05 !  39561 03 6 »97Ä 04 3   395 7E •03 
7 s.e?os€-o'» 1   440Ä 03 4   I8I5E 04 4   ISIBE •03 6 63fl7E 04 -a 6959t •03 
8 4  OMK-OJ i 598Ä 03 i inn 03 9 6150( 04 5 9699C 03 -3   SJ50E 03 
9 -a.ei27E-04 5 6747E 05 3.J973C 0! 1   868« 03 1   5615E 04 1   90I5C 04 

10 -9 S079t-05 i e\in 04 ? 8406E 03 1   4988C 03 1   7746E 03 1   0909E 03 
1 1 -1 , l977E-0"i .   450a£ 04 1   4839t 03 6   94e7E 04 J 93I4E 03 1   6977r 03 
1? -3 3II2C-0S 1   ?455£ 04 -3   I053E 04 3   ?147E 04 3 ?9?9t 03 1   B?75f 05 
13 -i.I04BC-04 I  09691 05 - a  0669C 0? 1   PlU'l 03 ?  799« 03 1   4695( 03 
It -1.148HC-01 -4   7789€ 04 -3  51031 03 ?   005H( 0 3 .>   ?07« 03 1   0756€ 03 
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I     l nONOPOLCS S/« W»V€UNOTM  --   1/| «««LtNOTM »P»(IT   --  CUMVLE  I 

DltLtCmiC  CONSTANT   .        |   SOOOfOI   «NO CONDUCTIVITY   .        |   OOOOt-O? fO* ft* FIELD CW.CUIÄTIONS 

OKCHVtTION «NOLCS ELECTRIC  flELO 
TXT* PHI R-COHPONCNT 

0 -90.000 2   3936E-IS 
i  000 -90  000 ? 869SE-I5 

10  000 -90  000 2  5039C-IS 
IS 000 -90  000 1   3HISE-1S 
eo ooo -90  000 1    I698E-15 
?S 000 -90.000 1 .66S3E-IS 
30  000 -90.000 1.01H6E-I5 
35 000 -90  000 7.H683E-I6 
HO   000 -90  000 1   5H6HE-15 
HS.000 -90  000 1   0053E-15 
50  000 -90  000 1 .HH33E-15 
SS 000 -90.001. 1   5H2HE-I* 
60.000 -90  000 8  e99IE-ie 
es ooo -90.000 5 66I0E-IE 
TO 000 -90  000 1   29HTE-I5 
75 000 -90  000 7   3?TTt-l6 
ao ooo -90.000 H   70TK-I6 
85 000 -90.000 1   226IE-I6 
90.000 -90.000 8.3861E-?7 

.0 -80.000 i   3936E-IS 
5.000 -80.000 3 2T60C-IS 

10 000 -80.000 1.9965E-I5 
15.000 -80.000 T  H6e3E-l6 
20  000 -80.000 9 876TE-16 
?5.000 -80  000 7   I6HJC-I6 
30.000 -80.000 6.8HH8C-I6 
n ooo -80.000 8.67IIE-I6 
HO 000 -80  000 1.2009e-l5 
HS.000 -80.000 8  00S9E-16 
50.000 -80  000 1.60IJE-15 
ss ooo -80.000 8.B88IE-I6 
60.000 -80.000 1   H65SE-15 
65.000 -80.000 i.ieoeE-i5 
TO.000 -80.000 8.899IE-16 
T5.000 -60.000 H  9651E-I6 
•0  000 -80.000 2.2658E-1S 
•5.000 -80.000 1   7089E-I6 
90 000 -80  000 e. i86TE-as 

.0 -TO.000 2 J9I6C-I5 
S.000 -TO.000 3.2H5IE-I5 

10.000 -TO.000 2 HI83E-I5 
15.000 -TO.000 9.0366E-I« 
20.000 -TO.000 1.0I23C-IS 
«9.000 •TO.000 H.OJHIC-IS 
30.000 -TO.000 9  3099C-17 

I>CT»-COMP0NENT 
3 onx-n 
e 0783E-0a 
3 I6H5E-0? 
3 JBHHf-o? 
^ 5?59C-0? 

1   SH71E-02 
? ^7^s£-o^ 

6 03H5C-0? 
7 JH8IC-0? 
7 6KeCM 
" H?57t-0? 
-  5??HE-0J 
8 95P5E 0? 
I    IH07E-01 
I 3Hb5t-0l 
1   35l7t-0l 
9 Bie*lM 
8 HJOHE-I? 

I OSOOE-II 
? 085HE-0? 
3   l9Jlt-0? 
3 leietof 
? 5^6^E o? 
I 6?09e-0? 
a IHI6E-0? 
3 9867E-0? 
5.7788£^ 
6 9ei6E-0? 
7 37HIE-02 
7   ISHOE-Oa 
7 ?jeoE-o? 
8 600BE-02 

I 09B6E-0I 
1.2997E-0I 
I   3082E-0I 
9 565eE-0? 
8   I6I3E-I2 
? oeeiE-n 
l   I066E-0? 
3 nan-ae 
3 5I36C-02 
J 928HE-0? 

I   9060E-0? 
I   8H5SC-0« 

PHI-COHPO>«NT 
6.0H67E- I 1 
3 60?0C- I I 
3 08£Se-1 I 
? 53671-1 I 
I 926SC-11 
I   fI88C-'i 
H ioosr  ig 
6  283H..-ia 
1   68WE   1 I 
e »rjai-\ i 
3 9?H9t-lI 
H  88e8C   I I 
5 577IE-II 
5 B709t-I 1 
5.6703t-I I 
H 9?76£-11 
3 6e?0C-1 I 
I 966HE-1 I 
I l907E-ai 
5 95HBf-1 I 
3 5561E-11 
3 0SH8E- I 
g 5295C•I I 
I 9H30E-I I 
I   2630E- I 1 

5.203HE-I2 
I 53781 -1 1 
?.6a9SC-l I 
3.6980E- I 1 
H 63flE-l I 
5 306TE- I I 
S 6008E- 
5.H19HE- 
H,7I56£- 
3 50THE- 
I   88H3E-I I 
1 IH08C-2I 
5 6820E- I I 
3  HiaiE-lI 
2 9688C-II 
2 SOeiE-lI 
I 98361-M 
I.3826C-II 
6.8280C-I2 

-I I 
■I I 
- I I 
- I I 

NMMIIUDC 
6  0H6TE -1 1 
2  0T8K -02 
3   I6HSE •02 
3.26HHE -02 

? V?59C -02 
r 5H7iE 02 
i eini -02 
H.;o57i 02 
6  J3H5E -02 
7 ABIE -02 
7 BIS« -02 
7  H25TE -02 
7 522HE -02 
8 9Se5E 02 
1   IH07E •01 

1   3H55E 01 
1   35; Jl 

9 87aHE -02 
8.H20HE -12 
6  0H67E 11 
i  085HE -02 
3.I93IE 02 
3  »TÄ •02 
2 E26X -02 

1   6209t 02 
2.IHI6C 02 

3  986TE 02 
5  7T88t- 02 
6 98ISE 02 

T   3THIE 02 
7.16H0C- 02 
T  22e0E- 02 
8 6008C- 02 
10986t- 01 
1   299Tt 01 
1   30821 - 01 
9 56S2(- 02 
8   16131- 12 
6.0H6TE- II 
2   1066€- 02 
3  2T82t 02 
3 51361- 02 
2 928HE- 02 

19060t- 02 
1   8HSSC- 02 

PHASE 
I 16 2122 
-52 5110 
55 9531 

-61   2927 
-7H   3210 

-I 16  3613 
176.2860 
151   871 I 
139 9H73 
129 6603 
I 16 9196 
97  9396 
70.6851 
H2 H8I6 
22 H997 
9.9769 
I   9081 
5 H69« 

166 H396 
63   7878 

-52 H^.2 
-99 H6I9 
61   01 I I 

-73 2983 
-I II.1011 

IT9.33IH 
193.TOTS 
IHI    1029 
I 30 6083 
NT  8)62 
98 8812 
7 I    H9HI 
H2 8*07 
22 6S2<l 
10  0016 

I   H9S2 
-5.H9S0 

166.HOIS 
63.7878 

-92 H096 
•S9.200H 
-60.2IH0 
-70.9J95 
-9a.3IHT 

-163   I06H 
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i   ^ «ONOPOLCS s/e MAVELENGIM ■- J  J HAVCUNCIH *P»RT -- C«A«PU e 

O.tUCm.C CONSTANT .   , SOOOCO, »NO CONDUCT,v,T, .   , oOOOf-o? TOR r»P MtLO CALCm.T.ONS 

OBSCRv* 
I Mil« 

K  000 
10 000 
H5 000 
SO 000 
53 000 
60 000 
65 000 
70 000 
75 000 
SO 000 
85 000 
90 000 

0 
5.000 
10 000 
15 000 
SO  000 
^5 000 
10 000 
J5 000 
SO 000 
IS 000 
50 000 
55 000 
60 000 
65 000 
70 000 
75 000 
80 000 
85 000 
90 000 

0 
5 000 
JO 000 
15 000 
iO  000 
n BOO 
10.000 
n ooo 
10.000 
15 000 
50.000 
59.000 
60.000 
69 000 

I ION ANCLES 
PHI 

■70 000 
■70 000 
-70 000 
-70 000 
-70 000 
-70 000 
-70 OOO 
■70 000 
-70 000 
-70 000 
70 000 

-70 OOo 
-60.000 
-60 000 
-60 000 
-60.000 
-60 000 
-60 000 
■60.000 
-60 000 
■60.000 
-60 000 
■60 000 
-60 000 
-60.000 
-60 000 
-60 000 
-60 000 
■60 000 
-60,000 
-60.000 
-50 000 
-50 000 
-50 000 
-50.000 
-90.000 
-50 000 
-50 000 
-50.000 
-90.000 
-90 000 
-90.000 
-50.000 
-50.000 
-90.000 

- 16 
lb 

- 1^ 
16 
16 
n 

ELECTRIC   FIELD 

H-COfWONtN' 
6 713^E■ 
9 6916E 
1 1176E 15 
I 053JE-I5 
9 ao%ei-16 
I )?7JC is 
I   09311    15 
i eeeu. 
5 a369C 
1 68l8f 
5  BSBIf 
1 09 I 51 -1>5 
e  J936f   15 
3 eint   i^ 

^ 0795t- I: 
I OI61t ■ 15 
7 8505t- 16 
7 30I1E 16 

B esiil- 16 
i 1377E-16 

I.1133E-15 

1 3007E-I5 
9.1J06E-16 

e ?5e3t-i6 
7 77e8E-16 
1.9651E- 16 
6 661 3C - 16 
5 7?aoE-l6 
5 8039E-16 
e.oeoGi-le 
1 ?96IE ^5 
? J9J6E 15 
8.1975E-15 

e e09«f-15 
I ?959t- 15 

I 61 36E-15 
5.0110E- 16 

8 9osar-i6 
7 7765E -16 
I   3990E - 15 
7.JI61C-I6 

9 enge-i6 
8.968IE-I6 
I 67m-15 
1   7I0M-16 

'ME I»   COMPONENI 

J seiec-o." 
5 03?6[ oe 
6 19831 Of 
6 60 3 71 0^ 
6   !93M 0? 
6 i55lE   Of 
7 53Iff Of 

a   'i9ff  Of 
1 IblBf 01 

I 17111 01 
8 b?m( Of 
' J73l.lt If 

i Of U[ I I 
f 11nt  of 
3  1167f-0^ 

3 emit -Of 
1 i,l;ot of 
f 50iif Of 

i 78911 Of 

f  51,'St   Of 
3 aemt  Of 
i 96691 -Of 

5 3869C Of 

5 I765t-0f 
1   955ft•Of 

5 77']3t -Of 
7 61 iit-Of 
9 3l5fE-0f 

9 581lE-Of 

7   086 71    Of 
6 06h9E- If 
3 8867t-l l 

f 1876E0f 
3  6039r   Of 
i flov -Of 

1 IfJOE-Of 
3 i3"'3E-0f 
f 51B5€-0f 
I I OBOE Of 

f 70(16E-Oe 
3 Vl9E-0f 
3 9If6£-Of 

3 715lt-0f 
J fJ1f£-0f 

S 1l06t-0f 

PHI -COMPONENI 

f   16391    If 
I   iinit   ii 

f   08701    I I 

3   0518t    I I 
3   9011(    I I 

1   53f It    I I 
1   8f 55t    I 1 
1   6976f    I I 
1    lOMBI     I ! 

J   Ofilbl     11 

I   61 ;ir    II 
9   9ef9f   ■•.' 
5   f366f    i 1 
3    16761     1 1 

f   8 I 691     II 
f   13B1I    II 

f   Offft    1 I 

I   510Bt    I I 
9   751 ff    If 

3   J9!9t    If 
1   95Sft    If 

1   f85BE   I I 
f  OSS It    I 1 
f  81 I5f    ll 

3   J6f5f- I I 
3   61951    I I 

3   5989t   I I 
s  17f 3r   11 
f 3795t 1 l 
1   f815l    l l 
7 78eif ff 

1 63f0t- I I 
f 8613t ■ I l 
f 5880t ll 

f 3I11E I I 
? 0196E I I 
I 6809t I I 
I   fBOIt    I I 
8 091 IE-If 

f 9150t If 
3   B583t   If 

9 . 7 l 35t ■ I f 

I 5f 86t I I 
I   9769f    1 1 

e fitst-i i 

lUGNIIUU 
3   36ief   Of 
5 03f6(    Of 
6 198 It Of 
6 6017F Of 
6   393,1    Of 
6 35511 op 

»   51lfl    Of 
9 7l9fl Of 

I 161 Bt II 1 
I 1 "31 0 1 

H  63911    IIP 
7 37901 IP 

6 016 II I I 
f IllOt IJP 

3 11671 Of 
3 81811 Of 

3 13IOt OP 
f 50-11 Of 
I 78911 Of 

f 5lf5f Of 
3 88831 Of 

1 9669t Of 
5 38691 Of 
5 1 765t • Of 
1   955fE   Lf 

5 77D3r Of 
7 61311 Of 
9 3l5fl Of 

9 581 11 Of 
7   096'f   Of 
6 06691 
6   0167t 
f i«76(: OP 

3 60 39t Of 
1 f307l Of 

1.If30t Of 
J 1373t Of 

f 5185t Of 
f lOSOt Of 
f 7006t-0f 

1 5f19E Of 
J 93f6r Of 
3  73511   Of 
J f sift of 

3 llObl   Of 

I I 

PHASE 
160  5371 

115  fl87 
I 33  9011 
IfO  WBf 
lOf   I1J5 
71   ffTS 

11  f90f 
fJ  0918 
10  0863 
I.11?f 

5.59J9 
IG6.f969 

63   7878 
bf  f806 

-Vf  8011 

59   If81 
-67   |J|9 

81  8311 
- 130  0119 

178 1790 
155  ?177 
111.1791 

1 IB.0777 

I09.se9l 

80.8118 
17  7M7 

ei.I8J7 

10^793 

I   KWh 
-5.8117 

166.0510 

63  T8T8 
W   1173 
5i joaa 

-57.8«?1 
63.8913 
71   7iei 

-97   ino 
•139 S731 

ITS em 

159 8010 
HI 38» 
IfS 8910 
98 7*11 

98  Ollf 
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I      i   NONOPOLCS   »'•   MAVtLtNOTH   --    1-3   HAVtLCNOTH   AP»RI    --   [XWTU   i 

OICLECTRIC  CONSUNT   .        ,   SOOOCO     *NO  CONDUCT IVI I»   .       I   0000t  0? ro» F«l. r ItLD CLCUIAI IONS 

OKCHVAT 

TMEI« 
70 000 
75,000 
eo.ooo 
•9.000 
90 000 

0 
9 000 
10 000 
15 000 
?0 000 
n ooo 
10 000 
n.ooo 
»O 000 
«ooo 
50.000 
55 000 
SO 000 
65 000 
70.000 
75.000 
•0.000 
n.ooo 
90 000 

.0 
5 000 
10 000 
15 000 
10 000 
?5 000 
10 000 
n ooo 
10.000 
15.000 
50 000 
99 000 
«0 000 
89.000 
70.000 
79.000 
•0.000 
•9.000 
90.000 

0 
9 000 

I CM «NOUS 
PHI 

-50.000 
-90.000 
-^0 000 
-90.000 
-90.000 
-10 000 
-10.000 
-10 000 
-10.000 
-10 000 
-10 000 
-lO.OOu 
-10.000 
-10.000 
-10 000 
-10 000 
-10 000 
-10.000 
-10.000 
-10.000 
-10 000 
-10 000 
-10.000 
-10.000 
-10.000 
-10.000 
-10.000 
-10.000 
-JO 000 
-10 000 
- 30 000 
-30.000 
- 30 000 
-30.000 
-30 000 
-30 000 
-30.000 
-30 000 
-30.000 
-30.000 
■30.000 
■ 30.000 
30.000 
»0.000 

»0.000 

tLECmiC  FltLD 
«-COnPOMtNT 

6 Ml JE-16 
I. 777«:-16 

I 7l19t-16 
I.M97e-l6 
9 999«-»9 
».3936C-I5 
J.IB?6t-H 
? »919t-15 
I 80IM 15 

I »917t-19 
1 7010t-19 

I 91iaE-l5 
9 969«- 
7.168 JE 
I »101E-I5 
I   06ÜÄ-I5 
I J66ac- 

1   779« • 
J  66J8E-I6 
J.J9J7E-I6 
I.?799£- 
i.a9»K- 

I.J660E• 
J.4?3!>E- 

» J936r-I5 
3 JJIJt-15 
J   IJ69C-19 
g. oiese-i9 

I 1971E-15 
I 861IC-19 
» J179t-15 
I.5111E 19 

I.0190e- 19 
IIII6C-I9 

I 8J77E-I9 
9   ll79C-t6 

7 J»77t-I6 
8 90BK - 16 

».•I77E-I6 
1.6176C-16 
».»80K-I6 
I .39«*€-l7 

I 7l0ie-?9 

» J9SK-I9 
».KJIC-19 

-16 
16 

-16 
-16 

-16 
-16 
-16 
-?9 

Tt€I«-COMPO»«NT 

i 7o«{-oa 
6 i \ou-oe 
6 U09C-0^ 
1  9I50E-0; 
i ^^^lt-l. 
1  6J»0C- I I 
P ?IIBC■o^ 
1 S331C   Of 
1 7J71t-0? 

1 9ei5C Of 
16575t-Of 
3 9169E Of 
J Irj83t-0f 
f   7|51t    Of 

f 79eic of 
3 0 I 7 IC Of 

f 9l83E-0f 
f 3f f Bf - Of 

I 398« Of 

I n87t -Of 

f 07961 Of 
f 6571f Of 
f 16811 Of 

I 9095t-If 
5.f366( I I 

f 3107t Of 
1  09731-Of 

5 ngec-of 
5 97J9I   Of 
6 098% Of 

5  786« ■ Of 
5.19891 Of 

1  5676C-0f 
i nfir-of 
1 OJIlt Of 
1 I0I8C -Of 
1 091« -Of 

! 8170C-0f 
J 335« - Of 

f 6398C Of 
1 873«-Of 

I 0717t-0f 
8.3517E-I3 
5 68fOC-l1 

f 383«-Of 

HI -COHPONCNT 

f f*06C -1 1 
f  Oie7E 1 1 
1   599« -1 1 
8 15IJC -If 
5   I389C ^^ 
3  Sa67C 11 
f  1191E -11 
f  f70rf -11 
f   1031t 11 

1   9306C -11 
1   7J59t • 11 
1   50J8t -11 
1   fflOf -11 
8 951 IE if 
5 f916C - if 

1    7577t if 
f  9717t -if 
6   139« -if 
8  1B83E ■if 
9.9eiac ■if 
9.lf7JE if 
7   18f7E- if 
J  97891 if 
f 1333r ff 
3  OfJJC- 11 
1   9169E- 11 
1   853«- 11 
1   77B6C 11 
1   710«- 11 
1   6J86C- 11 
1   55I1E- 11 
1   1391E- 11 
1   f967t - 11 
1    Iff5t- 11 
9  f 1731- if 
7  060« - if 
1   9f5lt- if 
3  0067E- if 
1   1997f- if 
5  7367E- |J 
3  67f<.t- u 
f   7577t- i J 
1   8760E-, fj 
?  068IE- 11 
1   JMJt- 11 

ruOMIIUDC 

1 70f9t-0f 
6 HOJCOf 
6 5f09t Of 

1 9l50e-0f 
1 fJflCIf 
6 0167t -1 | 

f f118t Of 

3 8JJ1t0f 
1 7JT1t Of 

1 9BI5C-0f 
1 6575t-0? 
3 916« ■ Of 

3 ISSK Of 
f 7lb1t-0f 

f 7981t-0f 
3 OI7lf Of 

f 9l83E-0f 
f Jff« Of 
I 398« -Of 
I I7e7l-0f 

f.0796£ Of 

f 657lt-0f 
f l681C-0f 
I 9099C-lf 

6 0167t-1 I 

f 3IOTE-Of 
1 0973t-0f 
5   319«   Of 

5 9739E-0f 
6 098 3( Of 

5 786«-Of 
5 198« Of 
1 567«-Of 
1 llfIt-Of 

1 0311E-0f 
1 IOI«-Of 
1.091«-Of 
3.ei70£-0f 
3 JJ9Ä-0f 

f 639«-Of 
I 173«-Of 

I 07l7E-0f 
8 3917E-IJ 

6.0167r- I I 

f   3«J«0f 

PHASE 
f7 f37J 

10  7769 
i   0501 

■6  3309 
165 IBfO 
63  7878 

-51   9fS3 

-53  7676 
56 6110 

-61.0666 

-68.0fS8 
79 1766 

-98.WI0 
If7 6175 

156  75» 

177  1751 

167.6010 
15f 509f 
lf3 69ff 
4?  3137 

13 SfK 

1819 
8 If II 

163.ff0a 
63.7878 

-51   7117 

-53.fl6l 
-55 50 31 
58 8107 

-63.6616 
70.680« 

-80.9330 
■95.5101 

111  0983 
-133 fM9 

118 999« 
159 915 J 

-167  OMI 
■171   1188 

•173 8519 

175.«» 
I 77 »973 

■3.1171 

61  7878 

51   1993 
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i    ^ nONOPOtcs 5/e «»VCLCNOTW --  i/j «»VELENCIH »P«RI -- EXAWLC I 

OltLECmiC   C0NST4NI   .        I   S000E.0I   »NO  CONOOCTIV1IY   .       I   000OCOI rOH r»R  FICLD r»lCUlAIIW«. 

MSCRVATION ANCLES ELECTRIC  FIELD 
tHET» PHI R-COMPONENT 

10 000 -20.000 2.8t75£-l5 
IS.000 -eo ooo 1 .72«.tC-lS 
10.000 -20  000 2.11021    15 
n ooo 20  000 1   7902E   15 
10 000 -SO  000 1   927aE-l5 
n ooo -20  000 1   7772[-15 
SO  000 -20  OOO 2  00I5E   15 
■.sooo -?0  000 1    1226t-i 5 
SO  000 -20  000 7  1BBX   16 
5V000 -20  OOO 9 5505E-16 
60  000 -20  OOO 8  9509C   16 
65 000 -20  OOi, 6   7760t- 16 
'0 000 -20  000 1,0I30E   15 
75 000 -20  000 ,   0B7JE-16 
•0 000 -20  OOO 2 '.286E- 16 
85 000 -20  000 1   J895E    16 
90.000 •20  000 t.55251 -26 

.0 -10  000 2   J936t- 15 
5.000 -10  000 2  9528E- 15 

10  000 -10.000 3 t29Ht    15 
15 000 -10  000 2.a015E-15 
?0 000 -10  000 2  37I>.E- 15 
;5 ooo -10  000 2 5895E-15 
30  000 -10  000 2 56J1E   15 
IS. 000 -10  000 2.7t65£-15 
to 000 -10  000 2 5662E   15 
»5 000 -10.000 2 '«582E -15 
50 000 - 10  000 1 .807 JE- 15 
55 000 -10  000 2 8021C-15 
60.000 -10.000 1   6505£-l5 
65 000 -10  000 1   35a6E- 15 
70 000 -10.000 2.0260t-i5 
75 000 -10  000 8  9207t- 16 
80 000 -10.000 5.5720E   16 
85  000 -10.000 1   tl20E-16 
90  000 -10  000 1.OOtIE-2t 

.0 .0 2   5936f-15 
5.010 0 3   12e7E- 15 

10 000 0 3 2880E- 15 
15  000 0 3   1>>26E-I5 
20  000 0 2.710SE-15 
».000 0 2.S317E-15 
JO.000 0 2   1557E-I5 
35.000 0 3 599K-15 
to 000 0 3  7221E-I5 

TM£T«-CO«PONENI 

i laeii-oe 
5 9569E-02 
1 ORIOt-02 
7 6tl86E-02 
7 86.'B£-02 
7 65'.m   02 
7 ^o^,^l 02 
B  72811' - 02 
6 t7Jb';   02 

6 606lt   02 

7 06651 - 02 

7 608IE-02 
7  918IE   02 
7 7797E 02 
6 8290f   02 
4 60'"OE02 
3 e2'>9€- 12 
5 95^ 1 I 
2 '<600C-02 
t 690eE-02 
6 62%tr-02 
8 19991   02 
9 J562E 02 
I 00521-01 
I 02821-01 
I OIÜ7t-01 

9 6999E-02 
917331-02 

9 50B9E-02 
I 0J00E0I 
1 1527E 01 

I 2660E-0I 
I   10 39E   01 

1 1909E-01 
8 235tE-02 
6 89961   12 
6 0t67t- 1 1 
2 51B7E-02 
5 0005E-02 
7 3016C-02 

9 Jt66E-02 
1 . I0JOE-0I 
1   22'<7E-0I 
I 29161-01 
I   30291-01 

PHI   COMPONENI 

I   1335C I I 
1   J227E I 1 
1   J2t8r I I 

I   1139E I I 
1  itvr n 

1   3t55C I I 
I    33J6C I I 
I   301 3E I I 

I   2t'«2f I I 
1    15981 I I 
I   OtSSC I I 
9   I217i 1^ 

7 . 555M I 2 
5  82H'.t 1.' 
J.    '06f 12 
2  02 37E 1, 
I   20t0f 22 

1   0500C I I 
7   0820E 12 

7   1I8IE 12 
7.275tf 
7   53871 

12 

- 12 
8   2952f    12 
8 7I79E    12 
9 I051E 12 
9 3982E 12 
9 5J21E 
9.HHmE 
9 0673E 
8 letPE 
7 J075E 
5 8976E 
t 1656E 
2 I 7101 
I    JOI-E   22 

•IE «00 
IE »00 

UE »00 
OE«on 

OE»00 
OE»00 
0£«r)0 
3t<00 

OE-OO 

12 
12 
12 
12 
12 
12 
12 

- 12 

rUONI ILM 
t   IMbtl 02 

5 956« ().' 
7 061 01 02 
7 68861 112 
7 862» 02 
' 655« 112 
I   206M U2 
6 72811 02 

6  H 7!6t 02 
6 606'<l 02 
7 0665t 02 
7 60811 02 
7 9J«« 02 
7 7797( 02 
6   B290f 02 
t eotoi 02 
3 a2>l9E 12 
6 0t67t 1 1 

2 16001 0,' 
■•69081 J2 
6 62511   02 
8 I figc 02 

y 1562t 02 

I 0052r 01 
I 0282f 01 
I   0I07E   01 

9 69991 02 
9 S7J3f 02 

9 5089E 02 
1 OJOOE 0; 

