










































































































































































































































































source on the left-hand end of the rhombic, half of the voltage could be located on each of
segments 1 and 21. However, due to the opposing reference directions of these segments,
the voltage on segment 21 would have to be the negative of that on segment 1. Although
the structure has two planes of symmetry, the solution cannot take advantage of symmetry
because each wire has been entered with a separate GW command.

Rhombic Antenna — Two Planes of Symmetry

The following input data define the rhombic antenna using reflections to produce the
structure as shown in figure 15:

GW 1 10 -350. 0. 150. 0. 150. 150. 0.1

GX 1 110
GS O 0 0.3048
GE

Fig. 15. Rhombic antenna — two planes of symmetry.

This structure is equivalent to that in figure 14, but only a single GW command is used. The
GX command then reflects the wire, first along the y axis (about the z-z plane) and then
along the x axis (about the y-z plane.) With this input the code will take full advantage of
symmetry. Only 10 x 40 interaction elements are computed and stored, and the time to LU
factor the matrix will be reduced by a factor of 16. The change in the segment ordering and
reference directions must be taken into account in specifying sources and loads. Since each
of the four wires is considered symmetric with the others, LD commands cannot be used to
load segments 21 and 31, as might be needed for a terminating load if segments 1 and 11
are excited with voltage sources. If segment 1 is loaded with a LD command, segments 11,
21 and 31 will automatically receive the same load. A NT command can be used to load
segments 21 and 31 without affecting the symmetry in the solution.
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Rhombic Antenna — One Plane of Symmetry

The following data define the rhombic antenna with one plane of symmetry.

GW 1 10 -350. 0. 150. 0. 150. 150. 0.1
GX 1 100

GX 2 010

GS O 0 0.3048

GE

Fig. 16. Rhombic antenna — one plane of symmetry.

Segments 1 through 20 in figure 16 are in the first symmetric section, so segments 11 and
31 can be loaded with a LD command without affecting segments 1 and 21. Half of the
terminating load impedance would be put on segment 11, and it would automatically be
reflected onto segment 31. However, the code will have to compute and store a 20 by 40
interaction matrix.

Two Coaxial Loops

The two coaxial loops in figure 17 are formed by using a GR command to produce a
structure with 8-fold rotational symmetry. The first 45 degree section of the two loops is
generated by the first three commands. This section is then rotated about the z axis to
complete the structure, and the loops are rotated and translated into the desired position
relative to the origin using the GM command. Since no tag increment has been specified
on the GR command, all segments on the outer loop will have tags of 1 and all segments
on the inner loop will have tags of 2. Hence, all segments of the inner or outer loop can be
loaded with a single LD command despite the staggered ordering of the segments. Because
of symmetry, the solution will require computation and storage of only a 3 by 24 interaction
matrix and the time for LU factoring will be reduced by a factor of about 64. However, if
a 1 were entered on the GE command the symmetry would be assumed to be destroyed by
interaction with a ground plane, requiring storage of a 24 by 24 matrix.
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GW 1 1 2. 0. 0. 1.84776 0.76537 0. 0.001
GM 0 1 0. 225

GW 2 1 1. 0 0. 0.70711 0.70711 0. 0.001
GR 0 8

GM 0 0 —-90. 0. 0. 0. 0. 2.

GE

Az

Fig. 17. Coaxial loops.

Linear Antenna Over a Wire Grid Plate

The following set of data define a dipole antenna over a wire grid plate as shown in
figure 18:

GW 0 1 0. 0. 0 0.1 0. 0. 0.001
GW 0 1 0. 0. 0 0. 0.1 0. 0.001
GM 0 2 0. 0. 0. 0. 0.1 0.

GW 0 1 0. 0.3 0. 0.1 0.3 0. 0.001
GM 0 4 0. 0. 0 0.1 0. 0.

GW 0 3 0.5 0. 0 0.5 0.3 0. 0.001
GM 0 0 0. 0. 0. -0.25 -0.15 0.

GW 1 5 023 0. 015 0.23 0. 0.15 0.001
GE

The first six commands generate data for the wire-grid plate, with the lower left-hand corner
at the coordinate origin, by using GM commands to reproduce elemental sections of the grid.
A GM command is then used to move the center of the plate to the origin. Finally, a wire
is generated 0.15 meters above the plane with a tag of 1.
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Fig. 18. Linear antenna over a wire-grid plate.

Cylinder with Attached Wires

The following data generate a patch model of a cylinder with two attached wires:

SPp 0 0 10. 0. -7.3333 0. 0. 38.4
GM 0 2 0. 0. 0. 0. 0. 7.3333
GM 0 1 0. 0. 30.

SP 0 0 6.89 0. 11.90. 0. 44.88

SP 0 0 689 0 -11. -90. 0. 44.88

GR 0 6

SP 0 0 0. 0. 11.90. 0. 44.89

SP 0 0 0. 0. -11. -90. 0. 44.89
GW 0 4 0. 0. 11. 0. 0. 23. 0.1
GW 0 5 10. 0. 0. 276 0. 0. 0.2
GS 0 0 0.01

GE

First a single patch is specified at the bottom, front of the cylinder, and is reproduced two
times with z incremented. The resulting column of three patches is shown in figure 19a. A
GM command is then used to produce a second column of patches rotated about the z axis
by 30 degrees. A patch is added to the top and another to the bottom to form parts of
the end surfaces. The model at this point is shown in figure 19b. Next a GR command is
used to rotate this section of patches about the z axis to form a total of six similar sections,
including the original. A patch is then added to the center of the top and another to the
bottom to form the complete cylinder shown in figure 19c. Finally, two GW commands are
used to add wires connecting to the top and side of the cylinder. The patches to which
the wires connect are automatically divided into four smaller patches as shown in figure
19d. Although information about patch shape is not stored in the code, square patches are
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assumed at the base of a connected wire when integrating over the surface current. Hence,
a more appropriate representation of the model might be as shown in figure 20, where the
patches to which wires connect are square, with equal areas maintained for all patches before
the subdivision.
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Fig. 19. Development of a surface model for a cylinder with attached wires.

3.5 Auxiliary Program SOMNTX

When the Sommerfeld integral option is requested on the GN command, NEC—4 needs a
table of Sommerfeld integral values for the particular ground parameters and frequency used
in the model. This table can be read from a file or generated by NEC—4. Since generating the
table takes a moderate amount of CPU time, it is advantageous to generate the table as a file
if the same ground parameters and frequency will be used more than once. A file with the
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Fig. 20. Effective patch sizes when wires connect to the top and side of the cylinder.

Sommerfeld integral tables can be generated by running the auxiliary program SOMNTX4.
SOMNTX4 is the same as the program SOMNTXS used with the single precision NEC-3,
but the newer program allows the user to specify a name for the file.

SOMNTX4 reads a single line of data from the user’s terminal. The input parameters
are:

EPR SIG FMHZ [File Name]
where
EPR = relative dielectric constant of the ground, €,.
SIG = ground conductivity, o (S/m).
FMHZ = frequency in MHz.

The file name should be separated from the data by a space or comma. If no file name is
entered, the default name SOMS.NEC will be used.

93



Fig.

where ¢, = EPR and ¢ = SIG. If SIG is input as a negative number the program sets

and frequency is not used. The file generated by SOMNTX4 can be saved for use with any

ENTER EPR,SIG,FMHZ> 10. 0.01 5. SOMEX10.NEC

L.S. APPROX. DATA FILE:

EPSC= 1.00000E+01-3.59510E+01

REGION 1: 0.

PTS. FIT: 0
PTS. FIT: 0

NO. FUNCTIONS:
RMS RESIDUALS:

REGION 2: 0

PTS. FIT: 0.

PTS. FIT: 0

NO. FUNCTIONS:
RMS RESIDUALS:

REGION 3: 0.
PTS. FIT: 0.
PTS. FIT: 0.

NO. FUNCTIONS:
RMS RESIDUALS:

RHO:

00000 0.60000

.00000 0.20000 4

.00000 0.02500 5
24 0

6.521E-05 9.648E-04 9.364E-05

RHO:

.16370  0.60000

16370  0.10907 5

.16370 0.03274 6
24 8

1.069E-03 1.497E-03 1.372E-03

RHO:

60000  2.00000

60000  0.20000 5

60000 0.03274 8
24 8

3.023E-04 8.133E-04

27:
0.16370
0.16370
0.16370

22:
0.00000
0.00000
0.00000

Z27:
0.00000
0.00000
0.00000

2.209E-04

FIELD EVALUATION TIME IN SOMLSQ 20.690 SECONDS
FIELD EVALUATION TIME IN SOMTRP 38.510 SECONDS

INTERPOLATION DATA FILE:

EPSC= 1.00000E+01-3.59510E+01

GRID RHO:

1 0.00000E+00 1.63702E-02 11
2 0.00000E+00 1.63702E-02 11
3 0.00000E+00 4.09254E-02 5

TIME=

59.460 SECONDS

77:

2.
0.
0.

0.
0.
0.

2.

0

0.

0.00000E+00 2.33860E-02
0.00000E+00 4,09254E-02
0.00000E+00 5.45672E-02

00000
20000 4
20000 2
9.611E-05 1.
24555

08185 4
06548 2
1.498E-03 1.
00000

.20000 4
06548 2

5.624E-05 8.

E-J 1N}

ZP:
0.00000 0.25000
0.00000 0.06548 2
0.00000 0.06548 2
015E-04

ZP:
0.00000 0.25000
0.00000 0.06548 2
0.00000 0.08185 3
292E-03

ZP:
0.00000 0.25000
0.00000 0.06548 2
0.00000 0.08185 3
132E-04

ZP:
0.00000E+00 1.63702E-02
6.05697E-02 2.57830E-02
1.55967E-01 2.11008E-01

21 Terminal output when running SOMNTX4 with €, = 10, 0 = 0.01 S/m and 5 MHz.

The Sommerfeld integral tables depend only on the complex dielectric constant

€g = € — jo/weg

&, = EPR — j|SIG|

subsequent NEC—4 runs having the same €, and o/w or the same é,.

As it runs, SOMNTX4 writes information on the terminal screen about the least-squares
approximation and interpolation tables. Except for the indication of the accuracy provided
by the residuals, this information is not of much interest to users. A sample output run on
a VAX 6350 computer is shown in figure 21 for the input to SOMNTX of EPR = 10, SIG =

0.01 and frequency = 5 MHz.
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Under the heading “L.S. APPROX. DATA FILE:” the value of €, is given first. Then,
information is printed about the three regions over which least-squares approximation is
used. After “REGION 1:” the ranges of radial separation (RHO), height (ZZ), and depth
(—ZP) are printed for that region. The next two lines show the points at which the least-
squares approximation is fit, giving initial value, increment and number of points in RHO, ZZ
and ZP. Some of these values are fixed and some depend on €,. After “NO. FUNCTIONS:”
the first number is the number of functions used in the approximation that represent the ray
traveling at a steep angle up to the interface and at a shallow angle in the upper medium.
The second number is the number of functions for the ray that has a shallow angle in the
lower medium.

The line labeled “RMS RESIDUALS:” provides an indication of how well the model was
able to fit the computed field values in the least-squares approximation. The numbers are
the rms residuals relative to the maximum magnitude for each of the five field components.
The values will depend on €4, and should be less than about 0.01.

Under “INTERPOLATION DATA FILE”, the ranges of RHO, ZZ and ZP are printed

for each of the three interpolation regions. These parameters depend on the value of €.
3.6 The Numerical Green’s Function Option

With the Numerical Green’s Function (NGF) option, a fixed structure and its environ-
ment can be modeled, and the factored interaction matrix saved on a file. New parts may
then be added to the model in subsequent computer runs and the complete solution obtained
without repeating calculations for the data on the file. The main purpose of the NGF is to
avoid unnecessary repetition of calculations when a part of a model, such as a single antenna
in a complex environment, will be modified one or more times while the environment remains
fixed. For example, when modeling antennas on ships, several antenna designs or locations
may be considered on an otherwise unchanged ship. With the NGF, the self-interaction
matrix for the fixed environment may be computed, factored for solution and saved on a
disk file. Solution for a new antenna then requires only the evaluation of the self-interaction
matrix for the antenna, the mutual antenna-to-environment interactions and matrix manip-
ulations for the partitioned-matrix solution. When the previously written NGF file is used,
the free-space Green’s function in the NEC formulation is, in effect, replaced by the Green’s
function for the environment.

Another reason for using the NGF option is to exploit partial symmetry in a structure.
In a single run, a structure must be perfectly symmetric for NEC to use symmetry in the
solution. Any unsymmetric segments or patches, or ones that lie in a symmetry plane or on
the axis of rotation, will destroy the symmetry. Such partial symmetry may be exploited to
reduce solution time by running the symmetric part of the model first and writing a NGF
file. The unsymmetric parts may then be added in a second run.

Use of the NGF option may also be warranted for large, time-consuming models to save
an expensive result for further use. Without adding new antennas, it may be used with a
new excitation or to compute new radiation, near-field or coupling data not computed in the
original run.
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To write a NGF file for a structure, the input file is constructed as for a normal run.
After the GE command, the frequency, ground parameters and loading may be set by FR,
GN and LD commands. Other commands, such as EX or NT that do not change the matrix
will not affect the NGF and will not be saved on the file. After the model has been defined,
a WG command is used to fill and factor the matrix and cause the NGF data to be written
to a file. Other commands may follow the WG command to define an excitation and request
field calculations as in a normal run. WG should be the first command to request filling and
factoring of the matrix, however, since it reserves array space for the matrix in subsequent
runs when the NGF is used. Hence, WG should come before XQ, RP, NE or NH. The FR
command must not specify multiple frequencies when a NGF is written.

To use a previously generated NGF file, the first command in the input file (except for
CE or CM) must be GF to cause the program to read the NGF file. Subsequent structure
data commands define the new structure to be added to the NGF structure. All types of
structure geometry commands may be used, although GM, GR, GX and GS will affect new
structure but not that from the NGF file. GR and GX will have their usual effect on the
new structure but will not result in use of symmetry in the solution. Symmetry may be used
in writing the NGF file but not for new structure used with the NGF.

For connections between the new structure and NGF structure, the new segment ends
or patch centers must coincide with the NGF segment ends or patch centers as in a normal
run. The rules still apply that only a single segment may connect to a given patch and
a segment may have a patch connection on only one of its ends. Also, a wire may never
connect to a patch formed by subdividing another patch for a previous connection.

Following the GE command, the program control commands may be used as usual with
the exception that FR and GN commands may not be used. The parameters for FR and
GN are taken from the NGF file and cannot be changed. LD commands may be used to
load new segments but not segments in the NGF. If parameters I3 and 14 are zero on the LD
command, the command will load all new segments, or new segments with tag LDTAG if 12
is not zero. NGF segments will not be loaded. If 12, I3 and 14 select a specific NGF segment,
the run will terminate with an error message. The effect of loading on NGF segments may
be obtained with a NT command, since NT (and TL) may connect to either new or NGF
segments.

Computation time for a run using a NGF file will be approximately the time to model
the complete structure minus the time to fill and factor the NGF matrix. If the new structure
connects to the NGF structure, new unknowns in addition to those for the new segments and
patches are produced, and should be included in time estimates for the complete structure.
If a new segment or patch connects to a NGF segment, the current expansion function for
the NGF segment is modified. One new unknown is then added to the matrix equation to
represent the modified expansion function. If a new segment connects to a NGF patch, 10
new unknowns are produced in addition to that for the new segment. Four new patches
are automatically generated at the connection point, accounting for eight unknowns. The
remaining two new unknowns are needed to suppress the current on the old patch that has
been replaced.
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Although connection to a NGF segment modifies the old basis function, the current on
the segment will be printed in its normal location in the table of segments. When a new wire
connects to a NGF patch, the patch is divided into four new patches that will appear after
the user-defined patches in the patch data. The original patch will be listed in the tables,
but with nearly zero current, Also, the z coordinate of the original patch will be set to 9999.

97



4. NEC Output

The output of the NEC—4 program is described in this section and demonstrated in
examples that exercise most of the options available in the code. A new user of NEC should
read through the examples to see the types of output that are available, and also to learn
the exact meanings of the quantities printed.

In addition to demonstrating the use of the code and typical output, the results may be
used to check the operation of the code when it is put into use on a new computer system. The
results shown here were produced on a DEC Alpha 3000/400 computer in double precision.
Results obtained with different computer precision will differ somewhat, but NEC—4 should
remain stable in single or double precision for most problems. In NEC—3 and earlier codes,
precision could be lost when modeling electrically small wire objects, but this problem has
been corrected in NEC—4. The results from NEC—4 will show small differences from those
of NEC-3 or NEC-2, particularly with large wire radius, steps in radius or junctions, but
NEC—4 should be at least as accurate as the earlier codes.

4.1 The Output File Format

The form of the output file follows the sequence of the input commands, starting with
the structure-geometry data, and then model parameters and results of computations. The
particular items printed will depend on the computations requested and options set by the
input, but the basic form of the output is described below. Examples of the output discussed
below can be found in Examples 1 through 4.

Structure-Geometry Data

The output for a given data set starts with the structure geometry data. Under the
heading STRUCTURE SPECIFICATION is a list of the structure specification commands.
The heading for the table is designed for a GW command, showing the x, y and z coordinates
of the wire ends, the wire radius and the number of segments. Under the heading WIRE NO.
is a count of the number of GW commands. The numbers of the starting and ending segments
produced by the GW command are printed on the right-hand side of the page, along with
the tag number assigned to each of these segments. Data from other structure commands are
printed in the table with text identifying the command. For commands generating surface
patches (SP or SM) the patch number is printed under WIRE NO. followed by a letter to
indicate the shape option — P for the center-normal-area form, R for rectangular, T for
triangular, and Q for quadrilateral. For other commands the data are printed within the
table.

Summary of Wire-Segment Data

After a GE command is read, the program processes the structure-geometry data,
searching for wire segments that connect to other wire segments, patches or a ground plane.
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The segment data are then converted for inter-
nal storage to a form with the center point of the
segment, orientation angles and segment lengths,
as shown in figure 22.

The total number of segments and patches,
number of segments and patches in a symmetric

cell and symmetry flag are printed. The symme- o Y
try flag is zero for no symmetry, positive for pla- 8
nar symmetry and negative for rotational sym-
metry. A table of multiple-wire junctions lists 4
any junctions at which three or more wires join.

. Fig. 22 Coordinates of a segment in terms of
The number of each segment connecting to the . : :
; o ] o ) center point, length, elevation and azimuth
junction is printed, as a positive number if the angles.
reference direction of the segment is into the
junction or a negative number if the reference
direction is out of the junction.

A summary of segment data is printed under the heading “SEGMENTATION DATA”,
with the elevation and azimuth angles a and ( printed under the headings ALPHA and
BETA. Also included in this table are connection data that show the conditions at both
ends of each segment.

Segment Connection Data

Under the heading “CONNECTION DATA”, the numbers under I— and I+ indicate
the conditions at the first and second ends of segment number I, respectively. Segments
connected at a junction can be located by tracing connection numbers through the table.
After dropping the sign, the connection number under I— or I+ is the number of the segment
connecting to the end of segment 1. If the sign of the connection number is positive the
segment reference directions are aligned (end 1 to end 2 or vice versa), and if the number
is negative the reference directions are opposed (end 1 to end 1, or end 2 to end 2.) When
more than one segment connects to a segment end, the connection number gives the next
connected segment in the sequence of segments, searching cyclically through the list. For
example, to find all segments connected to end 2 of segment 4 in the output of Example 4
(page ?), it is noted that I4(4) = 5. Hence end 2 of segment 4 connects to end 1 of segment
5. Then going to segment 5, it is seen that I_(5) = —7, so end 1 of segment 7 is connected
to the junction. Then I_(7) = 4, which indicates a connection to end 2 of segment 4, and
completes the list since this was the starting point. Of course, an easier way to find the
segments is to look in the list of multiple-wire junctions.

At a free end, where the segment end connects to nothing, the connection number is
equal to zero. Thus free ends (sometimes due to an error in the input data) can be located by
searching for zeros in the lists of connection numbers. If a segment end lies in the x-y plane
and connection to a ground plane has been specified by entering a 1 as the first parameter
on the GE command, then the connection number for that segment end will be equal to
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the segment number; that is, the segment connects to itself. This condition will force the
derivative of current on the wire to be equal to zero at the end on the ground surface. This is
an appropriate condition for a wire connecting to a perfectly conducting ground plane, and
may be used with a finitely conducting ground as a crude approximation of a ground stake
without actually modeling the wire in the ground. For an accurate solution for a ground
stake, it is necessary to model the wire in the ground, however.

If a segment end was connected to a surface patch the connection number (I£) will
be greater than 10,000. The original patch will have been divided in to four patches, and
(I£) —10, 000 will be the number of the first of the four patches around the connection point.

Summary of Patch Data

When parches are used, a table headed “SURFACE PATCH DATA” will appear in the
output showing the coordinates of each patch center, the components of the outward unit
normal vector and the patch area. When patches have been entered as rectangles, triangles
or quadrilaterals, the center point, normal and area will be computed in the code. The
components of the unit tangent vectors, t; and to are also printed for use in reading the
surface currents which are printed later.

Model-Parameter Data

The input lines following the GE command are printed exactly as they are read by
the program, following the label “xx* %% INPUT LINE”. When a command requesting
computations is encountered, a summary of the model parameters is printed, followed by the
computed results. The summary of model parameters includes frequency, ground parameters,
impedance loads, network and transmission line data.

After a command requesting a solution is read, the code will compute the requested
results. If it is necessary to fill and factor a new interaction matrix, the CPU times for these
operations are printed under a heading “MATRIX TIMING.”

Voltage Source Information

If one or more voltage sources have been specified, the voltage, current, input impedance
and admittance and input power are printed for each source under the heading ANTENNA
INPUT PARAMETERS. An example of this format can be found in Example 1. If the
voltage source is the bicone type (EX 5,...) this is noted by “x” after the tag number in the
table of input parameters (see Example 2.) Here, and else where in the output, the values

printed for voltage, current and field represent peak values rather than rms. Hence power is
computed as P, = %Re(VI*).

Also, if voltage sources are used, a table titled POWER BUDGET will be printed after
the listing of structure currents. The input power shown here is the total power supplied
by all voltage sources. The structure loss is ohmic loss in wires, while the network loss is
the total power into all network and transmission-line ports, assuming no radiation from
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networks or transmission lines. If a wire has been insulated with a lossy sheath, the power
dissipated in the sheath will also be printed. The radiated power is computed as the input
power minus structure, network and insulation loss. This computation does not take into
account power dissipated in a lossy ground. In order to obtain the radiated power for an
antenna near ground, it is necessary to integrate the radiated field, using the “average gain”
option on the RP command, as demonstrated in Example 4.