1    1527t 01 
I 2660E 01 
I 3039E 01 
1 19091 01 
8 2J51F 02 
6 H99b» 12 
6 . 0167F    t I 

2 53871 02 

5  0005C   02 
7 S0I6( 02 
9. 31661 02 
I lOJOt 01 
I   22171 01 
I 29I6( 01 
I    30291   01 

PHASE 
52 GV8 

5l.<i9M 
57   IOJ7 

60   7HSJ 
65 8097 
72 am 
82  7018 
95 9377 

- I 12 2253 
129 3106 
111   190t 
156  1180 
161  9102 
171  6780 

-177 mn 

I 76 9568 
-10 7511 
63.7878 
51 2756 

-52 I8EH 
-51 6«ill 
55 7551 

-58.7161 
62 SiSi 
68 5155 
76 5718 
87 ^e5^ 

-102  THIH 

- 120.1518 

117.8700 
-152.2658 
-161.1011 

171   2092 
-177 70Ä 

176  156« 
II   7009 
61  7878 
5I.06«9 

-51   TlTt 

-52 9186 
-51.7011 
-57.2987 

-60.8181 

69.9000 
71.08» 
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I     ^ HONOMUS  5/t ««VILtNOTM   --    |/J  HAVCLENOTH  APART   --   EXAMPLE   i 

DIELECTRIC  CONSTANT   •       l.9000E«0l   AND CONOOCT IVI T»   .       I.OOOOE-O? TOR TAR TltLO CALCULATIONS 

OKERVAT 
TtCTA 

15 000 
SO 000 
M.OOO 
SO.000 
S5.000 
70.000 
75 000 
■0 000 
M 000 
90 000 

0 
5 000 

10 000 
15 000 
10.000 
^5 000 
10 000 
19 000 
HO.000 
IS.000 
50.000 
99 000 
60.000 
85.000 
70 000 
79.000 
80.000 
89.000 
90 000 

0 
9.000 

10.000 
19 000 
20 000 
29.000 
10.000 
19 000 
tO 000 
IS 000 
90.000 
99.000 
80.000 
89.000 
70.000 
79.000 

ION ANGLES 
RMI 

0 
0 
0 
0 
0 

.0 

.0 
0 
0 

.0 
10.000 
lO.OOu 
10.000 
10 000 
10 000 
10.000 
10.000 
10.000 
10.000 
10.000 
10.000 
10.000 
10 000 
10.000 
10.000 
10.000 
10.000 
10.000 
10.000 
20.000 
20.000 
20.000 
20.000 
20.000 
20.000 
20.000 
20.000 
20.000 
20.000 
20.000 
20.000 
20.000 
20.000 
20.000 
20.000 

ELECTRIC riELD 
R-COHPONENT 

3 SfOSE-IS 
2 9I77E-I9 
I 69I0E-I9 
1  7822t-19 

1 HOi«JE-19 
H.96S1E-16 
2 286IE-I9 
7   77HJE-I6 
3 663K-16 
1 29HIE-2H 
2.39I6C-I5 
J.I632E-19 
J  7J6HE-19 
2 29H2E-IS 
1 HBHHE-15 
2 779SE-I5 
2 9790E- 19 

9.6I7JE-I5 
3 I009E-I9 
I 77721-15 
I.9860E-15 
3.3009C-IS 
3.993HE- 19 
2.220HE-I9 
3.1H02E-I5 
> 36091-19 
9.77991-16 
1 91071-16 
1.99l9£-2^ 
2.3936e-l5 
3 IBH6t-19 
3  67011-19 
2 08371-15 
3.91081-19 
3.39811-19 
3.H68HE-I9 
6.26861-19 
9 27791-19 
2 H3H9C-I9 
2 66981-19 
2.J60HE-I9 
3.97211-19 
2.220H1-I5 
1.89711-19 
I.78HIE-19 

TMETA-COKPONENI 
I   27I9E-0I 
1.2!2Ht-01 
1.2H20E-0I 
I.3H5HE-0I 
i ve7t-oi 
I    7171E-01 
i eo69e-oi 
1   6772E-01 
i  nmcoi 
9 8H9IE 12 
5.99Het-1 1 
P 6167E-02 
5 J059C 0? 
7 9626C-02 
1 OH60E-01 
I 26H4t-OI 
I HJSOE-Ol 
I 9H?9C-0I 
I 980HC- 11 
I.9966C-01 
I 5097E-01 
I 91121-01 
I   6307C-0I 
1 86HHE-0I 
e.II83C'01 
?.2516E-01 
2 1097C-D1 
I HB10E-0I 
I 2H69E-1 1 
S 68201 I 1 
? 6917E-02 
i 996HE 02 
a.987HE-02 

I   I902E-0I 
1 HIHIE-OI 
I 62821-01 
I.771HE-0I 
I.830HE 01 
I 8110E-0I 
1 7937E 01 
I.7HJ1E-0I 
I 87051•01 
*■IH221-0I 
2.HH89E-01 
2.62081  01 

PHI-COMPONENT 

.01»00 
OE»00 

OE'OO 
0£.00 

0E«00 
01 «00 

01*00 
OE'OO 

01 «00 
01 «00 

I OSOOE-II 
7.HI78t-12 
7 8IH2t- 
3 38081 - 
i   12981- 

■ I I 
- I I 

-1 I 

12 
12 
12 

I . 00H7[ - I 1 
I II2HE-II 
1.23081 
1.39221 
1 HB52t 
1 95971-1l 
I 60791-11 
1.60371-1 I 
I 929HE-I1 
I 37H0E- 11 
I 13381-11 
9 13791-12 

-12 
-22 

2.068I1-II 
I.H9261-11 
1 60SHE-1I 
1   751lt-1I 

-I I 
-I I 

1 .93931 
2 16891 
2 H 3621 
2 73121 
3 03561 
3.32311-11 
3 99971 - I 1 
3.7059C-I1 
3.71971-11 
3.96911-11 
3 21991-11 
2.66131-11 

fUONITUX 

127191 -01 
1   232He -01 
1   2H20E -01 
1   3H9HE -01 
1   92871 -01 
1   7171E -01 
1.80651 01 
1.67721 -01 
1    I71HE -01 
9.8H91C -12 
6. 0H67t -11 
2 61671 -02 
9   3099C -02 

7  9626C -02 
1   0H60t 01 
1   26HHt -01 
1   H350C -01 
i 9H2ai -01 
1   580HC ■01 
1 .95661 01 
1   9097E -01 
1 .51 121 01 
1   RJOTt 01 

1.86HHE 01 
2IIBK 01 

2  25361 01 
2   10971 01 

1.H8I0E 01 
1   2H691 II 
6  0S67E 11 
2  69171- 02 
9 996HC 02 
8  98701- 02 
1.19021- 01 
1   HIHIl- 01 
1   62821- 01 

I.77IHE- 01 
1   830HE- 01 
1   81101- 01 
1   79371- 01 
1 .7HJI1- 01 
i 87091- 01 
^.lH^^t- 01 
2.HH85t- 01 
2  62081- 01 

PHASt 
-83 3H73 
97.62HH 

119 5998 
-1 3H  JHH2 
-190.2797 
-162.23H0 

171   001i 
177 8531 
179 8318 
-12 089H 
63 7878 
90 8629 
51 .»»03 
52.3179 
53.8807 
96   1801 

-59 H639 
-6H.1173 
70 8916 

-80.9836 
-9H.HH8a 

•112.5H26 
132.1183 

-IH9.0920 
-161.7139 
-170.8807 
-177.9180 

179 65IH 
-I2.2W9 
61.7878 

-90 6M0 
-90.9963 
-91.8218 
-91 2117 
-99  16HH 
98.H9HH 

-62.8910 
-69  IIIH 
-79.7021 
-92.2891 

-1I0.H1JI 
130.9697 

•IH8.2022 
-161.MO« 
-170.8002 
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I      2   HONOPOUS   5'*   WiVtUNOTM   --    |/3   HAVtLtNOTM   »P«RT    ■-   CX*MPLC   ? 

OltLtCTRIC   CONSTANT   .        I   5000E.01   AHO  CONOUCIIVIIr   .        I   BOOOt-Ol FOR FAR fltLO  CALCUHTfONS 

OBSERVATION   ANCLES ELECTRIC   flELO 
IMCtA PHI R-COHPONENT 

«0.000 20   000 6 8i89e-ie 
85  000 20.000 3   1SS7E   16 
90,000 20.000 i.6e9eE-2i 

0 10.000 i»   3936E-I5 
S  000 10.000 1   9629E-I5 

10  000 10   000 1   1002E-15 
15  000 10  000 3  5123E-15 
?0  000 10.000 3   0627E-15 
25  000 10.000 1.1009E-I5 
10.000 30.000 5   I7B9E-I5 
»000 10.000 5  16I6E-I5 
MO  000 JO.OOi, 1.1B95E•15 
t5  000 30.000 7, I061t-I5 
50.000 10  000 2  685IE-15 
55  000 30  000 3  6621E- 15 
60.000 10  000 2 67ief-ii) 
65  000 30.000 1.B971E- 15 
70  000 10  000 1   89 711•15 
75.000 30.000 1.7761t   15 
80.000 30.000 9  0612t -16 
85  000 30  000 7   9201t-16 
90  000 10.000 2   1765C-t-'<. 

0 HO.000 2   3936E- 15 
5  000 10.000 1  991IE-I5 

10  000 "•O.OOO 3  6557t-15 
15 000 10  000 1  6118E-I« 
?0.000 10.000 1.7B13E-I5 
25.000 10.000 3   9291E- 15 
JO  000 10.000 1   8698E- 15 
15  000 10.000 5  5611E-15 
10.000 10.000 1   5722t-15 
IS.000 10.000 1   6361E-15 
50.000 10  000 1   0288t-15 
55  000 10  000 1   5081t -15 
6U.000 10.000 2.5I2IE-I5 
85  000 10.000 2.8136t-15 
70.000 10  000 2  2611E-I5 
75.000 10  000 2  2267E- 15 
80.000 10.000 1.5776t-16 
85.000 10.000 5.57B8e-16 
90.000 10.000 2  5701E-21 

.0 50.000 2   3936E-I5 
5.000 SO.000 3.3120E-I5 

10.000 50.000 1   7080t-15 
15.000 50.000 3   3839t-15 

'HEIA-COHPONENI 

2   1617E-01 

1 711Bt-0l 
i 162IE- I I 

5 2J66t -1 I 
2 76I6E-02 
5 8617t-02 

9 1579t-02 
1   2111E   ül 
I 5176t-DI 
I   79eit   01 

1 9700t-01 
2 0116E-01 

? 0i,55t - 0 I 
1   9*51t   01 
1 9291f-01 

2 n570t-0l 
2 3516t ül 
2 6^751-01 

2 8965t 01 

2 7105t 01 
I 92151 01 
I   6226t ■ 1 I 

1 6120t   I I 
2 821Jt 02 

6 10311 02 
9 6591t 02 

1   1260t   01 
I   66 19t   01 

1 911Bt-01 
2 ll^t-OI 
2 2mot-OI 

2. 19f.1t - 0 I 
2 1I18t-01 

2 0681t 01 
2 1898t 01 

2 1991E-01 
2 8667t-01 
1 082ir-01 
2 9085E-0I 
2 05I2E-OI 

1.7298f-l1 
3 8867t 1 I 

2 8780E-02 

6 1058E-02 
I   008lt-01 

PMI-COMPONtNI 
I   9I1IE-1I 

1 0086E- I I 
6 0672t-22 
3  0231C-I I 
2 2218E- I1 
2  1302E■ I I 

2 6928t - 1I 
1.0202t - I I 

3 1152E- 1 1 
3 8726t - I I 
i 1761t - I I 
1 8967E I I 
5   i895(     I 1 
5 79 m   11 
6 0515t I I 

6 09211 I I 
5 8196E - I I 

5 2B25€ 1 1 
1 1757t I I 

1 1189t    1 I 

1 6598E- I I 
9 9857t-22 

3  8867t    11 
2 909Ht 1 1 

1  2222t   I I 
3 6109t I 1 

1   0871t    II 
1 6560t    I I 
5 3109t-l I 
6 0290E   11 

6 7B71t- I 1 

7 1616t I 1 
B 0100t 1I 
B 1016t - 1 I 

5 1550E- I1 
8. I 161t - II 
7   J261t- 1 I 
6 0658t - I I 
l.leilE- I I 
2 2993t- I 1 

I 3B1IE-2I 
1 6120E I1 
1 5I71E-1I 
1 9188t I I 
1   1512t- I I 

HACNIlut» 
2 1617t 01 
1 73181 01 
i 162 lf 11 
6 0167t ' 11 
2 7616t 02 
5 86171 02 
9 I579f 02 

1 211» 01 
1 6176t ■01 
1 798 3f -01 
1 9700t 01 
2 01161 -01 
2 025« 01 
I 95511 Ul 
1 9291t 01 
2 05701 01 
2 . 35161 01 
2 6975t 01 
2 8965f 01 
2 7305t 01 
1 9215t Ul 
1 6226t 11 
6 0167t 11 
2 8213t 02 
6 1011t 02 
9 6591t 02 
1 1260t (11 
1 66191 01 
1 9llBt 01 
2 1116f 01 
2 2190t 01 
2 19611 01 
2 1 1 18t- 01 
2 U681t 01 
2 IB9BE 01 
2 1991t 01 
2 8667t 01 
1 082 St 01 
2 90851 01 
2 

1 . 
0512f 

7298t 

01 
11 

6 0167t 11 
2 8780t 02 
6 1058t 02 
1 . 00811 01 

PH* St 
177 .9911 
175 5332 

12 1275 
63 TBTB 

-50 5IT1 
50 7013 

-51 .1IT5 
52 TI9B 

-51 7390 
-57 .6981 
61 9751 
68 1911 

-77 3151 
90 7172 

108 8821 
129 1103 
117 5701 

- 161 .0991 
170 .Till 
178 0318 
175 .1179 

12 52 JT 
61 TBTB 

-50 J7T1 
-50 1623 
51 0925 
52 1185 

-51 ?5T9 
-57 1291 
-61 28T9 
-67 1609 
-76. JJ38 
89 SJ99 

107. 7006 
128. 5ITT 
in. 0805 
160. 8980 
no 6962 
IT« 0660 
ITS, IBM 
-12 5981 
61. TBTB 

-50. 2611 
-SO. 2680 
-50. 8JTT 
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I      l  nONOTOLCS  S'l MAVtLtNOtH   -~    |/J  UAVCLCNOTH   »^»RT   --   CXMVLC   2 

OICLCCTR1C  CONSTANT   .       I.SOOOOOI   *NO COWUCTIVITY   .       I   OOOtX-Ol fOU rt* ritLO CALCULATI0MS. 

OBSCHVATION «NOLCS CLCCTRIC  FICLO 
TMCT« PHI N-COHFONCNT TMEIA-COMPOHENI i-MI-COWOÄNT 

ea ooo 90.000 3  •MK-19 l.393aE-0l 9.07I0C-II 
29.000 90.000 3.X9H2C-I9 1   799^-01 9.MH9C-II 
30  000 90.000 9.17691-19 2  097IE-0I 6 6N29E-II 
«000 90.000 9.67Slt-l9 2 26>.HE-0I 7.9964E- 1 1 
to 000 90.000 9 7732C-19 2  J533E-0I B.19IIE-I 1 
ts.ooo 90.000 9.H672£-lS 2.32it7E-0l 9.367<tE-l 1 
SO  000 90.000 3,99S7t-15 2 2252E-0I 1.0089E- 10 
W 000 90.000 9   I263e-I9 2   I6HIE-0I 1.0928E-I0 
60.000 90.000 t   9302C'19 2.2799e-0l 1.0982E- 10 
69  000 90  000 2 999K-I9 2 9687E-01 1   01<*3E-IO 
70  000 90.000 1 UXX-li 2 967HE-0I 9 losat-i i 
79  000 90.000 1.B78HE-I5 3.I9I0E-0I 7  9614E-11 
to.000 90.000 8.aa2ie-i6 3.01I6E-0I 9  '<3'tlE-l 1 
85.000 90.000 6.7i<22C-l6 2.l2H0E-ai 2.86I8E-I 1 
90  000 90  000 2. OH 17E -2H I.7912E-1I 1 .72131-21 

0 60.000 2   3936C-I9 3  0233E-I1 5.236SE-I 1 
9  000 60.000 H.HI7IE-I5 2 9213E-02 '..0222E-II 

10.000 60.000 3.9923C-I5 6.'«67eE-02 t  9tl8E-l1 
IS.000 60.000 3  0M7E-I9 1   0H19C-OI 9.1639E-II 
10  000 60.000 3.2993E-I9 IHHeBT-OI 9.908IE-1 1 
29.000 60.000 9.67«.1E-I9 1 ,e27iit-0l 6.78I9E-1I 
30.000 60.000 6.0606C-I5 2   IHHSt-OI 7.77t>.E-ll 
39.000 60.000 3,H6».E-19 2  36071-01 8.8S9ME-11 
to.000 60.00U H.869K-I9 2.i«906f-0l 9.9<tl8E-ll 
«9.OOO 60.000 *.n9K-\S 2 Hltgt-01 1   099K - 10 
90   000 60.000 6.22N7C-I9 2  3016(01 1 . 1780E- 10 
99.000 60.000 '«.02ltE-l9 2.220«   01 1 .2277E-10 
60.000 60.000 I.73H2C-I9 2.32O3E-0I 1   2II6E-I0 
69.000 60.000 2.39I9E-I9 2.639IE-0I 1 . I78<IE-I0 
70.000 60.000 2.9087E-19 3.0l70t-0l 1.060HE- 10 
79.000 60.000 X.0I96C-I9 3.2H291-01 8.7997E- 11 
■0.000 60.000 I.99X9C-I9 3.0596E-0I 6.2«9IE-I1 
•9.000 60.000 9.99IIE-I6 2.l973t-0l 3.1076E- 11 
90  000 60.000 1 .3709C-2«« I.8I9IE-II I.9889E-2I 

0 70.000 2  39J6C-IS 2.068lt-ll 9.6a20E-l1 
9.000 70.000 t^OIIE-lS 2.993IE   02 ••.'•006C-II 

10.000 70  000 '<.62H2t-l9 6.9899E-02 4  99eiE-l1 
19.000 70.000 3 2972C-I9 1.06961-01 9.709K-II 
20.000 70.000 3.S9H2t-l9 1 .it8S7t-0l 6.9H99C- 11 
29.000 70.000 3.6I«.6£-I9 I.8782C-0I 7.929K-I 1 
30.000 70.000 '•.2'.22E-I9 2.20901-01 8.BS26C-I 1 
19.000 70.000 9.96XXE-I9 2.it262E-0l 9.B29IE-I 1 
«•0.000 70.000 «.969IE-I9 2.9I93E-0I 1 .I030E-I0 
H9.000 70.000 6.2tOHE-l9 2.«t730I-0l 1 .2l<i3E-IO 
90.000 70.000 3.7060E-I9 2.3S86E-01 1.S03HE-I0 

HAOHIHIOt 
1 39MC -01 
1 .799HE -01 
2 .097IE -01 
2 26HHE -01 
2 391IC -01 

2 KtTt -01 
2 .2292E -01 
2 . I6<<IE -01 
2 2759E -01 
2 .9887E -01 

2 967HE -01 
3 .I9I0C -01 
3 .0II6C -01 
2 .I2HOE -01 
1 .79I2E -11 
6 .0S67E -11 
2 .92I3E -02 
6 .>»67K -02 

1 .(NI91 -01 
1 .iieac -01 
1 .827HE -01 
2 .IHH3t -Of 
2 »OTt 01 
2 H906C ■01 
2 HIHBE -01 
2 30I6C 01 
2 22SSE- -01 
2 S2H3C' 01 
2 639IE- 01 
3. 0i70C 01 
3. 2H29t- 01 
3 0596C- 01 
2. 19731- 01 
1 . 819IE- 11 
6. 0H67E- 11 
2. 993IE- 02 
6. 58991- 02 
1 . 0696t- 01 
I . 48««7l- 01 

1 . B7tÄ- 01 
2 2090E- 01 
2. HeMt- 01 
2. 9I9K- 01 
2. •njot- 01 
2. 3HMC- 01 

PHASE 
-92.0091 
53.8918 

-56 6929 
-60 7717 
-66 7358 
75.5727 

-B8.6H6N 
106 7909 

-127 8208 
•l'«6.699e 
- 160.7397 
-170 6607 
-178 0909 

ITS 33m 
12.6922 
63.7878 

-90.170» 
-90.1193 
-50.6H60 
-91 .7791 
-93.6217 
-96.1791 
-60.3930 
-66.276S 
-79.0108 
-87.9810 

-106.1017 
-127.2977 
-IH6.3996 
-160.6177 
-I70.6I1S 
-178.1091 

179.2920 
-12.7060 
63 7878 

-90.1091 
-50.010H 
-90.9I2<I 
-51.6200 
-93.119« 
-96.1967 
-60.IHN 
-69.9997 
-70.6219 
-87 9161 
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1     i  MONOPOLCS  il» «»VELENOTH   --   |/J MAVELENOTH 4P»HI   --   tX»MPt£   I 

DIELECTRIC  CONSTANT   .        15000E«0I   ANO CONDUCT IV I TY   •        I   0O0OE-0^ FOR fAR F ItLO CALCULAT IONS 

OBSERVATION ANGLES ELECTRIC  FIELD 

T»«TA PHI R-COMPONENT TMEIA-COHHJICNI PHI-COMPONENT MAONIll« PHASE 

55.000 70.000 J  7568E-19 g  2585E-0I 1   3559E- 10 2  25851   01 -109.6185 

60   000 70  000 »JIISE-^ 3   3'.8it-0l 1   3577E-10 2   3He2{   01 -126 9069 

69   OOD 70..)00 l.M01l-li ?   65'<?t   01 1   29G8C    10 2  65H2t   01 -146   1865 

70.000 70.000 a  9790E-19 3   03S9E-01 1   1B48E   10 3  0349E-01 160 9297 

79   000 70  000 ?  25H2C-15 3  2599E-0I 9,60<.2E- 1 1 3 2599E- 01 I70.6IJ6 

ao ooo 70.000 6  6909E   IB 3.07>tlE-01 6.8868E    11 3  07>.lt-OI -ITS   1229 

89   000 70  000 S.1.67WE-16 ?   I669E-01 3 62I8E    11 2   1B69E   01 175 26 34 

90   000 70,000 9  6187r-?5 1   8?7It-ll 2 n7Ht e\ 1   82711    11 -12  7329 

0 «a.ooo ^   1936E- 15 1   0500C- 1 1 5 9548E- 1 1 6  04B7E   11 63.7878 

9   000 go 000 ^   591?t- 15 ?  97^51   oe t  6350E   11 i.   9725C   0? -50.0698 

10.000 80  000 ■.   3356E-I5 6  6577f   0? 5 2825E    11 6 6577E   02 -49.9920 

19  000 80  OOu 3   IH^IE-15 i  oeort oi e.o^^E  11 1   0B021   01 -50.4314 

10   000 80  000 ^   '<J67E-15 1   50T.E-01 B 9Mt0t • 1 1 1   507>.E   01 -51.9269 

29   000 80.000 5  67mE-15 1   908m   01 7 9e97E   11 1   9084t   01 -53  3265 

10.000 80  000 t , 09<t 3E - 15 I  ?>.05£-01 9   1B67E   11 2.2V05E   01 -96.0286 

39  000 80.000 5   3660E- 15 e >.fwoc-oi 1   OH 30E - 1 0 2  -.BIOI   01 -99 9795 

•«O.OOO 80.000 6   358'<E-15 ? 55^o^•oi 1   170 IE   10 2  'iVOf   01 -65 7733 

>«9   000 80  000 ?  5899E-15 ^  5050C-01 1   ?e69E- 10 2  5050[    01 -74   3916 

90   000 80.000 3. n39E-15 e niit-o\ 1,S797t    1 0 2   37 3tl   01 -87.2402 

99.000 80.000 1 .7798E-15 ?  J751E-01 i.tssm:   10 2.2751i   01 109  3279 

60.000 80.000 ?  J315E-I9 e. 3577E-01 1 tlilt   to 2   3577(   01 -126.6769 

69.000 80.000 2   360tE-l5 ?  6595E01 1.3671E   10 2  B595E   01 -146.0972 

70.000 80.000 1 .601 ?E - 15 3  0380E-01 1 .2267E    10 3  038OC   01 -160.4761 

75.000 80.000 1   78HIE-I5 3  J613E-01 1   010SE   10 3.26I3E   01 170.6016 

80   000 80  000 1   3ie><E-l6 3  074aE-OI 7.2398E-11 3  0742t   01 -178.1313 

89  000 80  000 6   71 3SE - 1B e   I66HE-0I 3 8057E   11 2   1B64E   01 175 2460 

90.000 90  000 5.0965E-29 1   8e67E-11 2 287JE   21 1.8267E-11 -12.7633 

0 90.000 i   393EE- 19 3   0859C-f? S  0M67E   1 1 6  01611   II -116 2122 

9.000 90  000 *   09t9£-l9 g  9790E   01 t   7IHHE-11 2  9790E   02 -90  0926 

10.000 90  000 9   1182E   15 6  6ei7E   0? 5   3791E   11 6  681 7F   02 49 9JI2 

19.000 90.000 i«  2a59£-15 1 .OB'.Ot-Ol 6   I995C-1I 1.0850t   01 -90 4073 

20.000 90  000 '..076Ä-15 1 ^ISOE-Ol 7.0799C-M 1   5I50E-01 -91.4996 

«9.000 90.000 H.2S22E-15 1   91B3E-01 8.147HE    11 1   9183t   01 -53.2909 

30   000 90.000 9  773iE-l9 ?.?5?eE-01 9.3'.79C-1 1 2  2522t-OI -95.9W3 

39.000 90.000 6 679eE-l5 j.metE-oi 1.0635E-10 2  476«   01 -59.9291 

HO.000 90.000 7   7997E-15 ?  96J8E-01 1   I927E-10 2  5*381-01 -65  7118 

'•9.000 90.000 3.6621E-15 2.51ME^0I 1 .31 I3E-I0 2  5152E-0I -74.3195 

90.000 90.000 i  68?0E•15 a   iBi 1E-0I 1 .»053E- 10 2   38IIE-0I -87   1489 

99.000 90.000 9  0096E-19 ?  2799E-01 1   t593E-10 2  2799t-01 -109.2109 

60.000 90  000 1.601?E-19 ?   3600E-0I 1   t585£-10 2   3600E   01 -126.9998 

69.000 90.000 2   360HE-15 S  66021-01 1   S90HE   10 2  6602t   01 -146.0137 

70.000 90.000 S.80iHt-l9 3.0S77E-0I 1   2H71E-I0 3  0377t   01 -160.4581 

79.000 90.000 I.9H93E-15 3.2603E-01 1   0269C- 10 3  2603E-0I -170.9979 

•0.000 90.000 8  W07E-I6 3.07a7E-01 7.3596E- 11 3  0727E   01 -178.1341 

89.000 90.000 B.68H0E-I6 2.I65IE-01 3.8699C   11 2   I651E-0I 179.2402 
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I     l HONOPOLCS )/■ MVCLCNGTH  -      I/J HAVtLENOIM »PART   --   EXAMPLE  t 

DIELECTRIC  CONSTANT   •        I   MODE «01   ANO CONDUCTIVITY   .        lOOOOE-O? FOR FAR flELO CALCULATIONS. 

OKCRVATION ANOLCS ELECTRIC   FlELO 
,>«1» ''HI R-CONPONENT IHETA-COI«»€NI PMI-COHPOCNT IIAONITUOC PHASE 

90.000      90 000 3.ie\X-n l.»«5£-ll IKMC-ll ■.KME-II -1?T6J7 
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Exainple 3 - Top Loaded Monopole - As a third example we will model 
the antenna shown in Figure 17.    This antenna, used for LORAN-C, has a 
high degree or rotational symmetry.    It also has an element on the axis 
of rotational symmetry and a multiple junction of elements.    We will 
model  this antenna over a radial wire ground screen, and compute the 
electric field from one of the top-loaded radials to ground for a 
normalized input power of 1 watt. 

The input data deck for this antenna shown in Figure 18 is similar 
to those of the previous examples, however, the following points should 
be noted. 

Card 2:    We select a ground screen, near field and normalization of 
input power. 

Card 3:    The input frequency of this antenna is  100 kHz, and the 
ground media parameters are needed. 

Card 4 — 30 are used to describe the antenna.    Note that the NC0N1 
value of all the top-load radials is given a value of -1000 
to designate that it is a multiple junction of wires and 
that the NC0N2 value of each top load radial  is 0 since 
they arü unconnected.    A catenary model  is  used to specify 
the physical droop of the wires, and thus a wire weight of 
1.586 pounds/metre and a wire tension of 1000 pounds is 
specified.    The last element specified is the tower which 
is on the axis of symmetry and note that its base is 
grounded, so that NC0N1 of the tower element is 97 and 
NC0N2 of the tower is -1000 since it connects with the 
top-load radials. 

Card 31:    Specifies  the structure symmetry.    Note that 24 sectors 
of rotational  symmetry actually exist on this structure, 
but since the program limits the user to 12 sectors, two 
top load radials are included in each of the 12 allowed 
sectors.    Four segments are used for each radial  load, 
and four segments are used for the tower, so NP = 8 and 
NX = 4.    The total  number of segments used equals 100, 
which is the limit of this version of WAMP. 

Card 32:    Specifies that the base segment. Number 97, of the mono- 
pole is driven, and card 33 specifies that 180 radials of 
#8 AWG wire are used for the ground screen. 

Card 34:    is the last card, and it specifies that we want to compute 
the near field from the ground up to the vicinity of one 
of the top-load radials.    41 points will be evaluated 
along the path between the two points, and the electric 
field tangent to the path will be integrated to give the 
potential between the two end points. 

The complete data deck is shown in Figure 18 and the computed results 
are shown in Figure 19. 
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PLAN VIEW 

Figure 17. Computer Drawn Modei of U. S. Coast Guard Top Loaded Monopole 

(Note: More segments are shown than actually used in example.) 
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üSCO   TOP  LOACEO MONOPOLE  ANTENNA   --   EXAMPLE   3 
I 0 0 I I C 1 

0. I d 15. .01 
.0   I93.91«      -I COO   140. SI .0    75,90 0 

1.5S6  1030.0 0. 
.0   192.94      -1000   I35.t3537    36.29681     75.90 0 

1.586   1000.0 0. 
.0  192.9^      -ICCO  121.-.2:63    70.10009    75.90 0 

I.536  iCCO.O 0. 
.0  192.94      -.000    99.14901    99.14923    75.90 0 

1.536  1030.0 0. 
.0  192.94      -1000 70.07Q532  121.42179    75.90 0 

I.£86  1003.0 0. 
.0  192.94      -1300    33.23651   135.43999    79.90 0 

I.583  1000.0 0. 
.0  192.94      -1030      -.0C031   140.21 75.90 0 

1.SE6   1030.0 0. 
.0  192.94      -1000  -36.29711   135.43579    75.90 0 

1.506  1000.C 0. 
.0   192.94       -1303   -70.1C33S   121.42148    75.90 0 

1.586   1000.0 0. 
.0   192.94       -10C0  -99.14S45     99.14879    75.90 0 

1.556   103C.0 Q. 
.0   IS2.94      -1030-121.42194  70.079S55    75.90 0 

1.586   I0C3.0 3. 
.0   192.94       -:030-!35.43603     36.29621     75.90 0 

1.536   1030.0 0. 
.0   192.94       -1330-140.21 -.00062    75.90 0 

1.586   1000  0 0. 
.0   192.94       -1000-135.43571   -36.29741     75.90 0 

1.535 1000.0 0. 
.0   192.94       -1000-121.42132  -70.10C53    75,90 0 

1.536 1C00.0 0. 
.0   192.94       -1000   -99.I4G57  -99.14957    75.90 0 

1.536   I0C0.0 0. 
.0   192.94       -1033  -70.07392 -121.4221     75.90 0 

1.566   1030.0 0. 
.0   192.94      -1000  -36.29591-135.43611    75.90 3 

1.566  1000.0 0. 
.0  192.94      -1005        .00393-140.21 79.90 0 

1.583   1 COO.C 0. 
.0  192.94      -1303    36.29771-139.43563    75.93 0 

1.986  1000.3 0. 
.0  192.94      -1C0C    70.16069-121.42117    79.93 0 

1.586  1030.0 0. 
.0  192.94      -1000    99.14939-99.14939    75.90 0 

1.5S6  1030.0 0. 
.0  162.94      -IOCS  lil.42225 -70.07990    75.90 0 

1.536  1000.3 0. 
.0   192.94      -1000   135.43619 -35.29561    75.60 0 

1.536  1030.0 0. 
0. C.      97 0. 0. :92.34-l0C0 

0. 0. 0. 

0.        0 

0. 0. 140.3 0. 79.89      40        0 

.00010 
.0 

4 .03914 
.0 

4 .00914 
.0 

4 .00914 
.0 

4 .00914 
.0 

H .00914 
.0 

H .00914 
.0 
.00914 

.0 
.00914 

.0 
.00914 

.0 
.00914 

.0 
.00914 

.0 
.00914 

.0 
.00914 

.0 
.00914 

.0 
.00914 

.0 
.00914 

.0 
.00914 

.0 
.00914 

.0 
.00914 

.0 
.00914 

.0 
.00914 

.0 
.00914 

.0 
.00914 

.0 
.00914 

0. 
-4 .3048 

4 
97 1. 
110 .00163 

140 .3 

Figure 18. Data Deck for Example 3. 
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UINt   «NTCNNA MOOCLINO  PROCRAn 

USCC   TOP   IOAXO  HOHOPOLt   »NTtNNA   --   t«»MPU    J 

10 0 1 10 1 

FKOUCNCT • I   GOODOC-O* 
rOCQUCNCr   INCREMENT • OfOO 
NO.   fRIOUtNCr  STtPS - I 
«»VtLtNOTM     («CTtRSi ■ i  99793O0J 

GROUND PLANC   AT   .   .   0 
OICtCCTRIC  CONSTAN'     •     I   50000t «01 
CONOUCTIVIT» 1   OOOOOf   0? 

I   DATA  OCNCRATOR   INPUT   DATA  CARDS 

0 0   I9i  9HOO0-1000   IXO ?I000                     0     71.90000         0 
0091* I   M6O0I000 00000                     0 

0 0   19« 94000-I000   I» '•3587     36  ?96BI     75  90000         0 
.0091« I   986001000  00000                     0 

o o ig«1 9HOOo-ioaa I;I 42153   70 10009   T) 90000       0 
009IH I   586001000 00000                     0 

0 .0   192 94000-1000     99.I'<90J     99   I>(9f3     75  90000         0 
009IH I   586001000  00000                   .0 

0 ,0   192.94000-1000     70  07999   121   42179     75.90000          0 
.00914 I   586001000 00000                     0 

.0 0   192 94000-1000     36.29651   U«.,43595     75  90000         0 
.00914 1   586001000  00000                     0 
0 .0   192.94000-1000        -   00031   140  21000     75  90000         0 
.00914 I   586001000 00000                     0 

.0 .0   192.94000-1000   -36 29711   l3f>.43579     75  90000         0 
00914 1.586001000  00000                     0 

0 .0   192 94000-1000   -70   10036   12     42148     75 90000         0 
00914 I .586001000  00000                     0 

0 0   192.94000-1000   -99   14945    99   14879     75  90000         0 
.00914 I   586001000  00000                     0 
0 .0   192.94000-1000-121   42194     7C   07996     75.90000         0 
.00914 I   586001000.00000                     0 
0 .0   192  94000-1000-135 43603     36  29621     75  90000         0 

00914 1   586001000  00000                     0 
0 0   192.94000-1000   140  21000           00062     75  90000         0 

00914 I   586001000  00000                     0 
0 0   192 94000-1000-135  41571     J(   2974 1     75 90000         0 

00914 I   586001000 00000                     0 
0 0   192 94000-1300-121   42132    7r   10063     75  90000         0 
.00914 1   586001000  00000                     0 
0 0   192 94000-1000   -99   14857    99   14967     75 90000         0 

00914 I   586001000.00000                     0 
0 0   192.94000-1000   -70   07992-12:   42210     75  90OOO         0 
.00914 1.586001000  00000                     0 
0 0   192.94000-1000   -36  29591-115  43611     75  90000         0 
00914 I   586001000  00000                     0 

0 .0   192 94000-1000            00093-140  21000     75  90000         0 
.00914 1.586001000  00000                     0 
0 0   192.94000-1000     36 29771 - 135  4J563     75  90000         0 

00914 1.586001000  00000                     0 
0 0   192.94000-1000     70   10089-12:   42117     75  90000          0 
00914 1.586001000  00000                     0 

■ 0 .0   192 94000-1000     99   14989  -99   14835     75  9C0O0          0 
.00914 I   586001000  00000                     0 

■ 0 .0   192  94000-1000   121   42225   -70   07990     75  90000         0 
.00914 I.586001000  00000                     n 

.0 .0   192.94000-1000   IJ5  '4361«)   -36  29561     75.90000         0 
.00914 I   596001000  00000                     0 
0 0                     0       97                     0                     0   192  94000-1000 
.10480 0                    0                     0 

NUMKN Of SCGHCNTS • 100 
NO. SCO IN A KCTOR • 8 
NO.   KO     ON  AXIS  Of   ROTATION 
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srnucTuNc w EOHtTB» lOrnCNSIONS   IN MAVtLtNOtMSl 

COONOINATCS or sco. cimtn SCO HIRf CmiCNTtTION  «N04.CS COMCCTION DAT« 
« » I LCNCTH RAO 1US ALPHA KTA 1- 1 !♦ 

OOMS .0 09699 01967 OOOOOIOS -x2 996 0- 1000 1 2 
017*. .0 .0X696 .0I9XX .00000309 -XO  779 0 1 2 3 
02W] 0 03662 01902 .00000309 - 39 902 0 2 3 X 
ooow 0 .02971 .01X62 .00000309 -36 920 0 3 X 0 
0086» .00191 09699 01967 00000309 -X2 999 19.003- 1000 9 6 
0I6»> .00X9X .0X699 0I9XX 00000309 -X0.77B 19 003 9 6 7 
oew«. .00797 03662 .01902 00000309 -39.901 19.003 6 7 6 
0199] 01099 02971 01X63 00000309 -36 919 19.003 7 8 0 

. 00906 00292 09999 .01967 00000309 -X2 997 29 999- 1000 9 10 
01919 00677 0X996 .0I9XX .00000109 -X0.760 29.999 9 10 11 

.02931 01X61 03662 01902 00000309 -36 903 29 999 10 1 1 12 
OWH 020X6 02971 01X62 00000109 -36 921 29.999 1 1 12 0 
00113 00X13 09999 01967 00000309 -X2 999 X9.000- ■000 13 IX 
oiavo .012X0 0X996 019XX 00000309 -X0.778 X9.000 13 IX IS 
02067 02ü67 03962 01902 00000309 -38 900 X9.000 IX 19 16 

.02t»i .0269X 02971 01X65 00000305 -36 918 X9.000 15 IS 0 
00*92 00906 09699 .01967 00000309 -X2 999 60  006- 1000 n 16 
00677 01919 0X998 .ai9xx 00000309 -X0.78? 60.008 n 18 19 
01X61 02931 .03962 01902 00000309 -38 905 60  008 19 19 20 
020H9 0S9XX .02971 01X62 .00000305 36 92J 60.008 19 20 0 

.00191 00969 09699 .01967 .00000309 -X2 995 7X  997- 1000 21 22 
OO-f, 0I69X .0X699 019XX .00000305 -XO  778 7X  997 21 22 23 
C0797 0262X 03662 01902 O00C0J09 - 38.901 7X997 22 23 2X 
01099 03993 02971 01X63 .00000309 36 918 7X997 23 2X 0 

-.00000 00969 01967 00000309 -X2 996 90  000- 1000 29 26 
-.00000 .ai79x 0X999 019XX .00000305 -XO  779 90  000 29 26 27 
-.00000 02923 .03662 01902 .00000309 - 38 90? 90 000 26 27 26 
-.00000 0X092 .02971 . 01X62 .00000305 - 36.920 90  000 27 28 0 
-.00191 00969 09699 .01997 00000305 -X2 999 109 003- 1000 29 30 
-.00<t9* .0I69X .0X696 .019XX 00000305 -X0.778 109.003 29 30 31 
-  00797 0262X .03662 01902 00000305 -38 901 109.003 30 31 32 
-.01099 .03993 02971 .01X61 00000309 -36 918 109 003 31 32 0 
-.00292 00906 09999 01967 00000305 -X2,99'' 119 999- 1000 33 3X 
- 00677 01919 .0X996 019XX .00000309 -XO  780 119.999 33 3X 39 
-  0lt6l .02931 03662 01902 00000309 -38 903 119.999 3X 39 36 

020X6 039XX .02971 01X62 00000305 -36 921 119.999 39 36 0 
-.00X13 .OOX13 09699 01967 00000309 -X2.995 139.000- 1000 37 38 
-.012X0 .012X0 .0X996 019XX .00000309 -XO  778 139.000 37 38 39 
- 02067 .02067 .03662 01902 .00000309 -39.900 139.000 36 39 XO 
-.0269X 0269X .02971 .01X63 00000309 -36 918 1 39 000 39 XO 0 
-.00906 .00292 .09699 01967 .00000309 -X2 999 190.009- 1000 XI X2 
-.01919 .00677 .0X696 0I9XX .00000309 -XO  762 190.006 XI X2 X3 
•02931 .01X61 .03662 01902 . 00000309 - 36 905 190.006 X2 X3 XX 
-.039XX .0*0X9 .02971 .01X62 .00000305 -36 921 190.006 X3 XX 0 

.00191 .09699 01997 .00000309 -X2.999 16X996- 1000 X9 X6 
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I   STNUCTuMC  CCOnCTRr      IOIMCNSIONS   IN UAvCLENCTHSl 

COONDINJITES Of   SCO.   CtNTE* SEC HIRE 0R1ENIMI0N «NGt.ES CCMCCI ION o«r« 
« Y Z LENGTH RADIUS »LPM» BET« I- 1 1« 

-  OI«9» 00'.9«. 0*898 015** 00000 305 -*0.778 16*  996 *5 *6 *7 

-.02t«V 00757 03882 01502 00000305 -38 901 16*  998 *6 *7 *8 
-  01993 01059 0297 1 01*63 00000305 36 918 16*  998 *7 *8 0 
-. 00M9 00000 09899 01587 00000305 *? 556 -190  000 1000 *9 50 
-.0175'.       - 00000 0*858 019** 0000030*1 *0   779 180  000 *9 50 51 
-. oewi 00000 03882 01502 OUOOOJ05 ;B,9O? 180  000 50 51 5? 
-. OHO« 00000 02971 01*62 00000 305 36  9?0 180  000 91 5c 0 
-.00S6S 00151 09899 01587 00000105 -*?.555 16*  997 1000 53 5* 
-  0I69H 00>.5>. 0*858 015** O0Ü00SP5 »0   na 16*  997 53 5* 55 
-  02MH       - 00757 0388? 0150^ UOOO'-.JÜ'i in 9oi 16*   997 5* 55 56 
-  0J953       - 01059 0297 1 01*63 •i" .1)010'' If.  918 15*  997 55 56 0 
-   00906 00292 05899 01587 0000010^ i?   557 150  001 1000 57 58 
-.01919       - 00877 0*858 015** 00000105 iü   iflO 150  001 57 58 59 
-.02911 01'•61 0388? 0150? 0000010^ 1«   HOI 150  00 1 58 59 60 

-.0»".« 02i,46 0297 1 01*6? OOOOOIO1) lb  9?l 150  001 59 60 0 
-  OO-« 1 3 OOM 13 05899 0 1587 00000 Id«. *?   555 1 35  000 1000 61 6? 

-oiaso 0I2H0 0*858 015*'. 00000 M-i ..0   718 135  000 61 6? 51 
-  0^067 02067 03882 0150? OOOOOlO'i 18  900 135  000 6? 61 6* 

-.0?MN      - 0289« 02971 01*63 nooouio'i 16  SIB 135  000 63 6* 0 
-.ooevi 00506 05899 01587 00000 10". *?  559 119 992- 1000 65 66 

-.oorn     - 01519 0*858 015** 00000305 *0   78? 119 99? 65 66 67 

oi^ei 02531 03882 0150? OOOOOIO1) 18  905 1 19 99? 66 67 68 

-   0?0»9 035»'. 02971 01*62 OOOOOJO'. 16   9? 3 119 992 67 68 0 
-  00151 00565 01587 onoooio- ■*? 555 105 00? 1000 59 '0 

-  00»9'i 0169X 0*858 015** OOOOOlO'i *0   '78 105  00? 69 70 71 

-  00797 0282'. 03882 0150? OOOOOlO'i 38  901 105.00? 70 71 7? 

-.0109»       - 03953 02971 01*63 .00000305 ■16  918 105  00? 71 7? 0 
00000       - 00985 05899 01587 00000 305 *? 556 -90  000 1000 7 3 '* 

.00000 0175'. 0*858 015** 00000305 -*0   179 -90  000 73 7* 75 

.00000 02923 03882 01502 0000030' 38  902 -90  000 7* 75 76 

.00000 0'.092 02971 01*6? OOOOOlO'i 16  9?0 -90  000 75 76 0 
00191 00565 05899 01587 OOOOOIO' *?   ';55 - 7*  997 1000 77 78 
00O9'.       - 0169» 0*858 .015** 00000305 *0   778 -7*  997 77 78 '9 
00797 0292« 03882 0150? 00000305 38  901 - 7*  997 78 79 80 
01099       - 03993 02971 01*63 00000305 16 918 7*  997 79 80 0 
00191       - 00906 05899 01587 00000305 *?  557 60  001 1000 81 8? 

.00977 01919 0*858 015** 00000305 -*0   '80 60  001 81 8? 83 

.01*61 02931 03882 01502 00000305 38 903 ■60  001 82 83 8* 
OlOHt       - 039H« 0297 1 01*6? OOOOOlO'i -IB 9?1 -60  001 83 8* 0 
oom 3 00*13 05899 0159' OD000305 *?  555 *5  000 1000 85 86 
012X0       - 012*0 0*858 015** 00000305 ■*0   ■'78 -*5  000 85 86 »7 

.02067       - 02067 03882 0150? 00000105 -38  900 -*5  000 86 87 88 

.0269X 0299* 02971 01*61 00001305 -36 918 -*5  000 87 88 0 

00906      - 00292 09999 01587 00000305 -*2 559 -29 992 1000 89 90 
.01919 00877 0*858 OlS-i* DOO0CS05 -*0  782 -29 992 89 90 91 
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STRUCIUNC  MOHCTHV      lOIMCNCIONS   IN MAVCLCNOTHSI 

COOMOKUTCS or sco. CCNTtR SCO. HINC   0 RltNTATIOti 1 ANOUS COM« XT 10 N 0*1 

X » I LCNOTH HAOIUS HLPHt, KT« 1- 1 | * 
0»]l -.01*61 OMM .01902 .00000109 -16.909 -29.M2 90 91 92 

019HH -. MOHi .02*71 .0I*W .00000109 -16.923 -29.M2 91 92 0 

-.00191 .09M* .019*7 .00000109 -*2.995 -19.002- 1000 91 •* 
oin* -.00H9H OOM* .019*1 .00000109 -*0.776 -19.002 91 •* n 
OIMH -wm OMK .01902 .00000109 -38.90] -19.002 •* 99 9* 

01*91 -.0109« 01911 Ol**] .00000109 -16.918 -19.002 «9 96 0 

•00000 .0 .ooao* 01609 .00010167 90 000 .0 97 97 9* 

-.00000 .0 .02*13 .01609 .00010167 90 000 0 97 9* 99 

-.00000 .0 OHOM 01609 .00010167 90.000 .0 9* 99 too 
-.00000 0 .09611 .01609 .00010167 90 000 0 99 100- 1000 

TOTM.  UI8t  LCNOTH •   I .927*6229119000 

«NICNNA SOUHCC  OlSTHiauTIONS 
SCO. VCLTAOC 
NO.        HAG. muse 
97       I . 00000 .0 0 

* IUOIM.  ONOUNO SCKCCN OT        180 B*OI«LS  M1TM « Wl«   RADIUS  Of       5.*17lt-07  HAVCLCHCTH HAS USCD 

I   SCOHCNT  CXCITATION   IVCtTS'MAVCLENOTHl 
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iKo CUWWNI- stc CWWtNI   - 
NO. RC*L IMAGINARY MAONITUOC PH« St NO. KM. ln*CINAf)V      lUCMlTUOt PttfSC 

1 7.•227t-01 1.9l72t-01 3.99M2800E-03 77,772 91 1.19191-01 2  091lt-03 2. 11969521t-03 77.961 
i 6   11 «Ä-01 2 9966t-01 3.02191799t-01 77,889 92 l.799lt-01 • 9M9E-01 8 691221121-01 76.061 » 1.19ISC-01 2.091IC-01 2   l398992ie-03 77  991 63 7.621Jt-01 3.5l71t-0S 1.598091011   01 77.772 * I.7MIC-01 •.9099t-01 6 69122312t-01 78 081 91 6  1167t-01 2.9MaE-0I 3 021l2t71f-01 77  66S 
i 7 «2IK-01 1,9I71E-01 3  99909101t-03 7'1,772 99 1.19I8C-01 2  0912C-0I 2   110016191   01 77.991 « S   1167t-01 2 9MK-03 3  021l2971t-03 77 889 96 1   7991E-01 9  5061t-01 8 69162102t   01 76.061 
7 1.19lit-01 2.0912C-0] 2.l100J6J9t-03 7^  993 97 7.6227t-01 1.5l72t-03 3 598626001-01 77.772 • l.7»91t-0H • 9061t-01 8.69382102t-01 78  083 9« 6.1162t-01 2 99661-03 1  02191799t-01 77.•M 
9 7.6«27t-01 3.9l7eE-03 3.99882600t-03 77  772 99 1.19I9£-01 2  Ü93lt-0I 2   13969521t   01 77  991 

10 6.116Ä-01 2  9966t-03 3.023917991-03 7 7  889 60 1   799lt-01 8 5099t   01 8 69322312t   01 76 061 
II 1.1919t-01 2  093IC-03 2   I3989921E-03 77  993 61 7,6211t-01 3  5l71t-03 3 599C9301t   03 77  772 
12 1   799lt-01 • 9099t-01 8 69322332t-01 78  083 62 6   3167t-01 2.9966t-03 3 02112871E   01 77.665 
1] 7.62111-01 I.9I71C-03 ^,99909101t-03 77   772 63 1  I5l9t-01 2  0912t-03 2   I1001619E   0] 77.991 
1« 6.J167f-01 2  9%6K   03 3   02112871t-03 77  885 61 l.7993£-01 8 5061t   01 8 693621021   01 76.061 
IS 1.11IK-01 2  09J2t-03 2   110036391-03 77  993 65 7.6227t-01 1.5I7Ä-03 3 59682600t-01 77.772 
IS 1.79S!£-0l 8.9061t-01 8 69382I02E-01 78 083 66 6   3162E-ai 2  95661-03 3 02191799t   01 77.669 
17 7.6227t-0'. 3  9I72C-03 3  998826001-03 77   772 67 1   1915t-01 2  093IE-03 2   1198952St-03 77.991 
1* 6. 316«-01 2  9966t-03 3   0239|799t-01 77 885 68 1   795IE-01 9.5059t-01 B 69122312t   01 76.061 
19 1  1919t-01 2  093lt-0J 2.13989921t-03 77  993 69 7  6233E-01 3  5171t-03 3 59909301t   01 77.772 
go 1.79Slt-01 9.9099t-0l 9 69322332t-01 78  083 70 6   3167E-01 2  9568E-03 3 02112871t-03 77.665 
21 7.62IK-01 3  5niE-03 3.S9909301E-03 77   772 71 1   1518(01 2  0912t   03 2   I1001639E-03 77.991 
22 6.1167£-01 2  996K-03 3  021I2871E-03 77 8SS 72 1   799K01 8  5061t-01 8.69362102t-01 76.061 
21 1  19IK-01 2  09J2C-03 2   I1003639E-03 77 993 73 7  62271-01 3.5l72t-03 3.596B260aE-03 77.772 
21 I.799K-01 8 5061t-0l 8 69382102t-01 78  083 71 6   1162f-0l 2  9566t-03 3 02391799t   03 77 665 » 7.6227t-01 1 5n2£-03 3  i9882600E-03 77   772 75 1  1515t   01 i'  09311   0 3 2   I39e9b21t   03 77 991 
26 6.116«-01 2  9966C-03 3  0239n99E-03 77  885 76 1   7951E-01 8  5059t   01 8 69122312t   01 76.061 
27 1.19l9t-0l 2  093ie-03 2   139e992<.l-03 77  993 77 7  6211t-01 3  5l71t-03 3 59909301t   03 77.772 
29 1   799lt-01 •.9099E-01 8 693221I2E-01 7B  083 78 6.3167E-01 2.9566t-03 3 02112871t-03 77.665 
29 7.621K-01 3  9171C-03 3.59909301E-03 77   772 79 1  15I8E-01 2  0912t-03 2   11001619t   0! 77 991 
30 6.11S7E-01 2  9WM-03 3.021l2e71E-03 77  885 80 1   7951t-01 8.5061t-01 8.69162102t-01 76.061 
II 1.19l«t-01 2  0932t-03 2   I1003639E-C! 77  993 81 7  6227E-01 3 5172t   03 3.5966260Ot-03 77.772 
12 1   799It-01 s.soeit-oi 8 69382102E-J1 7b  083 82 6   3162t-01 2  9566t   03 3 0239l79St   03 77.665 
I) 7  6227f-01 3.5l72t-03 3  59882600t   0 3 77   772 83 i   1515t-01 2  091IE-03 2   13969521t-03 77.991 
Jt 6.116Ä-01 2 9M6t-03 3  02391799f   =3 77  885 81 1   7951f-01 8  5059t - 01 8 693223321-01 76.061 n 1.19I9C-01 2  093lt-03 2   13989521     0 3 7".   993 85 7  6233t-01 3  5I71E-03 3 59909301t-01 77   772 
36 l,7«9lt-01 S.S099E-01 8  69322332C-01 78  083 86 6  3167E-01 2.9968   -03 3 02112671t-01 77.665 
37 7.62JK-01 1.9l71t-03 3  599093niE-03 77   772 87 1  15I8E-01 2  0932t-03 2. 11001619t-01 77.99! » 6.1167t-01 2  996«-03 3  021l2e71E-03 77  885 8* 1   7993t-01 8.5061t-01 8 69382102t-01 76.061 
19 1.19I9€-01 2  0932t-03 2   11003639t-03 77  993 89 7  6227t-01 3  5172t-03 3 596626001-03 77.772 
10 l.7991t-01 8 9061E-01 S 69382102E   01 78  083 90 6 . 3162t - 01 2.9566t-03 3,021917991   01 77.665 
11 7  M27t-01 1.9l72t-03 3  99882600E   0 3 77   77? 91 1   15l5t-01 2  0931E-03 2   139695211   03 77.991 
12 6.1162C-01 2.9S66C-03 3  02391799t-03 77   885 92 1   7991t-01 8  5059t■Oi 8 69122312t-01 76  061 
11 1.19l9t-01 2.091lt-03 2   l39e9921E-03 77 993 93 7  6231t-01 3  5I71E-03 3 59909laiE-03 77.772 
11 l.7»9l£-01 8 90S9C-01 8 69322332E-01 78  083 91 6   3167E-01 2  956at   03 3  02112871t   01 77.665 
H 7 6211t-01 3  5171t-03 3  99909301E   03 77   772 95 1  15l8t-01 2  09121-03 2   11001639E   03 77.991 