Segment and Patch Currents

Whenever a new solution for current is computed, the currents on all segments and
patches are printed. The table of segment currents includes the coordinates of the segment
centers and segment lengths normalized to wavelength. The currents are printed in real-
imaginary and magnitude-phase forms. If the model includes patches, a table of patch
currents is printed in a format giving the patch coordinates, the surface currents along the
vectors t; and €2 and the currents in z, y and z components.

Radiated Field, Gain and Near Field

Radiated fields or near fields requested in the input data are printed following the
current tables. If the structure is excited by a voltage source, the radiated-field table will
include the antenna gains — either power gain or directive gain (directivity), as requested
on the RP command. If the excitation is by an incident plane wave, the table will show
the normalized scattering cross section ¢/A? in dB. If mixed excitation types are used, the
output format will be determined by the last excitation in the set of EX commands. For
very small gains or cross sections, the number —999.99 dB is printed.

The radiation-pattern format also includes the radiated electric field in 6 and ¢ com-
ponents. If the range R to the evaluation point has been specified on the RP command,
the field components are printed in units of volts per meter. However, if the range has not
been specified, the quantities REy(R,0,¢) and RE4(R, 0, ¢) for R — oo are printed in units
of volts. The polarization is printed in a format for general elliptic polarization, including
axial ratio (minor axis/major axis), tilt angle of the major axis (7 in figure 9), and sense
of rotation (right-hand, left-hand or linear.) The sense refers to the thumb pointing in the
direction of the wave propagation.

In addition to these basic formats, there are a number of special formats for optional
calculations. Many of these occur in the following examples.

4.2 Examples of NEC Output

The examples in this section are simple modeling problems that demonstrate most of
the output features of NEC-4. The correct interpretation of the output is explained when
necessary. Also, these examples may be useful to a new user of NEC in demonstrating
ways to use the code and to set up input files. The results were produced on a DEC Alpha
3000/400 computer in 64-bit double precision.
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4.2.1 Examples 1 through 4

Examples 1 through 4 are simple cases intended to illustrate the basic formats. In
Example 1, a A\/2 dipole is excited at its center. The X(@Q command requests only the
calculation of current. After “ANTENNA INPUT PARAMETERS”, a table shows the
value of current at the center of each segment. Next, the antenna is loaded at its center with
a series R-L-C circuit. Since the load coincides with the source segment, the effect on input
impedance is simply to add the load impedance in series. If the load had been on another
segment, the effect on input impedance would have been more complex.

The PQ command requests a listing of the linear charge density at the center of each
segment. In addition, the charge density is printed at the free ends of segments 1 and 7,
with “E” following the segment number to indicate a free wire end. The values obtained
for charge density at wire ends will be very dependent on the segment lengths. As more
segments are added to reduce the segment lengths, the charge densities at the ends will
increase, approaching the singular behavior expected at an edge. However, the values printed
give some indication of the charge in the vicinity of the end.

The NE commands request computation of near electric fields, first along the wire axis
and then along the wire surface. Ideally, the z component of electric field would be zero along
the wire axis and on the surface, except over the source region. On the wire axis the field is
very small at the centers of segments away from the source, since these values are enforced
in the moment-method solution. When the field is evaluated along the wire surface, the z
component is small, but considerably larger than on the axis. Evaluating the z component
of field on the wire surface is the worst case for the thin-wire approximation in NEC—4. This
calculation illustrates a difference between NEC—4 and NEC-3. In NEC-3, the solution was
obtained by matching the boundary condition on the wire surface, with the current treated
as a filament on the axis. Hence NEC-3 would give very small tangential fields on the surface
at the match points. When the near field is requested at a point on the wire axis in NEC-3,
it is actually computed on the wire surface. The radial electric field (E,) computed on the
wire surface can be compared with the charge densities at the segment centers. For charge
density p and wire radius a the field is £, = p/2mraey.

In Example 2 the wire has an even number of segments, so a bicone voltage source
model has been used to excite the wire at its center. The symbol “x” in the table of antenna
input parameters is a reminder that this type of source has been used. The wire radius is
very small for this problem, since the bicone source is only accurate for thin wires and small
radius to segment-length ratios. A safer way to excite the center of this wire would be to
use applied-field voltage sources on segments 4 and 5, each with half of the total voltage.
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Three frequencies are run in Example 2, and the option on the EX command is used to
collect and normalize the input impedances. At the end of Example 2, the wire is given the
conductivity of aluminum. This has a significant effect, since the wire is relatively thin.

Example 3 is a vertical dipole over ground. The average power gain has been computed
using the option on the RP command. For the first result, with perfectly-conducting ground,
the average gain is close to the ideal value of 2. For a more complex structure, the average
gain can provide a check on the accuracy of the computed input impedance. The value
of average gain should be 1.0 for a model in free space and 2.0 over perfectly conducting
ground. Acceptable differences from the correct value may range from a few percent for a
simple model to ten percent or more for large, complex models.

Example 3 also includes a solution for finitely conducting ground using the reflection-
coefficient approximation. With a finitely conducting ground the average gain cannot be
used as a check on solution accuracy, but shows the radiation efficiency of the antenna,
taking into account ground loss. Since the average gain has dropped from 2.0 for perfectly
conducting ground to 0.72, the radiation efficiency is 36 percent.

Example 4 is a simple model to demonstrate the connection of a wire to a surface patch.
Although the structure is over a perfectly conducting ground, a value of 1.8 is obtained for
average gain. This result indicates that the input impedance is inaccurate, probably due to
the crude patch model used for the box. In a case such as this, the average gain can be used
to compute corrected values for the radiated power, input resistance and antenna gain. The
total radiated power from integrating the radiated field, 9.623(10~%) watts, is printed after
the average gain. In earlier versions of NEC, this value must be obtained by multiplying the
average gain by the total input power. The radiation resistance can then be computed as

Radiation resistance =2 x (radiated power)/IZ e
=167.8 ohms

where Igource 18 the source current, and the factor of 2 is necessary because values printed
by NEC for current, voltage and field are peak rather than rms. Since the value of in-
put power used in computing gains for the radiation pattern table is too large by 0.46 dB
(10log1[2/1.8]), the gains can be corrected by adding this amount.
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CMEXAMPLE 2.

CM
CM
CE
GW
GE
FR
EX
XQ
LD
FR
EX
XQ
NX

CMEXAMPLE 3.

CM
CM
CE
GW
GE
FR
EX
GN
RP
GN
RP
RP
EX
PT
XQ
NX

CEEXAMPLE 4.

Sp
Sp
GX
SP
GW
GW
GW
GE
GN
EX
RP

EN

Input for Examples 1 through 4

CEEXAMPLE 1. CENTER FED LINEAR ANTENNA

0

0

0

0
0

NFR,RPOOOFrOORrO

0

OQCORrRrFPWNF,OOO

7

0

0

1
1

[y

9

1
0

10
0
10
10
10
0

11

NNPPOOOO

10

0. 0. -.25 0.

4 0 1.

4 4 10. 3.000E-09 5.300E-11
1 15 0. 0. 0.

1 15 .001 0. 0.

CENTER FED LINEAR ANTENNA.

CURRENT SLOPE DISCONTINUITY SOURCE.
1. THIN PERFECTLY CONDUCTING WIRE
2. THIN ALUMINUM WIRE

0. 0. -.25 0.
0 0 200. 50.

5 1 1. 0. 50.
0 0 3.720E+07

0 0 300.

5 0 1.

VERTICAL HALF WAVELENGTH ANTENNA OVER GROUND

1. PERFECT GROUND

.25 .001

0. .01786
0. .01786
.25 .00001

2. IMPERFECT GROUND INCLUDING GROUND WAVE AND RECEIVING

PATTERN CALCULATIONS

0. 0. 2. 0.
0 0 30.

5 0 1.

2 1301 0. 0. 10.
0 0O 6. 1.000E-03

2 1301 0. 0. 10.
1 0 1. 0. 2.
1 0 oO. 0. 0.
5 5

T ANTENNA ON A BOX OVER PERFECT GROUND

.1 .05 .05 0.
.05 .1 .05 0.
0 0 .1 90.
0 0 .1 0.
0 0 .3 .15
0 0 .3 -.15
1 0 1.
4 1001 O. 0. 10.

104

0.

90.

90.

10.

[eNeoNoNe)

30.

7. .3
1.000E+05

.01

.01

.04

.3 .001
.3 .001
.3 .001



Output for Examplex 1 through 4

3k 3k ok 3k 5k 3k ok 3k 3k %k ok 3k 3k %k %k 3k 3k 3k %k 3k 3k %k ok 3k 5k %k ok 3k 5k 3k %k ok 5k %k %k 5k 5k %k % %k > %k %k %k 5k k k

*

*

* NUMERICAL ELECTROMAGNETICS CODE (NEC-4.1) *

*

*

3k 3k ok 3k 5k 3k ok 3k 3k %k ok 3k 3k %k %k 3k 3k 3k %k 3k 3k %k ok 3k 5k %k ok 3k 5k %k %k 3k 5k %k %k 3k >k %k % %k > %k %k %k %k k k

3k 3k ok 3k 3k 3k ok 3k 3k %k ok 3k 3k %k ok 3k 3k %k %k 3k 3k %k ok 3k 5k %k ok 3k 5k %k ok 3k 5k 3k %k 5k 5k 3k %k 3k 5k %k %k >k 5k %k %k 5k 5k %k %k %k 5% %k %k *k >k k

EXAI

MPLE 1.

CENTER FED LINEAR ANTENNA

3k 3k ok 3k %k 3k ok 3k 3k %k ok 3k 3k %k ok 3k 3k 3k %k 3k 3k 3k ok 5k 5k %k ok 3k 5k %k ok 5k 5k 3k %k >k 5k 3k %k >k 5k %k %k >k 5k %k %k 5k 5k %k %k %k 5% %k %k *k >k k

WIRE
NO. X1 Y1l
1 0.00000 0.00000

TOTAL SEGMENTS USED= 7

- MULTIPLE WIRE JUN

- - - STRUCTURE SPECIFICATION - - -

Z1

-0.25000

COORDINATES MUST BE INPUT IN
METERS OR BE SCALED TO METERS
BEFORE STRUCTURE INPUT IS ENDED

NO. OF FIRST LAST TAG
X2 Y2 72 RADIUS  SEG. SEG.  SEG. NO.

0.00000 0.00000 0.25000 0.00100 7 1 7 0

NO. SEG. IN A SYMMETRIC CELL= 7 SYMMETRY FLAG= ©

CTIONS -

JUNCTION SEGMENTS (- FOR END 1, + FOR END 2)

NONE

I+

SEG.  COORDINATES OF SEG.
NO. X Y
.00000 ©.00000
.00000 ©.00000
.00000 ©.00000
.00000 ©.00000
.00000 ©.00000
.00000 ©.00000
.00000 ©.00000

NoOUThAWN P
[SESESESESESES]

- - - - SEGMENTATION DATA - - - -

COORDINATES IN METERS

AND I- INDICATE THE SEGMENTS BEFORE AND AFTER I

CENTER
z
-0.21429
-0.14286
-0.07143
0.00000
0.07143
0.14286
0.21429

*¥**kxx INPUT LINE 1 EX O /]
*¥**kxx INPUT LINE 2 XQ © 0

[SESESESESESNS]

SEG.
LENGTH

.07143
.07143
.07143
.07143
.07143
.07143
.07143

0
0

1.
Q.

ORIENTATION ANGLES WIRE CONNECTION DATA  TAG

ALPHA BETA RADIUS I- I I+ NO.
90.00000 ©0.00000 ©0.00100 0 1 2 0
90.00000 ©0.00000 ©.00100 1 2 3 0
90.00000 ©0.00000 ©0.00100 2 3 4 0
90.00000 ©0.00000 ©0.00100 3 4 5 0
90.00000 ©0.00000 ©.00100 4 5 6 0
90.00000 ©0.00000 ©0.00100 5 6 7 0
90.00000 ©0.00000 ©.00100 6 7 [} 0

00000E+00 ©.00000E+00 ©.00000E+00 ©.00000E+00 ©.00000E+00 ©.00000E+00
00000E+00 ©.00000E+00 ©.00000E+00 ©.00000E+00 ©.00000E+00 O.00000E+00
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------ FREQUENCY - - - - - -
FREQUENCY= 2.9980E+02 MHZ
WAVELENGTH= 1.000QQE+0@ METERS

- - - ANTENNA ENVIRONMENT - - -

FREE SPACE

- - - STRUCTURE IMPEDANCE LOADING - - -

THIS STRUCTURE IS NOT LOADED

- - - MATRIX TIMING - - -

FILL= 0.010 SEC., FACTOR= 0.000 SEC.

- - - ANTENNA INPUT PARAMETERS - - -
TAG SEG.  VOLTAGE (VOLTS) CURRENT (AMPS) IMPEDANCE (OHMS) ADMITTANCE (MHOS) POWER

NO.  NO. REAL IMAG. REAL IMAG. REAL IMAG. REAL IMAG. (WATTS)
[ 4 1.00000E+00 0.00000E+00 9.20578E-03-5.15456E-03 8.26996E+01 4.63057E+01 9.20578E-03-5.15456E-03 4.60289E-03

- - - CURRENTS AND LOCATION - - -

LENGTHS NORMALIZED BY WAVELENGTH (OR 2.*PI/CABS(K))

SEG. TAG COORD. OF SEG. CENTER SEG. - - - CURRENT (AMPS) - - -

NO.  NO. X Y z LENGTH REAL IMAG. MAG. PHASE
1 0 0.0000 0.0000 -0.2143 0.07143 2.3592E-03 -1.6880E-03 2.9009E-03 -35.584
2 0 0.0000 0.0000 -0.1429 0.07143 5.9998E-03 -4.0462E-03 7.2366E-03 -33.995
3 0 0.0000 0.0000 -0.0714 0.07143  8.3711E-03 -5.1856E-03 9.8471E-03 -31.777
4 0 0.0000 0.0000 ©0.0000 0.07143 9.2058E-03 -5.1546E-03 1.0551E-02 -29.246
5 0 0.0000 0.0000 ©0.0714 0.07143  8.3711E-03 -5.1856E-03 9.8471E-03 -31.777
6 0 0.0000 0.0000 ©.1429 0.07143 5.9998E-03 -4.0462E-03 7.2366E-03 -33.995
7 0 0.0000 0.0000 ©0.2143 0.07143 2.3592E-03 -1.6880E-03 2.9009E-03 -35.584

- - - POWER BUDGET - - -

INPUT POWER = 4.6029E-03 WATTS
RADIATED POWER= 4.6029E-03 WATTS
WIRE LOSS 0.0000E+00 WATTS
EFFICIENCY 100.00 PERCENT

*¥*%*kx INPUT LINE 3 LD @ 0 4 4 1.00000E+01 3.00000E-09 5.30000E-11 ©.00000E+00 0.00000E+00 @.00000E+00
*¥*%kx INPUT LINE 4 PQ O 0 0 0 0.00000E+00 ©.00000E+00 ©.00000E+00 ©.00000E+00 @.00000E+00 @ .00000E+00
*¥*%kx INPUT LINE 5 NE 0 1 1 15 0.00000E+00 ©.00000E+00 ©.00000E+00 ©.00000E+00 ©.00000E+00 1.78600E-02
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------ FREQUENCY - - - - - -

FREQUENCY= 2.9980E+02 MHZ
WAVELENGTH= 1.0000E+00 METERS

- - - ANTENNA ENVIRONMENT - - -

FREE SPACE

- - - STRUCTURE IMPEDANCE LOADING - - -

LOCATION RESISTANCE  INDUCTANCE CAPACITANCE IMPEDANCE (OHMS) CONDUCTIVITY TYPE
ITAG FROM THRU OHMS HENRYS FARADS REAL IMAGINARY MHOS/METER
4 4 1.0000E+01  3.0000E-09 5.3000E-11 SERIES

- - - MATRIX TIMING - - -

FILL= 0.000 SEC., FACTOR= 0.000 SEC.

- - - ANTENNA INPUT PARAMETERS - - -
TAG SEG.  VOLTAGE (VOLTS) CURRENT (AMPS) IMPEDANCE (OHMS) ADMITTANCE (MHOS) POWER

NO.  NO. REAL IMAG. REAL IMAG. REAL IMAG. REAL IMAG. (WATTS)
[ 4 1.00000E+00 0.00000E+00 8.95457E-03-4.05135E-03 9.26996E+01 4.19404E+01 8.95457E-03-4.05135E-03 4.47729E-03

- - - CURRENTS AND LOCATION - - -

LENGTHS NORMALIZED BY WAVELENGTH (OR 2.*PI/CABS(K))

SEG. TAG COORD. OF SEG. CENTER SEG. - - - CURRENT (AMPS) - - -

NO.  NO. X Y z LENGTH REAL IMAG. MAG. PHASE
1 0 0.0000 0.0000 -0.2143 0.07143  2.3240E-03 -1.3789E-03 2.7023E-03 -30.682
2 0 0.0000 0.0000 -0.1429 0.07143 5.8907E-03 -3.2778E-03 6.7413E-03 -29.093
3 0 0.0000 0.0000 -0.0714 0.07143  8.1823E-03 -4.1466E-03 9.1730E-03 -26.875
4 0 0.0000 0.0000 0.0000 0.07143  8.9546E-03 -4.0513E-03 9.8284E-03 -24.344
5 0 0.0000 0.0000 ©0.0714 0.07143  8.1823E-03 -4.1466E-03 9.1730E-03 -26.875
6 0 0.0000 0.0000 ©.1429 0.07143 5.8907E-03 -3.2778E-03 6.7413E-03 -29.093
7 0 0.0000 0.0000 ©0.2143 0.07143  2.3240E-03 -1.3789E-03 2.7023E-03 -30.682

- - - CHARGE DENSITIES - - -

LENGTHS NORMALIZED TO WAVELENGTH (OR 2.*PI/CABS(K))

SEG. TAG COORD. OF SEG. CENTER SEG. CHARGE DENSITY (COULOMBS/METER)

NO.  NO. X Y z LENGTH REAL IMAG. MAG. PHASE
1IE 0 0.0000 0.0000 -0.2500 0.07143 2.1919E-11 3.6035E-11 4.2178E-11  58.690
1 0 0.0000 0.0000 -0.2143 0.07143 1.8291E-11 3.1761E-11 3.6651E-11 60.062
2 0 0.0000 0.0000 -0.1429 0.07143 1.0429E-11 2.2040QE-11 2.4383E-11 64.677
3 0 0.0000 0.0000 -0.0714 0.07143 2.1138E-12 1.1638E-11 1.1829E-11 79.706
4 0 0.0000 0.0000 ©0.0000 0.07143 -5.7863E-27 -1.1573E-26 1.2938E-26 -116.565
5 0 0.0000 0.0000 ©0.0714 0.07143 -2.1138E-12 -1.1638E-11 1.1829E-11 -100.294
6 0 0.0000 0.0000 ©.1429 0.07143 -1.0429E-11 -2.2040QE-11 2.4383E-11 -115.323
7 0 0.0000 0.0000 ©0.2143 0.07143 -1.8291E-11 -3.1761E-11 3.6651E-11 -119.938
7E 0 0.0000 ©0.0000 ©0.2500 ©0.07143 -2.1919E-11 -3.6@35E-11 4.2178E-11 -121.310
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X
METERS
.0000
.0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
.0000

[SESESESESESESESESESESES SRS RS

*¥*xx% INPUT LINE

X
METERS
.0010
.0010
0010
0010
0010
0010
0010
0010
0010
0010
0010
0010
0010
0010
.0010

[SESESESESESESESESESESESESES RS

*¥*xx% INPUT LINE

LOCATION

Y
METERS

6

[SESESESESESESESESESESESESESES]

.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000

NE

LOCATION

Y
METERS

7

[SESESESESESESESESESESESESESES]

.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000

NX

z
METERS

[SESESESESESESESESESESESESES NS

.0000
.0179
.0357
.0536
L0714
.0893
.1072
.1250
.1429
.1607
.1786
.1965
.2143
.2322
.2500

1

z
METERS

[SESESESESESESESESESESESESES NS

.0000
.0179
.0357
.0536
L0714
.0893
.1072
.1250
.1429
.1607
.1786
.1965
.2143
.2322
.2500

0

- - - POWER BUDGET -

INPUT POWER = 4.4773E-03 WATTS
RADIATED POWER= 3.9943E-03 WATTS

WIRE LOSS
EFFICIENCY

- - - NEAR ELECTRIC FI

- EX -

MAGNITUDE  PHASE

VOLTS/M  DEGRE
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00

[SESESESESESESESESESESESESES NS
[SESESESESESESESESESESESESES NS

15 1.00000E-03 0.

- - - NEAR ELECTRIC FI

- EX -

MAGNITUDE  PHASE

VOLTS/M  DEGRE
.9570E-13 -114.
.5432E+01  -66.
.0947E+02  -67.
.5608E+02  -88.
.1267E+02 -100.
7146E+02 -106.
2922E+02 -111
8591E+02 -113.
3834E+02 -115.
8562E+02 -116.
2835E+02 -117.
9658E+02 -119.
.5864E+02 -119.
.1183E+02 -120.
.2614E+02 -121.

ONOUVITUVTA PR WWNNRERERUN

0 0.00000E+00 ©O.

108

12 0.0000E+00 [
34 0.0000E+00 [
51 0.0000E+00 [
87 0.0000E+00 [
31 0.0000E+00 [
86 0.0000E+00 [
.07 0.0000E+00 [
51 0.0000E+00 [
33 0.0000E+00 [
77 0.0000E+00 [
97 0.0000E+00 [
06 0.0000E+00 [
94 0.0000E+00 [
67 0.0000E+00 [
28 0.0000E+00 [

4.8299E-04 WATTS

89.21 PERCENT

ELDS - - -

- EY

ELDS - - -

- EY -

MAGNITUDE  PHASE

ES VOLTS/M  DEGREES
00 0.0000E+00 0.00
00 0.0000E+00 0.00
00 0.0000E+00 0.00
00 0.0000E+00 0.00
00 0.0000E+00 0.00
00 0.0000E+00 0.00
00 0.0000E+00 0.00
00 0.0000E+00 0.00
00 0.0000E+00 0.00
00 0.0000E+00 0.00
00 0.0000E+00 0.00
00 0.0000E+00 0.00
00 0.0000E+00 0.00
00 0.0000E+00 0.00
.00 0.0000E+00 0.00
00000E+00 ©.00000E+00 @

MAGNITUDE  PHASE

ES VOLTS/M  DEGREES

00000E+00 ©.00000E+00

.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

NPFPRPWENWNNWWOO R

- EZ

MAGNITUDE
VOLTS/M
.3042E+01
.2536E+01
. 7270E+00
.4348E-01
.2912E-04
.4488E-01
.7987E-01
.2073E-01
.2422E-04
.1940E-01
.9747E+00
.3108E+00
.0230E-02
.0677E+01
.3668E+02

PHASE
DEGREES

-175.
-175.
-175.
-179.
-4.
-8.
22.
74.
-106.
-106.
57.
58.
-121.
-121.
-121.