0         CUHUtNT sto CURBtNI 
)         m»L IMAGINARY MAGN1IUOt PHASt NO «Al IMAGINARV        MAONiruOC PMASt 
16       6.1167t-01 2  9568t   03 3  02112871t   03 77 885 96 1 .79511   01 8 5061t   01     8 69382102t   01 76.061 
17       1.15181-01 2. 0932t-03 2   110036391-03 77  993 97 1   8151t-02 8 19251-02    8 666173181-02 77.606 
18       1   795«-01 8 5061E-01 8 69382102E-01 'S  083 98 1.81611-02 8 17611   02    8 671965221   02 77.77« 
19       7 f,227t-01 3  5172t   03 3  598e2600E-03 »7   772 99 1   8393t   02 8 18321   02    8 680251691 -02 77  767 
50       6   31621-01 2  9566t-03 3  02391799t-03 77 885 100 1.8122t   02 8 19511   02    8 692801 751   02 77.765 
51       1  15l5t-01 2   09J1E   03 2   13989521t   03 H  993 
ADMIT.     1.835IE -02     8  1925E 02                        7PtD 2  I310t»00 1    1250E • 01 

8 6885t-02 77   806 l    151 Ot • Jl            -77  806 
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1 Uk «1 m 61 C« Cl 
1 9.2<MC-0>i «WMIC-OH -l.267it-03 -9.99711-0! 2   19191-01 1.09661-01 ( -i.MM-OI -I.IJ121-02 -1  61991-03 -7.19171-01 7.01101-01 1.1(661-02 
] -9.799«-OS -1.19921-02 -2 12911-01 -1.12271-02 9.21071-01 1.97191-02 
1 -I.H9O7C-02 -7.13191-02 -3.96091-03 -1.66191-02 1.91261-02 7.11691-02 
9 9.2lilC-0« H.MOIE-OH -1.26791-03 -9.99791-01 2.1Q921-01 1.06111-01 • -9.JttNC-0I -1.11121-02 -1.61601-01 -7.19921-0! 7.al1K-01 1.12661-02 
1 -9.7t99C-0l -"..19911-02 -2.12911-03 -1.12271-02 9 21061-01 1.97111-02 • -l.'.».«-02 -7.13211-02 -3.96111-03 -1   66161-02 151271-02 7.11721-02 • 9.2»70t-0» ». 99791-0'. -1.26791-01 -9.99711-01 2.19971-01 1.09711-01 

10 -9.IM1C-01 -3.13131-02 -1.61991-03 -7.19191-01 7.oiix-ai 1.12701-02 
1 1 -9 7990C-OS -S.369H1-02 -2 129X01 -1.12271-02 9.211 IE-01 1,97171-02 
li -I.H9>.9f-02 -7.11221-02 -1.96101-01 -1.66161-02 1.91271-02 7  11721-02 
II 9.2IMC-04 't.96H01-0'. -1.26791-03 -9.99791-0! 2.101M-01 1.06101-03 
I» -9.I9MC-0J -1   13111-02 -1   91601-03 -7.1991E-0! 7 aiix-oi 3.12661-02 
19 -9.799Ä-0S -'•.MSOt-02 -2  12911-OJ -1.12271-02 9.21011-01 1  97111-02 
16 -i.<t»in-02 -7.31201-02 -S.96111-03 -1   66161-02 151271-02 7  11701-02 
n 9.22H0C-a» »Mmc-O'« -1   26791-01 -S.9976C-0! 2  19671-01 1.09661-01 
i* -itooK-o^ -3.11191-02 -1   61601-03 -7.19921-0! 7  011X-01 1.127X-02 
19 -i 79i7C-0S -•4.16971-02 -2.12911-01 -1    12271-02 9.21161-01 1.57901-02 
20 -1  »»•9l-02 -7.1UK-02 -3.96121-03 -1   66161-02 1.51261-02 7,11761-02 
«1 9.2lilC-0s ».96011-0'. -1   26791-03 -9.99791-0! 2.10521-01 1.06111-01 
11 -9.S9»<c-as -1.11121-02 -1   61601-01 -7  19921-0! 7.01101-01 1.12691-02 
21 -9 7999C-03 -H.S691C-0? -2.12911-OS -1.12271-02 9 21061-01 1.57111-02 
i* -l.«.9H«-02 -7.11211-02 -1.96111-03 -1.66161-02 1   51271-02 7.11721-02 
n 9.22MC-0II <>.60911-0'. -1.26791-03 -9.99711-OJ 2   19191-01 1.09661-03 
M -9 S99HE-0S -1.13121-02 -1   61991-03 -7.19171   0! 7.01101-01 1.12661-02 
27 -9.7t9«-0S -•..36921-02 -2.12931-03 -1.12271-02 9 21071-01 1.97151-02 
21 -1.'•9*71-02 -7.33191-02 -3.96091-03 -1.66151-02 1.51261-02 7.11691-02 
29 S 219I£-0S 1.96011-0* -1.26791-0! -9.99791-0! 2 10921-01 1.06111-01 
SO -9 S99«e-0S -3.13121-02 -1   61601-01 -7.19921   03 7.01101-0! 1  12691-02 
11 -•.7999C-0J -'..36911-02 -2 12911-01 -1    12271-02 9.21061-01 1.57111-02 
J2 -l.«tW«9t-02 -7.33211-02 -1.96111-01 -1.66161-02 1   51271-02 7.11721-02 
31 9 2270C-0* 1 99791-0". -1.26761-01 -9.99711-0! 2.19971-01 1.05711-01 
]■) -9 S9«7C-aS -3   13131-02 -161991-01 -7.19191   0! 7.011M-01 1.12701-02 
19 -9.7ÜOC-0J -<•  S69H1-02 -2 12931-03 -1.12271-02 9.21111-01 1   97171-02 
M -l.*tHK-02 -7  33221-02 -3  96101-03 -1.66161-02 1 .51271-02 7.11721-02 
J7 9 2li9C-0M •..96<.01-0« -1   26791-03 -9.99791-0! 2.101X-01 1  06101-01 
Si -9.l9t2t-03 -3.13111-02 -191901-03 -7.19911-01 7.033K-03 1  126K-02 
19 -9.-V9K-0S -•.36901-02 -2  12911-03 -1.12271-02 9.21011-03 1.971 il-02 
fO -l.«t9»7€-02 -7.11201-02 -3 96111-03 -1   66161-02 1 .51271-02 7.11711-02 
<tl 9.22H0t-0H •..96161-a* -1   26791-03 -9 99761-01 2.39671-01 1.09681-01 
»2 -9.HOOK-OS -1.11161-02 -1.61601-03 -7.19921-0! 7,01191-01 3.127K-02 
IS -9.7997C-03 -••16971-02 -2.12911-03 ■1.12271-02 9..?1I61-01 1  57901-02 
HH -1  '•9N9C-02 -7.33261-02 -1 96121-03 -1.66161-02 1   51261-02 7.11761-02 
t9 9.2I9IC-0« •.96011-0'. -126791-01 •9.99791-03 2  '.0921-01 1.06111-01 !•• -9 399*(-03 -3.11121-02 -1   61601-01 ■7.19521-0! 7.01101-01 I  12691-02 
m •79991-OS ■•..36911-02 -2 12911-03 •1.12271-02 9.21061-01 1.97111-02 
»9 -l.<i9H9C-a2 ■7.33211-02 -3 96111-01 ■1.66161-02 1,51271-02 7.11721-02 
•.9 9 22MC-0O '..60911-0'. -1   26791-01 9.99711-0! 2   »1X-01 3.09661-03 
»0 -9  399«C-aS •1.11121-02 -1   61991-01 ■7.19171-0! 7.01101-0! 3.12661-02 
91 -9.799K-03 -•.36921-02 -2 12911-01 • •1    12271-02 9 21071-01 1.97191-02 
92 -l.t».7C-02  • •7.33191-02 -3 96091-03  - ■1.66191-02 1   51261-02 7.11691-02 
93 9.2liie-0S •..96011-OH -126791-03 • ■9.99791-0! 2 10921-01 1.06111-01 
9» -9.39tHC-0S • •3.13121-02 -1.61601-OS - 7.19921-0! 7.01101-01 1.12691-02 
99 -9.7t9X-0I ■ ■'..36911-02 -2.12911-03 - 1.12271-02 9 21061-01 1.97111-02 
M -I.H9HK-02 - 7  31*11-02 -3.96111-03 • 1   66161-02 1   51271-02 7.11721-02 
91 9.2270C-0H '..997it-0'. -126761-03  • 9.95711-0! 2 39971-01 1  09711-01 
99 -9 S997C-03 - 3.13131-02 -1.61991-03 - 7   19191-0! 7,01111-01 3.12701-02 
99 -9.79MC-03 - ••1691t-02 -2 12911-0]  - 1.12271-02 9 21111-01 1.97171-02 
90 -l.«9«K-02 - 7.11221-02 -1.96101-01  - 1.66161-02 1   51271-02 7.11721-02 
• 1 9 2IMI-0H ••.96101-01 -126791-01 - 5.99791-0! 2 '.OIX-OI 3.06101-03 
92 -9.I9MC-03 - 3.13111-02 -1   91601-01  - 7.M911-03 7  011K-01 3.12661-02 
91 •9 799X-0I - 1.16901-02 -2.12911-01 - 1.12271-02 9.21011-03 1 971X-02 
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•H -1 .'l9H7f-0? -7.IJ20C-02 -3.96IIC-03 -1 66I9E-02 1.9I27E-02 7m70f-D2 
69 9 2*ilC-0<i '..56J6t-0'. -1.2979t-C3 -9 .9976E-03 2 36861-OS 3 0966C-03 
M -6 tOOK-Ol -3.1JI6£-02 -1   9H90t-03 -7 .3992E-03 7  03H9C-03 3  H273£-02 
•7 -6 7967t-0J -H   3697C-02 -2  H29HE-01 -1 I227E-02 9 2SI6E-03 H  9790E-02 
M -I.HtKtt-Oi -7.3M7E-02 -3.9612C-03 -1 96ieC-02 1   9I26C-02 7 HI76t-02 
69 9.«l6ie-00 t  MOIE-0» -I.2679E-03 -9 .9979E-03 2 H092E-0'. 3 06l<fC-03 
70 -6.I96VC-0J -3.I3I2C-02 -1.9H90E-03 -7 .3992E-03 7.03X01-03 3 H266C-02 
71 -6.799K-a3 -1   369IE-02 -2.i«29Ht-03 -1 I227E-02 9 2H06C-03 »  97>.<tE-02 
11 -I.HViK-M -7.332lt-02 -3.961lt-03 -1 66I6C-02 1   5I27E-02 7  HI72E-02 
13 9 22661-01 i.  906IE-C -1.2676E-03 -9 .9973E-03 2  3939E-0«! 3.0966E-03 
7H -e.]99<ic-a] -3   I3I2E-0; -1.6199E-03 -7 39X7E-03 7  03H0E-03 3  H266E-02 
79 -6 799K-0] -<t.3692C-02 -2 H293C-03 -1 1227E-02 9 2H07E-03 H.'i7H9£-02 
76 -l.<t9H7t-02 -7.3319€-02 -3.9609C-03 -1 68I9C-02 1 .9I26E-02 7  '•I69E-02 
77 9.2I6IC-0O IMOIE-OH -I.2679C-03 -9 99^9E-03 2 H092t-0H 3 06IHE-03 
76 -6 I99»E-ai -3.I3I2C-02 -1.S160E-03 -7 . 3K2E-03 7.03H0E-03 3 ••269C-02 
7» -6.799S£-01 -t.369IE-02 -2  H29'.t-03 - 1 . l2i'7E-02 9 2H06C-0S H.97HHE-02 
60 -1  '•9>i6C-02 -7 332IE-02 -3  961IE-03 - 1 68I6E-02 1   9l27t-02 7  HI72E-02 
61 9.2270C-0'. t 9979€-0>. -1.2679E-03 -5 5974E-03 2.3957t-0>t 3  097HE-03 
62 -6.19971-0^ -3.l3l3£-02 -1   6H59E-0J -7 39X9E-03 7  03'i3t-03 3  «•270E   02 
61 -6.7960C-0I -<<.369HE-02 -2.'t293E-03 -1 l2i'7E-02 9.2HI1E-03 H  97H7E-02 
64 -l.*9M9C-02 -7  3J22t   0? -3.96I0E-03 -1 68I6E-02 I.9I27E-02 7  HI72t-02 
69 9.2I69C-0X •t.98>)0t-01 -1.2679t-03 -9 557it-03 2 H0S3t-0H 3 06IOE-03 
66 -6.3992C-03 -3.131IC-Of -1.6H60E-03 -7 395lt-0J 7.0339t-03 3  H268C-02 
67 -6 799K-0J -«.,36S0E-02 -2  H25'.t-03 -1 I227E-02 9 2H0HE   03 H  57H1E-02 
66 -l.<.9>t7C-02 -7.3320E-02 -3.96I1E-03 -1 68I6E-02 1   9I27E-02 7.HI70E-02 
69 ».22<.lt-01 M.96«0E-0'. -1.2e79E-03 -5 99761-03 2.3966E-0H 3  096K-03 
90 -9 KOOK-Ol -3.I3I6E-02 -1.6H60t-03 -7 3952f-03 7  03H9E-03 3  H273E-02 
91 -9.7967C-0] -'•.3697t-02 -2.t29Ht-03 - 1 1227t-02 9.2HI9C-03 H   5790E-02 
se -l.s9N9(-02 -7.3327E-02 -3.96I2E-03 - 1 6816E-02 1   5I29E-02 7  H178f-02 
91 9.2I9IC-00 1  MOIC-Ot -1.2979e-03 .s 5575t-0S 2.i<052t-OH ]  06IHE-03 
9H -9.]99>iC-ai -3   I3I2C-02 -1 .6<<60t-03 ■7 3992E-03 7  C5'.0t-03 3  H269E   02 
99 -9.7999C-0J -H   165IE-02 -2.H29NE-D1 -1 I227E-02 9. THOSE-03 H.97HHE-02 
96 -l.'<*lK-02 -7  332lt-02 -3.961lt-03 - 1 6816E-U2 1.5I27E-02 7  HI72E-02 
97 1.9992C-02 7.ll30t-02 6  0T.HE-0S -6 9786E-OH -1 .2007E-0J 1   379SE-02 
96 2.00JK-02 1   03291-01 2.0999E-0X -X 61ieE-0H -1   6696E-03 -l.eH73E-02 
99 I.9192E-02 9.2IO>)E-02 2,90SHE-OH 8 HI28C-0H l.3H99t-06 -7  2728E-0J 

100 2.9727E-03 1.971IE-02 ->«.9I3IE-01 -2 09l>.t-03 1   5HH9E-02 6  S2H3E-02 

VOLI»G£   TO  DRIVE   ANIENN»   AT    l-HATT    ■ I0.H399H 

ALL   FIELDS  ANC   NORIIALIZEO   TO   THIS   INPUT   POWER 
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i   c-riELO mon .0 HCTtHS   TO       IHO.IOOO 75.MOO HCTCRS 

POSITION ON PITH   IHCTEKSI C-TANKNT   IV/m TOT»L  C-ritLO  CV/MI 

Ot'OO 
•WMCOO 
7K90e«00 
MtTK.OO 
M90K«00 
Htl2W«00 
in75t«0l 
«7!7l.0l 
9l700e*0l 
70«UC«0I 
•9625C«0I 
onrrc'di 

i.nwx oi 
2.H8St2t<ai 

.65*75C«01 
•HHJ7t»0l 
OIIOOE'OI 
IIMK'OI 
HIU4COI 
«aM7t*0l 
79»0C>0I 
9M1««0I 
I7n5€«0l 
JSI37C>0I 
SSIOOC'OI 
7*0MC>ai 
930MC<0t 
IIMTE'OI 
1099OC»0l 
»MIK>0I 
6M7K*ai 
•7»7t«01 
0M00C*0l 
»7HC«0I 
«•17»K«0I 
6]M7Cai 
•nsoc'Oi 
ai6ix*oi 
20J7K>ai 
199171•01 
SWOK'OI 

I70SIC-0I 
ao9o<<c-oi 
2HH30C-0I 
27996e-ai 
IISSHC-OI 
15IHK-0I 

IOC-01 
S.>« 89 761-01 
5.>tSH7*e-0l 

.Sa92K-0l 
5X769C-01 
S9S09C-0I 
6388<<e-0l 
emiTC-oi 
7i>o]9C-ai 
7956K-0I 
85HH9C-0I 
9I7I9E-0I 
9«HIIC-ai 
o9Mee-oi 
I130X-0I 
UBiHt-OI 
3067HE-0I 
'•093«C-OI 
9l377t-0l 
B3MK-ai 
76832t-01 
9206K-0I 
0999X-0I 
30I09C-01 
9>tB07C-0l 

7?0?6€- 
39H1IE-01 
03«20C«00 
I8939C>00 
i«H0?7t»00 

I 999IK«0O 
3.9a33K«a0 
S.H>i369C«0l 

-01 
-01 
-01 

.2009*C -01 

.8306 IE -01 
MII6E -01 
mnt -01 

.387H0e -01 

.36><aoe -01 
^OJ'.'.E -01 
•«H606t -01 

.«•9? lit -01 

.9»?ooe -01 

.9959lt •01 
es-iet ■01 
7I7I0E -01 

.78%a0E 01 
eS88«.E •01 

.9n81E -01 
.OlllHt ■01 
. 1 1 >< 1 JE 01 
8ijie£ ■01 
jeomE -01 
H3983C 01 
i6ie^t 01 
69-"? JE 01 
BiefiE 01 
009ISE 01 
IB87eE 01 
3«8?0E 01 
6117IE- 01 
e650SE- 01 
19687E- 01 
H9663E 01 
90360E- 01 
HOJOIE- 01 
00J64E« 00 
0671.0E< 00 
fomoE« 00 
390OOE« 00 
67SSK« 00 
26672E« 00 
o?enE< 00 
31S09E« 01 

THE   INTEOWM.  Of   THE  E-FLO  TANGENT   TO   THE  PATH   IS 9.I081«E«0I   VOLTS.        m   POINTS  USED   TO EVALUATE   INTEGNAL 
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Vl-      MODELING GUIDELINES AND SPECIAL CALCULATIONS 

Experience with the WAMP antenna modeling program has proven the 
old adage that "Garbage in equals garbage out" is applicable.    If care 
in setting up the numerical model is not taken, completely erroneously 
results may be realized.    In this section, I will try to cover a few 
important modeling rules which can help to achieve good numerical 
results.    It is always important to carefully question numerical results 
for reasonability, and if possible, compare with experimental data. 

Segmentation - Often the key to a good numerical model lies in the 
segmentation of the physical structure.    Miller, et al.   (1971) estab- 
lished some fundamental segmentation guidelines for a variety of 
structures.    Typically, at least six segments per wavelength must be 
used for reasonable accuracy.    At the other extreme, one must not over 
segment a structure such that "pancake" segments are formed --- this 
violates the thin-wire approximations. 

Multiple junctions and segment length discontinuities, particularly 
in regions near sources, can lead to troubles.    A good rule of thumb is 
to make all segments at a multiple wire junction of equal  length. 
(Often times this is difficult to achieve when a limited number of 
segments are available due to computer core-size limitations and exe- 
cution times.) 

The data generator in the WAMP code has a provision for modeling 
elements with variable length segments.    The factor TAU, read in by the 
DATAGN allows for an exponential  increase or decrease in segment length 
on an element.    For an element of N segments, the segment lenqths vary 
by the relation (30): " " 

Li    =    V1 +^(i"1) (30) 

If we know the initial  length we need, L0, the total  length of the 
element, L, and the number of segments available to model the element, 
N, Table I of Appendix B can be used to find the proper value of TAU. 

Miller and Deadrick  (1973) have studied in greater detail  the 
consequences of segment length discontinuities    and the possible 
remedies available to achieve good numerical impedance data.    These 
techniques, i.e. accurate near field integrations, however, are 
expensive in terms of computer times, and should be avoided whenever 
possible. 

Near Field Anomalies  •   the near electric field subroutine in the 
WAMP code has been thoroughly checked and found to give good, consistent 
numerical results.    If one evaluates the near field at the surface of      ' 
the wire segements, however, large field perturbations may be found 
near segment ends.    These field perturbations are due to segment 
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current discontinuities at segment junctions; a result of the current 
interpolation method used WAMP.    Care should be exercised   in inter- 
preting near field results in these regions, particularly if you are 
trying to evaluate the voltage across a gap region used to model  an 
insulator. 

Horizontal Elements Near the Interface - The reflection coefficient 
approach used to model structures in the vicinity of an imperfectly 
conducting halfspace has been found (Miller, et al.   (1972))to give 
stable numerical results for horizontal structures whose height above 
the interface is   greater than 0.1 wavelength.    Below this height, the 
results may become invalid to the point of producing negative input 
impedances.    Long horizontal elements of several wavelengths near the 
interface can exhibit growing currents.   One approximation which has 
proven to   cure" some of the above limitations has been to fix the 
angle of incidence of the reflected wave to 7T/2.    This may be accomplished 
by setting the variable CTH = 1.0 in the subroutine CMSETUP. 

Radial Wire Ground Screen Model - The model used to simulate a 
radial wire ground screen is relatively simple in form in this program. 
(A radially varying screen impedance is modeled in parallel with the 
normal ground plane wave impedance.)    The results with this model  are 
quite good, except for vertical structures located at the center of the 
radial system.    In this case the screen appears to the program as a 
perfect ground, and other techniques, i.e., application of the compen- 
sation theorem, (Maley, et al, 1963) must be employed. 

Special Calculations -  The WAMP code may be used to compute many 
antenna parameters wMch often times are difficult to experimentally 
measure.    Listed below are some of the procedures required to compute 
some of these special quantities. 

Bandwidth-Efficiency - The bandwidth efficiency product is of 
interest to the designers of pulsed Loran systems.    Equation (31) defines 
this parameter \    /    * 

2Rr 

T = WTTU W 
df +     f 

where Rr is the antenna radiation resistance and X and ~ are the 
reactance and rate of change of reactance at a frequencyff     A 
calculation of this quantity is eesily performed by determininq the 
input resistance and reactance for the antenna over a perfect ground 
(no losses in ground), and then computing the input reactance for two 
different frequencies to compute /.X/Af. 
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Insulator Modeling - Often times it is necessary to access the 
potential across support insulators to estimate breakdown problems. 
Several ways have been found to model insulators,    One can impedance 
load a segment with a very high value of resistance, solve for the 
segment current and compute an IR drop across the segment.    Another 
technique is to model  the insulator as a physical gap and use the near 
field routine to integrate the fields across the gap.    This technique 
has been found to give somewhat high results, while if you take the 
E-field at the center of the gap and multiply it by the gap length, 
you can get a lower bound estimate.    These techniques allow an esti- 
mation of the insulator voltage drops.    One can either reference the 
drops to a 1 volt input, or normalize the antenna power to 1 watt. 
See Miller and Deadrick  (1973) for more details on insulator modeling. 

Corona Discharge Assessment - By using the near-field subroutine 
to follow a path along the surface of the antenna wire, one may examine 
the potential for corona discharge.    The coordinates of the field eval- 
uation path should be displaced a wire radius away, and sufficient 
points should be evaluated to resolve the segment end near field discon- 
tinuities mentioned above.    Again, the fields may be referenced to a 
1 volt input source or normalized to a 1 watt input. 

Catenary Model  - A special  feature of the DATAGN subroutine in this 
program is the inclusion of a catenary model to account for the drop in 
long length wires used in some of the large LORAN antennas.    The catenary 
curve is modeled by a series of straight line segments which approximate 
the catenary curve of the form shown in Figure 20. 

Number of Segments Limitation 

This version of WAMP is designed to operate specifically on the CDC 
3300 hardware configuration for the U. S.  Coast Guard headquarters in 
Washington, D.  C., and as such, limits have been placed on the number of 
segments which may be used to model an antenna structure.    A total of 
100 segments may be used, and in one sector of synmetry, only 22 segments 
may be used.    This means that if no structure synmetry is employed, only 
22 segments are allowed.    The number of segments in one sector of symmetry 
plus the number of segments on the axis of symmetry must be less than or 
equal  to 22,    The program allows up to 12 sectors of rotational symmetry 
maximum.    To illustrate this point, see example 3. 

In order to adapt this program to larger machines, one must increase 
the size of the arrays and also check to see that the error checking 
limits in the MAIN program are modified accordingly.    The structure 
array; CM (N,N) is a complex element array, and as such uses two floating 
point variables for each entry.    It is the primary user of core in this 
program.    The EINC array and the P array of common block /2/ are the 
excitation vector to the system, and an array of pivotals respectively 
used by the factor and solve routines. 
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EQUATION OF CATENARY: 

Z=Z2 - (X2-X)[W/2T (X-X^ + (Zg-Z^/CX^X^l 

W=WIRE WEIGHT/M 
T=WIRE TENSION 

{x1,z1) 

(X2.72) 

Figure 20.  Catenary Element Modeled by Subroutine DATARN. 
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Common block /I/ contains the physical description of the structure 
in terms of wavelength dimensions and direction angles, plus the elec- 
trical interconnection data. 

Common block /3/ contains the direction cosines for each of the N 
segments. 

Common block /4/ is used to hold data on multiple junctions set up 
by subroutine TRIO and JUNC.    Presently, the program limits multiple 
junctions to 25 segments at a point, however, this is easily expanded. 

Common block /SCRATM/ is used as a temporary scratch location by 
the factor and solve routines, and should be set by the size of the 
CM matrix. 

Common block /SMAT/ is a square scratch matrix used by the symmetric 
factor and solve routines.    Its dimensions are of the order of the 
number of symmetric sectors allowed, i.e., 12 x 12 in this version. 