.00000E+00 ©.00000E+00

NPFPOONRFRFWNNRFRPOONREOR PR

- EZ

MAGNITUDE
VOLTS/M
.2068E+01
.1563E+01
.3682E+00
.0985E+00
.6119E-01
.6233E-02
.3831E-01
.5106E-01
.0187E-01
.4158E-01
.5253E+00
.5345E+00
.0360E-01
.1430E+01
.7833E+02

PHASE
DEGREES

-175.
-175.
-176.
.07
166.

4.

177

77

-122
-121

57
56
30

81
26

.44
124.
-178.
-140.
63.
62.
-132.
.41
.49

56
22
60
32
10
39

1.78600E-02

0.00000E+00 0.00000E+00 ©.00000E+00



3k 3k 3k 3k 3k 3k ok 3k 3k %k ok 3k 3k %k ok 3k 3k %k %k 3k 3k %k %k 3k 5k %k >k 3k 5k %k %k 3k 5k %k %k >k 5k %k %k %k 5%k %k %k %k >k k k

*

*

* NUMERICAL ELECTROMAGNETICS CODE (NEC-4.1) *

*

*

3k 3k 3k 3k 3k 3k ok 3k 3k %k ok 3k 3k %k ok 3k 3k %k %k 3k 5k %k ok 3k 5k %k >k 3k 5k %k %k 3k >k %k %k >k 5 %k %k %k 5k %k %k %k >k k k

3k 3k 3k 3k 5k 3k ok 3k 3k %k ok 3k 3k %k ok 3k 3k 3k %k 3k 3k %k ok 3k 5k %k >k 3k 5k %k ok 5k >k %k %k 5k 5k 3k %k >k 5k %k %k >k 5k %k %k 3k 5k %k %k 5k 5% %k %k *k >k k

EXAMPLE 2. CENTER FED LINEAR ANTENNA.
CURRENT SLOPE DISCONTINUITY SOURCE.
1. THIN PERFECTLY CONDUCTING WIRE
2. THIN ALUMINUM WIRE

3k 3k 3k 3k %k 3k 3k 3k 3k %k ok 3k 3k %k ok 3k 3k 3k %k 3k 5k %k ok 3k 5k %k ok 3k 5k %k ok 5k 5k %k %k 5k 5k 3k %k >k 5k %k %k >k 5k %k %k 3k 5k %k %k 5k 5% % %k %k >k k

- - - STRUCTURE SPECIFICATION - - -

COORDINATES MUST BE INPUT IN
METERS OR BE SCALED TO METERS
BEFORE STRUCTURE INPUT IS ENDED

WIRE NO. OF FIRST LAST TAG
NO. X1 Y1 71 X2 Y2 72 RADIUS  SEG. SEG.  SEG. NO.
1 0.00000 0.00000 -0.25000 0.00000 0.00000 0.25000 0.00001 8 1 8 0

TOTAL SEGMENTS USED= 8 NO. SEG. IN A SYMMETRIC CELL= 8 SYMMETRY FLAG= ©

- MULTIPLE WIRE JUNCTIONS -
JUNCTION SEGMENTS (- FOR END 1, + FOR END 2)

NONE
- - - - SEGMENTATION DATA - - - -
COORDINATES IN METERS
I+ AND I- INDICATE THE SEGMENTS BEFORE AND AFTER I

SEG.  COORDINATES OF SEG. CENTER SEG. ORIENTATION ANGLES WIRE CONNECTION DATA  TAG
NO. X Y z LENGTH ALPHA BETA RADIUS I- I I+ NO.

1 0.00000 ©0.00000 -0.21875 0.06250 90.00000 ©.00000 0.00001 0 1 2 0

2 0.00000 0.00000 -0.15625 0.06250 90.00000 0.00000 ©.00001 1 2 3 0

3 0.00000 0.00000 -0.09375 0.06250 90.00000 0.00000 ©.00001 2 3 4 0

4 0.00000 0.00000 -0.03125 0.06250 90.00000 0.00000 ©.00001 3 4 5 0

5 0.00000 0.00000 ©.03125 0.06250 90.00000 0.00000 ©.00001 4 5 6 0

6 0.00000 0.00000 ©.09375 0.06250 90.00000 0.00000 ©.00001 5 6 7 0

7 0.00000 0.00000 ©.15625 0.06250 90.00000 0.00000 ©.00001 6 7 8 0

8 0.00000 0.00000 ©.21875 0.06250 90.00000 0.00000 ©.00001 7 8 [} 0
*¥*%kx INPUT LINE 1 FR 0@ 3 0 0 2.00000E+02 5.00000E+Q01 ©.00000E+00 ©.00000E+00 0.00000E+00 @.00000E+00
*¥*%kx INPUT LINE 2 EX 5 0 5 1 1.00000E+00 ©.00000E+00 5.00000E+Q1 ©.00000E+00 0.00000E+00 @ .00000E+00
*¥*%kkx INPUT LINE 3 XQ @ 0 0 0 0.00000E+00 ©.00000E+00 ©.00000E+00 ©.00000E+00 @.00000E+00 @ .00000E+00
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------ FREQUENCY - - - - - -

FREQUENCY= 2.0000E+02 MHZ
WAVELENGTH= 1.4990E+00 METERS

- - - ANTENNA ENVIRONMENT - - -

FREE SPACE

- - - STRUCTURE IMPEDANCE LOADING - - -

THIS STRUCTURE IS NOT LOADED

- - - MATRIX TIMING - - -

FILL= 0.000 SEC., FACTOR= 0.000 SEC.

- - - ANTENNA INPUT PARAMETERS - - -
TAG SEG.  VOLTAGE (VOLTS) CURRENT (AMPS) IMPEDANCE (OHMS) ADMITTANCE (MHOS) POWER

NO.  NO. REAL IMAG. REAL IMAG. REAL IMAG. REAL IMAG. (WATTS)
0 * 5 1.00000E+00 0.00000E+00 6.64063E-05 1.57933E-03 2.65762E+01-6.32060E+02 6.64063E-05 1.57933E-03 3.32031E-05

- - - CURRENTS AND LOCATION - - -

LENGTHS NORMALIZED BY WAVELENGTH (OR 2.*PI/CABS(K))

SEG. TAG COORD. OF SEG. CENTER SEG. - - - CURRENT (AMPS) - - -

NO.  NO. X Y z LENGTH REAL IMAG. MAG. PHASE
1 0 0.0000 0.0000 -0.1459 0.04169 1.5369E-05 2.5220E-04 2.5267E-04 86.513
2 0 0.0000 0.0000 -0.1042 0.04169 3.9856E-05 7.0589E-04 7.0702E-04 86.768
3 0 0.0000 0.0000 -0.0625 0.04169 5.6673E-05 1.1008E-03 1.1023E-03 87.053
4 0 0.0000 0.0000 -0.0208 0.04169 6.5314E-05 1.4319E-03 1.4334E-03 87.388
5 0 0.0000 0.0000 ©0.0208 0.04169 6.5314E-05 1.4319E-03 1.4334E-03 87.388
6 0 0.0000 0.0000 0.0625 0.04169 5.6673E-05 1.1008E-03 1.1023E-03 87.053
7 0 0.0000 0.0000 ©0.1042 0.04169 3.9856E-05 7.0589E-04 7.0702E-04 86.768
8 0 0.0000 0.0000 ©.1459 0.04169 1.5369E-05 2.5220E-04 2.5267E-04 86.513

- - - POWER BUDGET - - -

INPUT POWER = 3.3203E-05 WATTS
RADIATED POWER= 3.3203E-05 WATTS

WIRE LOSS = 0.0000E+00 WATTS
EFFICIENCY = 100.00 PERCENT
------ FREQUENCY - - - - - -

FREQUENCY= 2.5000E+02 MHZ
WAVELENGTH= 1.1992E+00 METERS
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- - - ANTENNA ENVIRONMENT - - -

FREE SPACE

- - - STRUCTURE IMPEDANCE LOADING - - -

THIS STRUCTURE IS NOT LOADED

- - - MATRIX TIMING - - -

FILL= 0.010 SEC., FACTOR= 0.000 SEC.

- - - ANTENNA INPUT PARAMETERS - - -
TAG SEG.  VOLTAGE (VOLTS) CURRENT (AMPS) IMPEDANCE (OHMS) ADMITTANCE (MHOS) POWER

NO.  NO. REAL IMAG. REAL IMAG. REAL IMAG. REAL IMAG. (WATTS)
0 * 5 1.00000E+00 0.00000E+00 6.16989E-04 3.56466E-03 4.71435E+01-2.72372E+02 6.16989E-04 3.56466E-03 3.08494E-04

- - - CURRENTS AND LOCATION - - -

LENGTHS NORMALIZED BY WAVELENGTH (OR 2.*PI/CABS(K))

SEG. TAG COORD. OF SEG. CENTER SEG. - - - CURRENT (AMPS) - - -

NO.  NO. X Y z LENGTH REAL IMAG. MAG. PHASE
1 0 0.0000 0.0000 -0.1824 0.05212 1.3629E-04 6.4701E-04 6.6120E-04  78.105
2 0 0.0000 0.0000 -0.1303 0.05212 3.6169E-04 1.7863E-03 1.8225E-03  78.553
3 0 0.0000 0.0000 -0.0782 0.05212 5.2216E-04 2.7Q57E-Q3 2.7557E-03  79.077
4 0 0.0000 0.0000 -0.0261 0.05212 6.0628E-04 3.3503E-03 3.4047E-03 79.743
5 0 0.0000 0.0000 ©0.0261 0.05212 6.0628E-04 3.3503E-03 3.4047E-03 79.743
6 0 0.0000 0.0000 ©0.0782 0.05212 5.2216E-04 2.7Q57E-Q3 2.7557E-03 79.077
7 0 0.0000 0.0000 ©.1303 0.05212 3.6169E-04 1.7863E-03 1.8225E-03  78.553
8 0 0.0000 0.0000 ©0.1824 0.05212 1.3629E-04 6.4701E-04 6.6120E-04 78.105

- - - POWER BUDGET - - -

INPUT POWER = 3.0849E-04 WATTS
RADIATED POWER= 3.0849E-04 WATTS

WIRE LOSS = 0.0000E+00 WATTS
EFFICIENCY = 100.00 PERCENT
------ FREQUENCY - - - - - -

FREQUENCY= 3.0000E+02 MHZ
WAVELENGTH= 9.9933E-@1 METERS

- - - ANTENNA ENVIRONMENT - - -

FREE SPACE

- - - STRUCTURE IMPEDANCE LOADING - - -

THIS STRUCTURE IS NOT LOADED
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TAG  SEG.
NO.  NO.

SEG. TAG
NO.

=
o

CONOUTSA WN -
[SESESESESESES NS

FREQ.
MHZ

200.000
250.000
300.000

oxxx INPUT
oxxx INPUT
oxxx INPUT
oxxx INPUT

FILL=

- - - MATRIX TIMING - - -

0.000 SEC.,

VOLTAGE (VOLTS)
IMAG.

REAL

R

FACTOR=

0.000 SEC.

- - - ANTENNA INPUT PARAMETERS - - -

CURRENT (AMPS)

EAL

IMAG.

- - - CURRENTS AND LOCATION - - -

IMPEDANCE (OHMS)

REAL

LENGTHS NORMALIZED BY WAVELENGTH (OR 2.*PI/CABS(K))

IMAG.

- - - CURRENT (AMPS) - - -

2
6
9
1
1
9
6
2

MAG.

.3414E-03
.3421E-03
.2383E-03
.0690E-02
.0690E-02
.2383E-03
.3421E-03
.3414E-03

RESISTANCE

59 5.31525E-01
18 9.42869E-01

COORD. OF SEG. CENTER SEG.

X Y z LENGTH REAL IMAG.
0.0000 ©0.0000 -0.2189 0.06254 1.9607E-03 -1.2798E-03
0.0000 ©0.0000 -0.1564 0.06254 5.3516E-03 -3.4033E-03
0.0000 ©0.0000 -0.0938 0.06254 7.8677E-03 -4.8420E-03
0.0000 ©0.0000 -0.0313 0.06254 9.2167E-03 -5.4146E-03
0.0000 ©0.0000 0.0313 0.06254 9.2167E-03 -5.4146E-03
0.0000 ©0.0000 ©0.0938 0.06254 7.8677E-03 -4.8420E-03
0.0000 ©0.0000 0.1564 0.06254 5.3516E-03 -3.4033E-03
0.0000 ©0.0000 0.2189 0.06254 1.9607E-03 -1.2798E-03

- - - POWER BUDGET - -
INPUT POWER = 4.6950E-03 WATTS
RADIATED POWER= 4.6950E-03 WATTS
WIRE LOSS = 0.0000E+00 WATTS
EFFICIENCY = 100.00 PERCENT
- - - INPUT IMPEDANCE DATA - - -
SOURCE SEGMENT NO. 5
NORMALIZATION FACTOR= 5.00000E+01
- - UNNORMALIZED IMPEDANCE - -
RESISTANCE REACTANCE MAGNITUDE PHASE
OHMS OHMS OHMS DEGREES
2.65762E+01 -6.32060E+02 6.32619E+02  -87.
4.71435E+01 -2.72372E+02 2.76422E+02  -80.
8.05525E+01  4.57148E+01 9.26205E+01 29.

LINE
LINE
LINE
LINE

NoO Ul A

[SHO NSV,

[SESN NS

[SHE NSNS

[SESESRS)

3.72000E+07
3.00000E+02
1.00000E+00
0.00000E+00

[SESESES)
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00000E+00
00000E+00
0000OE+00
00000E+00

58 1.61105E+00

0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00

ADMITTANCE (MHOS)

REAL

PHASE
-33.135
-32.454
-31.610
-30.433
-30.433
-31.610
-32.454
-33.135

NORMALIZED
REACTANCE

-1.26412E+01
-5.44744E+00
9.14295E-01

0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00

IMAG.

IMPEDANCE

POWER

(WATTS)
0 * 5 1.00000E+00 0.00000E+00 9.38999E-03-5.32896E-03 8.05525E+01 4.57148E+01 9.38999E-03-5.32896E-03 4.69500E-03

MAGNITUDE

1.26524E+01
5.52843E+00
1.85241E+00

0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00

[SESESES)

PHASE
DEGREES

-87.59
-80.18
29.58

.00000E+00
.00000E+00
.00000E+00
.00000E+00



------ FREQUENCY - - - - - -

FREQUENCY= 3.0000E+02 MHZ
WAVELENGTH= 9.9933E-@1 METERS

- - - ANTENNA ENVIRONMENT - - -

FREE SPACE

- - - STRUCTURE IMPEDANCE LOADING - - -

LOCATION RESISTANCE  INDUCTANCE CAPACITANCE IMPEDANCE (OHMS) CONDUCTIVITY TYPE
ITAG FROM THRU OHMS HENRYS FARADS REAL IMAGINARY MHOS/METER
ALL 3.7200E+07 WIRE

- - - MATRIX TIMING - - -

FILL= 0.010 SEC., FACTOR= 0.000 SEC.

- - - ANTENNA INPUT PARAMETERS - - -
TAG SEG.  VOLTAGE (VOLTS) CURRENT (AMPS) IMPEDANCE (OHMS) ADMITTANCE (MHOS) POWER

NO.  NO. REAL IMAG. REAL IMAG. REAL IMAG. REAL IMAG. (WATTS)
0 * 5 1.00000E+00 0.00000E+00 6.64425E-03-3.86653E-03 1.12431E+02 6.54279E+01 6.64425E-03-3.86653E-03 3.32212E-03

- - - CURRENTS AND LOCATION - - -

LENGTHS NORMALIZED BY WAVELENGTH (OR 2.*PI/CABS(K))

SEG. TAG COORD. OF SEG. CENTER SEG. - - - CURRENT (AMPS) - - -

NO.  NO. X Y z LENGTH REAL IMAG. MAG. PHASE
1 0 0.0000 0.0000 -0.2189 0.06254 1.3862E-03 -9.6304E-04 1.6879E-03 -34.790
2 0 0.0000 0.0000 -0.1564 0.06254 3.7848E-03 -2.5546E-03 4.5662E-03 -34.018
3 0 0.0000 0.0000 -0.0938 0.06254 5.5658E-03 -3.6090E-03 6.6335E-03 -32.960
4 0 0.0000 0.0000 -0.0313 0.06254 6.5215E-03 -3.9782E-03 7.6391E-03 -31.384
5 0 0.0000 0.0000 ©0.0313 0.06254 6.5215E-03 -3.9782E-03 7.6391E-03 -31.384
6 0 0.0000 0.0000 ©0.0938 0.06254 5.5658E-03 -3.6090E-03 6.6335E-03 -32.960
7 0 0.0000 0.0000 ©0.1564 0.06254 3.7848E-03 -2.5546E-03 4.5662E-03 -34.018
8 0 0.0000 0.0000 ©0.2189 0.06254 1.3862E-03 -9.6304E-04 1.6879E-03 -34.790

- - - POWER BUDGET - - -

INPUT POWER = 3.3221E-@3 WATTS
RADIATED POWER= 2.4402E-03 WATTS
WIRE LOSS 8.8197E-04 WATTS
EFFICIENCY 73.45 PERCENT

*¥*%kx INPUT LINE 8 NX 0@ 0 0 0 0.00000E+00 ©.00000E+00 ©.00000E+00 ©.00000E+00 0.00000E+00 @.00000E+00
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3k 3k 3k 3k 3k 3k ok 3k 3k %k ok 3k 3k %k ok 3k 3k %k %k 3k 3k %k >k 3k 5k %k >k 3k 5k %k >k 3k >k %k %k >k 5k %k %k %k 5k %k %k %k >k k k
* *

* NUMERICAL ELECTROMAGNETICS CODE (NEC-4.1) *

* *
3k 3k 3k 3k 3k 3k ok 3k 3k %k ok 3k 3k %k ok 3k 3k %k %k 3k 5k %k ok 3k 5k %k >k 3k 5k %k %k 3k >k %k %k >k 5 %k %k %k 5k %k %k %k >k k k

3k 3k 3k 3k 5k 3k ok 3k 3k %k ok 3k 3k %k ok 3k 3k 3k %k 3k 3k %k ok 3k 5k %k >k 3k 5k %k ok 5k >k %k %k 5k 5k 3k %k >k 5k %k %k >k 5k %k %k 3k 5k %k %k 5k 5% %k %k *k >k k

EXAMPLE 3. VERTICAL HALF WAVELENGTH ANTENNA OVER GROUND
1. PERFECT GROUND
2. IMPERFECT GROUND INCLUDING GROUND WAVE AND RECEIVING
PATTERN CALCULATIONS

3k 3k 3k 3k %k 3k 3k 3k 3k %k ok 3k 3k %k ok 3k 3k 3k %k 3k 5k %k ok 3k 5k %k ok 3k 5k %k ok 5k 5k %k %k 5k 5k 3k %k >k 5k %k %k >k 5k %k %k 3k 5k %k %k 5k 5% % %k %k >k k

- - - STRUCTURE SPECIFICATION - - -
COORDINATES MUST BE INPUT IN

METERS OR BE SCALED TO METERS
BEFORE STRUCTURE INPUT IS ENDED

WIRE NO. OF FIRST
NO. X1 Y1 71 X2 Y2 72 RADIUS  SEG. SEG.
1 0.00000 0.00000 2.00000 0.00000 0.00000 7.00000 0.30000 9 1
GROUND PLANE SPECIFIED.

WHERE WIRE ENDS TOUCH GROUND, CURRENT WILL BE INTERPOLATED TO IMAGE IN GROUND PLANE.

TOTAL SEGMENTS USED= 9 NO. SEG. IN A SYMMETRIC CELL= 9 SYMMETRY FLAG= ©

- MULTIPLE WIRE JUNCTIONS -
JUNCTION SEGMENTS (- FOR END 1, + FOR END 2)

NONE
- - - - SEGMENTATION DATA - - - -
COORDINATES IN METERS
I+ AND I- INDICATE THE SEGMENTS BEFORE AND AFTER I

SEG.  COORDINATES OF SEG. CENTER SEG. ORIENTATION ANGLES WIRE CONNECTION DATA  TAG

NO. X Y z LENGTH ALPHA BETA RADIUS I- I I+ NO.
1 0.00000 ©0.00000 2.27778 ©0.55556 90.00000 ©.00000 0.30000 0 1 2 0
2 0.00000 0.00000 2.83333 0.55556 90.00000 0.00000 ©.30000 1 2 3 0
3 0.00000 0.00000 3.38889 0.55556 90.00000 0.00000 ©.30000 2 3 4 0
4 0.00000 0.00000 3.94444 ©.55556 90.00000 0.00000 ©.30000 3 4 5 0
5 0.00000 0.00000 4.50000 ©0.55556 90.00000 0.00000 ©.30000 4 5 6 0
6 0.00000 0.00000 5.05556 ©0.55556 90.00000 0.00000 ©.30000 5 6 7 0
7 0.00000 0.00000 5.61111 0.55556 90.00000 0.00000 ©.30000 6 7 8 0
8 0.00000 0.00000 6.16667 ©0.55556 90.00000 0.00000 ©.30000 7 8 9 0
9 0.00000 0.00000 6.72222 ©.55556 90.00000 0.00000 ©.30000 8 9 [} 0
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% %k %k %k %k
% %k %k %k %k
% %k %k %k
% %k %k %k %k

TAG
NO.

SEG.
NO.

OCoONOUTS WN -

INPUT LINE 1

INPUT LINE 2

INPUT LINE 3

INPUT LINE 4
SEG.

NO

TAG
NO.

[SESESESESESESESES]

[SESESESESESESESES]

oroe

FILL=

=
[SESESN

N U

0 3.00000
0 1.00000
0 0.00000
1 0.00000

------ FREQUEN

E+01 0.00000E+00 0.00000E+00
E+00 ©.00000E+00 0.00000E+00
E+00 0.00000E+00 0.00000E+00
E+00 0.00000E+00 1.00000E+01

@ AT

FREQUENCY= 3.0000E+Q1 MHZ
WAVELENGTH= 9.9933E+00 METERS

- - - ANTENNA ENVIRONMENT - - -

PERFECT GR

OUND

- - - STRUCTURE IMPEDANCE LOADING - - -

THIS STRUCTURE IS NOT LOADED

- - - MATRIX TIMING - - -

VOLTAGE (VOLTS)
IMAG.
5 1.00000E+00 0.00000E+00 9.45362E-03-2.45089E-05 1.05779E+02 2.74236E-01 9.45362E-03-2.45089E-05 4.72681E-03

REAL

COORD.
X

.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000

R

0.010 SEC., FACTOR:

= 0.000 SEC.

- - - ANTENNA INPUT PARAMETERS - - -

CURRENT (AM
EAL

PS)
IMAG.

- - - CURRENTS AND LOCATION - - -

IMPEDANCE (OHMS)
REAL IMAG.

LENGTHS NORMALIZED BY WAVELENGTH (OR 2.*PI/CABS(K))

OF

[SESESESESESESESES]

SEG. CENTER

Y z

0000 0.2279
0000 0.2835
0000 ©.3391
0000 0.3947
0000 0.4503
0000 0.5059
0000 0.5615
0000 0.6171
0000 0.6727

[SESESESESESESESES]

- - - CURRENT (AMPS) - - -

SEG.
LENGTH REAL
.05559  2.8919E-03
.05559  5.5642E-03
.05559  7.5810E-03
.05559  8.9151E-03
.05559  9.4536E-03
.05559  9.1337E-03
.05559  7.9642E-03
.05559  6.0055E-03
.05559  3.2249E-03
- - POWER BUDGET -
INPUT POWER = 4
RADIATED POWER= 4
WIRE LOSS =0
EFFICIENCY =1
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-2.
-4,
-4,
-4,

-2

-4,
-4,
-4,
-2.

IMAG. MAG.

5813E-03 3.8763E-03
1603E-03 6.9475E-03
6063E-03 8.8707E-03
0180E-03 9.7787E-03
.4509E-05 9.4536E-03
0356E-03 9.9855E-03
6311E-03 9.2128E-03
1764E-03 7.3149E-03
5767E-03 4.1278E-03

.7268E-03 WATTS
.7268E-03 WATTS
.0000E+00 WATTS
00.00 PERCENT

0.00000E+00
0.00000E+00
0.00000E+00
9.00000E+01

0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00

ADMITTANCE (MHOS)

REAL

PHASE
-41.752
-36.785
-31.283
-24.261

-0.149
-23.838
-30.178
-34.816
-38.625

IMAG.

0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00

POWER
(WATTS)



- - - RADIATION PATTERNS - - -

- - ANGLES - - - POWER GAINS - - - - POLARIZATION - - - - - - E(CTHETA) - - - - - - E(PHI) - - -
THETA PHI VERT.  HOR. TOTAL AXIAL TILT  SENSE MAGNITUDE PHASE MAGNITUDE PHASE
DEGREES DEGREES DB DB DB RATIO DEG. VOLTS DEGREES VOLTS DEGREES
0.00 0.00 -999.99 -999.99 -999.99 0.00000 0.00 0.00000E+00 0.00 0.00000E+00 0.00
10.00 0.00 -9.88 -999.99 -9.88 0.00000 0.00 LINEAR 1.70727E-01 -113.54 0.00000E+00 0.00
20.00 0.00 -4.21 -999.99 -4.21 0.00000 0.00 LINEAR 3.27688E-01 -113.81 0.00000E+00 0.00
30.00 0.00 -1.71 -999.99 -1.71 0.00000 0.00 LINEAR 4.37005E-01 -114.19 0.00000E+00 0.00
40.00 0.00 -1.76 -999.99 -1.76 0.00000 0.00 LINEAR 4.34909E-01 -114.57 0.00000E+00 0.00
50.00 0.00 -6.75 -999.99 -6.75 0.00000 0.00 LINEAR 2.44875E-01 -114.53 0.00000E+00 0.00
60.00 0.00 -10.06 -999.99 -10.06 0.00000 0.00 LINEAR 1.67177E-01 62.40 0.00000E+00 0.00
70.00 0.00 2.65 -999.99 2.65 0.00000 0.00 LINEAR 7.22664E-01 63.29 0.00000E+00 0.00
80.00 0.00 7.18 -999.99 7.18 0.00000 0.00 LINEAR 1.21715E+00 63.24 0.00000E+00 0.00
90.00 0.00 8.50 -999.99 8.50 0.00000 0.00 LINEAR 1.41677E+00 63.20 0.00000E+00 0.00
0.00 90.00 -999.99 -999.99 -999.99 0.00000 0.00 0.00000E+00 0.00 0.00000E+00 0.00
10.00 90.00 -9.88 -999.99 -9.88 0.00000 0.00 LINEAR 1.70727E-01 -113.54 0.00000E+00 0.00
20.00 90.00 -4.21 -999.99 -4.21 0.00000 0.00 LINEAR 3.27688E-01 -113.81 0.00000E+00 0.00
30.00 90.00 -1.71 -999.99 -1.71 0.00000 0.00 LINEAR 4.37005E-01 -114.19 0.00000E+00 0.00
40.00 90.00 -1.76 -999.99 -1.76 0.00000 0.00 LINEAR 4.34909E-01 -114.57 0.00000E+00 0.00
50.00 90.00 -6.75 -999.99 -6.75 0.00000 0.00 LINEAR 2.44875E-01 -114.53 0.00000E+00 0.00
60.00 90.00 -10.06 -999.99 -10.06 0.00000 0.00 LINEAR 1.67177E-01 62.40 0.00000E+00 0.00
70.00 90.00 2.65 -999.99 2.65 0.00000 0.00 LINEAR 7.22664E-01 63.29 0.00000E+00 0.00
80.00 90.00 7.18 -999.99 7.18 0.00000 0.00 LINEAR 1.21715E+00 63.24 0.00000E+00 0.00
90.00 90.00 8.50 -999.99 8.50 0.00000 0.00 LINEAR 1.41677E+00 63.20 0.00000E+00 0.00

AVERAGE POWER GAIN= 2.01877E+00 SOLID ANGLE USED IN AVERAGING=C 0.5000)*PI STERADIANS.

POWER RADIATED ASSUMING RADIATION INTO 4*PI STERADIANS = 9.54232E-03 WATTS

- - - - NORMALIZED GAIN - - - -

VERTICAL GAIN

NORMALIZATION FACTOR = 8.50 DB
- - ANGLES - - GAIN - - ANGLES - - GAIN - - ANGLES - - GAIN
THETA PHI DB THETA PHI DB THETA PHI DB
DEGREES DEGREES DEGREES DEGREES DEGREES DEGREES
0.00 0.00 -1008.49 70.00 0.00 -5.85 40.00 90.00 -10.26
10.00 0.00 -18.38 80.00 0.00 -1.32 50.00 90.00 -15.25
20.00 0.00 -12.72 90.00 0.00 0.00 60.00 90.00 -18.56
30.00 0.00 -10.22 0.00 90.00 -1008.49 70.00 90.00 -5.85
40.00 0.00 -10.26 10.00 90.00 -18.38 80.00 90.00 -1.32
50.00 0.00 -15.25 20.00 90.00 -12.72 90.00 90.00 0.00
60.00 0.00 -18.56 30.00 90.00 -10.22

*¥*%kx INPUT LINE 5 GN 0 0 0 0 ©6.00000E+00 1.00000E-03 ©.00000E+00 ©.00000E+00 @.00000E+00 @.00000E+00
*¥*%*kx INPUT LINE 6 RP 0 10 2 1301 ©.00000E+00 ©.00000E+00 1.00000E+01 9.00000E+Q1 ©.00000E+00 ©.00000E+00

------ FREQUENCY - - - - - -

FREQUENCY= 3.0000E+01 MHZ
WAVELENGTH= 9.9933E+00 METERS

- - - ANTENNA ENVIRONMENT - - -

FINITE GROUND. REFLECTION COEFFICIENT APPROXIMATION
RELATIVE DIELECTRIC CONST.= 6.000
CONDUCTIVITY= 1.000E-03 MHOS/METER
COMPLEX DIELECTRIC CONSTANT= 6.00000E+00-5.99183E-01
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TAG
NO.

SEG.
NO.

OCoONOUTS WN -

THET
DEGRE
Q.
10.
20.
30.
40.
50.
60.
70.
80.
90.
Q.
10.
20.
30.
40.
50.
60.
70.
80.
90.

SEG.

NO. REAL
TAG COORD.
NO. X

0 0.0000
0 0.0000
0 0.0000
0 0.0000
0 0.0000
0 0.0000
0 0.0000
0 0.0000
0 0.0000
- - ANGLES - -

A PHI

ES DEGREES

00 0.00

00 0.00

00 0.00

00 0.00

00 0.00

00 0.00

00 0.00

00 0.00

00 0.00

00 0.00

00 90.00

00 90.00

00 90.00

00 90.00

00 90.00

00 90.00

00 90.00

00 90.00

00 90.00

00 90.00

F

ILL=

- - - STRUCTURE IMPEDANCE LOADING - - -

THIS STRUCTURE IS NOT LOADED

- - - MATRIX TIMING - - -

VOLTAGE (VOLTS)
IMAG.

0.010 SEC.,

R

FACTOR=

0.000 SEC.

- - - ANTENNA INPUT PARAMETERS - - -

CURRENT (AMPS)
IMAG.

EAL

- - - CURRENTS AND LOCATION - - -

IMPEDANCE (OHMS)

REAL

LENGTHS NORMALIZED BY WAVELENGTH (OR 2.*PI/CABS(K))

OF

[SESESESESESESESES]

VE
D

-999.
-12.
-7.
-4.
-3.
-2.
-0.
1.

Q.
-999.
-999.
-12.
-7.
-4.
-3.

SEG. CENTER
Y z
.0000 ©0.2279 ©
.0000 ©0.2835 ©
0000 ©0.3391 0
0000 ©0.3947 0
0000 ©0.4503 0
0000 ©0.5059 0
0000 ©0.5615 0
0000 0.6171 0
0000 0.6727 0
- POWER GAINS -
RT.  HOR. T0
B DB D
99 -999.99 -999.
88 -999.99 -12.
19 -999.99 -7.
48 -999.99 -4.
47 -999.99  -3.
96 -999.99 -2.
81 -999.99 -0.
52 -999.99
62 -999.99
99 -999.99 -999.
99 -999.99 -999.
88 -999.99 -12.
19 -999.99 -7.
48 -999.99 -4.
47 -999.99  -3.
96 -999.99 -2
81 -999.99 -0.
52 -999.99 1
62 -999.99
.99 -999.99 -999

1.
Q.

SEG.

LENGTH
.05559
.05559
.05559
.05559
.05559
.05559
.05559
.05559
.05559

REAL
.8751E-03
.4615E-03
.3684E-03
.5928E-03
.0452E-03
.6815E-03
.5241E-03
.6410E-03
.0109E-03

WUITN0WOWoo~NUTN

I

MAG. R

- - - CURRENT (AMPS) - - -

- - POWER BUDGET -

INPUT POWER

WIRE LOSS
EFFICIENCY

4
RADIATED POWER= 4
0
1

TAL
B

929
88
19
48

00.00 PERCENT

-2.
-4,
-4,
-4,
-5.
-4,
-4,
-4,
-2.

IMAG.

5567E-03
1520E-03
6190E-03
0447E-03
3799E-05
0567E-03
6375E-03
1681E-03
5621E-03

3
6
8
9
9
9
8
7
3

5226E-03 WATTS
5226E-03 WATTS
Q00OE+00 WATTS

M
.8
.8
.6
4
.0
.5
.8
.0
.9

- - - RADIATION PATTERNS - - -

[SESESESESESESESESESESESESESESE SRS SRS S

- - - POLARIZATION - - -

AXIAL

RATIO
.00000
.00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
.00000
.00000
.00000
.00000
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T
D

[SESESESESESESESESESESESESESESESESESESES]

ILT
EG.
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

SENSE

LINEAR
LINEAR
LINEAR
LINEAR
LINEAR
LINEAR
LINEAR
LINEAR

LINEAR
LINEAR
LINEAR
LINEAR
LINEAR
LINEAR
LINEAR
LINEAR

NUOOCPWWWNRERPONUIORWWWNRES

AG. PHASE
475E-03 -41.646
605E-03 -37.243
965E-03 -32.082
972E-03 -25.207
453E-03  -0.341
826E-03 -25.046
384E-03 -31.648
139E-03 -36.461
535E-03 -40.396
- - - ECTHETA) - - -
MAGNITUDE  PHASE
VOLTS DEGREES
. 00000E-+00 0.00
.18226E-01 -123.90
.27567E-01 -128.12
.10746E-01 -136.54
.49292E-01 -152.66
.70491E-01 177.80
.74477E-01  142.78
.20232E-01  121.07
.59348E-01  111.10
.67585E-11  -72.33
. 0000OE-+00 0.00
.18226E-01 -123.90
.27567E-01 -128.12
.10746E-01 -136.54
.49292E-01 -152.66
.70491E-01 177.80
.74477E-01  142.78
.20232E-01  121.07
.59348E-01 111.10
.67585E-11  -72.33

EAL

I

[SESESESESESESESESESESESESESESESESESESES]

ADMITTANCE (MHOS)

POWER

MAG. (WATTS)
5 1.00000E+00 0.00000E+00 9.04517E-03-5.37988E-05 1.10552E+02 6.57543E-01 9.04517E-03-5.37988E-05 4.52258E-03

- - - E(PHI) - - -
MAGNITUDE  PHASE
VOLTS DEGREES
. 00000E-+00 0.00
. 00000E-+00 0.00
. 00000E-+00 0.00
. 00000E-+00 0.00
. 00000E-+00 0.00
. 00000E-+00 0.00
. 00000E-+00 0.00
. 00000E-+00 0.00
. 00000E-+00 0.00
. 00000E-+00 0.00
. 00000E-+00 0.00
. 00000E-+00 0.00
. 00000E-+00 0.00
. 00000E-+00 0.00
. 00000E-+00 0.00
. 00000E-+00 0.00
. 00000E-+00 0.00
. 00000E-+00 0.00
. 00000E-+00 0.00
. 00000E-+00 0.00



AVERAGE POWER GAIN= 7.17751E-01 SOLID ANGLE USED IN AVERAGING=(C 0.5000)*PI STERADIANS.

POWER RADIATED ASSUMING RADIATION INTO 4*PI STERADIANS = 3.246Q9E-03 WATTS

- - - - NORMALIZED GAIN - - - -

VERTICAL GAIN

NORMALIZATION FACTOR = 1.52 DB
- - ANGLES - - GAIN - - ANGLES - - GAIN - - ANGLES - - GAIN
THETA PHI DB THETA PHI DB THETA PHI DB
DEGREES DEGREES DEGREES DEGREES DEGREES DEGREES
0.00 0.00 -1001.51 70.00 0.00 0.00 40.00 90.00 -4.99
10.00 0.00 -14.40 80.00 0.00 -0.90 50.00 90.00 -4.48
20.00 0.00 -8.71 90.00 0.00 -1001.51 60.00 90.00 -2.33
30.00 0.00 -6.00 0.00 90.00 -1001.51 70.00 90.00 0.00
40.00 0.00 -4.99 10.00 90.00 -14.40 80.00 90.00 -0.90
50.00 0.00 -4.48 20.00 90.00 -8.71 90.00 90.00 -1001.51
60.00 0.00 -2.33 30.00 90.00 -6.00

*¥*%k*kx INPUT LINE 7 RP 1 10 1 © 1.00000E+00 ©.00000E+00 2.00000E+00 ©.00000E+00 1.00000E+05 @.00000E+00

- - - RADIATED FIELDS NEAR GROUND - - -

- - - LOCATION - - - - - ECTHETA) - - - - E(PHI) - - - - E(RADIAL) - -

RHO PHI z MAG PHASE MAG PHASE MAG PHASE
METERS DEGREES  METERS VOLTS/M  DEGREES VOLTS/M  DEGREES VOLTS/M  DEGREES
100000 .00 0.00 1.00 2.2806E-09 147.04  ©.0000E+00 0.00  8.3391E-10 -43.95
100000 .00 0.00 3.00 2.6853E-09 169.58  ©.0000E+00 0.00  8.3389E-10 -43.95
100000 .00 0.00 5.00 3.3791E-09 -175.43  ©0.0000E+00 0.00  8.3384E-10 -43.95
100000 .00 0.00 7.00 4.2218E-09 -165.96  ©.0000E-+00 0.00  8.3377E-10  -43.96
100000 .00 0.00 9.00 5.1406E-09 -159.76  ©.0000E+00 0.00  8.3369E-10 -43.96
100000 .00 0.00 11.00 6.1012E-09 -155.48  0.0000E-+00 0.00  8.3361E-10 -43.97
100000 .00 0.00 13.00 7.0865E-09 -152.37  ©.0000E+00 0.00  8.3352E-10 -43.97
100000 .00 0.00 15.00 8.0874E-09 -150.04  ©.0000E+00 0.00  8.3343E-10  -43.98
100000 .00 0.00 17.00 9.0989E-09 -148.22  0.0000E-+00 0.00  8.3333E-10  -43.99
100000 .00 0.00 19.00 1.0118E-08 -146.77  ©.0000E+00 0.00  8.3324E-10 -44.00

#xkxk INPUT LINE 8 EX 1 10 1 O 0.00000E+00 ©.00000E+00 ©.00000E+00 1.00000E+01 ©.00000E+00 ©.00000E+00
#xkxk INPUT LINE 9 PT 2 @ 5 5 0.00000E+00 ©.00000E+00 ©.00000E+00 ©.00000E+00 ©.00000E+00 ©.00000E+00
#xkxx INPUT LINE 10 XQ © © © O 0.00000E+00 ©.00000E+00 ©.00000E+00 ©.00000E+00 ©.00000E+00 ©.00000E+00
- - - RECEIVING PATTERN PARAMETERS - - -
ETA= .00 DEGREES
TYPE -LINEAR
AXIAL RATIO= 0.000
THETA PHI - CURRENT - SEG
(DEG) (DEG) MAGNITUDE  PHASE NO.
0.00 0.00 0.0000E+00 0.00 5
10.00 .00 6.2726E-03  -33.91 5
20.00 .00 1.2071E-02  -38.13 5
30.00 .00 1.6476E-02  -46.55 5
40.00 .00 1.8511E-02  -62.66 5
50.00 .00 1.9625E-02  -92.20 5
60.00 .00 2.5121E-02  -127.22 5
70.00 .00 3.2827E-02  -148.93 5
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80.00 0.00 2.9598E-02  -158.89 5
90.00 0.00 1.4158E-12 17.68 5

- - - NORMALIZED RECEIVING PATTERN - - -
NORMALIZATION FACTOR= 3.2827E-02
ETA= ©0.00 DEGREES
TYPE -LINEAR
AXIAL RATIO= 0.000

SEGMENT NO.= 5
THETA PHI - PATTERN -
(DEG) (DEG) DB MAGNITUDE
0.00 0.00 -999.99 0.0000E+00
10.00 0.00 -14.38 1.9108E-01
20.00 0.00 -8.69 3.6771E-01
30.00 0.00 -5.99 5.0191E-01
40.00 0.00 -4.98 5.6390E-01
50.00 0.00 -4.47 5.9783E-01
60.00 0.00 -2.32 7.6527E-01
70.00 0.00 0.00 1.0000E+00
80.00 0.00 -0.90 9.0163E-01
90.00 0.00 -207.30 4.3129E-11

*¥*%kx INPUT LINE 11 NX 0@ 0 0 0 0.00000E+00 ©.00000E+00 ©.00000E+00 ©.00000E+00 @.00000E+00 @.00000E+00
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WIRE

NO. X1 Y1l 71 X2 Y2 72 RADIUS
1P 0.10000 0.05000 0.05000 0.00000 0.00000 0.01000
2P 0.05000 0.10000 0.05000 0.00000 90.00000 0.01000
STRUCTURE REFLECTED ALONG THE AXES X Y . TAGS INCREMENTED BY 0
9P  0.00000 0.00000 0.10000 90.00000 0.00000 0.04000
1 0.00000 0.00000 0.10000 0.00000 0.00000 0.30000 0.00100
2 0.00000 0.00000 0.30000 0.15000 0.00000 0.30000 0.00100
3 0.00000 0.00000 0.30000 -0.15000 0.00000 0.30000 0.00100

3k 3k 3k 3k 5k 3k ok 3k 3k %k ok 3k 3k %k ok 3k 3k %k %k 3k 3k %k >k 3k 5k %k 3k 3k 5k %k %k 3k 5k % %k >k > % %k %k 5%k %k %k %k >k k k
* *

* NUMERICAL ELECTROMAGNETICS CODE (NEC-4.1) *

* *
3k 3k 3k 3k 3k 3k ok 3k 3k %k ok 3k 3k %k ok 3k 3k %k %k 3k 5k %k ok 3k 5k %k >k 3k 5k %k %k 3k >k %k %k >k 5 %k %k %k 5k %k %k %k >k k k

3k 3k 3k 3k 5k 3k ok 3k 3k %k ok 3k 3k %k ok 3k 3k 3k %k 3k 3k %k ok 3k 5k %k >k 3k 5k %k ok 5k >k %k %k 5k 5k 3k %k >k 5k %k %k >k 5k %k %k 3k 5k %k %k 5k 5% %k %k *k >k k

EXAMPLE 4. T ANTENNA ON A BOX OVER PERFECT GROUND

3k 3k 3k 3k %k 3k ok 3k 3k %k ok 3k 3k %k ok 3k 3k %k %k 3k 3k %k ok 3k 5k %k >k 3k 5k %k ok 5k 5k %k %k 5k 5k 3k %k >k 5k %k %k >k 5k %k %k 3k >k %k %k 5%k 5% % %k *k >k k

- - - STRUCTURE SPECIFICATION - - -

COORDINATES MUST BE INPUT IN
METERS OR BE SCALED TO METERS
BEFORE STRUCTURE INPUT IS ENDED

GROUND PLANE SPECIFIED.

NO. OF

SEG.

WHERE WIRE ENDS TOUCH GROUND, CURRENT WILL BE INTERPOLATED TO IMAGE IN GROUND PLANE.

TOTAL SEGMENTS USED= 8
TOTAL PATCHES USED= 12

JUNCTION

1

SEG.

NO.