Dimensioned variables, CURR, CURI, ZLR, ZLI, ZLC, AIR, AIT, BIR, 
BII, CIR, CII in the main program and NEFLD subroutine must also be 
expanded to the appropriate size of the maximum structure allowed. 
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APPENDIX A      WAMP PROGRAM LISTING 

MODMAH WAMP 

iNTcocn P 
COHPLCX /«»TI.AOmT.ZKO.KHV.KBM./HSIN.HUD.EBK.tBT.ERi.EW.EPr 

COHPICX CM.rj.EIMC.CXA.CU.Clr.CII.ERC 
DIMENSION CUMIIIOOl . CUMIIIOOI. l\.*lii\ .   ZLII22I. ILZHit .   COnilOl 
OIICNSION THCTRI5I. PHYUHi. Et»B(»J. OTHKISl. DPMRI5I. NTHMlSl. N 
IPMNI»! 
OltCMSION Aim 1001 . Al I 11001 . BIKI 1001 . SII I 1001 , C IB I 001 . Cl I (10 
101 
OIWN5I0N ISCCllIl. ENCRII?!. ENCIIiei 
OIICNSION C)CI?.e?.IOOl 
COHION /I/ N.NP.KIIOOl.tllOOl.r 1001 .SI < 1001 .Bl I 1001 .ALPI 1001 ,BETl 

I 1001 . ICONI I 1001 . IC0N2C 1001 .COLAW.N» 
COHHON   lil   CHI22,1001.EINCIIOOl .PI 1001 

COHHQN   III   CA«! I00I.SABI 1001 .SALPl 1001 
COHHON /i/ Ncox.joxiMi.NCix.ju^fi .NCOZ.JO;C?%I .Nci2.ji;ia%j 

EQUIVALENCE   ICH.CMEl 

NCOL'IOO 
•MPAOC-H« 
FJ-CMFLXIO..1.) 
ZZ>n6.7?7?7 

Pl-I   I4I5K65H 
TP.?.»PI 
TA*.0IT<<9KW 

t0-57.?95779SI 
C0NSI-Z2/(?   MPl 

 •••••RUN COtVKNTS •• 

REAO   IN   IST   DATA  CARO--S0 COtUMNS  V   RUN  COMMENTS 

I READ   160,661   ICOHII I.I•I.101 
IF   IE0F.60I   65.a 

 RUN OPTIONS""  
READ 2fO DATA CARD  TO SELECT  RUN OPTIONS 

•TRINT   ■  SELECTS LEVEL   OF  DIAGNOSTIC  PRINTOUTS:      0   TO  ? 
SELECTS  LOADED ELEMENT   OPTION     -0  TOR NO  LOAD.   -I   LOAD 

SELECTS  A PERFECT   GROUND FOB   IPONO  •   I.   •   0  FOR FINITE 
SELECTS  A RADIAL   CBOUNO SCREEN OPTION   IN  CMSETUP 

SELECTS  WAR-FIELD CALCULATION   IF   •    I .    -0   FOB  NO  CALC 
SELECTS FAR-FIELD CALCULATION   IF   ■   I.   -0  FOR NO CALC 
A.B.C   CURRENTS  ANO FIELD CALC   ABC   NORMALIZED   TO   I   UATT 

READ   160.691   NPRINT.ILOAO.IPCNO. 1GSCRN. INCAB.IFAB.NPUR 

ILOAO 

IPOM) 
IGSCRN 

IIC AR 
IFAR 

 FREOUENC»   AMI GROUND" •■■"" • 

RCAO   IN 3RO DATA  CARD 
GHZ • ANTENNA FREQUENCT   IN CIGA-HCRTZ 

OR - DtLTA-FREO   IN GHZ   IF  NFS    GT   1   --   FREO   •  OMZ   .   GB  STEPS 
ITS ■ NUMBER Of  FREOUENCT  STEPS   10  CALC   -OREATEB  OB  .   I 
KSTI» • FREE   SPACE   ANTEIMA  •   I .   OVER GROUND  •   ? 

EPSR • RELATIVE  DIELECTRIC  CONSTANT   OF  OROUNO 
SIC • CONOUCTIVITY  OF  GROUND   --   MHOS/METER 

READ   160.701   GHZ.G«.NTS.KSTMP.EPSR.SIG 
CaLAn«0.?9B79]/GHZ 
IF   IKSYMP.EO ?l   CO  TO  3 
EPSR. 

SIC-O. 
KSTHP. I 

I 
i 
3 
"• 
5 
6 
7 

e 
9 

10 
I I 

IS 
I] 

If 

15 
IE 
n 
IB 
19 
ea 
?i 
2? 

?3 
es 
n 
?E 
?7 

?8 
M 
30 
31 

IS 
33 
34 
35 
36 

37 
36 

39 
to 
11 
4? 

43 

HI 

t9 
50 
51 
52 
53 
5T 
55 
55 
ST 
58 
59 
80 
SI 
8? 
83 
6* 
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MNITC   Itl.-Jl» 
«ITC   Kl,7«) 
tmtn i«i.7ii 
mm I*I.THi <caniii.i«i.IOI 

HNITE   I«I.Ml   NmiNT.ILOAO.IMNO.ICSCMM.JNCAR.irtR.irMt 

mnt m,TSI OHj.tm.tesxoLu* 
ir iiFOM.ro.n wire I«I.IO.,I 

If   IKSYHP.CQ.2.AN0.INN0.E0 01  HMITC   161.76)   EPS*,SIS 
if   IKSVHP.CO.il   MtlTC   1(1,B«l 

Krone MCAOING IN none OAT* CMOS IN THE MAIN PHOOHAM, CALL THC 

OAT« OCICMATOM  TO FILL   UP  THC  OEOHCTRy  •ROArS     -   THE  OATAON 

HILL  NCOUINC   THC  NCXT-N-OATA CAIWS--SCC   T«  APPROPRIATE  DATA  ON 
JTIW  FOR AOOITIONAL   OCTAILS 

CALL  OATAON 

 STRUCTURE   STHNCTRY  

•CXI  RCAO   IN NP AND NX   TO SET  UP SYNHEIHr  CALCULATIONS 

•»•NUHKR OT  SEOWNTS   IN A ROTATIONALLT  STHMETR1C  SECTION 
NX-NUHHR  Of   SCCWNTS  ON   THE   AXIS  Of  ROTATION 

NOTE   THAT   TtC  PNOCRAH MILL  WORK   IF  NP-N AND N«-0 

READ   160.691   NP.NX 

WRITE   161.771   N.NP.NX 

HSIZC-W'NX 
NCOLSYN-N  NX 

IF  NSI« 

AMI   ItRP- 

IF   INSin.LE  ^^l   00   TO ■• 
I ERR* I 
00  TO 6« 

IP-IMP ACE 
SLEN>0 
DO •   l-I.N 

IF   IWRINT'll   7.5.5 
AP-ALPII I»TO 

■T>KT> I I'TO 
IP-IP«I 

NNPAOCI   CO   TO 6 
7»1 

IF IIP.LE 
URITE 161 
IP-I 

6 MITE   161 

7 ALPI-ALPIII 
■E TI -K TI I I 

CALP-COSCALPI1 

SALPIIl-SINIALPIl 
CA«I I l-CALP-COSIKT I I 

SAaill-CALP'SINIHTI) 

SLEN-SLEN-SIII I 

IF   ISIIII   CT   0.01   CO  TO 8 
MIITE   161.Ml    I 
STOP 

•   CONTINUE 
MIME   161 .61 I   SLCN 
ISCCIIII-O 
00 fl K-l.12 
IfCOlKI-O 
ENCRIKI-0  0 

t ENCIIKI-0.0 

IS  GREATER   THAN M.   TOO MANT  StGHENTS PER SECTOR  ARE   USED    A 

I A 

791   Xdl.TIII .Zl II.SIl II.BH I i .AP.BT. ICONK I I. I.ICONfl I)     A 

•9 
M 
67 
•• 
69 
70 
71 

72 
71 
7S 
75 
76 
77 

7» 
79 
80 

81 
»e 
83 

81 
85 
86 
87 
88 
89 
90 
91 
9? 
93 
St 
95 
96 
97 
96 
99 

ICO 
101 
102 
103 
I0<< 
105 

106 
107 

108 
109 
I 10 
I I I 
1 1? 

I 13 
1 li 

1 15 
1 16 
I 17 

I 18 
1 19 
120 
121 
122 
123 
12H 
125 
126 
127 
128 
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17 

in>o 
•«ire (•I.KI 

 SOUMCC  CXCITATION  
mtO M.STH OAT* C*NO TO*  THC  SOUMCC   TO OHIVC  ANTENNA 

IS • CXCITCO SCOMCNT  NUHK* 
CC1 • HAONITUK  Of  KOICNT  t«CII«tlON--VOlTS 
CCA •  PNASC  Of  CKI TAT ION   IN OCCMCCS 
NTtO       •  NTLO-I   ir  NONC  SCCHCNTS  AHC   TO K  C«CITCO.   -0   TO CM) 

USC   1.0  VOIT  AT  0 OCO FNAK fOU COMMCCT   INPUT   INTCOANCC  CALC 
I   TO   I« SCOMCNTS H*y  K  SlfM-TANCOUSt.» CXCITCO, 

"CAD  IM,Ul   IS.CCN.CCA.NTLO 
t«iTc iti.aii IS.CCH.CCA.WLO 

ir   II.LC.IS.ANO.iS.LC  Nl   CO  TO   II 

um.i ir souncc SCWCNT IS LT I OR OBCATCI» IMAN NUH or sees usco 

00  TO S« 
K-ISCOMII«! 
ir iK.LC.i2i co TO ie 

ltm-3   IT   TOO NANT  SCCHCNTS  A*t   SClECTtO fOK  SOUUCCS 

ICIW-J 
00  TO SH 
ISCCIIII>K 
ISCCIKI.IS 
CCA>CCA«TA 
CNCRIKI «CCn'COS I CCA l 
CNCIIKI>CCH'SINICCAI 
• r   IITLO.IC.OI   CO  TO   10 
if iiLOAoi n.ia.i] 
00   IH   l-l .t* 
ZLCIII-O.O 
ti.ni 11 «oo 
a.iiii>o.o 

 SCOWNT   LOADING  
If   UOAO  ■   I,   TICN NCAO   IN SCWCNT   10»0 PABAW TCRS 
» •  «SISTANCC   IN 0*K ON EACH Of   THC  SPCCIflCO SCONCNTS 
II -   IMMTANCE   IN HENRYS ON EACH Of   TMC   SPCCIflCO SCCHCNTS 
It ■  CAPACITANCC   IN FARADS ON EACH Of   THC   SPCCIflCO  SCCHCNTS 
II ■   LOADS  ARC  COMCCTCO fROH 
II ■   SCOMCNTS   II   TO   I?   INCLUSIVE 
WLO       -   I   fOR HONE  LOAD CARDS.   -0 FOB CNO Of   LOAD   INPUT   DATA 

NOTC      If   SnaCTRT   IS  CHPLOrCD AND A ROTAIIONALLY  SrHHCIRIC   SCOHCNT 
IS LOAOCO.   TtCN ALL   LIKE   STHREIRIC   SEOHENTS MILL   ALSO BE   LOADED 

READ   taO.aSI   ZR.ZI.7C.II.I2.NfL0 
If   M?.CO.01   I2-II 
imnc lai.aei n.ia.zR,71.2c 
If   II?.LT.Ill   CO  TO   17 
If   MI.LE.MC0LSTH1    ll'HOOlll.NPI 
if II?.LE.MCOLSTHI  ii-nooni.tf) 
IT   III.CT.NCOISTHI   IKnaOIII.NCOlSTHi.W 
If   ll?.CT.MeoiSTH>   l2'H0OII?.NCXSrMl.M> 
00 ia i-ii.i2 
7LCIII-ZLCI ll«K 
2Lain>7LRlll«ZR 
n.llll-7Lllll<ZI 
COMTIMX 

IM 
110 
III 
IM 
IIS 
III 
I» 
IW 
137 

A iia 
A in 
•    1H0 
» 111 

> \*i 
> mi 
k if, 
' its 
l I »6 
1 m7 
1 me 
1 its 
> ISO 
1   151 
.   15? 
i   153 

I5>. 
155 
156 
157 
158 
159 
160 
161 
16? 
163 
16«. 
165 
166 
167 
168 
169 
170 
171 
17? 
173 
n* 
175 
176 
177 
178 
179 
180 
iai 
1 a? 
iai 
tat 
185 

187 

laa 
189 
lao 
191 
192 
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IF   INTLO.IC.Ol   00  TO   IS *   |g] 

C «It» 
e         KOIN rncouCNCr oo LOW  A IH 
c * its 
It      00 tl MI«-l.irS «   1*7 

ril-i0M2*0NI/0M A  IM 

If   li«!.tO.II  F«-l . A   IM 

OHixwrt A 2oa 
COLAN-O.ZMTtl/QH/ A  201 

C A 202 
C INATI   •   TIC  RATIO OF   THE  HALF-SPACE   TO F«t-SP»Ct  PLANt  UAVC   IHKO     A  201 

C A 201 
ZNATI-CMftTII ./ltPSII-FJ«SIC'C0t.An*S9 92J i 
IF   IWS.CQ. II   00   TO 23 
IF   INMINTI  20,19,19 

It      MITE   l»l,r»l   CM 
20 00 22  l-l,N 

«1 I)>XIII'F« 
Ti I i>rii i«Fii 

Zlll-2III*FI« 
SIIII*SIIII*FR 
•■■■■••iiii'Fit 

IF INntlNTl 22,21,21 
21 IWIIC (Ol.tfl «III .rdl .;i II .SI I I J .811 I I 
22 CONTINUE 
21  CONTINUE 

C 
C CNSETUP   IS USED  TO SET   UP   It«   CONPLE«   IMPEDANCE   HATRI« 
C 

CALL   CHSEIUP   <2RATI .KSrHP, IPOC. ICSCRNi 
C 

C NOU ADO   IN  TIC   IMPEDANCE  LOADING  ON   THE   SELF   'ERMS 
C 

IF   IILOAO.EQ 01   CO   TO 25 

00 IH   l>l,NSIZE 
J-l 
IF   II   CT.NPI   J-NCQLSrN'l-NP 

IF   ITLClll   CT   0>   CMII ,J)-CM( I .Jl.fJ/itP^OHi»!   E«9'ZLC c I 1 «SI (I I l 

2<«       CHII,J1-CMII.J)-/LRC 1 P/Sll I l-FJ«TP»OMiM   E'9'.-1 I I I I'SI I I 1 
29       IF   ll#>RINT-ll   28.28.2« 

2«      CONTINUE 

00 27   ■•I.NSIZt 
27 MITE   161.Ml   I , l ICIC iKAr . I . jl .> >Y-l .2 i . j-1 .N 

C 

C •• SOLUTION  OF   Tl«   MATRIX   EQUATION <• 
C 

28 CONTINUE 
C 

C FACTOR  TIC   IWEDANCE   MATRIX 
C 
C 

C NOP-NUMER OF   STHETRIC   SECTIONS-MUST  BE     LE      12 
C 

NOP-IN-NXI/NP 

CALL  FACTRCS   INP.NOP.NX.CM.P.NROH.NCOL . U 
C 

C SET   UP  THE  EXCITATION SOURCE   VECTOR       «NY  OF   'HE  N SEGMENTS MAY 
C K  EXCITED. 
C 

00 29  l«I.M 

EINCUI^CMPLXIO   .0   l 
ISEOL-ISCGIIJl 

00  JO   I'l.lSECL 

209 
209 
207 
20« 
209 
?10 
21 1 

212 
211 
2I>< 

215 
216 
sn 
218 
219 
220 
221 
222 
221 
22'. 

22S 
226 
227 
228 
229 
210 

231 
212 
211 
am 
215 
216 
237 
238 
239 
2H0 
211 
2'. 2 

2X1 
211 
2'. 9 
216 
217 
218 
219 
250 
291 
292 
293 
291 
259 
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is-iscein A (M 

JO    ciNcnsi'-cmxicNCKin.CNCIIIIWSIIISI * n? 
IF   IMWIMT.LT.OI   00  TO  K .  M. 
MITC cti.Mi . ,n 
0OHIP.I.H Ä™ 
«■•MCALICINCIIPII A   ... 
X«»«INMICINCIIPII *  N( 
ir   III.IC.O   .0N.X2.IC.0.I   »'Tt   161.Ml   IF.KI.X? ,  Ml 

Jl       -JHTIMUt "* 
V       CMTIM A«9 

A  MS 
SOL«  rM£  STSUH or  COUATIONS TO« StO^CNT  CU(W£NTS---TMt  EINC A «67 

«•«AT   IS   THt  CXCITINC  SOUHCC  MATRIX   TO  TMt  SOLVE  SUIKOUTINC A  261 
«•«.  THE  CWMCNTS A«  KHmxtf FlWJfl SOL«   IN  THIS  AKHAT. *  26g 

CUNI   •   INVICHI   •   CINCI »  870 

A  271 
CA.L   SavCCS   I>».N».NX.CH.P.EINC.NB0W.NC0L1 A  gjg 

Tt«  SCCHCNT   CMNCNTS  ANC   HtTUWIED  TMROlOH  THE  EINC   AIWIAY A  27H 

OOJJI.I.M *  "' 
CUMRIIfHCALIEINCIIII ,   ;1° 

u    cuniiii-AinAoiEiNcini «97a 
l»aLF-IN.|>/2 ,7 

i^-iwAec , ' ! 
oor.i.,.N J^ 

^'^ » ^ 
"■|P,, A 283 
CHAO-SWICUR«! IMCUIWI I I.CURI ill'CUBIIIl] ,  gaH 
FM-TO'AATAieiCURI I I I .CURB! Ill 4   -„ 
ir IJ 01 »1 00 TO JS , g£ 
C«*(i^»S<«t<CUR«(JMCUW»IJI»CU»ll(Ji'CUBI(JII A  gB1 

»V-TO'AATAttflCUNIIJI.CumtlJl I A  ?Bg 
IF   IIP LE  MVA« I   00  TO   ll .   -Ba 

-JITCSI.,,. .- 
A  291 

V       •*'«   'S'.W   I.CUWIII.ClWKII.CHAO.PH.J.CUWIlJl.CUBIlji.CdAOP.PM A  292 
"' A  293 

A  29«. 
A 295 

I   SECANT   IS  EXCITEO.   AN   INPUT   IMPEDANCE   IS  NOT   CALC A 296 

35      IMITE  161.921   I .CUB«111 .CURI11 l .CHAO.PH 

TO OBTAIN   Tt«   COBWCT   IN-  JT   IMPEDANCE   TMt   ANTENNA  SEOMENTS 
ftÄT   BE  EXCITEO MITH A   I   J   »OLT   Al   0 0€0 PHASE   SOURCE 

IE   IISEOL.OT. I I   GO  TO  36 
Aonir-cuRRi is.«rj'cuRiiISI 

AOHAC^CASSIAOniTI 
A0rA2-AATAN2ICURI ( ISI .CUWJI ISI |M0 
2PC0-l./A0niT 
ZTUC-l./AOrUC 
zrA/--AarA2 
AOniTR-REALIAOnlTI 
AOniri-AiHAOiAoniTi 
/PE0R>R(ALIZPC0I 
ZPCOI>AIMAOl/PtOI 
«ItE   161.931   AOWITR.A0«ITI./PE0R.ZPtDI.A0MA0.A0fA?.7MA0   IfA2 

36       CONTINUE 
IE   ItTRINTCTOI   URITE   161.9HI 

C 

C EXPAM)  T«   SOLVED Cl*RCMTS  AT   SEGMENT   CENTERS   INTO  A  CONSTANT   PtuS     I  Jl'l 
C A SDC  AM) COSINC   TERH     MSI   •     A  .  8'SINiK'Sl   •   C'COSlK'Sl A   J17 

A 297 

A 298 

A 299 

A 300 

A 301 

A 302 

A 303 

A 304 

• 30* 

A 306 

A 307 

A 308 

A 309 

> 310 

> 31 I 

« 312 

> 313 

» 31it 

3IS 

DO 9* l-I.N 
A 318 

A 319 
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CM.L   TRIO   U.JCOI.JCM.OIL.OIKI 
S-SIIII 
Cl'TP'OIL 
CICTR*OIK 
SIM.-SINICLI 
COSL «COS ICL I 
SIMC-SINICKI 
CMK«COS(CKI 
SILK-SINICL«CKI 
CClLO*StNL«SIMC-$ILK 
IF   IJCOll   J7.W.SJ 

17      CRLO-0.0 
CILO*0  0 
IF   INCIX.LT.II   00   TO  19 
00 M K.l.NCI» 
JIXK^JIXIKI 
CNLO-CHLO'CUN« (JIXKI 

M CILO-CILO«CURI(JIXKl 
N      CONTINUE 

IT   INCOX.IT   II   GO   TO HI 
DO tO K-I.NCOX 
JOXK-JOXIKI 
CRio-cm-O-cum i JOXK I 

10      CILO-CILO-CURIlJOXKI 
»I       CONTINUE 

GO TO H<t 
»^       CKLO-OO 

CIIO*0.0 
00  TO HH 

••J      CRlO'CUMtlXOII 
CILO«CURIIJCOII 

"•1       CNLL^CIMRIII 
CILL'CUnilll 
If   IJC02)   45.50.51 

is cn.r'0.o 
Clir-o.o 
IF   INC02.LT.II   CO   TO  H7 
00 <>6 K-l .NC07 
JOIK-JO/IKI 
Cn.r>CNLr«CUM(IJO/KI 

»6 CILT'CILT'CURIIJOZKI 
17      CONTINUE 

If   INCI2.1T.Il   GO   TO 19 
DO 18 K-l.NCIZ 
JUX.JUIXI 
CRl»»C(«.»-CUW»IJIZKI 

1» CILT-CILT-CURIIJI2ltl 
19      CONTINUE 

CO TO 5? 
50 Cl«.r*0.0 

CILT>0 0 
00  TO M 

51 CHI-V-CURNIJCOei 
CILr-CUR|IX02l 

S^      »l«l|l»ie«.0«SI>«<-CNLL»SILK»C«.»»SINt 1/CtLlO 
«lllll>ICILO»SI»«-CILL'SILK«CrLViSINLl/CCtLO 
■ IRIII'ICNLO-CCOSK-I      »CNl.L'CCOSL-COSKl'CRI.fl :   -COSLl I/CELLO 
• lllll'ICILOMCOSK-l   Ol«CILL'ICOSl-COS«>«CILl"i 1   0-COSLI I'CtLLO 
Cmill.-ICNI.O«SIH<-CRlLMSINL»SINKi.CRLr«SlNtl-CELLO 
CIIIII«-ICILO«SINK-CILL»ISINl»SINKl.CILlr«SINLWClLL0 
If   IWWINTl   51.51.53 

5J      MRITC   151.991   l.«mi li.Alll I l.ildi n .811( 1 i.CIRl I l.CI II li 
91       CONTINUE 

C 

* MO 
* Ml 
* M« 
* It! 
* 3*1 
* 325 
* 326 
A 3*7 
* 3*9 
* 3*9 
» 330 
A 331 
A 33* 
A 333 
A 331 
A 339 
A 336 
A 337 
A 338 
A 339 
A 310 
A 311 
« 31* 
A 313 
A 311 

A 315 
A 316 
A jn 
A 318 
A 319 
A 350 
A 351 
A 35* 
A 353 
A 351 
A 355 
A 356 
A 357 
A 358 
A 359 
A 360 
A 361 
A 36* 
A 363 
A 361 
A 365 
A 366 
A 367 
A 368 
A 369 
A 370 
A 371 
A 37* 
A 313 
A 371 
A 375 
A 376 
A 377 
A 378 
A 379 
A 380 
A 381 
A 38* 
A 383 



c 

c 

c 
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K-O 

*   MH 
c       ir tmm-i   NOMULIK rtc *NTEW«A'S INTVIT NUCR TO * NcrcNCNce          « IM 

C            I-M»tl   lt#UT. »   ,M 

c * Ml 
c        *IM 

ir it#Mi.eo.oi oo TO S7 * jn 

nMS>M>0. A 190 
00 M  l-I.ISCOl A  191 
icxcir-iscoin A 192 

n«-O.S*NCALI(CNCMIII<rj>ENCI(l iMICURRIICKCITl-FJ^CUniliexCITI J I        A   191 

99      CONTINUE 4   ja, 

HATTI^SORTII./nMSUni «]M 

t«ITE   l«l .Ml   UATTI «   J97 

00 M   I'l.N «   ]M 

199 
C NOMHALIK   TtC   ANTENNA CUMKNTS   TO  AN CQUIAVLCNT   I   HATT  ORIVt   FOR A  -.00 

C FIELD CALCULATIONS. tvOI 
c « *ae 

AIRIII'AINIIMUATTI 4  40j 

AIIIII-AIIIII*HATTI ,   mm 

■ IMlll-aiRIIMUATn A  SOS 
Blllll-BIIIII'HATTI A  H06 

CIRI|l«Cmcll»HATTI «   407 
CIIIII-CIMII'UATri A   ,08 

96 CONTINUE 
97 CONTINUE 

sos 
HIO 
411 

C  NEAR FIELD CALCULATIONS  Am? 
C A   MH 

IF   ( DCAR.EO. II   CALL   NEFLO   I »If». AI I .BIR.SI I .C IR.CI I , ZRAII .KSTMP l A   Mm 
c A  MIS 

MIS 
C  FAR  FIELD CALCULATIONS •••• A   4 17 
C A me 

A   419 
IF   lirAR.EO.OI   CO  TO 61 «  <,go 

«•««I A   4?l 

A   422 
FAR FIELD   IfTUT   SELECT IONS--UP   TO 9  CARDS MAT  BE  USED A   42] 

T»€IR     •   INITIAL   TMETA COOROINATC   -OCCOtCS A  4?4 

PMYR       •   INITIAL   PHI   COOROINATC --DEGRECS A  42% 
ETAR       •  EIA  ANOLE--DECREES A  426 
DTHI       .  DELTA   TATA  STEP--OEG «  i,gi 

DRNR       •  DELTA PMI   STEP-DEC A  42B 
NT»«       •  NUMCR Of   TMETA  STEPS A  429 

*»«       •  NUMKR Of   PHI   STEPS A  430 

l*LO       •   -0   IF  NO «ORE   FAR-FltLD CARDS.   •!   FOR «ORE   INPUT A  431 
ICU5IG  -   -I   IF  FAR FIELD CALC   OVER OlrrtRENT  MEDIA.   -0   IF NOT            A  432 
SIOTF     ■  COWUCTIVITY  or  FAR-r lELO MEDIA--MMOS/NETER A  433 

EPSTF     ■  RELATIVE   DIELECTRIC  CONSTANT  Or  FAR-FIELD MEDIA A   434 

A  435 
READ   160.*•■   TtCTRIKI.PHTRIKI.ETARIKl.DTMRIKI.DPMRlKI.NTHRIKl.NPHR     A  436 

IIKI.NTLD.NEHSIO.SIOrr.EPSrF A  43-) 
IF   IITLO.NE.OI   00  TO SB A  436 

KtW-K A  419 
IP.IMRAOE A  440 
00 W KR-I,KMR 

»IKRl 

tIKRI 

A  441 
A   442 

A   441 
TMRO-T»«TRlKRI A   444 
DTMMOTMIIKRI 
NTMMONTMIIKRI 

449 
446 

SETA-SINIETARIKRMTAI A   447 
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C(TA-COStCT*HIKRI>T«l 
PI«K>n«YltlKRl-OMW 

c 
C LOOP  TMMMGM  THE  PHI   «NOLCS 
C 

DO •* KP-I.NPMBK 

M(<r* 
SPHI>SINIPMM(*I 
eMI'COSlPNRKAl 
T»«K>THR0-OTt«K 
PKX--SPHI 
PKY.CPMI 

C 

C LOOP  THMHJSH  THE   THCU  «NGtCS 
c 

00 K KT-I.NTHHK 
T»««(-T»«K«DrHRK 
THMCA'THNor* 
STtCT-SINIT»«KA) 

(W«-Stt€T«CPMI 
«OV-STtCT'SPHI 
NOZ-COSITHRKAI 
tlXP-CtlA'ROi'CWI -SCTA'SPHI 
tir«"Cci»«(ioz«SPHi«stt»»cPMi 
tl«l--CtI«»ST>«T 