CONOUTS WN -

NO. SEG. IN A SYMMETRIC CELL= 8
NO. PATCHES IN A SYMMETRIC CELL= 12

- MULTIPLE WIRE JUNCTIONS -
SEGMENTS (- FOR END 1, + FOR END 2)

4

-5

COORDINATES

[SESESESESESNESES)

X
.00000
.00000
.00000
.00000
.03750
.11250
.03750
.11250

[SESESESESESESES)

-7

- - - - SEGMENTATION DATA - - - -
COORDINATES IN METERS

I+ AND I- INDICATE THE SEGMENTS BEFORE AND AFTER I

OF SEG. CENTER SEG. ORIENTATION ANGLES WIRE
Y z LENGTH ALPHA BETA RADIUS

120

I-

.00000 ©.12500 ©0.05000 90.00000 0.00000 ©.00100 10009
.00000 ©0.17500 ©0.05000 90.00000 0.00000 ©.00100 1
.00000 0.22500 ©0.05000 90.00000 0.00000 ©.00100 2
.00000 0.27500 0.05000 90.00000 0.00000 ©.00100 3
.00000 ©.30000 ©0.07500 0.00000 ©0.00000 0.00100 -7
.00000 ©0.30000 ©0.07500 0.00000 ©0.00000 0.00100 5
.00000 ©.30000 ©0.07500 0.00000 180.00000 0.00100 4
.00000 ©.30000 ©0.07500 0.00000 180.00000 0.00100 7

SYMMETRY FLAG=

I

1
2
3
4
5
6
7
8

0

NN A

CONNECTION DATA

I+

Qe uUThWN

FIRST
SEG.

Jany

TAG
NO.

WWNNRERERPPRPRE

LAST
SEG.

o O

TAG
NO.

W N



- - - SURFACE PATCH DATA - - -

COORDINATES IN METERS

PATCH COORD. OF PATCH CENTER UNIT NORMAL VECTOR PATCH COMPONENTS OF UNIT TANGENT VECTORS

NO. X Y z X Y z AREA X1 Y1l 71 X2 Y2 72
1 0.10000 ©.05000 ©0.05000 1.0000 0.0000 0.0000 ©0.01000 ©0.0000 1.0000 0.0000 0.0000 ©.0000 1.0000
2 0.05000 0.10000 ©.05000 ©0.0000 1.0000 0.0000 ©.01000 -1.0000 ©.0000 0.0000 ©.0000 0.0000 1.0000
3 0.10000 -0.05000 ©.05000 1.0000 ©.0000 0.0000 ©.01000 ©0.0000 -1.0000 0.0000 ©.0000 0.0000 1.0000
4 0.05000 -0.10000 ©0.05000 ©.0000 -1.0000 0.0000 0.01000 -1.0000 0.0000 0.0000 0.0000 0.0000 1.0000
5 -0.10000 ©.05000 ©0.05000 -1.0000 ©0.0000 0.0000 ©0.01000 ©0.0000 1.0000 0.0000 ©0.0000 ©.0000 1.0000
6 -0.05000 0.10000 ©.05000 ©0.0000 1.0000 0.0000 ©.01000 1.0000 0.0000 0.0000 ©.0000 0.0000 1.0000
7 -0.10000 -0.05000 ©0.05000 -1.0000 ©0.0000 0.0000 ©0.01000 ©0.0000 -1.0000 0.0000 ©0.0000 ©.0000 1.0000
8 -0.05000 -0.10000 ©.05000 ©0.0000 -1.0000 0.0000 ©.01000 1.0000 ©.0000 0.0000 ©.0000 0.0000 1.0000
9 0.05000 0.05000 0.10000 ©.0000 0.0000 1.0000 0.01000 1.0000 0.0000 0.0000 0.0000 1.0000 ©.0000
10 -0.05000 ©0.05000 ©0.10000 0.0000 ©0.0000 1.0000 ©0.01000 1.0000 0.0000 0.0000 ©0.0000 1.0000 ©.0000
11 -0.05000 -0.05000 ©0.10000 ©0.0000 ©0.0000 1.0000 ©0.01000 1.0000 0.0000 0.0000 ©0.0000 1.0000 ©.0000
12 0.05000 -0.05000 ©0.10000 0.0000 ©0.0000 1.0000 ©0.01000 1.0000 ©0.0000 0.0000 ©0.0000 1.0000 ©.0000

*¥*%kkx INPUT LINE 1 GN 1 0 0 0 0.00000E+00 ©.00000E+00 ©.00000E+00 ©.00000E+00 @.00000E+00 @ .00000E+00
*¥*%kkx INPUT LINE 2 EX 0 1 1 0 1.00000E+00 ©.00000E+00 ©.00000E+00 ©.00000E+00 0.00000E+00 @ .00000E+00
*¥*%*kx INPUT LINE 3 RP 0 10 4 1001 0.00000E+00 ©.00000E+00 1.00000E+Q1 3.00000E+01 0.00000E+00 @.00000E+00

------ FREQUENCY - - - - - -

FREQUENCY= 2.9980E+02 MHZ
WAVELENGTH= 1.0000E+00 METERS

- - - ANTENNA ENVIRONMENT - - -

PERFECT GROUND

- - - STRUCTURE IMPEDANCE LOADING - - -

THIS STRUCTURE IS NOT LOADED

- - - MATRIX TIMING - - -

FILL= 0.040 SEC., FACTOR= 0.000 SEC.

- - - ANTENNA INPUT PARAMETERS - - -
TAG SEG.  VOLTAGE (VOLTS) CURRENT (AMPS) IMPEDANCE (OHMS) ADMITTANCE (MHOS) POWER

NO.  NO. REAL IMAG. REAL IMAG. REAL IMAG. REAL IMAG. (WATTS)
1 1 1.00000E+00 0.00000E+00 2.17993E-03-2.66254E-03 1.84097E+02 2.24853E+02 2.17993E-03-2.66254E-03 1.08997E-03
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SEG
NO.

CONOUTDA WN -

TAG

NO.

WWNNREPE PP

[SESESESESESESES)

CENTER

Y

.050

.100

.050

.100

.050

.100

.050

.100

.050

.050

.050

.050

- - - CURRENTS AND LOCATION - - -

LENGTHS NORMALIZED BY WAVELENGTH (OR 2.*PI/CABS(K))

COORD. OF
X

.0000
.0000
.0000
.0000
.0375
.1125
.0375
.1125

- - ANGLES - -
THETA
DEGREES DEGREES
Q.
10.
20.
30.
40.
50.
60.
70.

00
00
00
00
00
00
00
00

PHI

[SESESESESESESES)

00
00
00
00
00
00
00

.00

.050

.050

.050

.050

.050

.050

.050

.050

.100

.100

.100

.100

[SESESESESESESES)

VE
D

2

4.

SEG. CENTER

Y z

.0000 ©0.1250
.0000 0.1750
0000 0.2250
0000 0.2750
0000 0.3000
0000 0.3000
0000 0.3000
.0000 0.3000

[SESESESESESESES)

SEG
LEN
.05
.05
.05
.05
.07
.07
.07
.07

GTH
000
000
000
000
500
500
500
500

WNWNEFEPNNN

REAL

- - - CURRENT (AMPS) - - -

.1799E-03
.1579E-03
.0988E-03
.9793E-03
.9588E-04
.1430E-04
.9588E-04
.1430E-04

-2.
-3
-3.
-3.
-1.
-6.
-1.
-6.

IMAG.
6625E-03

.4413E-03

8734E-03
8860E-03
5851E-03
4730E-04
5851E-03
4730E-04

- - - - SURFACE PATCH CURRENTS -

MAG.
.4411E-03
.0619E-03
.4055E-03
.3611E-03
.7737E-03
.1957E-04
.7737E-03
.1957E-04

N NP AN W

PH
-50.
-57.
-61.
-63
-63.
-64.
-63.
-64.

DISTANCES IN WAVELENGTHS (2.*PI/CABS(K))
CURRENT IN AMPS/METER

- - SURFACE COMPONENTS - -
TANGENT VECTOR 1
PHASE

MAG.

.1832E-03

.1755E-03

.1832E-03

.1755E-03

.1832E-03

.1755E-03

.1832E-03

.1755E-03

.8284E-03

.8284E-03

.8284E-03

.8284E-03

111

-68.

111.

-68.

111.

-68.

111.

-68.

111.

-68.

-68.

111.

.34

82

34

82

34

82

34

82

24

76

76

24

- POWER GAINS -
RT. HOR.

B DB
-999.
-13.
-7.
-3.
-0.
1.

99 -999
76 -999
53 -999
71 -999
90 -999
28 -999
.95 -999
13 -999

T0

D

.99 -999
.99 -13
.99 -7
.99 -3
.99 -0
.99 1
.99 2
.99 4

TANGENT VECTOR 2
PHASE

8.

8

8.

8

8.

8

8.

8

6.

6.

6.

6.

MAG.

2597E-03 -116.30

.0984E-03

2597E-03

.0984E-03

2597E-03

.0984E-03

2597E-03

.0984E-03

6278E-03

6278E-03

6278E-03

6278E-03

-117.

-116.

-117.

-116.

-117.

-116.

-117.

111.

111.

-68.

-68.

- POWER BUDGET

INPUT POWER
RADIATED POWER

W

IRE LOSS

EFFICIENCY

TAL
B

.99
.76
.53
.71
.90
.28
.95
.13

13

30

13

30

13

30

13

27

27

73

73

REAL

.00E+00

.25E-04

.00E+00

.25E-04

.00E+00

.25E-04 -

.00E+00

.25E-04 -

L47E-03

L47E-03 -

L47E-03 -

L47E-03

0

=

=

IMAG.

.00E+00 -4.

.10E-03 -2.

.00E+00 4.

.10E-03 2.

.00E+00 -4.

.10E-03 -2.

.00E+00 4.

.10E-03 2.

.36E-03 -2

.36E-03 -2

.36E-03 2

.36E-03 2

.0900E-03 WATTS
.@900E-03 WATTS
.0000E+00 WATTS
00.00 PERCENT

- - - RADIATION PATTERNS - - -

- - - POLARIZATION - - -

AX

RA
.00
.00
00
00
.00
00
.00
.00

[SESESESESESESES)

IAL
TIO
000
000
000
000
000
000
000
000
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T
D

[SESESESESESESES)

ILT
EG.
.00
.00
.00
.00
.00
.00
.00
.00

SENSE

LINEAR
LINEAR
LINEAR
LINEAR
LINEAR
LINEAR
LINEAR

ASE
691
911
549

.008

339
101
339
101

Y
REAL

IMAG.

30E-04 1.10E-03

17E-15

30E-04

17E-15

30E-04

17E-15

30E-04

17E-15

.40E-03

.40E-03

.40E-03

.40E-03

.59E-15

.10E-03

.59E-15

.10E-03

.59E-15

.10E-03

.59E-15

.18E-03

.18E-03

.18E-03

.18E-03

- - - ECTHETA) - - -
PHASE
DEGREES

MAGNITU

VOLTS
.89382E
.24152E
.07389E
.66732E
.30546E
.96354E
.58947E
.11285E

PWNNRERRPRUON

DE

-17
-02
-01
-01
-01
-01
-01
-01

-48
-8
-6
-3
-0

2
4
6

.58
.09
.16
.44
.47
.31
.60
.28

WO PR RFE O

- - - RECTANGULAR COMPONENTS - - -

REAL

-3.66E-03

-3.69E-03

-3.66E-03

-3.69E-03

-3.66E-03

-3.69E-03

-3.66E-03

-3.69E-03

0.00E+00

0.00E+00

0.00E+00

0.00E+00

IMAG.

.40E-03

.21E-03

.40E-03

.21E-03

.40E-03

.21E-03

.40E-03

.21E-03

.00E+00

.00E+00

.00E+00

.00E+00

- - - E(PHI) - - -

MAGNITUDE
VOLTS

.17679E-17
.38205E-18
.11458E-17
.25874E-17
.17302E-18
.34027E-18
.38205E-18
.82923E-18

PHASE
DEGREES
-102.53

-90.00

-76.76
-120.47
-128.66
-126.03
-143.13

-90.00



80.00 0.00 4.84 -999.99 4.84 0.00000 0.00 LINEAR 4.46239E-01 7.29 3.61024E-18 -135.00
90.00 0.00 5.07 -999.99 5.07 0.00000 0.00 LINEAR 4.58537E-01 7.63 1.27641E-18  180.00
0.00 30.00 -999.99 -999.99 -999.99 0.00000 0.00 2.89177E-17  -58.05 1.18183E-17 175.63
10.00 30.00 -14.02 -37.74 -14.00 0.03788 -3.04 RIGHT 5.08749E-02 -9.29 3.31671E-03 -153.65
20.00 30.00 -7.78 -31.70 -7.76 0.03512 -3.04 RIGHT 1.04393E-01 -7.22 6.65069E-03 -153.65
30.00 30.00 -3.93 -28.28 -3.92 0.03081 -2.99 RIGHT 1.62562E-01 -4.29 9.85483E-03 -153.65
40.00 30.00 -1.08 -26.20 -1.07 0.02548 -2.82 RIGHT 2.25791E-01 -1.09 1.25178E-02 -153.65
50.00 30.00 1.15 -25.23 1.16 0.01980 -2.50 RIGHT 2.91871E-01 1.90 1.39927E-02 -153.65
60.00 30.00 2.87 -25.49 2.87 0.01428 -2.03 RIGHT 3.55596E-01 4.37 1.35918E-02 -153.65
70.00 30.00 4.09 -27.40 4.10 0.00918 -1.43 RIGHT 4.09539E-01 6.17 1.09041E-02 -153.65
80.00 30.00 4.83 -32.45 4.83 0.00447 -0.74 RIGHT 4.45896E-01 7.26 6.09516E-03 -153.65
90.00 30.00 5.08 -999.99 5.08 0.00000 0.00 LINEAR 4.58750E-01 7.62 1.84999E-13 26.35
0.00 60.00 -999.99 -999.99 -999.99 0.00000 0.00 2.20628E-17  -70.51 2.21165E-17  143.85
10.00 60.00 -14.55 -37.73 -14.53 0.04285 -3.12 RIGHT 4.78614E-02 -11.92 3.32118E-03 -153.65
20.00 60.00 -8.29 -31.65 -8.27 0.03966 -3.15 RIGHT 9.84705E-02 -9.54 6.68451E-03 -153.66
30.00 60.00 -4.39 -28.19 -4.37 0.03457 -3.12 RIGHT 1.54197E-01 -6.15 9.95790E-03 -153.68
40.00 60.00 -1.46 -26.06 -1.44 0.02825 -2.96 RIGHT 2.16095E-01 -2.44 1.27252E-02 -153.69
50.00 60.00 0.87 -25.04 0.88 0.02157 -2.62 RIGHT 2.82571E-01 1.04 1.43094E-02 -153.70
60.00 60.00 2.69 -25.25 2.70 0.01526 -2.12 RIGHT 3.48500E-01 3.90 1.39723E-02 -153.71
70.00 60.00 4.01 -27.13 4.01 0.00963 -1.49 RIGHT 4.05698E-01 5.97 1.12550E-02 -153.71
80.00 60.00 4.81 -32.16 4.81 0.00463 -0.77 RIGHT 4.44953E-01 7.21 6.30753E-03 -153.71
90.00 60.00 5.08 -999.99 5.08 0.00000 0.00 LINEAR 4.58964E-01 7.62 1.91604E-13 26.29
0.00 90.00 -999.99 -999.99 -999.99 0.00000 0.00 1.17679E-17 -102.53 2.89382E-17  131.42
10.00 90.00 -14.82 -999.99 -14.82 0.00000 0.00 LINEAR 4.63930E-02  -13.37 3.91661E-14 26.37
20.00 90.00 -8.55 -999.99  -8.55 0.00000 0.00 LINEAR 9.55519E-02 -10.81 7.89782E-14 26.34
30.00 90.00 -4.63 -999.99 -4.63 0.00000 0.00 LINEAR 1.50010E-01 -7.17 1.17989E-13 26.32
40.00 90.00 -1.66 -999.99 -1.66 0.00000 0.00 LINEAR 2.11160E-01 -3.17 1.51222E-13 26.30
50.00 90.00 0.72 -999.99 0.72 0.00000 0.00 LINEAR 2.77755E-01 0.57 1.70515E-13 26.29
60.00 90.00 2.60 -999.99 2.60 0.00000 0.00 LINEAR 3.44753E-01 3.64 1.66907E-13 26.28
70.00 90.00 3.97 -999.99 3.97 0.00000 0.00 LINEAR 4.03603E-01 5.87 1.34729E-13 26.26
80.00 90.00 4.80 -999.99 4.80 0.00000 0.00 LINEAR 4.44352E-01 7.19 7.55953E-14 26.26
90.00 90.00 5.08 -999.99 5.08 0.00000 0.00 LINEAR 4.58965E-01 7.63 6.38205E-19 90.00
AVERAGE POWER GAIN= 1.80188E+00 SOLID ANGLE USED IN AVERAGING=C 0.5000)*PI STERADIANS.

POWER RADIATED ASSUMING RADIATION INTO 4*PI STERADIANS = 1.96399E-03 WATTS

*¥*%kx INPUT LINE 4 EN 0 0 0 0 0.00000E+00 ©.00000E+00 ©.00000E+00 ©.00000E+00 @.00000E+00 @ .00000E+00

RUN TIME = 0.500
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4.2.2 Example 5, Log-Periodic Antenna

Example 5 is a practical log-periodic antenna with 12 elements. Input data for the trans-
mission line sections is printed in the table “NETWORK DATA.” The table “STRUCTURE
EXCITATION DATA AT NETWORK CONNECTION POINTS” contains the voltage, cur-
rent, impedance, admittance and power at each segment to which the transmission lines or
networks connect. The currents printed in this table are the currents in the segments at
the connection points, and will differ from the current into the connected transmission line
if there are other transmission lines, network ports or a voltage source providing alternate
current paths. Thus, the current printed for segment 3 differs from that in the table “INPUT
PARAMETERS.” The latter is the current through the voltage source and includes the cur-
rent into the segment and into the transmission line. Power listed in the network-connection
table is the power being fed into the segment. A negative power indicates that the structure
is feeding power into the network or transmission line.

This example was run with the parameter MAXMAT set to 64 to illustrate the output
format when file storage must be used for the matrix. The line after the listing of input
line 14 shows how the matrix has been divided into blocks for transfer between memory and
file storage. The line “CP TIME TAKEN FOR FACTORIZATION” shows the amount of
central processor time used to factor the matrix, excluding I/O time. This will be less than
the total factoring time printed below in the output.

Input for Example 5

CM 12 ELEMENT LOG PERIODIC ANTENNA IN FREE SPACE.

CM 78 SEGMENTS. SIGMA=D/L RECEIVING AND TRANS. PATTERNS.

CM DIPOLE LENGTH TO DIAMETER RATIO=150.

CE TAU=0.93, SIGMA=0.70, BOOM IMPEDANCE=50. OHMS.

GWw 1 5 0. -1. 0. 0. 1. 0. 0.00667
GWw 2 5 -.7527 -1.0753 0. -.7527 1.0753 0. .00717
GW 3 5 -1.562 -1.1562 0. -1.562 1.1562 0. .00771
GW 4 5 -2.4323 -1.2432 0. -2.4323 1.2432 0. .00829
GW 5 5 -3.368 -1.3368 0. -3.368 1.3368 0. .00891
GW 6 7 -4.3742 -1.4374 0. -4.3742 1.4374 0. .00958
GWw 7 7 -5.4562 -1.5456 O. -5.4562 1.5456 0. .0103
GWw 8 7 -6.6195 -1.6619 0. -6.6195 1.6619 0. .01108
GW 9 7 -7.8705 -1.787 0. -7.8705 1.787 0. .01191
GW 10 7 -9.21566 -1.9215 0. -9.2156 1.9215 0. .01281
GW 11 9 -10.6619 -2.0662 0. -10.6619 2.0662 0. .01377
GW 12 9 -12.2171 -2.2217 0. -12.2171 2.2217 0. .01481
GE

FR O 0 0 0 46.29

TL 1 3 2 3 -50.

TL 2 3 3 3 -50.

TL 3 3 4 3 -50.

TL 4 3 5 3 -50.

TL 5 3 6 4 -50.

TL 6 4 7 4 -50

L 7 4 8 4 -50.

TL 8 4 9 4 -50.

TL 9 4 10 4 -50.

TL 10 4 11 5 -50.

TL 11 5 12 5 -50 0 0. 0 02

EX O 1 3 10 1.

RP 0 37 1 1110 90. 0 -5 0

EN

124



Output for Example 5

3k 3k 3k 3k 3k ok 3k 5k %k ok 3k 5k %k ok 3k 5k %k ok 3k 5k 3k %k %k 3k %k %k %k 5k %k %k ok 5k 3k %k ok 5k 5k %k %k >k %k %k %k %k 5k %k k
* *

* NUMERICAL ELECTROMAGNETICS CODE (NEC-4.1) *
*

*
3k 3k 3k 3k 3k ok 3k 5k %k ok 3k 5k %k ok 3k 5k 3k %k ok 5k 3k %k %k 5k %k 3k ok 5k %k %k ok 5k 3k %k ok 5k 3k %k %k >k 3k %k %k %k %k k k

3k 3k 3k 3k 3k ok 3k 5k %k ok 3k 5k %k ok 3k 5k %k %k 3k 5k 3k %k 3k 3k %k %k ok 5k %k 3k 3k 5k %k %k ok 5k 3k %k 5k >k 3k %k %k >k %k %k %k 5% %k %k %k 5% %k %k %k *k >k k

12 ELEMENT LOG PERIODIC ANTENNA IN FREE SPACE.

78 SEGMENTS. SIGMA=D/L RECEIVING AND TRANS. PATTERNS.
DIPOLE LENGTH TO DIAMETER RATIO=150.
TAU=0.93,  SIGMA=0.70, BOOM IMPEDANCE=5@. OHMS.
3k 3k 3k 3k 3k 3k 3k %k 3k 3k 3k %k %k 3k 3k 3k 3k 3k 3k 3k 5k 5k 3k >k 3%k %k %k %k %k 3k 3k 3k 3k 3k 3k 5k 5k 5k >k 3%k %k %k %k %k %k %k 3k 3k %k % 3k 5k 5k *k *k k k¥
- - - STRUCTURE SPECIFICATION - - -
COORDINATES MUST BE INPUT IN
METERS OR BE SCALED TO METERS
BEFORE STRUCTURE INPUT IS ENDED
WIRE NO. OF
NO. X1 Y1 71 X2 Y2 22 RADIUS  SEG.
1 0.00000 -1.00000  ©0.00000 0.00000  1.00000  ©0.00000  0.00667 5
2 -0.75270 -1.07530  ©.00000  -0.75270  1.07530  0.00000  0.00717 5
3 -1.56200 -1.15620  ©.00000  -1.56200  1.15620  ©.00000  ©.00771 5
4 -2.43230 -1.24320 0.00000  -2.43230  1.24320  0.00000  ©0.00829 5
5 -3.36800 -1.33680  ©0.00000  -3.36800  1.33680  0.00000  ©.00891 5
6 -4.37420 -1.43740  0.00000  -4.37420  1.43740  0.00000  ©0.00958 7
7 -5.45620 -1.54560  ©.00000  -5.45620  1.54560  ©0.00000  ©.01030 7
8 -6.61950 -1.66190  ©.00000  -6.61950  1.66190  ©0.00000  ©.01108 7
9 -7.87050 -1.78700  0.00000  -7.87050  1.78700  ©.00000  ©.01191 7
10 -9.21560 -1.92150  ©.00000  -9.21560  1.92150  ©.00000  0.01281 7
11 -10.66190 -2.06620  ©.00000 -10.66190  2.06620  ©.00000  0.01377 9
12 -12.21710 -2.22170  ©.00000 -12.21710  2.22170  ©.00000  0.01481 9
TOTAL SEGMENTS USED= 78 NO. SEG. IN A SYMMETRIC CELL- 78 SYMMETRY FLAG= @

- MULTIPLE WIRE JUNCTIONS -
SEGMENTS (- FOR END 1, + FOR END 2)

JUNCTION
NONE

- - - - SEGMENTATION DATA - - - -

COORDINATES IN METERS

I+ AND I- INDICATE THE SEGMENTS BEFORE AND

AFTER I

CONNECTION DATA

SEG.  COORDINATES OF SEG. CENTER SEG. ORIENTATION ANGLES WIRE
NO. X Y z LENGTH ALPHA BETA RADIUS I-
1 0.00000 -0.80000 ©0.00000 0.40000 0.00000 90.00000 0.00667 0
2 0.00000 -0.40000 ©0.00000 0.40000 0.00000 90.00000 0.00667 1
3 0.00000 ©0.00000 ©0.00000 0.40000 0.00000 90.00000 0.00667 2
4 0.00000 0.40000 0.00000 ©.40000 0.00000 90.00000 0.00667 3
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I+
2

3
4
5

FIRST
SEG.

TAG
NO.

]

LAST
SEG.
5

10
15
20
25
32
39
46
53
60
69
78

TAG
NO.

Loo~NOUTHAWN B



5 0
6 -0.
7 -0.
8 -0.
9 -0.
10 -0.
1 -1
12 -1.
13 -1.
14 -1.
15 -1.
16 -2
17 -2
18 -2
19 -2
20 -2
21 -3.
22 -3.
23 -3.
24 -3.
25 -3.
26 -4.
27 -4.
28 -4.
29 -4.
30 -4.
31 -4.
32 -4.
33 -5
34 -5
35 -5
36 -5
37 -5
38 -5
39 -5
40 -6.
41 -6.
42 -6.
43 -6.
44 -6.
45 -6.
46 -6.
47 -7.
48 -7.
49 -7.
50 -7.
51 -7.
52 -7.
53 -7.
54 -9.
55 -9.
56 -9.
57 -9.
58 -9.
59 -9.
60 -9.
6l -10.
62 -10.
63 -10.
64 -10.
65 -10.
66 -10.
67 -10.
68 -10.
69 -10.
70 -12.
71 -12.
72 -12
73 -12.
74 -12.
75 -12.
76 -12.
77 -12.
78 -12.

.00000

75270
75270
75270
75270
75270
56200
56200
56200
56200
56200

.43230
.43230
.43230
.43230
.43230

36800
36800
36800
36800
36800
37420
37420
37420
37420
37420
37420
37420

.45620
.45620
.45620
.45620
.45620
.45620
.45620

61950
61950
61950
61950
61950
61950
61950
87050
87050
87050
87050
87050
87050
87050
21560
21560
21560
21560
21560
21560
21560
66190
66190
66190
66190
66190
66190
66190
66190
66190
21710
21710

.21710

21710
21710
21710
21710
21710
21710

. 80000
.86024
.43012
.00000
.43012
.86024
.9249%
.46248
.00000
.46248
.9249%
.99456
.49728
.00000
.49728
.99456
.06944
.53472
.00000
.53472
.06944
.23206
.82137
.41069
.00000
.41069
.82137
.23206
.32480
.88320
.44160
.00000
.44160
.88320
.32480
.42449
.94966
.47483
.00000
47483
.94966
.42449
.53171
.02114
.51057
.00000
.51057
.02114
.53171
.64700
.09800
.54900
.00000
.54900
.09800
.64700
.83662
37747
91831
.45916
.00000
.45916
91831
37747
.83662
.97484
.48113
.98742
.49371
.00000
.49371
.98742
.48113
.97484

[SESESESESESESESESESESESESESESESESESESESESESESESESESESESRESESESESESESESESESESESESESESESESESESESESESESESESESESESESESESESRESESESESESESESESESESESESESESES]

.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

[SESESESESESESESESESESESESESESESESESESESESESESESESESESESRESESESESESESESESESESESESESESESESESESESESESESESESESESESESESESESESESESESESESESESESESESESESESES]

.40000
.43012
.43012
.43012
.43012
.43012
.46248
.46248
.46248
.46248
.46248
.49728
.49728
.49728
.49728
.49728
.53472
.53472
.53472
.53472
.53472
.41069
.41069
.41069
.41069
.41069
.41069
.41069
.44160
.44160
.44160
.44160
.44160
.44160
.44160
47483
47483
47483
47483
47483
47483
47483
.51057
.51057
.51057
.51057
.51057
.51057
.51057
.54900
.54900
.54900
.54900
.54900
.54900
.54900
.45916
.45916
.45916
.45916
.45916
.45916
.45916
.45916
.45916
.49371
.49371
.49371
.49371
.49371
.49371
.49371
.49371
.49371

[SESESESESESESESESESESESESESESESESESESESESESESESESESESESRSESESESESESESESESESESESESESESESESESES ESESESESESESESESESESES ESESESESESES ESESESESESESESESESES]

.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

90.
90.
90.
90.
90.
90.
90.
90.
90.
90.
90.
90.
90.
90.
90.
90.
90.
90.
90.
90.
90.
90.
90.
90.
90.
90.
90.
90.
90.
90.
90.
90.
90.
90.
90.
90.
90.
90.
90.
90.
90.
90.
90.
90.
90.
90.
90.
90.
90.
90.
90.
90.
90.
90.
90.
90.
90.
90.
90.
90.
90.
90.
90.
90.
90.
90.
90.
90.
90.
90.
90.
90.
90.
90.

126

00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000

[SESESESESESESESESESESESESESESESESESESESESESESESESESESESRSESESESESESESESES NSRS ESES ESESESESESES ESESESESESESESESESESES ESESESESESES ESESESESESESESESESES]

.00667
.00717
.00717
.00717
.00717
.00717
.00771
.00771
.00771
.00771
.00771
.00829
.00829
.00829
.00829
.00829
.00891
.00891
.00891
.00891
.00891
.00958
.00958
.00958
.00958
.00958
.00958
.00958
.01030
.01030
.01030
.01030
.01030
.01030
.01030
.01108
.01108
.01108
.01108
.01108
.01108
.01108
.01191
.01191
.01191
.01191
.01191
.01191
.01191
.01281
.01281
.01281
.01281
.01281
.01281
.01281
.01377
.01377
.01377
.01377
.01377
.01377
.01377
.01377
.01377
.01481
.01481
.01481
.01481
.01481
.01481
.01481
.01481
.01481
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% % %k %k %k
% % %k %k %k
% % %k %k %k
% % %k %k %k
% % %k %k %k
% % %k %k %k
% % %k %k %k
% % %k %k %k
% % %k %k %k
% % %k %k %k
% % %k %k %k
% % %k %k %k
% % %k %k %k
% % %k %k %k

NO.

NoO U~ wN

INPUT LINE 1 FR @ 0 0 O 4.62900E+01 ©0.00000E+00 ©.00000E+00 0.00000E+00 ©.00000E+00 O.00000E+00
INPUT LINE 2 TL 1 3 2 3 -5.00000E+01 0.00000E+00 ©.00000E+00 ©.00000E+00 O.00000E+00 @.00000E+00
INPUT LINE 3 TL 2 3 3 3 -5.00000E+01 0.00000E+00 ©.00000E+00 ©.00000E+00 ©.00000E+00 @.00000E+00
INPUT LINE 4 TL 3 3 4 3 -5.00000E+01 0.00000E+00 ©.00000E+00 ©.00000E+00 @.00000E+00 @ .00000E+00
INPUT LINE 5 TL 4 3 5 3 -5.00000E+01 0.00000E+00 ©.00000E+00 ©.00000E+00 ©.00000E+00 @.00000E+00
INPUT LINE 6 TL 5 3 6 4 -5.00000E+01 ©.00000E+00 ©.00000E+00 0.00000E+00 ©.00000E+00 O.00000E+00
INPUT LINE 7 TL 6 4 7 4 -5.00000E+01 ©.00000E+00 ©.00000E+00 0.00000E+00 ©.00000E+00 O.00000E+00
INPUT LINE 8 TL 7 4 8 4 -5.00000E+01 ©.00000E+00 ©.00000E+00 0.00000E+00 ©.00000E+00 0.00000E+00
INPUT LINE 9 TL 8 4 9 4 -5.00000E+01 ©.00000E+00 ©.00000E+00 0.00000E+00 ©.00000E+00 0.00000E+00
INPUT LINE 10 TL 9 4 10 4 -5.00000E+01 ©.00000E+00 ©.00000E+00 0.00000E+00 ©.00000E+00 0.00000E+00
INPUT LINE 11 TL 10 4 11 5 -5.00000E+01 0.00000E+00 ©.00000E+00 ©.00000E+00 ©.00000E+00 @.00000E+00
INPUT LINE 12 TL 11 5 12 5 -5.00000E+01 0.00000E+00 ©.00000E+00 ©.00000E+00 2.00000E-02 0.00000E+00
INPUT LINE 13 EX @ 1 3 10 1.00000E+00 ©.00000E+00 ©.00000E+00 ©.00000E+00 ©.00000E+00 @.00000E+00
INPUT LINE 14 RP @ 37 1 1110 9.00000E+01 ©.00000E+00 -5.00000E+00 ©.00000E+00 ©.00000E+00 ©.0000QE+00
------ FREQUENCY - - - - - -
FREQUENCY= 4.6290E+01 MHZ
WAVELENGTH= 6.4766E+0@ METERS
- - - ANTENNA ENVIRONMENT - - -
FREE SPACE
- - - STRUCTURE IMPEDANCE LOADING - - -
THIS STRUCTURE IS NOT LOADED
- - - MATRIX TIMING - - -
FILL= 0.340 SEC., FACTOR= 0.030 SEC.
- - - NETWORK DATA - - -
- FROM - - T0 - TRANSMISSION LINE - - SHUNT ADMITTANCES (MHOS) - - LINE
TAG SEG. TAG SEG. IMPEDANCE LENGTH - END ONE - - END TWO - TYPE
NO. NO. NO. NO. OHMS METERS REAL IMAG. REAL IMAG.
1 3 2 8 5.0000E+01 7.5270E-01 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00  CROSSED
2 8 3 13 5.0000E+01 8.0930E-01 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00  CROSSED
3 13 4 18 5.0000E+01 8.7030E-01 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00  CROSSED
4 18 5 23 5.0000E+01 9.3570E-01 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00  CROSSED
5 23 6 29 5.0000E+01 1.0062E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00  CROSSED
6 29 7 36 5.0000E+01 1.0820E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00  CROSSED
7 36 8 43 5.0000E+01 1.1633E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00  CROSSED
8 43 9 50 5.0000E+01 1.2510E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00  CROSSED
9 50 10 57 5.0000E+01 1.3451E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00  CROSSED
10 57 11 65 5.0000E+01 1.4463E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00  CROSSED
11 65 12 74 5.0000E+01 1.5552E+00 0.0000E+00 0.0000E+00 2.0000E-02 0.0000E+00  CROSSED
- - - STRUCTURE EXCITATION DATA AT NETWORK CONNECTION POINTS - - -
SEG. VOLTAGE (VOLTS) CURRENT (AMPS) IMPEDANCE (OHMS) ADMITTANCE (MHOS) POWER
NO. REAL IMAG. REAL IMAG. REAL IMAG. REAL IMAG. (WATTS)

8-6.76623E-01 7.27117E-01-1.88020E-04-1.90060E-03-3.43987E+02-3.90034E+02-1.27189E-03 1.44215E-03-6.27371E-04
13-1.14159E-01-1.08175E+00 6.83754E-03 2.28690E-03-6.26068E+01-1.37268E+02-2.75049E-03 6.03056E-03-1.62721E-03
18 9.62163E-01 5.03162E-01-4.58111E-03 1.06822E-02 7.15870E+00-9.31416E+01 8.20331E-04 1.06733E-02 4.83556E-04
23-7.24746E-01 6.58961E-01-1.37147E-02-3.48165E-03 3.81860E+01-5.77418E+01 7.96822E-03 1.20489E-02 3.82270E-03
29-2.80603E-01-7.56267E-01 1.69325E-03-1.27472E-02 5.54261E+01-2.93753E+01 1.40856E-02 7.46522E-03 4.58258E-03
36 5.10311E-01 5.67237E-02 9.62981E-03-1.19920E-03 5.14613E+01 1.22989E+01 1.83821E-02-4.39320E-03 2.42309E-03
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8 43-2.44913E-01 2.99246E-0

1 1.37851E-03 5.04827E-03 4.28354E+01 6.02111E+01 7.84496E-0 10272E-02 5.86529E-04
9 50-9.82415E-02-3.60748E-01-

2

1

1. 7 3-1.
2.30738E-03 5.52679E-04 4.84990E+00 1.57507E+02 1.95308E-04-6.34290E-03 1.36511E-05
10 57 3.40070E-01 2.78025E-02 3.64284E-04-9.09741E-04 1.02661E+02 3.327Q1E+02 8.46834E-04-2.74439E-03 4.92944E-05
11 65-9.25180E-02 3.38577E-01 5.72599E-04 5.66603E-04 2.13994E+02 3.79545E+02 1.12719E-03-1.99921E-03 6.94314E-05
12 74-2.94603E-01-1.34908E-01-7.24946E-04 4.78271E-04 1.97601E+02 3.16458E+02 1.41963E-03-2.27354E-03 7.45243E-05
1 3 2.

1 3 1.00000E+00 ©.00000E+00 1.82267E-03 2.30202E-03 2.11411E+02-2.67012E+02 1.82267E-0 30202E-03 9.11334E-04

- - - ANTENNA INPUT PARAMETERS - - -
TAG SEG.  VOLTAGE (VOLTS) CURRENT (AMPS) IMPEDANCE (OHMS) ADMITTANCE (MHOS) POWER

NO.  NO. REAL IMAG. REAL IMAG. REAL IMAG. REAL IMAG. (WATTS)
1 3 1.00000E+00 ©.00000E+00 2.36240E-02 2.51152E-04 4.23250E+01-4.49965E-01 2.36240E-02 2.51152E-04 1.18120E-02

- - - CURRENTS AND LOCATION - - -

LENGTHS NORMALIZED BY WAVELENGTH (OR 2.*PI/CABS(CK))

SEG. TAG COORD. OF SEG. CENTER SEG. - - - CURRENT (AMPS) - - -

NO.  NO. X Y z LENGTH REAL IMAG. MAG. PHASE
1 1 0.0000 -0.1235 0.0000 ©0.06176 6.9687E-04 5.6853E-04 8.9937E-04  39.209
2 1 0.0000 -0.0618 0.0000 ©0.06176 1.5437E-03 1.572QE-03 2.2033E-03 45.520
3 1 0.0000 0.0000 0.0000 ©0.06176 1.8227E-03 2.3020E-03 2.9362E-03 51.629
4 1 0.0000 0.0618 0.0000 ©0.06176 1.5437E-03 1.572QE-03 2.2033E-03 45.520
5 1 0.0000 ©0.1235 0.0000 0.06176 6.9687E-04 5.6853E-04 8.9937E-04  39.209
6 2 -0.1162 -0.1328 ©0.0000 ©0.06641 1.9905E-04 -4.7358E-04 5.1371E-04 -67.202
7 2 -0.1162 -0.0664 0.0000 ©0.06641 1.5343E-04 -1.3185E-03 1.3274E-03 -83.362
8 2 -0.1162 ©0.0000 ©0.0000 0.06641 -1.8802E-04 -1.9006E-03 1.9099E-03 -95.650
9 2 -0.1162 0.0664 0.0000 ©0.06641 1.5343E-04 -1.3185E-03 1.3274E-03 -83.362

10 2 -0.1162 ©0.1328 0.0000 ©0.06641 1.9905E-04 -4.7358E-04 5.1371E-04 -67.202
11 3 -0.2412 -0.1428 0.0000 ©.07141 2.1561E-03 9.2255E-04 2.3452E-03 23.165
12 3 -0.2412 -0.0714 0.0000 ©.07141 5.278QE-03 1.9920E-03 5.6414E-03 20.677
13 3 -0.2412 0.0000 0.0000 ©.07141 6.8375E-03 2.2869E-03 7.2098E-03  18.493
14 3 -0.2412 0.0714 0.0000 ©0.07141 5.278QE-03 1.9920E-03 5.6414E-03 20.677
15 3 -0.2412 0.1428 0.0000 ©0.07141 2.1561E-03 9.2255E-04 2.3452E-03 23.165
16 4 -0.3756 -0.1536 ©.0000 0.07678 -1.5102E-03 3.5732E-03 3.8792E-03 112.911
17 4 -0.3756 -0.0768 ©.0000 ©.07678 -3.6158E-03 8.5158E-03 9.2516E-03 113.006
18 4 -0.3756 0.0000 ©.0000 0.07678 -4.5811E-03 1.0682E-02 1.1623E-02 113.212
19 4 -0.3756 0.0768 ©.0000 0.07678 -3.6158E-03 8.5158E-03 9.2516E-03 113.006
20 4 -0.3756 0.1536 ©0.0000 0.07678 -1.5102E-03 3.5732E-03 3.8792E-03 112.911
21 5 -0.5200 -0.1651 0.0000 ©0.08256 -4.7271E-03 -9.5696E-04 4.8230E-03 -168.556
22 5 -0.5200 -0.0826 0.0000 ©0.08256 -1.1146E-02 -2.5364E-03 1.1431E-02 -167.180
23 5 -0.5200 0.0000 0.0000 ©.08256 -1.3715E-02 -3.4816E-03 1.4150E-02 -165.756
24 5 -0.5200 0.0826 0.0000 ©0.08256 -1.1146E-02 -2.5364E-03 1.1431E-02 -167.180
25 5 -0.5200 ©0.1651 0.0000 ©0.08256 -4.7271E-03 -9.5696E-04 4.8230E-03 -168.556
26 6 -0.6754 -0.1902 0.0000 ©0.06341 1.3785E-04 -3.3821E-03 3.3849E-03 -87.666
27 6 -0.6754 -0.1268 0.0000 ©0.06341 5.5932E-04 -8.3198E-03 8.3386E-03 -86.154
28 6 -0.6754 -0.0634 0.0000 ©0.06341 1.1491E-03 -1.1516E-02 1.1573E-02 -84.302
29 6 -0.6754 0.0000 0.0000 ©0.06341 1.6932E-03 -1.2747E-02 1.2859E-02 -82.434
30 6 -0.6754 0.0634 0.0000 ©0.06341 1.1491E-03 -1.1516E-02 1.1573E-02 -84.302
31 6 -0.6754 0.1268 0.0000 ©.06341 5.5932E-04 -8.3198E-03 8.3386E-03 -86.154
32 6 -0.6754 0.1902 0.0000 ©0.06341 1.3785E-04 -3.3821E-03 3.3849E-03 -87.666
33 7 -0.8425 -0.2046 0.0000 ©0.06818 2.5956E-03 -5.7066E-04 2.6576E-03 -12.400
34 7 -0.8425 -0.1364 0.0000 ©0.06818 6.4073E-03 -1.2256E-03 6.5235E-03 -10.829
35 7 -0.8425 -0.0682 0.0000 ©0.06818 8.8152E-03 -1.3909E-03 8.9242E-03 -8.966
36 7 -0.8425 0.0000 0.0000 ©0.06818 9.6298E-03 -1.1992E-03 9.7042E-03 -7.098
37 7 -0.8425 0.0682 0.0000 ©0.06818 8.8152E-03 -1.3909E-03 8.9242E-03 -8.966
38 7 -0.8425 0.1364 0.0000 ©0.06818 6.4073E-03 -1.2256E-03 6.5235E-03 -10.829
39 7 -0.8425 0.2046 0.0000 ©0.06818 2.5956E-03 -5.7066E-04 2.6576E-03 -12.400
40 8 -1.0221 -0.2199 0.0000 ©0.07331 5.2460E-04 1.4102E-03 1.5046E-03  69.595
41 8 -1.0221 -0.1466 0.0000 ©.07331 1.1846E-03 3.4851E-03 3.6809E-03 71.227
42 8 -1.0221 -0.0733 0.0000 ©.07331  1.4455E-03 4.7327E-03 4.9486E-03 73.015
43 8 -1.0221 0.0000 ©0.0000 ©.07331 1.3785E-03 5.0483E-03 5.2331E-03 74.727
44 8 -1.0221 0.0733 0.0000 ©0.07331 1.4455E-03 4.7327E-03 4.9486E-03 73.015
45 8 -1.0221 0.1466 0.0000 ©.07331 1.1846E-03 3.4851E-03 3.6809E-03  71.227
46 8 -1.0221 ©0.2199 0.0000 ©0.07331 5.2460E-04 1.4102E-03 1.5046E-03  69.595
47 9 -1.2152 -0.2365 0.0000 ©0.07883 -7.4268E-04 2.0205E-04 7.6967E-04 164.781
48 9 -1.2152 -0.1577 0.0000 ©.07883 -1.7937E-03 4.6194E-04 1.8522E-03 165.558
49 9 -1.2152 -0.0788 0.0000 ©.07883 -2.3194E-03 5.7087E-04 2.3886E-03 166.173
50 9 -1.2152 0.0000 ©0.0000 ©.07883 -2.3074E-03 5.5268E-04 2.3726E-03 166.530
51 9 -1.2152 0.0788 0.0000 ©.07883 -2.3194E-03 5.7087E-04 2.3886E-03 166.173
52 9 -1.2152 0.1577 0.0000 ©.07883 -1.7937E-03 4.6194E-04 1.8522E-03 165.558
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53 9 -1.2152 0.2365 0.0000 ©0.07883 -7.4268E-04 2.0205E-04 7.6967E-04 164.781
54 10 -1.4229 -0.2543 0.0000 ©.08477  9.5835E-05 -3.9100E-04 4.0258E-04 -76.228
55 10 -1.4229 -0.1695 0.0000 ©.08477 2.4963E-04 -8.9811E-04 9.3216E-04 -74.467
56 10 -1.4229 -0.0848 0.0000 ©.08477  3.4553E-04 -1.0569E-03 1.1120E-03 -71.896
57 10 -1.4229 ©0.0000 0.0000 ©.08477 3.6428E-04 -9.0974E-04 9.7997E-04 -68.178
58 10 -1.4229 ©0.0848 0.0000 ©.08477  3.4553E-04 -1.0569E-03 1.1120E-03 -71.896
59 10 -1.4229 ©0.1695 0.0000 ©.08477 2.4963E-04 -8.9811E-04 9.3216E-04 -74.467
60 10 -1.4229 0.2543 0.0000 0.08477  9.5835E-05 -3.9100E-04 4.0258E-04 -76.228
61 11 -1.6462 -0.2836 ©0.0000 0.07089 2.7083E-04 1.5013E-04 3.0966E-04 29.002
62 11 -1.6462 -0.2127 0.0000 0.07089 6.3258E-04 3.7778E-04 7.3680E-04 30.846
63 11 -1.6462 -0.1418 ©0.0000 0.07089 8.084QE-04 5.3308E-04 9.6834E-04 33.402
64 11 -1.6462 -0.0709 0.0000 0.07089 7.6870E-04 5.9463E-04 9.7184E-04 37.724
65 11 -1.6462 0.0000 ©0.0000 0.07089 5.7260E-04 5.6660E-04 8.0555E-04  44.698
66 11 -1.6462 0.0709 0.0000 0.07089 7.6870E-04 5.9463E-04 9.7184E-04 37.724
67 11 -1.6462 0.1418 ©0.0000 0.07089 8.084QE-04 5.3308E-04 9.6834E-04 33.402
68 11 -1.6462 0.2127 0.0000 0.07089 6.3258E-04 3.7778E-04 7.3680E-04 30.846
69 11 -1.6462 0.2836 ©0.0000 0.07089 2.7083E-04 1.5013E-04 3.0966E-04 29.002
70 12 -1.8864 -0.3049 0.0000 ©0.07623 -1.9982E-04 2.4060E-04 3.1276E-04 129.711
71 12 -1.8864 -0.2287 0.0000 ©.07623 -5.0501E-04 5.6276E-04 7.5613E-04 131.904
72 12 -1.8864 -0.1525 0.0000 ©.07623 -7.0919E-04 7.1452E-04 1.0067E-03 134.786
73 12 -1.8864 -0.0762 0.0000 ©.07623 -7.7887E-04 6.6669E-04 1.0252E-03 139.438
74 12 -1.8864 0.0000 0.0000 ©.07623 -7.2495E-04 4.7827E-04 8.6850E-04 146.586
75 12 -1.8864 0.0762 0.0000 ©.07623 -7.7887E-04 6.6669E-04 1.0252E-03 139.438
76 12 -1.8864 ©.1525 0.0000 ©.07623 -7.0919E-04 7.1452E-04 1.0067E-03 134.786
77 12 -1.8864 0.2287 0.0000 ©.07623 -5.0501E-04 5.6276E-04 7.5613E-04 131.904
78 12 -1.8864 ©.3049 0.0000 ©.07623 -1.9982E-04 2.4060E-04 3.1276E-04 129.711