IP"IP«I 

CK-CWIXCO, .0   I 
CIT-CMPIXIO..0.) 
CIZ-CHPLXIO .0.i 

c 

C IF   »OU U*NT   10 CAtCULATt   IHC   FAR FIELD  »ADIAtlON PATTERN OVER  » 
C «DIA tMICH   IS OIFFEHCNT   THAN   THE   NEAR  ( IELO.   SET  NEHSIG-I   AND 

C READ  IN  It€   NEU GROUND PARAMETERS  ON   THC   FAR-FIELD CARD. 
C 

IF   IICU5IG.E0.il   iRAIKSOBTM   /IEPSFF   rjtsi0Frtc0LAH«M.9Si l 
ZR3IN»CS0RTII .-WATI'ZRAII'STHET'STHET 

RRV-IRO2-2RATI<;RSINI/IRO;<2RATI>;RSINI 

RRH--IZRAII»R0Z-ZRSIN1/1ZRATI«H02«7RSINI 

MW'RRH-RRV 
00 BO   l-I.N 

CASI-CABIII 

SASI'SASIII 
SAtPI-SALPII) 
RfL--l 
00 60 K-I.KSVHP 

RFL-  RTL 

ARG-«( I MROX'YC I I •ROW I I MROZ'RFL 
CARG*COSITP*ARCI 
SARC'SINiTP'ARCI 
EXA-CMPlXICSARO.SAROi 

OOOEL-ROX'CABI'ROY'SABI'ROZ'SALPl'RFL 
XOOEL-CABI-R0>'OOOEL 
rOOCL-SASI -ROT'OOOEL 

ZOOEI-SAIPMRFL-ROZ-DOOEL 
OTCGA'-DOOEL 
CL>PI'SII Il 

SILL*OMEGA«EL 
TOP-EL«SILL 

■OT-EL-SILL 

A.I^.0-OHEGA•ONEOA•CL•EL/3  OI'EL 
IF   lAKiarCGAl   GE.I.E-71   A-J. «SINPSILL I   ONEGA 
TOO'l   0-TOP»TOPA6 0 
IF   (A»SITOPi   Ot   I   E-91   TOO-SINi TOPI'TOP 

A OHM 
A <*<*% 
A HiO 
A H9I 
A «M 

HSS 
1.81 

tK 
H56 
'•57 

45i 
1.59 

1.60 

1.61 

KB? 
»63 
tin 
•.65 

1.66 

1.67 

1.68 

1.69 

470 
1.71 

*li 
1.73 

1.7«. 

mi 
1.76 
1.77 

1.79 

1.79 

180 
181 
IBS 
183 
181 
IBS 
186 
197 
198 
189 
.90 
491 
19J 
193 
191 
195 
196 
197 
198 
199 
500 
501 
50? 
503 
501 
505 
506 
507 

508 
509 
510 
51 1 
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* 91« 

* SIS 
A SI« 
» sn 

■oo«i.o-Mr>nT/s.o 
ir  l*M(MT).K.I.C-Si  •WSINIKTJ/MT . ... 
•HL'HOO-IOOI I ;,': 
C*ClMMO*TOOt 
w«**AiKiii«i«tiiiiMC*cini n 
KI-«**I i (ii-i>imi ii.e«eii 11» 
«M.wxoeti . ,,,, 
««»•IWTOOCl * I'Z 
wi-M^toocL * :!„ 
«iX.»l«X0Ofl * „, 
«lY-wi^Tooei * „' 
MIZ^RflOKL " „, 
CRX>CNn.XIMt>.IIIXI *  '" 
WyeWLxelWY.Hlr» . „, 
tw-ci*ixi(»z.i»iz) * ;" 
ir iK.ic.ai eo TO sä . .!: 
£M.««x«tRx.«<r»t«Y " „' 
IM-WX.tPY * III 

CHX—INNVCRX'WWC») V rr, 
eKT.-IHnv«CNT«IWO«EPVI * "1 
EM-NRVCM * "* 

S9     CIX>CIX*CRX>exA * '" 
CIT.CIT.MY.f»» *  "* 

•0      CI/.CI/.tW«EXA *  "' 
MX-COWST'CIX *  ", 
CMY.CONST'CIY * ill 
CWTONSI'CIl '  '" 
CPC-l^X.CIXA.tBY'CIYR.tWtlZB .   ?" 
tR.«,    IIHCI * lH0 

[■•Aifuofcnci * r ! 
* St? 

WAO.e*«SltW.ST»CfCPM|.tRY.St«T«SPM|.CRi.«WI ,  ^. 
tT»€TA.CAKlE«.«)7.CPM|.ERY.(«OZ«SPHI-ER7.SIHCTl ,  ," 
ERMI.CAKl-ERX'SPHI.ERY'CRMIl 
«ttÄ-TO'AATAMeiEI.ERI * '■*' 
E»IAO.SORT(tR*0..i.Et«i«..s,tpH,..?1 "° 
If   IIR.U.I*RAOCI   GO  TO 61 .   ZZ' 
WltE   161.971   ICOHI II. 1.1. 101 ''„ 
IF   IICUSIC.Ea.il   MRITE   161.981   EPSfF.SIOTF .   „„ 
«RITE   161.991 .   0 

IP.I '  S" 

61       »HE   161.1001   rHRK.PHRK.ERAO.EIM£r«.fPMI.tW«0.PH»ZE t  «t 
6«      CONTINUE 553 

6J      CONTINUE *  "" 
00 TO  I *  5M 

6H      URITE   161.101 I   IERR *  .'* 
■S      CONTINUE 557 

STOP * 558 

C « S59 
c A  560 
c » S61 

66      rOWMT   (//3JH ANTENNA   IS  MOOELED   IN FREE   SP»Ct'/l »  ll\ 

'7 ir::,^^^;:,?:'-'^''''6—■•"• ■"- - 
«•      FflWUT   II0A8I * ;fs 

M      FORMAT   II6ISI * '!' 
70 FORMAT   l?FI0.9.?l9.er 10.5» * ,'. 
71 FORMAT   I///.JOM  *   ™ 
7?      FOWUT   (/.JON HIRE  ANTENNA  NOOELINC PROORAH./I .  ,,! 
7J       rORHAT   (JON , *  ';0 

7«.       FORMAT   I///.IX.IOAR/I *  ',' 

7S      FOIWAT   1/IX.«MFRC0UCNCYI?X.1M.EU »/I».??^(1E0UENC»   INCREMENT     -El     A  571 
irS/IX^»««.   fRCOWNCY  STEPS     .|<./I».?2MMAVELEN0TH     IHETERSI<EI]     A  S7H 

'   '" A 579 
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7«       FOMMT   lU.eZHOMOUM) PLANE   »T   Z   •   0 . / I «.laHOlCLCCTniC  CONSTANT     -t * 5 >» 
II1.9'I«.I2MC0N0UCTIVITT9X. IH-CII  5/1 «  977 

77       rOMUT   I/MI.2ZHNUMKR OF  SCCfCNTS       ■ 1«/IX .agHNO.   SCO.   IN *  StCTO A  57» 
IM •IV.IX.SItMO.   SCO.   ON AXIS or ROTATION •   ,1X1 A 579 

7t       FOMMAT   mSHI   STAUCH«  0€0»«T«Y     IOIICNSIONS   IN  HAVfL€NOTMS)//2X,» A  3M 
UMCOOnOINATCS OF  SCO.   CENT»            SCO.               MIRE          ORIENTATION  Uil A  591 
»»MOl'S      CONCCTION DATA     /6XUHX                    »                      Z               LENOTH« A 9«a 
MH        RADIUS           ALPHA             BETA         I-         I        I«           1 A 58) 

7»   rONNAT oriO.S.riO^.Jf I0.3.1ISI A JSH 
•0  rOMHAT iIOH NEGATIVE SCOHCNT LENGTH   >l5l « 595 
• I   FORHAT 1/8»* TOTAL MIRE LENGTH    •CIS III A 986 
K   FORHAT I/29N ANTENNA SOURCE OISTRIBUT IONS'2'.M   SCO.       VOLTAC A 987 

IE  /MM  NO.     MAG.      PHASE 1 « 588 
•I   FORHAT ll5.aFI0.S.I9l » SB9 
•H       FORHAT   l9Fia.9.m9,2F5. II , 590 

•9       FORHAT   1X10.3,3191 A  591 
M       FORHAT   I9H SEGMENTS.I».9M  THRU, m, 1«H LOADED  UITH,EI0J.16H OHMS  R A  99? 

IESISTANCE.EI0.3.23H HEWICS   INOUCIANCt   »NO.EIO   3 .BOM FARADS CAPACI A  593 
«TAHCE. I A  594 

•7       FORHAT   IBFIO.SI A  595 

M       FORHAT   I/IX.3H   I*I3'IIX,I0EII   311 A  596 
•9       FORHAT   (/IX,15.5X.Ell.3.IX.Ell   31 »597 

90 FORHAT IV»MI SEGKNT EXCITATION c VOl IS/WAVELENOIMl IHIH SED NU A 598 
IMKR      REAL  PART        IMAGINARY  PART    1 A 599 

91 FORHAT ISHlSEG.3X.aMCURRENT-,>.8x.>.HSEG «.gHCURRENI /IX.SHNO 5».«. A 600 
IIMCAL 63H IMAGINART MAGNITUDE PHASE NO A 601 

I         REt»«L                   IMAGINARY       MAGNITUDE            PHASE              I A  60S 

V       FORHAT   IIX.m.£l3.H.Eie.'<.EI6 8.r9.3.9X.m.El3   '..EIS it.EI6 8,r9   31 A  603 
93       FORHAT   ltX.6MA0HIT.SEIS H.IOX.SHZPEO'SEIS  4/6XEI0  I..SXFI0  3.I8X.E1 A  604 

IO.<..SX,nO  31 A  605 

9H   FORHAT IHMI  I6X.SHARI0X .SHAI I I X,SMBRI 0« .SHSI I 1 X .SHCRIOX.SHCI 1 A 606 
95 FORHAT nX.m.3clX.SEIS.'«l 1 A 607 
96 FORHAT   I3XI  11.10H       VOL TAG A 608 

IE   TO DRIVE  ANTENNA  AT   l-HAII   .   ,FIS  5./'.50H ALL  FIELDS  ARE   NO 
SRHALIZEO  TO  THIS   Itmil   PONCR/ZVIH  
3   •   •   t     1 

97 FORHAT   ISHI   .IDAS'I 

9«       FORHAI   ISSHOIELECTRIC  CONSTANT   .   .EIS  S.SOM  AND  CONOUCIIVIIY   .   ,EI A  61] 

IS.'«.S9H FOR FAR FIELD CALCULATIONS      //l A  61 ■. 
99 FORHAT miH OBSERVATION ANGLES ELECTRIC 'HLD ".X.5HTHETA .5« A 615 

l.)W>MI.I3X,llt#I-C0HP0NENT,7X.I5HTHEIA-C0MP0NENI .6K.IJ|«>HI-C0MP0NEN A S16 
STIOX.9M1ACNITUC1C.I0X6H PHASE! «617 

100 FORHAT   ISI1X.F8.31 .ISX.SIEIS t.8X1 .FIO  -1 A  618 
101 FORHAT   IITHSTOP      ERROR NO   151 A 619 

IDS     FORHAT   I3SM A PERFECT  GROUND PLANE   AW   0      1 A  6S0 
E« A6S1 

609 
610 
61 I 
61; 
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FUNCTION AATUtf   IT,«I 

««OWCNtS «M> NfUMNS  AN ANSMCM   IN   THt  RANCC   Of   .-   PI/? 

ItSI   IM>UT  AMUCNrs 

PIW*I.9T07WU7 
ir   IT.CO.0.1  CO  TO  I 
IT   IX.to.0.1   00  TO 2 
*ATAie>ATAN?IY,«l 
NCTUM 
AATAie-O. 
ir IX.LT.O.I AAtANe>a.>pioe 
MCTUM 
AATAie.SIGNlPI(»,T| 
WTUMN 
tNO 

1 
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SUWOUTINC  CHSCTUP   (»All .KSVrV, IKNO. ISSCHNI 
c 

C SUMOUTINC  CNSCT*   IS USCO TO S£IU»«  THt   COMPtt»   IHPCOANCE  IMIHIX 
c        cn. 
c 

/I/  N,l».«l|00l.»lll)01,ill00),SIII001.»lll00l,*LPll00l,i€Tl 
11001 . ICONI1100. , IC0N211001 .COLMI.N« 

IMTCOCR P 
COWICX  ZRATI.NCrS.NCm./ftSIN 
COWLCX  IMTIS.ZSCRN.ZrtCT 
COMPLCX rj.cn.eiNC 
COHNON  /?/  CHiee.lOOl .EINCdOOI.PUOOl 
COMMON  /I/   C»»l 1001 .S»B1 1001.SALPI 100) 
COWION /H/ tcox.JOx(«l,Nel«.Jlx(^^l.Nco^.JO^(^5l.NCl^.Jf^(^5l 
CCMWN  /KfLI   HHOX.RHO».RHOi.C«BJ.SABJ.S*LPR,PK.P».RtrS.(»trPS 
OIHCNSION tTRIJ).   ET1131 
rj-CMUXCO. .1.1 
ri-J.IHISMSS 
SION--I. 

NSm-N-MI 
ZWATIS-mTI 
IF   I ICSCRN eO.Ol   00   TO   I 

c 
C IF   ICSCRN   l»»UI   IN   THt  MAIN PIKWIA«   ■   1.   A  RADIAL   HIRC   OROUNO 
C SCREEN   IS  SELECTED.      rOU UILl   BE   REQUIRED   10 READ   IN   THE   NUMBER  Of 
C Of  WIRES---MIIRES  UD   lit  RADIUS Of   THE   RADIAL   MIRES  FOR EACH PASS 
C TMOUOH  THE  EREOUENCT  DO LOOP. 
C 

READ   160.191  NMIRES.COH 
C 

C IF  A  RACIAL  GROUND   IS  SELECTED.   COMPUIi   SOME   P«RAMETtRS  FROM   THE 
C tOWER OF  RADIAL   MIRES--NNIRES.   AND FROM   THE   RADIUS-CON   IMEIERSI 

COH-COH/COLAM 
FLUIRC-NMIRES 
SWACT«FLUIRE>COH 
U-2.>PI'0.?99T93M.E>9/C0lAn 
UO"«l. «PI« I .E-7 
ZFACI-FJ»UO«M»COLAM/FLHIRE 
ETAO-ieO.*PI 
MRITE   161.?0I   NMIRES.COM 

I CONTINUE 
00 £   l-l .NR 
DO ?  J«l .N 

i CHI I.JI-CMPLXIO   .0   I 
c 
C J--SOURCE  LOOP   INDEX 
c 

00   IB  J»l ,N 
CALL   TRIO   IJ.X0I.JCO^.Da .OIKl 
S'SHJ» 
••IIIJI 
XJ-XIJI 
»j-rui 
ZJ'ZUl 
CA«J-CA8IJ1 

SA4.PJ«5ALP(JI 
00   IB   l-l .Ml 

C 
C I--OSCRVATI0N LOOP   INDEX 
C 

1 
I 
1 
tf 

» 
6 
7 
I 
9 
10 
II 
\i 
11 
14 
15 
IE 
17 
IB 
19 
eo 
ii 
a 
ii 
en 
a 
?6 

n 
^e 
?9 
30 
Jl 
3^ 
u 
Jt 
5b 
36 
37 
38 
39 
•.0 
H\ 
*S 
43 
44 
45 
46 
47 
48 
49 
50 
51 
5? 
51 
54 
55 
56 
57 
58 
59 
60 
61 
ea 
63 
64 
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ir M.or.NPi u-ONSrH 
IIJ*XIIXI-XJ c •' 
Tij-nixi-rj c •• 
IJ>IX-J C S7 
CMKCMIIXI c •• 
Uai-SMMXI c •• 
SM.PI-SM.PIIXI C 70 

«rt-i. c ■" 
00   10   IP-I.KSTI* C 7* 

C C 71 

c        nrHP LOW-MCN iP.. oo r«t SPMC. iP.e oo OROUNO INAOC C.LC C n 

»L-iri C 76 
C C 77 

Aum ftc AXIS or TIC SOURCE HOMCNT 1 
TO  TMi  AXIS  «NO TMf  OKCMVATION POINT 

c     L«« ;;~z'r:^.',~,^l,"™'TO "»««"TION Point MC»S « T« C «LONO   Tt€  AXIS Of   TIC  SOURCE  SEOHtwr   lun  i  i  lur  ar^,^..,  .     7" 

C C     81 

C W.m*0"*"1  ^   ^  0IS,*NC€ *'*'"   THt  S0OW€   »N0  '**  OBStRv.TION    C     Vi 
C                       ' CO". 

C «O^^*'01*** 0,ST4NCt *"*" "»«"""ON PO.Nt  «NO «x.s or      C     w 
C C     87 

IIJ-ZIIXI-RTL'/J C     •• 

oi.c««i.c«aj.s«8i.s*»j.s«LPi's*LPj.RrL Ü   f! 
w*xij>cA8i*rij>s«ai«;ij>s«tPi 
fP-xij.c««j.rij.s«»j.7ij.s«tPj.RrL ^   9I 

"S"Xij»«ij.rij«Yij.zij./ij c    K 

"•«•«S-ZP'/P c    9J 
ir <»«.LT.i.t-eoi oo TO j c   ** 
«N-SORTIRMei c  K 

V»-IW-2P»0II/RH C  ^ 
00 TO <t c  97 

I   0P?"0 c  90 
«4.0. C  99 

■•      eoNi.-Nuf c loo 
C C   101 

C            SKIP ,>*CR   T«  «WM)   IH«CC  STurr ,f   OO.NO  « TREE   SP«CE  C«LC                     c   I« 

ir (ip.>«.ii co TO ID c ,0'' 
SALPR.SJtP^'RTl C   l05 

"M0X.XIJ-C«»J»7P c   l06 

RMOT.Y|j-S««j./p C   107 

"MO/.ZIJ-SiU.Pj»ZP.RrL C   l08 

WUO.SORT.RMOX.RH0X.RHOy.RM0r.RH0Z.RH07! r   'M 
ir   IRTUOOT.   E-61   GO  TO 5 C   "0 

RHOX'O. c   I I 1 
RHOT'O. c    "? 

RNOZ-0. C   1 1 3 
00  TO • CUM 

»         ««M^IHOX/RmC 
RNOT.RHOT/RTMC 
RH02.RM0;/Rn«0 

6         •«*C.SflRTl»|j.Y|j.xu.x|ji C   llB 

C C   119 

C 1 15 

C 116 
C   117 

C SCRCCN   .rrCOANCC   IN P«R«tLEU  WITH  THE   GROUND   IHPCO«NCE. c   IS? 

ir   IIOSCRN CO.OI  00 TO 7 c l^, 

XSPtC.IXIIXl.ZJ.Zl.xi.XJI/l/l|«l.,'Jl J 'f* 
riPrc.(r(.x»./j.z(.xi.Yji/(z,i«,.iJ, c l?a 

^r:^0"T,;5I!EC",f"c,TS«c,rs«c'»'»<:"s'<r«CT, I I* 
ZK«M.Zr«CT.RHOSPC.«lOO.RMOSPC/SNr«Cn j ^ 



-81 

c 
c 
c 

19 
10 

W*T|.l2MtlS«XSe«N)/l£t*0«Z»*TI$.ZSe(»Ni 
CONTINUE 
IF   IWUO.GT.I.C-Cl   CO  TO • 
M-O. 
PT"0. 
CTM-1. 
2nsis-CNn.xii.,o.i 
00  TO 9 
n>rij/IWM> 
PY>-X|J/WMC 
CTttollJ/SOKTcMSl 
mSIN>«CSaRTll .-W«TI»»AT|MI   -CTH^CTMi J 
«rS-ICTM-W*Tf/«INl/(CTH.i(»»TI>iRSIN] 
«r«>-li»»TMCTH-»SINl/(ZA«TI«CTH.ZRS:Nl 
HCrPS-NCFK-HCrs 

IF   IPGM]  -   I.   * PMTECt  GROUND   IS MOOeLEO Br  nxlNO   TMC   REFLECriON 
cotrncitNTs *s rotLO« 

ir IIPONO.CO at co TO ID 
ZMSIN-CWLXll . .0. i 
i«Fs-c»n.«ii..o. i 
«trps-ctrixco.,o.i 
CONTINUE 

INIte««TE   I«  t-riELO »T  08S  POINT  DUE   TO   THE   SOURCE   SEONtNT 

CM.L   INTO   (B.S.RH.iP.OI.QPe.ETB.EII.DIL   OIK   IJ   IP) 
IJ-I 
■r   IIP NE.?I   CO  TO   I? 
00   II   IC-I.3 
ETRIICI-SION'CTRIICl 
CTIIICI-SION'ETIIICl 
IF   IXOII   IJ.IS.I't 
MU.   jr«lS   «tTRIII.EIKII.NCIX.JIX.NCOX.JOX   IJ 
CO  TO   IS 

CHI I . JCOI l-CHI I . JCOI P.ETRI | l.F,CETI I I I 
CN( I .JI-CHI I . J1«£TR(?|»FJ«ET1 (SI 
IF   IJCO?l   16.I«.IT 
CALL   ^«L«   <€TR(]I.EII(ll.NCO/.JO/.NCI/.Jli,|l 
CO  TO   I« 
CNII.JCO21-CM(I.JC0?l«EIR(Jl.rj»ETIiJl 
CONTINUE 
7R«TI>2R«TIS 
RETURN 

1*9 
IM 
III 
IH 
13] 
IJ". 
135 
136 
137 
136 
139 
\10 
111 
IH2 
U3 
lit 

FORMAT   (IS.EI0.5) 
FOWUT   l///27N *  R*0l»l.   GROUND SCREEN Of   .15.JIM R*01»LS  HUM  A  ul 

IRE  RADIUS  OF   .III H.IIH HAVELENOTH HAS  USED   ///' 
CM) 

US 
1X6 
\m 
\*B 
I^S 
ISO 
ISI 

IS? 
15J 

ISX 

I5S 
ISE 
157 
156 
159 
160 
161 
\B^ 
IE] 
16". 
165 
166 
167 
168 
169 
170 
ni 
I7J 
I7J 
174 
175 
176 
|77 
176 
179 
ISO- 
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UTIfC  MTMN 
COHWI  /I/   N.NP.XMOOI.fllOOl.tllOOl 

IIOOI. ICON! 11001. ICONiUOOl .CX»M.N» 
rACTOM.I./COLW 
IVO«l 

SI I 1001.011 IOOI.«LPI 1001.KTI 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

WMMN 2 0*t* CAM» fOM EACH LIIC CLCHCNT usco 
TO NOKL   TtC  ANTCWM.      TIC  f IWT  C«W> CONTAINS   THt  CM) POINT 
COONOIMATCS   UN «TIKI   AND  T»€   INTdKONNCCT ION DATA TO*  TMt  LINC 
CM».      TMt  SCCONO CAM) SPCCiriCS  TMC NUHKH OT  SCOHCNTS   TO USC   TO 
NOOCL   T»€  LINC IICI«NT.   Tt«  UIM RADIUS UStO TO«  TMC  CLCMCNT  AND   I 
OCSINCO TOU CAN SKCIFV   THAT   A CATCNAK»  K   nOOCLCO •»  OIVINO   TMC 
UINC  HCIOMT/HCTCR AM)  TMC  HIM   TENSION   .      ir  AN   INCMCASINC tENOTH 
SCOHCNT  LlfC   IS OCSIMO.   SPCCirr   THE LENOIH EXPANSION FACTO«  TAU. 

WITE   161.<•■ 

DATA OOCNATON   INPUTS: 

Xl.ri.7l   AM)  X2.T2.Z«  ARC   THE   CADTESIAN  COOROINATCS  OT   THE   TUO 
EM) POINTS OF   THE LIM  ELEMNT 

NCONI   •  EM) COMCCTION  VALUE  OF   THE  NEGATIVE  ENO OF   THE  LIM   III 
NCOW  .  END COMCCTION  »ALUC  OF   THE  POSITIVE  ENO  OF   THE  LIM   12) 
UIMRAO  •  HIM  RADIUS   IN MTERS 
NT   .  HIM  MCIOHT   IN POUNDS MR MTtR--MCOEO ONLY  FOR  CATENARY 
TENS   -  HIM   TENSION  IN POUNDS---SET.0.    IF  NO CATENARY 
TAU  •  SEOMNT   LENOTH EXPANSION FACTaR---SET.O.    IF  EQUAL   LTH SEOS 

MAO   160.21   XI.TI.ZI.MONI ,X2,Y2.22,M0N2 
MAO   160.1)   NSCOS.UIMRAO.UT.TENS.TAU 

WITE   161.SI   Xl.YI.7l,NC0WI.X2.Y?,Za.NC0He 
MIME   161.Jl   NSCOS.UIMRAO.HT. TENS. TAU 

CONVERT   TM   IMUT  UNITS   IN MTERS   10 MAVtLtNCTHS  FOR UAAP 

XI>XI»FACTan 
TI^TMFACTOR 
2I-II«FACTON 
X2>X2*FACTaR 
»»•«•FACTO» 
/2-Z2*FACT0n 
UIMRAO-UIMRAO*FACTOR 
NSCOS-1AKI NSCOS I 
CALL  LIM   USCO.NSCOS.TAU.UT.TENS.MIRERAO.»1 .Yl ,;i .»i.Y2.ZJP 
ICONIMSCOI-MONI 
ISCG-ISCO«nSCOS 
ICONfilSCG-ll-MONf 
N-ISCO-I 
IF   INSCOS.LT.OI   WTUNN 
00  TO   I 

FOMUT IJFI0.9.I9.JFI0.S.I5I 
FOWIAT IIS.IFIO.Sl 
FOHHAT I/I.13HI   DATA CCMRATOR   INPUT  DATA  CARDS.//I 
FORHAT IIX.yi0.<t.l9.]Fia.<«.l9l 
CM) 

0 1 
0 t 
0 I 
0 H 
0 9 
0 • 
0 7 
0 ■ 
0 ( 
0 10 
0 II 
0 12 
D 11 
0 It 
0 19 
0 16 
0 n 
0 10 
0 19 
0 20 
□ ?! 
0 22 
0 23 
0 2"« 
0 25 
0 26 
D 27 
0 28 
0 29 
0 10 
0 31 
0 32 
0 33 
0 34 
0 35 
a 36 
D 37 
0 38 
0 39 
0 HO 
0 11 
D 42 
D ■•S 
0 HH 

D Xi 
0 46 
0 «t7 
0 ■.8 
D ts 
0 50 
C/ SI 
0 52 
0 53 
0 it 
0 99 
0 96 
0 97 
D 58 
0 59- 
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UTINt trio «•.S,«H./P,lj,t»s.«IS.t««S cms tnr r»ir r.» , 

«ÄWUtlNt  tFLO CON^OTtS   THt  M\M.  AW) R«OUL  tLCCTHIC  FICLOS  Mr 
TO  IHt  SOUKC  SCGHCNT   .f   A SKCfltO OWCRVAnON WINt 

INPUTS: 

•  •  SOURCE  HAOIUS 
S • SOURCE LENGTH 

^ " !lmf,*,CUl*" 0'i,MCt K'*tH "l* " *w ««««:£ SEO AXIS 

"" * ^t0«!^ ""*" sou"ct st0 *N0 RH '**S,JW0 ALW(O 

IJ  ■  OKCRVATION SEO NunSER   -   SOURCE  SEO NUMKR 
OUTPUTS: '^rmtn 

E»S   •  AXIAL   riELD DUE   10  SIN  TERM-REAL   PART 
EIlS   •    IHAGINART   PART 

ERRS   •  RACIAL   riELO Out   TO SIN  ItR«--REAL   PART 
ERIS   -   IHACINARr  PART 

EZRC • AillAL   FIELO DUE   10 COS   TERM- 
EZIC • IHACINARr  PART 

ERRC • RACIAL   FIELD OUt   TO COS   ItRM 
ERIC • IHACINARV  PART 

■REAL   PART 

-REAL   PART 

Cllm . AXIAL   riELO DUE   TO CONSTANT   TERM- 
E7IK • IHACINARr  PART 

ERHK . RACIAL   flELO DUE   TO CONSTANT   TERM 
ERIK - IHACINARr  PART 

REAL   PART 

REAL   PART 

COHHON   /THI/   ZPK.RKM.IJX 

OAIA  ". TP.TP?/IBB. 161615.6. ü«JieS30B.M..7B<.n6'./ 

RN(>RH«IP 
7PK»/P»IP 
■(■■•TP 

RKK'RHK'RWBK-BK 
RK•■SaRTIRKB^I 
COINC-RHC/RKB 
SKT.TP'S'O.S 
ZW'/PK-SKT 
n>l>ZPK«S*T 
R^Ks■RK8^•/o^•;o^ 
RM-SORTlRnsi 
RIKS>RKS?«70I*?DI 
RIK'SORTIRIKSl 
SRf-SINIRfKl/Rfk.;; 

CR?*COSIRMl.RW>// 
SRI>SINIRIKI/R|K«/7 
CRI-COSIRIKI/RIK./; 

SR2R-SR2/R» 

SR^RR-SR^/R^ICS 

CRMR-CRe/RfKS 

SRIR-SRI'RIK 

SRIRR-SRI/RIKS 
CRIR-CRI/RIK 

CRIRR*CRI/RIKS 
CST>COSISKTI 

SST-SINISKTl 

Tl•(CR^R-sR^RRl•^o^ 
T2>ICRIR-SRIRRMfl)l 
Tl-ISR«R*CReRRl>70f 

TI-ISRIR'CRIRRt'ZDI 

E 

e 
E 
E 

E 
E 

E 
E 
E 
E 

E 
E 

E 
C 

E 
E 

E 

E 
E 

E 
E 

C 

C 
E 

C 

E 
E 
E 

E 
C 

E 

E 

E 
C 

E 
E 
C 
C 

e 
E 
E 

t 
E 

I 

i 

» 
6 

E 
E 
E 

E 

E 

E 
C 

E 
E 

E 
E 

E 
E 

E 

E 
E 

E 
E 

E 

£ 

• 
9 

10 
II 
II 
I) 
It 
IS 
16 
n 
IB 
19 
go 
e\ 
is 
13 

?<• 

^5 

16 
?7 
IB 
?9 
30 
31 
3« 
33 
3t 
35 
36 
37 
38 
39 
to 
1\ 

IS 

13 
IH 

45 

te 
HI 
18 
MS 
50 
51 
iS 
53 
St 

55 
56 
57 
58 
59 
60 
61 
6? 
61 

6i< 
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m»ti»MT 
fn—rt'ssr c   •' 
rn*Tj*ssT £   •• 
t<l»«-TH«$ST t    •T 

«"••inw-sniMest.iis-Tis e   •' 
Ki»-icw-ci»iMCsi-Tn.t»$ c   •• 

|Ciiw.-MSi».,o»-si.i.«)i..MT..»».s«i..ssi.Tis.zM.T»«.Joi1/*«i.eo   c   7? 

tm%.-, ICWIM-CMI .101. «CST. ICM.CHI I •SST-Tl$.|M.TW.Ml. /NKfCO    E    Vj 

ris>n*csT £   7,, 

T»s«r»«est E   7S 

TIS»TJ»CST c   78 

»••$-T»»CST E     77 

t»e.<-(sw.s«iMS$T.tis-TMi 5   !! 
iiic.i-iew.e(»iMsst-tjs.t*si ^   ,' 

|£Wle.-.-,llW.in».sl.|.roil.SST.lSI.?-Sl.n.CST.T1S.iM-TSS.70l./RK..C £     ., 

|WK.-.-.CIW.«».CI.|.«)|l.SST.IW-C»»lMCSI-TJS.iO?.THS.20|)/RKB.C I     8J 

CNMOMaMCNM-SWnn-Clllll.sniMll.cOINC r    « 
CRIK—MCa>ISM«*Cn2M»-SMIM-CRim)MC0INC E     Jj 

J ^«I"  *,"*t  rl£L0 0,Ä   T0  '**  CO»«'»"!  CU«BtNT   TtR« Musr   Bt CM 
C C     89 

CAU   INTX   l-SKT.SICT.BKie.ZPK.iK.ij.ciNT.si^, '     »" 
C2M(—Z7>SINT»TI-T« t    " 
ItlK—lI'tlMI-IS.IH E     9e 

NCTUM E    93 
END E     »'• 

C    95- 



-85- 

c 

tUMOUTINC  r*CTOM   (N.A.P.MOINI r        , 

SMMUTINE   TO FACTW * HMftlX   INTO « UNIT  LONER   TftlANOULM MTMIX       f       1 

<*««  WI4N0U.«« H*t«U «INO   T>€  O»U»S-00OLIIIL£  ALOOdltt« «IfJfN    r       H 
^»oc« Hii-Hi« or ». MLST0N-« nmr COUHK IN NUNCNICM. ANALYSIS    r    s 
HLOH NEfCn  TO CONCNTS   IN RALSTONS  TtKT. f       I 

COWLCX  A.O.OCTCI» 

INTCOCI« ».P.RHI.WI.rj.RR 

OUCNSION A(NOIN,NOmi,   RIWINI 
comoN /SCRATH/ DIIOOI 

lflO»0 
00 9 R-l.N 

c 

e       sit^ i 
c 

00   I   K-l,N 
OIKI-AIK.RI 

I CONTINUE 
c 

C STEPS 2 AW  3 
c 

Rni>R-i 

ir IRBI.LT.n oo TO t 
oo I j-i.Rni 
RJ«P(JI 

AIJ.RI-OIPJI 

OlPJI-OUi 
JPI»J«I 

oo i i-jri.N 

OIII-OIII-AII.JI>AIJ.RI 
i CONTINUE 

c 

C STEP ■> 
C 

f 7 
r « 
F 9 

r ID 

f ii 
r 12 

F I] 
r m 

F 15 
F 16 
F n 

F 18 
F 19 

F 20 
F SI 

F 2? 
F li 
F 2>. 

F ?5 

F ?6 

F S7 

F IB 
F S9 

F 30 

F 31 

3 CONTINUE '     Y 

1 CONTINUE ,     , 

OHAX-OIRMCONJCIOIRll 
PIRI-R 
RPI-R»! 

IF   IRPI.OT.NI   00  TO 6 
00 S   I-RPI.N 

CLHAC«DIIMCONJC(Dllll 
IF   ICLNAC.LT  tWAXI   GO  TO 9 

OHAX-CLHAC 
PlRI-l 

5 CONTINUE 
6 CONTINUE 

IF   IDNAXLT. I   E-IOI   IFLG-I ,     .. 
PR-PIRI 

AIR.RI.OIPRI 
OIPRI-OIR) 

C 

C STEP 9 

If 
F 35 

F 36 
F 37 

F 36 
F 39 
F HO 
F Xl 

F t? 
F 11 
F Hi) 

f 15 

F 16 
F 17 

F 19 

F 50 
F 51 

F 52 

F 53 
I 51 

F 55 
F 56 
F 57 

IF   IRPI.GT.NI   CO   TO 8 
00  7   |>RP|.N 

AII.RKOlll/AIR.RI 
1 CONTINUE '      '" 

•    CONTINUE ,  r: 

IF   IIFLG CO  Ol   00  TO 9 
WRITE   («I.101   R.OHAX 
IFLO-0 

9 CONTINUE 6i 

'     61 

F 60 
F 61 
F     62 
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SUMUTINC  FACTORS   IN.NW.A.P.MWU.NCOC I 
C 
C SUWOUTItC rACTORS   IS  USCO  TO SCT-UP  THE  rACTOHIItTION OF   THE 
c       STMCTRIC Ptmi or THE INKOANCC MArnrx 
c 

COMM-CX  A.O.OCTCM.S 
INTdE* P 
COWON  /SHAT/   5112,121 
OUCNSION AINROH.NCOLI.   PINCOtl 
C(M«M /SCMATH/ 01IOOI 
IF INOP.CO.II 00 TO • 
PMA7 -6. M31 «93072/ NOP 
00 I I ««.NOP 
00 I J-I.NOP 
»IW-PMA2«(I-II»IJ-I l 

XXOCOSIAMl 
TYT'SINIAM) 
sn. ji •CHPt.« ixxx. rm 

I SIJ.II-SII.JI 
00 9  l-I.N 
00 9 J-I.H 
00 2 K«I.NOP 
KA-JXK-IMN 
OIKI-AII,K*I 

2 CONTINUE 
OCTCP-OII I 
00 3 KK>2.N0P 

3 OETtN-OETER'OIKKI 
*II.JI>OETEN 
00 9 K-2.N0P 
KA'J»IK-Il>N 
OETER-Odl 
00 » KK-a.NOP 

1 DETER-OETEM'OIKKMSIK.KKI 
9 AII.KAI-OCTER 
S 00 7 KK-I.NOP 

Kk'IKK-l l>N*l 
CALL  FACTOR   IN.AI I .KAI .PIKAI .NROUI 

7 CONTINUE 
RETURN 
END 

0 1 
0 2 
0 3 
r. H 
0 9 
s 6 
c 7 
c 8 
c S 
c 10 
c 11 
c 12 
0 13 
c |i« 

G 15 
c 16 
c 17 
c IS 
c 19 
c 20 
c 21 
c 22 
c 23 
c SM 
c 25 
c 26 
c 27 
c 28 
c 29 
G 30 
G 31 
C 32 
G 33 
G 3t 
C 35 
G 36 
G 37 
C 38 
0 39 
G <<0 
G m- 
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»««OUTINt FACTKCS   IN.NW.M.A.P.HWU.NCOt .MOOll 

C SUNOUTINC FACTNCS  TMCCS CMC  Of  r«CtO«IWTION Of M*r(»ICItS 
C           MITM KOWMTS ON AXIS OT  MOTATION " I 
e nt 

cotvicx A.sun " ' 
INTdCK P Ü " 
DIICNSION AimOH.NCOLI.   PINCOLI 
NA«N>NV 
NAP«NA«I 
NT>MA«H M '0 

rNOP-MW H ' ' 
00 TO II,(,••),  HOW M ,l 

I         CAIL  FACTO«   IN.NDP.A.P.NROU.NCOll ." !.3 

IF   in.CO.01  00  TO 7 

M 7 
H • 
H        S 

 __ __   „,   .„   , |l• 
M I i^'.n   ■~ ■" ' H is 

H 16 
M 17 
H IB 

?0 

it 

NAI>NA«I 
J        CAtL  SOLVE   IN.A.P.AII.NAII.NROUI 
1 00 •   1-1.11 

INO*l«N H     " 
00 •  J-I.H 
JNO«J*NA 
sun«ci*i.xio..o.i 
00 9 K-I.N H ?3 

»        SU1-SUn«AIII«.KMAIK.JNOI " *|I 
• AIINO.^afAlltO.JNOI-SUH'FNOP M f' 

CAU.  FACTO»   IM.AINM.MAP).PCMAPl.NROMI „ !, 
7        CONTINUE H e7 

«TURN M " 
END H *9 

M      JO- 
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wwutiME or izK.co.sii 

tuwouTDC or Mtovioct rtc ruNcnoM TO K NuncmcAiir INTCOMATCO 
•T   IN».     tW fOm   IS:   CXPII*K>Ml/KtM.      THC  MCAL  «RT   IS NCTunNCO 
TMMWOM CO AND  TMt   INMINMY PMT  Of   THC   INTIOMANO   IS SI . 

/TNI/   mc.MCH.U 

MOSMTI NKM*IIIK • ZOKI 
SI'SINIMd'HK 
if MJ» i.e.i 
CO«COSIM(l/M( 
KTUNN 

MCN  l-J,   SUBTMACT  OUT   * SINOULtft   ll/RK 
INCLUKO AT   * LATER POINT   IN  SUMOUTINC 

CO«ICOSIMCI-l.l/M( 
KTUNN 
am 

POINT- 
INT» 

IT   HILL   BE 

I 

* 
I 
>• 
s 
B 
7 
• 
» 

10 
I I 
li 
II 
It 
19 
16 
17 
It 
19 
10- 
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MMUTIW ON  (CM.CZI.CIW.CIIII 

MMUTIIC ON Hooirut Ti« nmtcj IHIAOC riCLM tr rtc 
tfmw*i*rc KriccrioN COCFFICICNTS CVAHMTCO AT TMC WCCULAR 
WINTS. 

cy tx ci.cM.cm.cnY.cnz.cM.EPT.Ncrs.Mcm 
COMNBN /«CFL/  WMX.NHOY.HHOI.CASJ.SAU.SALm.M.Pr.lWS.HCrPS ci-cMn.xicn.ciii 
CR*««LXICMI,CKII 
CMX«NMOX>CII*CAaj«C2 
CRY>W«y»EN»SAaj«tZ 
CW*W«2>CII*SALP«>CZ 
iM"M«CI»X.PY-CI»Y 
CM-MttPY 
EPY-rv<EPY 
ERX>KrS«EI<X>RErPS«CPX 
ENY-«cr$«Env«Krps>EPY 
EMZ*HErS>CI«Z 
E2>Em«CAaj«EKY«SAaj«EN«SALP« 
EM-Enx>NHOX«ERY>IIHOY«ENZ«m«Z 
EZK-WALIEZI 
CZI-AIHAOICZI 
ENK-ICALICItl 
ERI'AINAOIENI 
«TURN 
END 

J 1 
J 
J 

J 
J 
J 
J 

J 
J 
J 

J 
J 
J 
J 

J 
J 

J 
J 
J 

J so 
J 11 
J ^^ 
J es 
J IH 
J ?s 
J ?6 
J S7- 
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SUWOUTIWt   INTO   H.S.WM.tF.QI.QW.ttB.ttl.OIl.OIK.IJ.IPI K I 

C K 2 
C            WHWOUI tK   INTO   IS  UKD   IM COHPUTINC   THE  ENTRIES TOM  THE  CM MATRIX    K I 
C             IT  COMPUTES  THE E-FIELO AT   AN OKEMVATION SECnENT  DUE   TO « UNIT K >( 

C            CUMCNT  ON TtC SOUKE  SEONENT.      THE   SUMOUTINE  NETURNS  THE K 9 
C             IMTERMLATEO TANOENTIAL  riELOS  FOR   THE  UOHENTS  AS rOLLONS: K 6 
C                ETRIII  AND ETUI I   ARE  T)C flELOS  FOR  SEGMENTS  CONNECTED  TO  THE         K 7 
C                     NEGATIVE EM) Or   THE  SOURCE  SEGMENT. K • 
C               ETRI2I  AN0ETII2I  ARE  THE flELOS TOR  THE OBSERVATION POINT SEC        K 9 

C                 ETRIII   AND ETI1JI   ARE   THE  FIELDS FOR  SECHENTS  CONNECTED  TO  THE         K 10 
C                    POSITIVE END OF  T>C SOURCE SEGMENT. K II 

C K 12 
DIMENSION ETR(3I.  ETIlII K 13 

DATA  TP/S.MIiaSIO«/ K It 

C K IS 
C              COWUTE   THE  E-FIEUOS REFERENCED   TO   THE   SOURCE   SEGMENT. K IE 

C KIT 

CALL  EFLO  (R.S.RM.ZR.IJ.EZRS.EilS.ERRS.eUlS.tZRC.EJIC.ERRC.CRIC.EZ    K 18 
IRK.E2IK.ERRK,ERIK) K 19 

IF   IIR.NE.?)  GO  TO   I K 20 

C K 21 
C             IF  COWUTATION   IS  PERFORMED FOR   THE   IMIACE  riELOS.   MODIFY   THE K 22 
C            PERFECT  GROUK)   IMIACE  FlELOS  BT   THE   »PPROPBUTt   REFLECTION COEFF         K 2] 

C K 2>i 
CALL   ON  IURS.EZIS.ERRS.ERISI K 25 
CALL   ON   IE2RC.E2IC.ERRC.ERICI K 26 
CALL  ON   (EZRK.EZIK.ERRK.ERIKI K 27 

C K 2B 
C            TAKE  A DOT  PRODUCT   OF   THE  SOURCE   FlELOS   TO COMPUTE   THE   TANCENTAL         K 29 
C            FlELOS  AT   THE OBSERVATION POINT. K 30 

C K 31 
I          EIRS'CZRS-0l>ERRS«aP2 K 32 

ETIS-EZIS*0l<ERIS*af>2 K 33 
ETRC-EZRC>ai«ERRC>QP2 K 3«. 

ETIC>EZIC'0l«ERIC'aP2 K K 
ETRK-E7RK'ai<ERRK«aP2 K 36 

ETIK>EZIK*ai<ERIKaaP2 K 37 
CL-TP'OIL K 38 
CK>TR<DIK K 39 

SINL-SINICLI K It) 
COSL-COSICLI K tl 
SINR'SINICKI K tg 
COSK-COSICKI K »3 

SILK«SINICL>CKI K tw 
C0N5>SIM.*SINK-5ILK K 15 

ETRIII'ISIMC^ETRKXCOSK-I   l>ETRS-SINK>ETRCi'CONS K 16 

ETIID-ISIHK'ETIKMCOSK-I . 1'ETlS-SINK'tTlci/CONS " "7 
ETRiei-l-SILK'ETRK'CCOSL-COSKMETRS^ISINL'SINKl'ETRCl/CONS K HB 
ETII2I-I-SILK>EI IK*ICOSL-COSKI<ETIS>(SINL«SINKI-ETICl/CONS K t9 
ETRIil.lSINl'ETRK.d   -COSLI'ETRS-SlNL'ErRCi/CONS K 50 
ETI(J)-ISINL«ETIK.| I   -COSLI'ETIS-SINL'ETICl'CONS K 51 
RETURN K 52 

E» K 53- 
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MMUriNC   INTX   (CLI.CLi.lWK.IM.a.|J.SC.1.Mtl 

INTX   IS AN MMPTrvC KHOHKRO   INTCOHAIION SCHCHt 

KrtmKCt:     JOURNAL  Or  COWUTATIONAL  PHYSICS    5.   Pf ?6S-?79 
UTO--   A VAftlAILC   INTCK.Al.   UIOTH QUAORATUK   TCCHNIQUC ■•SCO ON 
RMOHKWS rCTHOO   .   C.   K.   HILUR.   ET   AL 

DATA NX.MI.NTS.NX/I.BSSM.I.I .E-1/ 
1-ELI 
ZE-ELe 
IF   IIJ.CC 01   Zt'O. 
S*K-Z 
ER*ia*M1 
EP-S/EP 
KMO'lt-tP 
saM>a a 
soi-o.o 
MS*NX 
MT.0 

Or   IS  THE fUNCIION  10 BE  NUHERICALLr   INttOSAIEO 

CALL  Or   (2.01«.Gill 
OZ-S/NS 
OZOT-OZ>0.5 
ZP-Z«OZ 
ir (ZP-MP j.z.t 
OZ-ZE-Z 
IF   lAKIOZI-EPl   17.n,3 
OZOT'OZ/?. 
ZP-Z»OZOt 
CALL  Or   IZP.C3n.03ll 
ZP-Z'OZ 
CALL Or IZP.OSR.OSII 
rOOR*IOIN<05MI'OZOT 
tooi«IOIi»osii»OZOT 
TOIR>(T00P*OZ«C3RI*a.5 
roil-ITO0l*OZ-G3ll*0 4 
riaR'i<i.o<roiR-roaRi/3.a 
TI0l«m.a*Tail-TD0ll/3  0 
TEIR>TEST(T0IR.TIORI 
TEII'TESTITOII.TIOII 
ir   ITEII-RKI  S.5.6 
ir   (TE1R-RXI   ■.0.6 
ZP'Z«OZ»0.« 
CALL   or   IZP.02R.02II 
ZP»Z»DZ»0,7S 
CALL   Or   IZP.(mR.CMII 
TOM-1 T01R«0ZOT • I02R>(MRI I -0.5 
T02l-ITail«OZ0T«IO2l«O>)lll>0.5 
niR*m.D»Tom-roiRwi.o 
TIII-m.O'TO2l-T0lll/3.0 
reoRxiB.O'riiR-TioRi'is.a 
T20l>(l«.OMlll-riOII/lS.O 
TriN-TCSTlTMR.TfORl 

I.TZOII 
7.7.IH 
9.9. m 

TEei>TESTlTl 
ir ITE2I-RXI 
ir ITE2R-RXI 
SOR>SON*TI0R 
SOI«SOI«Tiai 
NT •NT «2 
00 TO 10 

1 
t 
1 
«t 
5 
S 
7 

9 
9 
10 
11 
12 
13 
It 
IS 
16 
17 
1« 
19 
10 
l\ 
IB 
?3 
?H 
?5 
a 
n 
28 
29 
30 
31 
32 
33 
3H 
55 
36 
37 
38 
39 
10 
■«I 
42 
S3 
iw 
H'j 

"6 
•«7 
tB 
49 
SO 
51 
52 
53 
S* 
55 
56 
57 
58 
59 
80 
61 
62 
63 
et 
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t ««••Mft'TMM 
UI'MKTNI 
Nr>NT*l 

10 t'fta 
If   IZ-ZCNOI   II.I7.IT 

11 OIR-OW 
0ll«O9l 
IF   INT-HTSI   I.12.12 

12 If   INS-NXI   I.I.I] 
I]      NS-N5/2 

Nt»l 
00  TO   I 

It       NT-O 
IF   INS-NHI   It. IS. IS 

IS       ««ITC   1*1.201   Z 
00  TO 9 

IS      NS>M>*2 
OZ-S/NS 
OZOT-OZ>0.S 
0Sft«0JN 
0SI>01I 
03R-02n 
Oil-021 
00  TO H 

17       CONTINUE 
C 
C IF   |.J «N ANALYTIC   DirrtWNCC   TERM   IN   TH£   INTEGRAND 
C IS MM   INCLUOCO   IN  TtC  CONTRIBUTION 
C 

ir iiji is.is.ib 
IB       SOM^.MSOM'ALOGIISONTIB'B'S'SKSWBI J 

S0I>2.>SCI 
IS       CONTINUE 

RETURN 
C 
C 
C 

20       FOWWT   I2««H STEP  SIZE  LIMITED AT   Z-FIO  51 
END 

ss 
66 
67 
66 
69 
70 
71 
72 
73 
71 
7S 
76 
77 
76 
79 
80 
SI 
82 
SI 
9» 
8S 
86 
87 
88 
89 
90 
91 
9B 
9^ 
91 
95 
96 
97 
98 
99 
100 
101 
10? 
I0J- 
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«■"OUTI«  JäLS   lim.tu.HCP.Jf.HCn.jn.il 

ttc suwoun« is c«t.uo »«.Y MHCN AN ICON VALUC IS Nto*Tivr-- 
INOICATINO tllHil» A IM.TIH.C   JUHCtlON OM A  CHANCE   IN «r  POLARITY 

l»»UTS: 
I        ■  OKCKVATION POINT  KOHCNT 
tin  •   TANCCNMAL   CLtCmiC  FltLO   IRCALI   AT   SC0»i€NT   I 
Ctl   .   TANOCNTIAL  EUCTRIC  riCLD   IINACl   «T   SCOMCNT   I 
NCR  •  NUHKK Of  SCOCNTS C0M€CT£O  TO POSITIVE  €NO Of   JTM  SEO 

i-  '  iIüiJ.0LSt0MtNT  ******  CONNECTED  TO POS  ENO  Of   JTH  SEO 
NCN • Mumn or SCMCNTS CO»«CTEO TO NEGATIVE ENO or JIM SEG 

J1     •  ARNAY  Of   SCWCNT  MJNKRS CONNECTED  TO NEC  ENO  OF   JTH  SEO 

INTCKR P 

COmEK  Cn.FJ.EINC 
COW«N  11/   CMie«. 1001.EINCI lOOi ,Pl 100] 
oircNsioN jpim. jn,n, 
fJ«CNPLXI0..1.1 
If   INCP.LT.II   GO   TO ? 
00   I   JM.NCP 
JPJ"JP(J1 
CNII.JPji.CHI I .JPJI»ETR«FJ>ETI 
CONTINUE 
IF   INCn.LT.II   00  TO t 
00  3 J-I.NCH 
jnj'jHui 
Cnti.jHji.cnii.jrui-ETR-rj'CTi 
CONTINUE 
RCTUM 
ENO 

M 

M 
1 
I 

n I 
H H 
M s 
11 c 
M 7 
M I 
H 9 
M 10 
H 1 1 
« 1? 
M 13 
M m 
M IS 
n 16 
n 1 7 
M IB 
M 19 
M ?0 
M il 
M ?? 
H ?3 
H ?>• 
M ?5 
M IB 
M n 
M IB 
n ?9 
H 30 
n 31 
M IS- 
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c 
c 
c 
t 
J 

SUMOUTItC   JUNC   U.JNO.NCI.NSCCI.NU.NSCCe.DI 

«amuTiNC AMC is usco TO CHCCK seoHCNT CNOS ftm NULTIM 

JUNCTIONS 
ll»UTS; 

J 
JNO 

OUTHJTS; 
NCI 
NC? 
NSCOI 

THIS SUM is an.1 C«LLCO ir <N ICON VALUC IS NCCATIVC. 

• SCGHCNT   NUNKR  TO K   TESTCO 
• ICON VALUE  Of   J-TH SCOTCNT   TO BC  CHECKCO 

• NUHKK Of   SCCHCNTS IMOSC  NCC CNO   IS CONNCCTCO  TO JNO 
• NUHKR OF  SCOHCNTS IMOSC POS END   IS CONNCCTCO  TO  JNO 
• AHMT  OF   SCO NUMKNS «HOSE  NCC CNO   IS CONNCCTCO  TO  JNO 

NSC02 • «MAT Of SCO NUNKHS MMOSE POS END  IS CONNCC  CO  TO JNO 
0 •  AVG LCNOTH Or   J-TH SCO  AND AVC OT  ALL  OTHCH  C 0N,4  SEOS 

COWON  IM   N.NP,X( lOOl.VIIOai.illOOI.SIl 1001.Bll 1001 .ALPCIOOI .SETI 
11001.ICONI(1001.ICONS)1001.COLAN.NX 
OIMCNSION NSCCII2SI.   NSCDSIMI 
NCI-O 
NC2-0 
SNC-O.O 

CHCCK ron Nee CNOS COMCCTEO TO JNO 

00 H   l>l,N 
ir   IICONIIII-JNOI  i.\ .1 
ir ii .to..'i oo TO ? 
NCI-NCI•I 
ir   INCI   OT  Ml   CO  TO 5 
NSCCIINCII-I 
SNC*SNC«SIIII 

CMCCK  rOR POS CNOS  COMCCTCO   TO  JNO 

\f   IIC0N2III-JN0I   H.3.<t 
IT   I I   EO.Jl   CO   TO H 
NC2-NC?»! 
If   tNC2.0T.f5l   00   TO  5 
NSCGSINC2I-I 
$NC-SNC*SII I I 
CONTINUC 
rc-NCI*NC? 