- - - POWER BUDGET - - -

INPUT POWER
RADIATED POWER:

1.1812E-02 WATTS
1.0762E-02 WATTS

WIRE LOSS 0.0000E+00 WATTS
NETWORK LOSS 1.0499E-03 WATTS
EFFICIENCY 91.11 PERCENT

- - - RADIATION PATTERNS - - -

- - ANGLES - - - DIRECTIVE GAINS - - - - POLARIZATION - - - - - - E(THETA) - - - - - - E(PHI) - - -
THETA PHI VERT.  HOR. TOTAL AXIAL TILT  SENSE MAGNITUDE PHASE MAGNITUDE PHASE
DEGREES DEGREES DB DB DB RATIO DEG. VOLTS DEGREES VOLTS DEGREES
90.00 0.00 -999.99 9.75 9.75 0.00000 90.00 LINEAR 0.00000E+00 0.00 2.46920E+00  -65.98
85.00 0.00 -999.99 9.70 9.70 0.00000 90.00 LINEAR 0.00000E+00 0.00 2.45350E+00 -65.18
80.00 0.00 -999.99 9.53 9.53 0.00000 90.00 LINEAR 0.00000E+00 0.00 2.40688E+00 -62.81
75.00 0.00 -999.99 9.25 9.25 0.00000 90.00 LINEAR 0.00000E+00 0.00 2.33092E+00  -58.95
70.00 0.00 -999.99 8.86 8.86 0.00000 90.00 LINEAR 0.00000E+00 0.00 2.22887E+00  -53.73
65.00 0.00 -999.99 8.37 8.37 0.00000 90.00 LINEAR 0.00000E+00 0.00 2.10615E+00  -47.29
60.00 0.00 -999.99 7.79 7.79 0.00000 90.00 LINEAR 0.00000E+00 0.00 1.97021E+00 -39.76
55.00 0.00 -999.99 7.15 7.15 0.00000 90.00 LINEAR 0.00000E+00 0.00 1.82914E+00 -31.16
50.00 0.00 -999.99 6.45 6.45 0.00000 90.00 LINEAR 0.00000E+00 0.00 1.68846E+00  -21.32
45.00 0.00 -999.99 5.69 5.69 0.00000 90.00 LINEAR 0.00000E+00 0.00 1.54743E+00 -9.89
40.00 0.00 -999.99 4.81 4.81 0.00000 90.00 LINEAR 0.00000E+00 0.00 1.39754E+00 3.58
35.00 0.00 -999.99 3.67 3.67 0.00000 90.00 LINEAR 0.00000E+00 0.00 1.22596E+00 19.49
30.00 0.00 -999.99 2.10 2.10 0.00000 90.00 LINEAR 0.00000E+00 0.00 1.02309E+00 38.03
25.00 0.00 -999.99 -0.14 -0.14 0.00000 90.00 LINEAR 0.00000E+00 0.00 7.90294E-01 59.28
20.00 0.00 -999.99 -3.40 -3.40 0.00000 90.00 LINEAR 0.00000E+00 0.00 5.43336E-01 83.44
15.00 0.00 -999.99 -8.27 -8.27 0.00000 90.00 LINEAR 0.00000E+00 0.00 3.10050E-01  111.79
10.00 0.00 -999.99 -16.14 -16.14 0.00000 90.00 LINEAR 0.00000E+00 0.00 1.25251E-01 152.61

5.00 0.00 -999.99 -23.14 -23.14 0.00000 90.00 LINEAR 0.00000E+00 0.00 5.59476E-02 -103.86

0.00 0.00 -999.99 -19.63 -19.63 0.00000 90.00 LINEAR 0.00000E+00 0.00 8.38503E-02  -41.94
-5.00 0.00 -999.99 -20.65 -20.65 0.00000 90.00 LINEAR 0.00000E+00 0.00 7.45439E-02  -24.90
-10.00 0.00 -999.99 -22.13 -22.13 0.00000 90.00 LINEAR 0.00000E+00 0.00 6.28669E-02  -47.75
-15.00 0.00 -999.99 -17.70 -17.70 0.00000 90.00 LINEAR 0.00000E+00 0.00 1.04658E-01 -62.54
-20.00 0.00 -999.99 -14.43 -14.43 0.00000 90.00 LINEAR 0.00000E+00 0.00 1.52461E-01  -50.17
-25.00 0.00 -999.99 -13.31 -13.31 0.00000 90.00 LINEAR 0.00000E+00 0.00 1.73492E-01  -30.85
-30.00 0.00 -999.99 -13.96 -13.96 0.00000 90.00 LINEAR 0.00000E+00 0.00 1.60993E-01  -10.65
-35.00 0.00 -999.99 -16.41 -16.41 0.00000 90.00 LINEAR 0.00000E+00 0.00 1.21403E-01 7.53
-40.00 0.00 -999.99 -21.42 -21.42 0.00000 90.00 LINEAR 0.00000E+00 0.00 6.82457E-02 18.35
-45.00 0.00 -999.99 -29.96 -29.96 0.00000 90.00 LINEAR 0.00000E+00 0.00 2.55077E-02  -16.59
-50.00 0.00 -999.99 -24.33 -24.33 0.00000 90.00 LINEAR 0.00000E+00 0.00 4.87952E-02  -74.37
-55.00 0.00 -999.99 -19.91 -19.91 0.00000 90.00 LINEAR 0.00000E+00 0.00 8.11637E-02  -72.26
-60.00 0.00 -999.99 -17.99 -17.99 0.00000 90.00 LINEAR 0.00000E+00 0.00 1.01248E-01 -63.60
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-65.00 0.00 -999.99 -17.28 -17.28 0.00000 90.00 LINEAR 0.00000E+00 0.00 1.09830E-01  -55.16
-70.00 0.00 -999.99 -17.24 -17.24 0.00000 90.00 LINEAR 0.00000E+00 0.00 1.10383E-01  -48.42
-75.00 0.00 -999.99 -17.53 -17.53 0.00000 90.00 LINEAR 0.00000E+00 0.00 1.06732E-01  -43.74
-80.00 0.00 -999.99 -17.92 -17.92 0.00000 90.00 LINEAR 0.00000E+00 0.00 1.02055E-01  -40.95
-85.00 0.00 -999.99 -18.23 -18.23 0.00000 90.00 LINEAR 0.00000E+00 0.00 9.84969E-02  -39.61
-90.00 0.00 -999.99 -18.34 -18.34 0.00000 90.00 LINEAR 0.00000E+00 0.00 9.71973E-02  -39.23

- - - - NORMALIZED GAIN - - - -

MAJOR AXIS GAIN

NORMALIZATION FACTOR = 9.75 DB
- - ANGLES - - GAIN - - ANGLES - - GAIN - - ANGLES - - GAIN
THETA PHI DB THETA PHI DB THETA PHI DB
DEGREES DEGREES DEGREES DEGREES DEGREES DEGREES
90.00 0.00 0.00 25.00 0.00 -9.90 -35.00 0.00 -26.17
85.00 0.00 -0.06 20.00 0.00 -13.15 -40.00 0.00 -31.17
80.00 0.00 -0.22 15.00 0.00 -18.02 -45.00 0.00 -39.72
75.00 0.00 -0.50 10.00 0.00 -25.90 -50.00 0.00 -34.08
70.00 0.00 -0.89 5.00 0.00 -32.90 -55.00 0.00 -29.66
65.00 0.00 -1.38 0.00 0.00 -29.38 -60.00 0.00 -27.74
60.00 0.00 -1.96 -5.00 0.00 -30.40 -65.00 0.00 -27.04
55.00 0.00 -2.61 -10.00 0.00 -31.88 -70.00 0.00 -26.99
50.00 0.00 -3.30 -15.00 0.00 -27.46 -75.00 0.00 -27.29
45.00 0.00 -4.06 -20.00 0.00 -24.19 -80.00 0.00 -27.67
40.00 0.00 -4.94 -25.00 0.00 -23.07 -85.00 0.00 -27.98
35.00 0.00 -6.08 -30.00 0.00 -23.71 -90.00 0.00 -28.10
30.00 0.00 -7.65

**%%% INPUT LINE 15 EN O 0 0 O 0.00000E+00 ©.00000E+00 ©.00000E+00 0.00000E+00 ©.00000E+00 0.00000E+00

RUN TIME = 0.650
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4.2.3 Example 6, Cylinder with Attached Wires

The structure data for the cylinder with attached wires was discussed in section 3.4. In
this example, the wire on the end of the cylinder is excited first, and a radiation pattern is
computed. The CP command requests the coupling between the base segments of the two
wires. The coupling printed is the maximum that would occur when the source and load are
simultaneously matched to their antennas. The table includes the matched load impedance
for the second segment and the corresponding input impedance at the first segment. The
source impedance would be the conjugate of this input impedance for maximum coupling.

Input for Example 6

CECYLINDER WITH ATTACHED WIRES.

SP 0 0 10. 0. 7.3333 0. 0. 38.4

SP O 0 10. 0. 0. 0. 0. 38.4

SP 0 0 10. 0. -7.3333 0. 0. 38.4

GM O 1 0. 0. 30.

SP 0 0 6.89 0. 11. 90. 0. 44 .88

SP 0 0 6.89 0. -11. -90. 0. 44 .88

GR O 6

SP 0 0 O. 0. 11. 90. 0. 44 .89

SP 0 0 oO. 0. -11. -90. 0. 44 .89

GW 1 4 0. 0. 11. 0. 0. 23. .1
GWw 2 5 10. 0. 0. 27.6 0. 0 .2
GS O 0 .01

GE

FR O 1 0 0 465.84

Ch 1 1 2 1

EX O 1 1 0 1.

RP 0 73 1 1000 O. 0 5 0

EX O 2 1 0 1

XQ

EN
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Output for Example 6

ok ok ook ook o ok R oK ook ook o ok o ok K ok ook o ok oK o o o K ok ok ook o ok K o K o K
* *
* NUMERICAL ELECTROMAGNETICS CODE (NEC-4.1) *
* *
ok ok ook ook o ok K oK ook ook ook o ok K ok ook ook o ok o o K ok ook ook o ok K o K o K

3k 3k 3k 3k 3k ok 3k 5k %k ok 3k 5k %k ok 3k 5k %k %k 3k 5k 3k %k 3k 3k %k %k ok 5k %k 3k 3k 5k %k %k ok 5k 3k %k 5k >k 3k %k %k >k %k %k %k 5% %k %k %k 5% %k %k %k *k >k k

CYLINDER WITH ATTACHED WIRES.

3k ok 3k 3k 3k ok 3k 5k %k ok 3k 5k %k ok 3k 5k %k %k 3k 5k 3k %k 3k 3k %k 3k ok 5k %k ok 3k 5k 3k ok ok 5k 3k %k 3k >k 3k %k %k 5k %k %k %k 5% %k %k %k 5% %k %k %k %k >k k

- - - STRUCTURE SPECIFICATION - - -

COORDINATES MUST BE INPUT IN
METERS OR BE SCALED TO METERS
BEFORE STRUCTURE INPUT IS ENDED

WIRE NO. OF FIRST LAST
NO. X1 Y1 71 X2 Y2 72 RADIUS  SEG. SEG.  SEG.
1P 10.00000 0.00000 7.33330 0.00000 0.00000 38.40000
2P 10.00000 0.00000 0.00000 0.00000 0.00000 38.40000
3P 10.00000 0.00000 -7.33330 0.00000 0.00000  38.40000
THE STRUCTURE HAS BEEN MOVED, GM COMMAND DATA IS -
[ 1 0.00000 ©0.00000 30.00000 0.00000 ©.00000 ©.00000 [ 1 0 1
7P 6.89000 0.00000 11.00000 90.00000 0.00000  44.838000
8P  6.89000 0.00000 -11.00000 -90.00000 0.00000  44.83000
STRUCTURE ROTATED ABOUT Z-AXIS 6 TIMES. LABELS INCREMENTED BY [}
49P  0.00000 0.00000 11.00000 90.00000 0.00000  44.89000
50P  0.00000 0.00000 -11.00000 -90.00000 0.00000  44.89000
1 0.00000 0.00000 11.00000 0.00000 0.00000 23.00000 0.10000 4 1 4
2 10.00000 0.00000 0.00000 27.60000 0.00000 0.00000 0.20000 5 5 9
STRUCTURE SCALED BY FACTOR  0.01000

TOTAL SEGMENTS USED= 9 NO. SEG. IN A SYMMETRIC CELL= 9 SYMMETRY FLAG= 0
TOTAL PATCHES USED= 56 NO. PATCHES IN A SYMMETRIC CELL= 56

- MULTIPLE WIRE JUNCTIONS -
JUNCTION SEGMENTS (- FOR END 1, + FOR END 2)
NONE
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SEG.
NO.

Ooo~NOUVThWN

PATCH
NO.

OCoONOUTDAWN -

[SESESESESESESESESESESESESESESESESRSES]

COORDINATES

X
.00000
.00000
00000
00000
11760
15280
.18800
.22320
.25840

[SESESESESESESESES]

[SESESESESESESESES]

- - - - SEGMENTATION DATA - - - -

COORDINATES IN METERS

I+ AND I- INDICATE THE SEGMENTS BEFORE AND AFTER I

OF SEG.

Y
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

COORD. OF PATCH

X
. 10000
. 10000
. 10000
. 10000
. 10000
. 10000
.08660
.08660
.08660
.06890
.06890
.05000
.05000
.05000
.00000
.00000
.00000
.03445
.03445
.05000
.05000
.05000
.08660
.08660
.08660
.03445
.03445
. 10000
. 10000
. 10000
.08660
.08660
.08660
.06890
.06890
.05000
.05000
.05000
.00000
.00000
.00000
.03445
.03445
.05000
.05000
.05000
.08660
.08660

[SESESRS)

Lo
[SESESESESESESESESESESESESESESESESESESESESESESESESESESESESESES)

Lo
[SESESESESESESESESESESESES)

Y

.00000
.01549
.01549
.01549
.01549
.00000
.05000
.05000
.05000
.00000
.00000
.08660
.08660
.08660
. 10000
. 10000
. 10000
.05967
.05967
.08660
.08660
.08660
.05000
.05000
.05000
.05967
.05967
.00000
.00000
.00000
.05000
.05000
.05000
.00000
.00000
.08660
.08660
.08660
. 10000
. 10000
. 10000
.05967
.05967
.08660
.08660
.08660
.05000
.05000

C

[SESESESESESESESES]

ENTER
z

.12500
.15500
.18500
.21500
.00000
.00000
.00000
.00000
.00000

CENTER

Lo
[SESESESESESESES)

z

.07333
.01549
.01549
.01549
.01549
.07333
.07333
.00000
.07333
.11000
.11000
.07333
.00000
.07333
.07333
.00000
.07333
.11000
.11000
.07333
.00000
.07333
.07333
.00000
.07333
.11000
.11000
.07333
.00000
.07333
.07333
.00000
.07333
.11000
.11000
.07333
.00000
.07333
.07333
.00000
.07333
.11000
.11000
.07333
.00000
.07333
.07333
.00000

SRS RS RS R R RS RS R RS RS RS R Ny SN

1
[SESESESESESESESESESES]

[SESESESESESESESES]

.0000
.0000
.0000
.0000
.0000
.0000
. 8660
. 8660
. 8660
.0000
.0000
.5000
.5000
.5000
.0000
.0000
.0000
.0000
.0000
.5000
.5000
.5000
. 8660
. 8660
. 8660
.0000
.0000
.0000
.0000
.0000
. 8660
. 8660
. 8660
.0000
.0000
.5000
.5000
.5000
.0000
.0000
.0000
.0000
.0000
.5000
.5000
.5000
. 8660
. 8660

SEG.

LENGTH
.03000
.03000
.03000
.03000
.03520
.03520
.03520
.03520
.03520

ORIENTATION ANGLES

A
90.
90.
90.
90.

LPHA

00000
00000
00000
00000

.00000
.00000
.00000
.00000
.00000

[SESESESESESESESES]

BETA

.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

[SESESESESESESESES]

- - - SURFACE PATCH DATA - - -

COORDINATES IN METERS

UNIT NORMAL VECTOR

X

o
[SESESESESESESESESESESESESESESESESES NI S ESES RS RS RS ESESESESESESESES)

I [ I I T |
[SESESESESESESEE IS ES NS

Y

.0000
.0000
.0000
.0000
.0000
.0000
.5000
.5000
.5000
.0000
.0000
.8660
.8660
. 8660
.0000
.0000
.0000
.0000
.0000
.8660
.8660
.8660
.5000
.5000
.5000
.0000
.0000
.0000
.0000
.0000
.5000
.5000
.5000
.0000
.0000
.8660
.8660
.8660
.0000
.0000
.0000
.0000
.0000
.8660
.8660
.8660
.5000
.5000

z
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000

[SESESRSESE N ESESESESESESE ) S ASESESESESE SR SESESESESESE S NSESESRSESRS N NSRS ESESESESESRSES]
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PATCH
AREA
.00384
.00096
00096
00096
00096
.00384
.00384
.00384
.00384
.00449
.00449
.00384
.00384
.00384
.00384
.00384
.00384
.00449
.00449
.00384
.00384
.00384
.00384
.00384
.00384
.00449
.00449
.00384
.00384
.00384
.00384
.00384
.00384
.00449
.00449
.00384
.00384
.00384
.00384
.00384
.00384
.00449
.00449
.00384
.00384
.00384
.00384
.00384

[SESESESESESESESESESESESESESESESESESESESESESESESESESESESESESESESESESESESESNSESESESESESESESESESES]

TAG
NO.