COMPUTE   AN  AVERAOE   SEGNCNT   LENGTH FOR  THE   HULIIPLE   JUNCTION 

o-isiiji«SNC/fci/a.o 
RETURN 
MITE 161 .61 JNO 
STOP 

F ORNAT 
ENO 

IHIH CRROA - TOO MANY CONNECTIONS TO JUNCTION!'«! 

N 1 
N 2 
N ] 
N 4 
N 9 
N 6 
N 7 
N 8 
N 9 
N 10 
N II 
N 1? 
N 13 
N It 
N 15 
N 16 
N n 
N IB 
N 19 
N ao 
N s\ 
N Si 
N gl 
N ?•. 
N S5 
N ?6 
N n 
1; ae 
N 19 
N 30 
N 31 
N 3a 
N 33 
N 31 
N 35 
N 36 
N 37 
N SB 
N J9 
N HO 
N tl 
N >.? 
N -3 
N t* 
N •.5 
N XS 
N XT 
N tB 
N 1.9 
N 50 
N 51 
N 5^ 
N 53- 
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««IWUTII«   LI«   M.NS.Uu.HT.UNS.HUO.Xl.Tl.il.x?   rg  7^| 

.ITH^I/J.'   "••*■" l001 •" l<10, ■" I»"'■SI. 1001,•!( 1001.«LPHOOI.BCT, 
I 100» . ICONI I 1001 . ICON»! I00> .COl.»M,N» 

THIS SUMOUTINC IS UKO TO CÄLCUlÄIt THC OEWCIHIC COOWINATtS Of 

^V^iSn^rt*?! '** 0*U 0t'«'"lT" •' 'HIS SUMOUTINC IS 

^/l «     i' ^S  *  t4CH P0INT       l-'"CONNtCtlON OAT*   IS  ALSO Ot 
CACM or j« seo«CNis.    ir s«ciryiwi IHC PROPCM PARAHETERS IN THC 

r^r-^ r^.'^ CM0,Ct *■ USIN0 * UnK0 St0MtNT "-ENOTH WITH A CATENARY  rONM OR  A  L|I«AR rOR«. 

IF   TENS   -0     THEN OONT   MOOCL   A CATENARY 
IF   ITENS.LE   I.I   TENS«!.EIOO 
«INC«Xe-XI 
»IMC"»»-y| 

RMO-SORT (X INC ■ •?•¥ INC • •S'ilNC • •? I 
"HOXySQRT IX INC • •»• r INC • •» J 
KTA.AATAWIVINC.XINCl 
EXRSUn>0 
NCXP.-I 

CALClA-AIt   StOMENI   LENGTH  SLO       IF   1 Utm.D  SCO   IS   .SEC   SH;i>-   TAJ 

00   I   LS-I.NS 

EXPSOH.EXPSUH.n 

SIO-RHO/EXPSUM 
>TAU1 •• IIS    I I 

CA4.C   AN  APPROX  VALUE   FOR   THE   ALPHA  ANCi I   US 1 NO  SI   LINE   SCO       .Lfi 
MILL   BE   USED  TO OETERMINt   THE   INCREHEMAL   «   AND  T   STEP 

ALFA-AATANSIZINCRHOXTI 
CA-COSIALFAI 

SA'SINIALFAI 

CAS-CA'COSIBETAI 
SAB-CA'SINIBEIAl 

SET   UP  SEW<ENT   PARAWTERS        IF   U|RC  «EIGHT   IS  SPECIFIED.   CATtNABv 
BE   CALCULATED        FOR   VERTICAL   ELEHENtS   NO   CAIENAHr   HILL   BE   USED 

NEND-NSH ■ I 
XXI.XI 
TTl.yi 

CAT.MI«COLA«/l?   MENSi 
00 t  M-I.NEND 
NEXP-ICXP«! 

SL-SLO'l I   »TAUl'-Ntxl 
SLX'SL'CAB 
Str-St'SAB 
XX».XX|.SLX 

»«■rn.siy 
XPRIME-SORTii«x^   «ii 

IF    IABSIALFAI    LE    I    • 
/Z?*77I>SI.'SA 
00  TO  3 

«»-«•-IRH0XY-«PR|I«,.CCAT.XPR|ME.:|NC/RH0XT1 
xy"SaRT(SLx«'?.s(.T»«?i 
ALPHA.AAIAN?! I22g-U\ 1 .«Tl 
XIMP.CXXI»XX?]/J 
riNI.IYT|.T»ai/? 
IMflllX'ltlMg 
SI(«»-SaRT(XY«^.i^-Z7,|..?| 

•^»IYY? YlIl 
oo io a 

o 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

1 
e 
l 
H 
9 
6 
7 

8 
9 
10 
1 1 
1? 
13 
It 
15 
16 
17 

IB 
19 
fO 
?l 
se 
?% 

a7 

?e 
?9 
30 
31 
IS 
SI 
it 
35 
36 
37 
38 
3S 
tO 
tl 
t? 
■•3 
tt 

tS 
■<6 
t7 

iB 

t9 

'lO 

s: 
s? 
53 

55 
56 
57 
58 
59 
60 
61 
ea 
63 
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■ IINI-MMO 

KTIHI-KT* 
ICOHIini'N-l 
ICWtflHI.n.l 
XXI-XX2 

li I-Hi 
CONTINUE 
NCTUMN 

CNO 

0 «9 
0 M 
0 67 
0 M 
0 69 
0 70 
0 71 
0 7« 
0 73 
0 7s 
0 7S- 
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««OUII«  «FLO   l»l".*ll,ilR,eil.CIH,CII./«»T|,KSrl»l 

««OUTI«  WLO   IS USCO  10 C*LCUI.«TE   IH(  NCAR €LtCT«IC  niLO 
»t  « SCLCCTION or  OMCNVATION WINTS.     IMt   I^UTS  Mt   THE   INITIAL 
WINt:   XO.TO.A« 20  «NO  THE   FINAL  WINT  «L»^« iT  N^Y.     M NTS 

«t CV*tU*TtO.   A« »H   INTEORAL  OF   THC   TAN^NTUtE-FIClS     i  tmoA 

IN WTCMS  AM)  T« FIELO VAlUtS  A«  KETUNNU   IN VOLTS/rkU«. 

comoN /i/ N.NP.«nooi.Tiiooi.2iiooi,shiooi,Biiiooi.Ai.pnooi BETI 
ll001,ICONIIIOO..ICONeilOO(.COLAH,NK .•L''M001,KTI 

«•»tex  M*TI.«FS.I«FPS.ZRSIN 

C0W10N  /S/   CABI 1001.SA«! 1001 .SALPl 1001 

COWON  /«CFL/   »•X.»«Y.«MO/.CABj.SAej.S«LP»I.P«,P»  Rtrs  RtFPS 
^OIICNSION AIMIlooi. Atmooi. eiRoooi. siinooj. cmnio.. cnno 

COHPltX  Fj.tZP.ERMO.tX.tT.tZ.tP.SUM.Ct 
rj-CMFlXIÜ..1.1 

'l-JIHISMSSH 
IP-?.«PI 

TA^i/iao. 
FACTOH-I./COLAH 

«AO   IN   INITIAL   AND FINAL   POINT   COWOINiTCS--   DIM «Rt   IN METERS 

«CAO  ISO.191   XO.TO.ZO.XI ,T| ,?| .NXr.NHO 
l*ITE   161.161   XO.rO.ZO.»!.Yl,ZI 
miTE   161 .171 

CALCU-ATt   DIRECTION COSINES  ro«  OeStHv«r|ON  »ECIOB 

RMOXT-SORTIiXI-«Ol««a»(TI-roi 

«Moxrz-sai«T(BHOXY««e.izi -zoi • 
KTA.AATAWIIYI-YOI.IXI-XOi i 
ALPMA.AATAWI I Zl-Z0 I , RHOXT 1 
COSALPO-COSIALPHAI 
SALPO-SINIALPHAI 

CABO-COSALPO*COSIBETAl 
SA80«COSALPO«SINIKTAI 

CONVERT   DIMENSIONS  FRO« METERS   10 «AVElENCIHS  FOR   THE  PROOR.« 

OX-FAC TOR«IX1 -XO1/NXY 
DY-FACTOR-IYI -YOI/NXY 

DZ>rAcroR«izi-zai/NXY 
X0l-X0«FACTOR 
Ya*-Y0«FACTOR 

zaa-zo>FACTOR 
0»«XYZ-RMOXYZ/NXY 
PATM-0. 
SUM.CHPLXIO..0   l 

MAIN LOOP   TO  CALC   «AR  FIELDS   ALONO  SPECIFIED PATH 

NXY«NXr»l 

DO   I«   l-l .NXY 

EX.CWM.XI0. .0   I 
EY«CI»LXI0. .0   l 

EZ»C»»LXrO   .0   i 
00   II   J>l,N 
S-SI1J1 
■•0 
XJ-XIJI 
YJ'YIJI 

I 
I 

1 

s 
6 
7 

• 
9 

10 
I I 
12 
I] 

a IS 

'    16 
'    n 

> 18 
• 19 

' 20 
' 21 

' 22 
' 2J 
' 2'. 
1    2S 

26 
27 

28 
29 
(0 
il 
32 
33 
3«. 
35 
36 
37 
36 
39 

tl 
■•2 
HS 
><«« 

■•6 

50 
51 
52 
53 
5>i 
55 
56 
57 
58 

60 
61 
62 
63 
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CAU-CMIJI 
SWJ-SMIJI 
S*tP>S«4.^tJI 
xi»aa-xj 

«TL--!. 
00  II   IP-I.KSYHP 
«Tl—llfL 
»IJ»/0«-ZJ««fU 
2P*x u>CAaj*Y i J<S*8J«Z i j«s*LPj«Rri. 
l«S«»IJ«XIJ«YiJ«YIJ.J|J«7IJ 

IF   INW.LT. I.E-eOI   CO   TO  2 
l«H»$linTIIW«l 
00 TO 3 

2 HH-O. 
I CONTINUE 

RHOX-XIJ-CMJ'TP 
«HOY.YIJ-S/WJ»iP 
»«^•7IJ-SÄLPJ»7P«(»rL 
WU0*Si. r((IHOX»RM0X»(IHOY«f»HOY»HHO7'HH02p 
IF INHACCT I .E-61 CO TO >• 
IM0X>0. 
NHOY-O. 
MOZ-0. 
00 TO 5 

S IM0X>NHOX/RfUC 
W«Y>IINOY/l«UC 
IWOZ'RHOI/imAC 

5 HN»0-SQRTI*IJ»TIJ.XIJ«XIJ1 
IF   IIP.«.2)   CO   TO 8 
IF   IWUG.GT   I   E-61   GO   TO 6 
PX-0. 
PY-0. 
CTH*I. 
2RSIN>Cm.«ll   .0.1 
GO  TO 7 

6 PX-YIJ/RNAC 
PY—XIJ/Rt1*G 
CTH-ZIJ/SORTIRSI 
ZKSIN-'CSORTII   -ZRATI'ZRAII'I1    -CTM'CIMI1 

7 «FS'ICTM-ZRATI'ZRSINI/ICTM.ZHATI'ZRSINI 
RCFPS'-IZRATI'CTM-ZRSINl/lZRATI'CIM.ZRSINi 
«FPS-REFPS-RtFS 

S CONTINUE 
CAJ.L  EFLD   IB.S.RM.ZP.l .EZRS.EZIS.CRBS.CRIS.tZRC.tZIC.CBRC.CBlC.EZR 

IK.EZIK.ERRK.ERIKI 
IF   IIP.Nt.2l   GO  TO  9 
CALL  GN   IEZRS.EZIS.ERRS.ERISI 
CALL  SN   lEZRC.EZIC.ERRC.ERICl 
CALL  GN   IEZRK.EZIK.ERMK.ERIKI 

9 EZP'EZRK'AIRIJI-EZIK'AI I IJI «EZRS'BIRlJl-EZ1S»BI II Jl «f ZRC'ClRi 
IIC«CIIIJI«FJ»IE7RK»AI I l Jl»EZIK'AIR(JI.EZRS'BM UI'EZIS'B lf)i.. 
S'CII1JI«EZIC'CIR|JP J 
ERHO-ERRK'AIHUI-ERIK'AI I ( Jl «ERRS'BIRlJI-ERI S»BI IIJMERRC-C 10 

IRIC'CIIIJI'FJMERflK'AIIIJl.tRIK'AIRlJl.ERRS'BIIIJUERIS'BIRiJ 
«C'CIIUMERIC'ClRlJl l 

IF   t :? tG.g)  00  TO   10 
EZP'-ti ' 
CRHO'-EH.« 

10 EX-EX'EZP-CASJ^ERHO-RHO» 
EfEY'EZP'SABJ'EHHO'RHOY 

p 69 
p 66 
p 67 
p 68 
p 69 
p 70 
p 71 
p 72 
p 73 
p 71. 
p 75 
p 76 
p 77 
p 78 
p 79 
p SO 
p 81 
p 8? 
p 83 
p 8H 
p 85 
p 86 
p 87 
p 88 
p 89 
p 90 
p 91 
p 9? 
p 93 
p 94 
p 9? 
p 96 
p 97 
p 98 
p 99 
p 100 
p 101 
p 102 
p 103 
p lO1* 

p 105 
p 106 
p 107 
p 108 
p 109 
p 1 10 

p 1 1 1 

:.EZR P 1 12 

P 1 1 3 

p 1 It 
p 115 
p 1 16 

p 117 

n-EZ P 1 18 

E:RC P ; :9 

P IPO 
ji -; P Hi 

♦ ERR  P 122 
P 123 
P 2* 
P 125 
P 126 
P \S^ 
P 128 
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II       CONTINUE P   IJ9 
C "ISO 

r JIÜ  ** "  *"*   '**  C»»<-"  t-riCLOS   IN  THt CARTESIAN I   I« 
C COOMOINITC  DIRCCTIONS  «T   TM£  O.SCRVATKJN WINT. p   JJ* 

tT0T»l.SaHTIC*«S.CX|..e.C*tSltT."e.c*BS<HM.21/C0l.*M !   IJ! 

tTANO-CAKIETI P   lJS 

If   II.EO.II  00  TO  ^ ''   IJ7 

If   II.EO.NXYl  00 TO  12 P   ,38 

SUH-SUHHT "   US 
00  TO   IJ p   ^O 

i?   suN«sun<ET/a. p iti 
II      CONTINUE P   I1*8 

»(»-xoe.ox p i*' 
raa>Toa«oy p l'•^ 

iaa-ioa*o7 p l',s 

«ITE   161.101   PATM.ETANO.ETOTAL P   '''B 

MTH.MTH.O(»HOXrZ P   l''7 

It      CONTINUE p   l',8 

C p   I'IS 

r Ifr'^^i*1-   E"r,El0   ,S   """*"">  'I*   'ME   tRAPt«,^, p   l" 
C RULE   TO COMPUTE   THE   VOLT.«  DROP  ALONG   THE  SPECIFIEO PATH p   Z 

VlinOP.CAKISUni>ORHOXY2 p   l53 

WITE   161.191   VOROP.NXY P   '5^ 

IF   IWLO.NE.O)   00  TO   I P   l5f; 

RETUPN p   ■•56 
C P   157 
C P   158 

15 rORNAT   l6no  4.J15I p   '59 

16 ^ORHAT   M6H.     t-r lEL0  TRO«   . 3no  S ., ,H METERS  10   . 3n 0 ... 7H ME ,EfiS     p,'" 

17 ^Wiz^zr^ PA,H ■"""^   E— — '''" 
■ •      ratWAT   1JE20.5) P   l6^ 

"      M^L'''•??"   T,C    ""E0"*L   «•    'HE   t-rLB   TANOtNI   TO   THE   PATH 
165 

..;."_   "■     "*    ■""•»"«I-   "     If«.   t-FLD   TANOtNI   10   THE   PATH    15      r      P    I AC 
IIV5.7M VOLTS.15.JtH POINTS USED   TO  EVALUATE   INTEGRAL , P   [^ 

P   168- 
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smmuriME soivt IN.*,P,I,I«IHI 

SUWOUtlie TO SOLVC I« MATMIX COUATION LUM-I HHCMC U IS » UNIT L 
miMCULAM lUWIX AM) U IS «N {*Hn TRIANOULAR HATRI« MTH Of UNIC 
IN A.      THI «HS  VCCTW •   IS   ItruT   ANO  THt  SOLUTION  IS RCTURNCQ  THRO 

COWCX  A.t.T.SUH 
INTCOCM P.PI 
OIMCNSION AIWIIH,M>|HI ,   RINOINI.   •(NOIHl 
C(M«M  /SCRATH/   TIIOOl 

rONHANO SUKTITUTION 

00 3   l-I.N 
Rl-Plll 
rill>|IP|l 
•IRII>SIII 
IRI-IM 
IF IIRI .GT.NI GO TO 2 
00 I J-IPI.N 
■ lJI>ttJI-AIJ,l ■•TlI I 
CONTINUE 
CONIINUC 
CONTINUE 

■ACKUARO SUKTITUTION 

DO S K«l ,N 
l»N-K«l 

su««cm.xio. .o. i 
IPI-IH 

ir  IIPI.CT.NI  00   TO 5 
00 1  J-IPI.N 
sun-sun*Aii.ji<8(ji 
CONTINUE 
CONTINUE 
■ IIKiri ll-SUHI/AI 1,11 
CONTINUE 
RETURN 
CM) 

Q 1 
0 I 
0 1 
0 s 
0 5 
0 e 
0 7 
0 a 
0 9 
0 10 
0 11 
0 if 
0 i] 
0 ii 
0 15 
0 16 
0 17 
a 18 
a 19 
Q SO 
0 21 
a il 
0 ?J 
a IX 
0 S5 
a ae 
a ?7 
a 19 
a 19 
a 30 
a 31 
Q 32 
Q 33 
a 3'. 
0 35 
0 36 
0 37 
a 38 
Q 39 
0 ••0- 
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UTINE MLVtCS   (N.NV.H.A.^.I.NROM.NCOLI 
C SMMUTINC MLVCCS  t»KCS  CMt  Of   SOLUTION Of  CHOtlEnS HUH StW1£Nt 
C ON  AMIS OT ROTATION 
C 

COMPLEX A.I.sun 
INTEGER P 
OIICNSION AINROH.NCOL).   PINCOLI.   •INCOLl 
NA-N*NOR 
NAP-NA«! 
NT«NA«H 
CALL  SOLVES   (N.NOP.A.P.a.NROU.NCOL I 
IF   IH.EO.Ol 00 TO 6 
00 2  l-I.H 
II«* I »N 
INOX«l*NA 
SUN-CWLXIO. ,0. I 
00   I   K*I.NA 

i      sun-sun»AiiND.KMa(Ki 
2 ■IIMMflllMMI-SUn 

CALL  SOLVE   IN,A(N<I,NAPI .PINAPI .BCNAPJ .NROUJ 
DO S  I'l.N 
SUn-CHPLXIO. .0. I 
00  I K'NAP.NT 

I      sun*sun>*ii,Ki«aiKi 
00 S  K'l.NOP 
IND>I«IK-II<N 

<• •< INDI-OIINDI-Sun 
i CONTINUE 
B CONTINUC 

RETURN 
EM) 

R 1 
R s 
R 3 
n H 
R 9 
R 6 
R 7 
R 8 
R 9 
R 10 
R 1 1 
R ie 
R i] 
R i» 
R 15 
R 16 
H n 
R 18 
R 19 
R SO 
R }\ 
R IS 
R ^3 
R et 
R ?? 
R ?6 
R ei 
R se 
R ?9 
R 30 
R Jl- 
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^            SMMUTIfC SOtVCS  IN.N».*.P.B.NROW.NC(X.I s       , 

C            SUWOUTI«  SOLVES  SOLVeS  WT.IIONALUr  STMMET^C  MAIRlCltS |       f 

cotntx ».».».SUH.S s     '' 
INttOM P S      9 

COMWN /S»UT/  SI 12.121 S      • 

OIWNSIOH »((•OM.NCO.I,   PINCOLI.   BINCOLI '       7 

comoN /SCMTH/ YIIOOI S     • 
ir (NW.CO.II oo to 9 s      s 

rN(WH.|./NOP S     10 

00 S   |.|.N s      II 
00   I   K-I.NOP s     I? 

I*"I»IK-|I»N S      lJ 

I           Y<K)-illÄI S      IS 
SUM.TIII S     15 

00 2 K-»,MOP s     I« 
2         SUH.SJWTIKI s     I7 

• iicsuntFNonn s    i* 
00 1  H-i.HOP S      I9 

l**l«IK-ll'N 5     JO 
SUH-rm s     S' 

00 3 J.2.N0P s     M 

J          SWSUH.YCJI.COHJOfSIK.Jl) S     " 
■•       ••Ufsun^FNORn s   ^ 
9         00 S KK-I .NOP s     ?s 

■ «•IKK-IMN«! S     ?E 

CALL  SOt«   IN.»II.|*1.PI1»|,BII«I.NR0W1 ,     ?7 

6 CONTINUE 5     ?8 

rr (MOP.to.11 neruRN s   ?9 
00   10   l>I.N s     JO 
00  7 K-I.NOP 5     31 

IA-IMK-IMN S      3* 
7 riKI-Blltl S 33 

Sl*»»»lll 5 SH 

00 8 K.2.N0P s     35 
•         SU«.SW1«r(K( 5     36 

Bin-sun 5    J^ 
00   10 K-2.N0P s     38 
U>I>IK-II>N s     39 
SU«.»(|i S    to 

00 9  J-a,N0P s     '•I 

9 SUH-SUM^riJl.SlK.ji 5     '•? 
10 BIIAI-SUH s '•3 

RtTUWN S 4H 
CM] S     »% 

S     •.6- 
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c 
c 
c 
c 

I 

ruNCTION  tEST   If).Hi 

FUNCTION  TEST   IS USCO IV   INTX   TO COMMTE   TMt  RELATIVE  ERNOft OT   THE 
»M«»IC»L  SU«  INTEGRATION. 

ir ■«•sir?i-i.ot-soi i.g.i 
rCST-«Kliri-F?l/F2l 
NCTUNN 
rcsT-o. 
RETURN 
CM) 

1 
g 
] 
H 
s 
s 
7 
• 
9 

10 
I I- 
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SUWOUTINE   TftIO  IJ, JCOI . JCM.OIL .01« I (j | 

u i 
SUMOUTINC   TMIO   IS USED  TO OtTEWIINt   THC   t»PC   Of   JUNCTION  USED  »I u 3 
TKE   SCQtCNT  ENDS.     THNEE   TT«S OF  SCCHENT   (NO  jgNCTIONS  «RE   ALLOW u H 
--IT   ICON   IS  0.   SEOMCNT  END   IS 0«N--ir   ICON EQUALS  SEGNENT   NUNKR 0 i 

THEN sec END is amuM)co--ir  ICON IS NEC THEN A CHECK  IS HADE TOR U 6 

HULTIRLE   JUNCTIONS.     TRIO RETUNNS  AN EQUIVALENT   DISTANCE   (OIL.DIKl u 7 
WICH  IS USED FOR  INTERROLATINC CURRENTS TROn   I   SEC  TO  THE  NE«T. u a 

INRUTS: j 9 

J           • SEWCNT M««ER TO BE CHECKED u 10 
OUTRUTS: U II 

JCOI      •   ICON VALUE  OF   J-TH StO NED  END u 1? 

JCtte     ■   ICON VALUE  OF  J-TH SEC POS  END u 13 
OIL        •  AVG DISTANCE  FOR CURRENT   INTERPOLATION ON SCO  NEC  (NO u It 
OIK       ■   AVG DISTANCE  FOR  CURRENT   INTCRPCLAT ION  ON  SCO  PCS  END u IS 

U 16 
COmON   /I/   N.NR.KI 1001 .»1 I00P .Zl 100'.SI l IOCI ,81 l IOOI .»LPi IcOi .BETi u 17 

1100). ICONIIiaOI.ICCNfllOO. .COLAM.NX u 18 

COIIKM  /H/   MCOK.JOXIMl.NCIK.JIKI«! .NCOZ.JdiiaSl .NCIZ. Jl/iaSI U 19 
S-SIIJI u 10 
JCOI'ICONIIJl u i\ 
JCO2-IC0NflJI U gg 

C 11 SI 
C              Ct«CK  SEGMENT  NEGATIVE   END  u ?w 

C u li 
IF   IJCOII   l.l.S u ?6 

C U ?7 
C            MULTIPLE   JUNCTION U gg 
C U £.9 

I          CALL   JUNC   IJ.JCOI.NCOK.JOX.NCIX. JIX.DII i u 30 
00  TO H u j, 

c U J? 
C            OPEN CIRCUIT   -FREE  END     -   INTEHPOLA'E   ONL»   TO  END OF   SEOHENT u 33 

C u 3t 
I         OIL-S/2.0 u 35 

GO  TO 1 u j6 

C u 37 
C            NORMAL   JUNCTION COMCCT ION--SlnHlE   JUNCTION  OR  OROUNOfD  SEGMENT u 28 

C U 39 
I         0IL-ISIIJC01I«SW2  0 u '.0 

C U 41 
C             CtCCK  SEGMENT  POSITIVE  END  u w? 

C u •.! 
»          IF   IJCOfl   5.6.7 u ft 

r             MULTIPLE   JUNCTION u Hi 

C U 47 
s      CALL JUNC u.jcof.NCO;.JOZ.NCI;.JI;.OIK v ^e 

GO   TO 8 ü 49 

C u 50 
C            OPEN CIRCUIT--FREE  END o 51 

C 0 5? 
6 OIK>S/?.0 0 53 

GO   TO 8 j 54 

C U 55 
C            NJRHAL   JL'NCTION CONNECT ION—SIMPLE   JUNCTION ON  GROUNDED  SEGMENT u 56 

C 0 5' 
7 DIK»ISIIJC0ai»SI/? 0 „ 58 

8 CONTINUE U 59 
RCTUPN U go 

«W ü 61- 
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APPENDIX B    TABLE   I        SEGMENT  iXPAV'SinN COEFFICIEMS ;TAI)) 

NunetR jr s£0«tNis--N 

B 9 10 II i? ij 

i 
3 
H 

5 
6 
7 

8 

9 
10 
I I 

li 
13 
m 

is 
16 
17 

IS 

19 
^o 

?l 
?e 

et 

ee 
?7 
i8 
?9 
30 

31 
3^ 
33 

34 
35 
IE 
37 

38 
39 
XO 
1\ 

tl 

*i 
Vt 

*i 

It 
47 
te 
«•9 
50 

.0 
00 
00 
00 
00 
00 
00 
00 

8 00 
9 00 

10 00 
I I 00 
I? 00 
13 00 
!>•   00 

15 00 
16 00 
17 00 
18 00 
19 00 
eo oo 

?l   00 
le oo 
li 00 

ft 00 
f5 00 
fE 00 
«7,00 

?8  00 
eg oo 
30 00 
31 00 
a oo 
33  00 
St. 00 
15 00 
36.00 
37 00 
38 00 
39 00 

to 00 
t| 00 

tf.OO 
tJ.OO 
tt.00 
ts.oo 
tE.OO 
tT.Oü 
ts.oo 

53 
65 
77 

89 

00 
I I 

ea 

31 
,t? 
5S 
61 
IB 
Be 

91 
00 

09 
. IS 
n 

35 
tt 

.51 

60 
68 

.76 
et 
91 
00 

.08 
IS 
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