NNNNNRPE PP P

COMPONENTS OF UNIT TANGENT

WIRE CONNECTION DATA
RADIUS I- I I+
.00100 10052 1 2
.00100 1 2 3
.00100 2 3 4
.00100 3 4 0
.00200 10002 5 6
.00200 5 6 7
.00200 6 7 8
.00200 7 8 9
.00200 8 9 0
X1 Y1 71
0.0000 1.0000 ©.0000
0.0000 1.0000 ©.0000
0.0000 1.0000 ©.0000
0.0000 1.0000 ©.0000
0.0000 1.0000 ©.0000
0.0000 1.0000 ©.0000
-0.5000 0.8660 0.0000
-0.5000 0.8660 0.0000
-0.5000 0.8660 0.0000
1.0000 ©.0000 0.0000
1.0000 ©.0000 0.0000
-0.8660 0.5000 0.0000
-0.8660 0.5000 0.0000
-0.8660 0.5000 0.0000
-1.0000 0.0000 0.0000
-1.0000 ©0.0000 0.0000
-1.0000 0.0000 0.0000
0.5000 0.8660 ©.0000
0.5000 0.8660 0.0000
-0.8660 -0.5000 0.0000
-0.8660 -0.5000 0.0000
-0.8660 -0.5000 0.0000
-0.5000 -0.8660 0.0000
-0.5000 -0.8660 0.0000
-0.5000 -0.8660 0.0000
-0.5000 0.8660 0.0000
-0.5000 0.8660 0.0000
0.0000 -1.0000 ©.0000
0.0000 -1.0000 ©.0000
0.0000 -1.0000 ©.0000
0.5000 -0.8660 ©.0000
0.5000 -0.8660 ©.0000
0.5000 -0.8660 ©.0000
-1.0000 0.0000 0.0000
-1.0000 0.0000 0.0000
0.8660 -0.5000 0.0000
0.8660 -0.5000 0.0000
0.8660 -0.5000 0.0000
1.0000 ©0.0000 0.0000
1.0000 ©.0000 0.0000
1.0000 ©.0000 0.0000
-0.5000 -0.8660 0.0000
-0.5000 -0.8660 0.0000
0.8660 0.5000 0.0000
0.8660 0.5000 0.0000
0.8660 0.5000 0.0000
0.5000 0.8660 0.0000
0.5000 0.8660 ©.0000

[SESESESESESESESESESESESESESESESESESESESESESESESESESESESESESESESESESESESESNSESESESESESESESESESES]

X2

.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
. 8660
. 8660
.0000
.0000
.0000
.0000
.0000
.0000
. 8660
. 8660
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
. 8660
. 8660
.0000
.0000
.0000
.0000
.0000

[SESESESESESESESESRSESESESESEESESESESESESESESESESESESESESESESESESESESESESES SR SESESES ESES RS S NS

VECTORS

Y2

.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.5000
.5000
.0000
.0000
.0000
.0000
.0000
.0000
.5000
.5000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.5000
.5000
.0000
.0000
.0000
.0000
.0000

PRPRRPRPRPROORRPRRPRPRPRPOORRPRLPRPRPRLPOORRPRRPRPRPREPOORRPRPRREPRPRPOORRLRRPRRRERREERER

72

.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000



49 0.08660 -0.05000 -0.07333 ©.8660 -0.5000 0.0000 0.00384 ©.5000 0.8660 0.0000 0.0000 0.0000 1.0000
50 0.03445 -0.05967 ©.11000 ©0.0000 ©0.0000 1.0000 ©.00449 0.5000 -0.8660 0.0000 ©0.8660 0.5000 0.0000
51 0.03445 -0.05967 -0.11000 0.0000 ©0.0000 -1.0000 ©.00449 0.5000 -0.8660 0.0000 -0.8660 -0.5000 0.0000
52 0.01675 0.01675 ©.11000 0.0000 ©0.0000 1.0000 ©.00112 1.0000 ©.0000 0.0000 ©0.0000 1.0000 0.0000
53 -0.01675 0.01675 ©.11000 0.0000 ©0.0000 1.0000 ©.00112 1.0000 ©.0000 0.0000 ©.0000 1.0000 0.0000
54 -0.01675 -0.01675 ©.11000 0.0000 ©0.0000 1.0000 ©.00112 1.0000 ©.0000 0.0000 ©0.0000 1.0000 0.0000
55 0.01675 -0.01675 ©.11000 0.0000 ©0.0000 1.0000 ©.00112 1.0000 ©.0000 0.0000 ©.0000 1.0000 0.0000
56 0.00000 0.00000 -0.11000 ©0.0000 ©0.0000 -1.0000 ©.00449 1.0000 ©.0000 0.0000 ©0.0000 -1.0000 0.0000

65840E+02 0.00000E+00 ©.00000E+00 0.00000E+00 ©.00000E+00 0.00000E+00

**%%kk INPUT LINE 1 FR @ 1 Q o 4.
1 0.00000E+00 0.00000E+00 ©.00000E+00 ©.00000E+00 ©.00000E+00 @.00000E+00

*¥**kxk INPUT LINE 2 CP 1 1 2

------ FREQUENCY - - - - - -

FREQUENCY= 4.6584E+02 MHZ
WAVELENGTH= 6.4357E-01 METERS

- - - ANTENNA ENVIRONMENT - - -

FREE SPACE

- - - STRUCTURE IMPEDANCE LOADING - - -

THIS STRUCTURE IS NOT LOADED

- - - MATRIX TIMING - - -

FILL= 0.120 SEC., FACTOR= 0.150 SEC.

- - - ISOLATION DATA - - -

- - COUPLING BETWEEN - - MAXIMUM - - - FOR MAXIMUM COUPLING - - -
SEG. SEG. COUPLING LOAD IMPEDANCE (2ND SEG.) INPUT IMPEDANCE
TAG/SEG. NO. TAG/SEG. NO. (DB) REAL IMAG. REAL IMAG.
1 1 1 2 1 5 -13.722 5.58110E+01 -2.06401E+01  1.82306E+01 -1.16448E+02

*¥*%%kk INPUT LINE 3 EX @ 1 1 O 1.00000E+00 ©.00000E+00 ©.00000E+00 0.00000E+00 ©.00000E+00 O.00000E+00
*¥**%k% INPUT LINE 4 RP 0 73 1 1000 ©.00000E+00 ©.00000E+00 5.00000E+00 ©.00000E+00 ©.00000E+00 ©.0000QE+00

- - - ANTENNA INPUT PARAMETERS - - -
TAG SEG.  VOLTAGE (VOLTS) CURRENT (AMPS) IMPEDANCE (OHMS) ADMITTANCE (MHOS) POWER

NO.  NO. REAL IMAG. REAL IMAG. REAL IMAG. REAL IMAG. (WATTS)
1 1 1.00000E+00 ©.00000E+00 1.25123E-03 8.29193E-03 1.77930E+01-1.17914E+02 1.25123E-03 8.29193E-03 6.25616E-04
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SEG.
NO.

Ooo~NOOUVThWNE

TAG
NO.

NNNNNRE R RPPRE

CEN
Y

.000

.024

.024

.024

.024

.000

.078

.078

.078

.000

.000

.135

.135

.135

.155

.155

.155

.093

.093

.135

.135

.135

.078

[SESESESESESESESES]

- - - CURRENTS AND LOCATION - - -

LENGTHS NORMALIZED BY WAVELENGTH (OR 2.*PI/CABS(CK))

COORD. OF
X

.0000
.0000
.0000
.0000
.1827
.2374
.2921
3468
.4015

TER

0.114

0.024

0.024

-0.024

-0.024

-0.114

0.114

0.000

-0.114

0.171

-0.171

0.114

0.000

-0.114

0.114

0.000

-0.114

0.171

-0.171

0.114

0.000

-0.114

0.114

[SESESESESESESESES]

2.

9.

9.

9.

9.

6.

3.

9.

7

SEG. CENTER

Y z
L0000 ©0.1942
.0000 0.2408
.0000 ©.2875
.0000 ©0.3341
.0000 ©0.0000
.0000 ©0.0000
.0000 ©0.0000
.0000 ©0.0000
.0000 ©0.0000

[SESESESESESESESES]

SEG.

LENGTH
.04662 1
.04662 1
.04662 7
.04662 3
.05470 -7.
.05470 -7.
.05470 -5.
.05470 -4.
.05470 -1.

REAL

.2512E-
.0974E-
.9160E-
.3072E-
5950E-
Q187E-
8468E-
0822E-
7005E-

03
03
04
04
04
04
04
04
04

WO R RRE R A

IMAG.

.2919E-03
.5797E-03
.3755E-03
.7249E-03
.5535E-03

4308E-03

.1901E-03
.3176E-04
4744E-04

- - - - SURFACE PATCH CURRENTS -

- - - CURRENT (AMPS) - - -

MAG.
.3858E-03
.6706E-03
.4465E-03
.7563E-03
.7292E-03
.5937E-03
.3260E-03
.2653E-04
.8682E-04

WORRREREAO®

PH
81.
80.
79.
79.

116.
116.
116.
116.
116.

DISTANCES IN WAVELENGTHS (2.*PI/CABS(K))
CURRENT IN AMPS/METER

- - SURFACE COMPONENTS - -
TANGENT VECTOR 2
PHASE

MAG.

4106E-12

0028E-03

0028E-03

0097E-03

0097E-03

8371E-13

.8796E-03

9155E-03

.8136E-03

.3690E-02

.5185E-03

.6708E-03

.6297E-03

.7229E-03

.4453E-03

.2076E-03

.4418E-03

.4844E-02

. 7546E-03

.3171E-03

9513E-04

.3021E-03

.0547E-04

TANGENT VECTOR 1

PHASE

68.

-65.

114.

114.

-65.

-4,

-94.

-75.

-94.

-104.

-10.

-129.

-112.

-128.

-160.

-155.

-160.

-105.

-50.

-178.

178.

178.

161.

37

45

55

50

50

53

86

48

920

67

65

63

21

MAG.

7.1971E-03

1.4222E-02

1.4222E-02

5.0969E-03

5.0969E-03

1.5963E-03

5.5431E-03

5.3136E-03

2.9175E-03

2.5898E-12

1.2039E-12

4.7412E-03

5.3696E-03

4.1502E-03

5.3230E-03

5.3687E-03

4.6029E-03

1.6079E-03

1.6066E-03

5.0407E-03

5.3741E-03

4.3368E-03

5.7471E-03

-35.

-51.

-51.

84.

84.

12.

-11.

-33

-33

102.

-163.

-33.

-48.

11.

-32

-54.

-145.

35

-33.

-56.

22

34

34

34

34

56

30

.00

.42

38

52

.86

12

62

87

.95

61

63

.03

.54

13

63

.56

135

.91E-04 1

.26E-05 9

.10E-03 5

.62E-04 -2

- - - RECTANGULAR COMPONENTS

REAL

.00E+00 0.

.00E+00 0.

.00E+00 0.

.00E+00 0.

.00E+00 0.

.00E+00 0.

.96E-05 9.

.50E-03 -1.

.49E-03 -2.

.26E-04 1.

.48E-04 1.

.30E-04 1.

.36E-03 4.

.36E-03 4.

.01E-04 -6.

.69E-03 1.

.14E-03 2.

.13E-03 -2.

.34E-04 -1.

IMAG.

Q0E+00 8.

Q0E+00 3.

Q0E+00 -3.

Q0E+00 -3.

Q0E+00 3.

Q0E+00 6.

36E-04 -1.

.90E-03 8.

.04E-04 -1.

32E-02 -5.

79E-04 1.

11E-03 -5.

30E-03 -3.

17E-03 -5.

86E-04 1.

.01E-04 1.

87E-04 1.

38E-03 -4.

18E-04 3

65E-05 6.

.04E-05 4.

69E-05 6.

14E-04 5.

REAL

89E-13

74E-03

74E-03

74E-03

74E-03

82E-13

38E-04

50E-04

26E-04

55E-13

15E-12

35E-04

16E-04

37E-04

88E-13

52E-13

88E-13

04E-03

.00E-04

58E-04

97E-04

51E-04

78E-04

ASE
419
531
745
146
053
130
163
141
078

Y

IMAG.

L24E-12

.19E-03

.19E-03

.20E-03

.20E-03

.40E-14

.62E-03

.28E-03

.57E-03

.53E-12

J42E-13

.42E-04

.51E-04

.74E-04

.73E-14

.94E-14

.75E-14

.29E-02

.64E-03

.53E-05

.18E-05

.56E-05

.97E-04

REAL

.88E-03

.88E-03

.88E-03

.03E-04

.03E-04

.56E-03

.44E-03

.46E-03

.44E-03

.00E+00

.00E+00

.68E-03

.50E-03

.74E-03

.21E-03

.51E-03

.67E-03

.00E+00

.00E+00

.04E-03

.50E-03

.39E-03

.67E-03

IMAG.

.15E-03

L11E-02

.11E-02

.Q7E-03

.Q7E-03

L47E-04

.09E-03

.89E-03

.61E-03

.00E+00

.00E+00

.30E-04

.93E-03

.11E-03

.09E-03

.92E-03

.75E-03

.00E+00

.00E+00

.24E-04

.94E-03

.62E-03

.55E-04



.078

.078

.093

.093

.000

.000

.000

.078

.078

.078

.000

.000

.135

.135

.135

.155

.155

.155

.093

.093

.135

.135

.135

.078

.078

.078

.093

.093

.026

.026

.026

.026

.000

.000

.114

171

171

.114

.000

.114

.114

.000

.114

171

171

.114

.000

.114

.114

.000

.114

171

171

.114

.000

.114

.114

.000

.114

171

171

171

171

171

171

171

5.

6.

5.

4

7.

5.

6.

3.

3.

3.

3.

8010E-04

9553E-04

.5569E-02

.7610E-03

3352E-13

.1854E-13

.1581E-13

0547E-04

8010E-04

9553E-04

.5556E-02

.6722E-03

.3171E-03

.9513E-04

.3021E-03

.4453E-03

.2076E-03

.4418E-03

.5569E-02

.7610E-03

.6708E-03

.6297E-03

.7229E-03

.8796E-03

.9155E-03

.8136E-03

.4844E-02

. 7546E-03

7705E-02

8970E-02

8970E-02

7705E-02

.3525E-03

165.

166.

109.

-92.

103.

125.

153.

-18.

-14.

-13.

111.

112.

19.

24.

19.

109.

-92.

50.

67.

51.

85.

104.

85.

105.

-50.

-97.

78.

78.

-97.

18.

61

02

01

74

08

.33

.35

.37

67

53

75

02

01

17

43

14

920

61

78

78

61

01

.3713E-03 -33
.2600E-03 -58
.4146E-03 -176.
.4057E-03 3
.2707E-03  -3.
.3698E-03 -33
.Q0751E-03 -57.
.7471E-03 9.
.3713E-03 -33
.2600E-03 -58
.9163E-13 -73
.2806E-13 -54.
.0407E-03  -2.
.3741E-03 -33.
.3368E-03 -56.
.3230E-03  11.
.3687E-03 -32
.6029E-03 -54.
.4146E-03 3.
.4057E-03 -177.
.7412E-03  -8.
.3696E-03 -33.
.1502E-03 -48.
.5431E-03 -11.
.3136E-03 -33
.9175E-03 -33
.6079E-03  34.
.6066E-03 -144.
.8521E-02 -99
.8495E-02 -99.
.8495E-02  80.
.8521E-02  80.
.6810E-13 177.

- POWER BUDGET

INPUT POWER =
RADIATED POWER=
WIRE LOSS
EFFICIENCY

.03

.97

68

.00

82

.05

88

56

.03

.97

.46

58

54

13

63

87

.95

61

32

00

86

12

62

30

.00

.42

37

97

.40

34
66
60

16

6
6
[}
1

136

.81E-04

.38E-04

.76E-03

.25E-03

.20E-23

.87E-23

.24E-23

.34E-04

.81E-04

.38E-04

.65E-03

.41E-04

.14E-03

.62E-04

.13E-03

.36E-03

.10E-03

.36E-03

.76E-03

.25E-03

.26E-04

.48E-04

.30E-04

.96E-05

.91E-04

.26E-05

.01E-04

.69E-03

.99E-03

.58E-03

.58E-03

-4,

99E-03

.29E-03

.36E-05

.05E-05

.43E-03

.44E-04

J13E-22

L40E-22

.14E-23

.14E-04

.36E-05

.05E-05

.45E-02

.54E-03

.65E-05

.04E-05

.69E-05

.86E-04

.01E-04

.87E-04

.43E-03

.44E-04

.11E-03

.30E-03

.17E-03

.36E-04

.90E-03

.04E-04

.38E-03

.18E-04

.74E-02

.82E-02

.82E-02

.74E-02

.18E-04

.2562E-04 WATTS
.2562E-04 WATTS
.0000E+00 WATTS
00.00 PERCENT

.86E-04 -1.

.86E-04 -1.

.69E-03 -1.

.48E-04 -1

.27E-13 5.

J41E-13 3

.03E-13 5.

.78E-04 1

.86E-04 1.

.86E-04 1.

.21E-12 6.

.95E-13 4.

.58E-04 -1.

.97E-04 1.

.51E-04 1.

L47E-13 2.

.03E-13 2.

.45E-13 2.

.69E-03 1.

L48E-04 1

.35E-04 6.

.16E-04 7.

.37E-04 6.

.38E-04 1.

.50E-04 3.

.26E-04 1.

.04E-03 1.

.00E-04 1.

.29E-03 -3.

.25E-03 -3.

.25E-03 3.

.29E-03 3.

.67E-13 -3

27E-04

39E-04

27E-02

.49E-03

18E-13

.43E-13

21E-14

.97E-04

27E-04

39E-04

32E-12

48E-13

53E-05

18E-05

56E-05

67E-13

75E-13

67E-13

27E-02

.49E-03

42E-04

51E-04

74E-04

62E-03

28E-03

57E-03

29E-02

64E-03

80E-02

80E-02

80E-02

80E-02

.31E-14

.50E-03

.20E-03

.00E+00

.00E+00

.26E-03

.50E-03

.17E-03

.67E-03

.50E-03

.20E-03

.00E+00

.00E+00

.04E-03

.50E-03

.39E-03

.21E-03

.51E-03

.67E-03

.00E+00

.00E+00

.68E-03

.50E-03

.74E-03

.44E-03

.46E-03

.44E-03

.00E+00

.00E+00

.00E+00

.00E+00

.00E+00

.00E+00

.00E+00

.93E-03

.65E-03

.00E+00

.00E+00

.51E-04

.93E-03

.45E-03

.55E-04

.93E-03

.65E-03

.00E+00

.00E+00

.24E-04

.94E-03

.62E-03

.09E-03

.92E-03

.75E-03

.00E+00

.00E+00

.30E-04

.93E-03

.11E-03

.09E-03

.89E-03

.61E-03

.00E+00

.00E+00

.00E+00

.00E+00

.00E+00

.00E+00

.00E+00



- - - RADIATION PATTERNS - - -

- - ANGLES - - - POWER GAINS - - - - POLARIZATION - - - - - - ECTHETA) - - - - - - E(PHI) - - -
THETA PHI VERT.  HOR. TOTAL AXIAL TILT  SENSE MAGNITUDE PHASE MAGNITUDE PHASE
DEGREES DEGREES DB DB DB RATIO DEG. VOLTS DEGREES VOLTS DEGREES

0.00 0.00 -8.10 -199.61 -8.10 0.00000 0.00 LINEAR 7.61801E-02 -2.25 2.02639E-11 2.67

5.00 0.00 -8.34 -199.91 -8.34 0.00000 0.00 LINEAR 7.41702E-02 -2.07 1.95677E-11 6.76
10.00 0.00 -8.85 -999.99 -8.85 0.00000 0.00 LINEAR 6.99567E-02 -2.75 1.89871E-11 10.57
15.00 0.00 -9.70 -999.99 -9.70 0.00000 0.00 LINEAR 6.33793E-02 -4.61 1.85114E-11 14.02
20.00 0.00 -11.01 -999.99 -11.01 0.00000 0.00 LINEAR 5.44954E-02 -8.23 1.81301E-11 17.07
25.00 0.00 -12.94 -999.99 -12.94 0.00000 0.00 LINEAR 4.36377E-02 -14.76 1.78335E-11 19.67
30.00 0.00 -15.74 -999.99 -15.74 0.00000 0.00 LINEAR 3.16388E-02  -27.31 1.76129E-11 21.79
35.00 0.00 -19.30 -999.99 -19.30 0.00000 0.00 LINEAR 2.09862E-02  -55.32 1.74614E-11 23.39
40.00 0.00 -19.98 -999.99 -19.98 0.00000 0.00 LINEAR 1.94197E-02 -107.80 1.73736E-11 24.47
45.00 0.00 -16.08 -999.99 -16.08 0.00000 0.00 LINEAR 3.04180E-02 -145.30 1.73453E-11 25.02
50.00 0.00 -12.40 -999.99 -12.40 0.00000 0.00 LINEAR 4.64493E-02 -163.88 1.73736E-11 25.02
55.00 0.00 -9.60 -999.99 -9.60 0.00000 0.00 LINEAR 6.41571E-02 -175.94 1.74570E-11 24.47
60.00 0.00 -7.40 -999.99 -7.40 0.00000 0.00 LINEAR 8.26337E-02  174.32 1.75953E-11 23.39
65.00 0.00 -5.61 -999.99 -5.61 0.00000 0.00 LINEAR 1.01577E-01  165.51 1.77896E-11 21.79
70.00 0.00 -4.10 -999.99 -4.10 0.00000 0.00 LINEAR 1.20848E-01  157.18 1.80424E-11 19.69
75.00 0.00 -2.80 -999.99 -2.80 0.00000 0.00 LINEAR 1.40308E-01  149.15 1.83574E-11 17.12
80.00 0.00 -1.67 -999.99 -1.67 0.00000 0.00 LINEAR 1.59730E-01  141.42 1.87394E-11 14.13
85.00 0.00 -0.70 -999.99 -0.70 0.00000 0.00 LINEAR 1.78749E-01  133.99 1.91931E-11 10.78
90.00 0.00 0.14 -199.84 0.14 0.00000 0.00 LINEAR 1.96860E-01  126.92 1.97225E-11 7.13
95.00 0.00 0.84 -199.58 0.84 0.00000 0.00 LINEAR 2.13435E-01  120.23 2.03303E-11 3.25
100.00 0.00 1.41 -199.29 1.41 0.00000 0.00 LINEAR 2.27775E-01  113.95 2.10158E-11 -0.78
105.00 0.00 1.83 -198.98 1.83 0.00000 0.00 LINEAR 2.39165E-01  108.08 2.17754E-11 -4.88
110.00 0.00 2.11 -198.66 2.11 0.00000 0.00 LINEAR 2.46942E-01 102.64 2.26015E-11 -8.98
115.00 0.00 2.24 -198.33 2.24 0.00000 0.00 LINEAR 2.50545E-01 97.66 2.34830E-11  -13.03
120.00 0.00 2.20 -197.99 2.20 0.00000 0.00 LINEAR 2.49562E-01 93.15 2.44063E-11  -16.97
125.00 0.00 2.00 -197.66 2.00 0.00000 0.00 LINEAR 2.43771E-01 89.16 2.53565E-11  -20.77
130.00 0.00 1.61 -197.34 1.61 0.00000 0.00 LINEAR 2.33153E-01 85.74 2.63186E-11  -24.41
135.00 0.00 1.02 -197.03 1.02 0.00000 0.00 LINEAR 2.17914E-01 82.99 2.72790E-11  -27.86
140.00 0.00 0.21 -196.73 0.21 0.00000 0.00 LINEAR 1.98485E-01 81.07 2.82266E-11  -31.12
145.00 0.00 -0.85 -196.45 -0.85 0.00000 0.00 LINEAR 1.75532E-01 80.23 2.91537E-11  -34.20
150.00 0.00 -2.22 -196.18 -2.22 0.00000 0.00 LINEAR 1.49982E-01 80.93 3.00564E-11  -37.08
155.00 0.00 -3.94 -195.93 -3.94 0.00000 0.00 LINEAR 1.23113E-01 83.98 3.09345E-11  -39.79
160.00 0.00 -6.02 -195.70 -6.02 0.00000 0.00 LINEAR 9.68058E-02 90.96 3.17908E-11  -42.31
165.00 0.00 -8.33 -195.47  -8.33 0.00000 0.00 LINEAR 7.42434E-02 104.78 3.26308E-11  -44.67
170.00 0.00 -10.04 -195.25 -10.04 0.00000 0.00 LINEAR 6.09833E-02  128.43 3.34614E-11  -46.87
175.00 0.00 -9.83 -195.04 -9.83 0.00000 0.00 LINEAR 6.24556E-02  156.55 3.42901E-11  -48.91
180.00 0.00 -8.13 -194.83 -8.13 0.00000 0.00 LINEAR 7.59667E-02  177.78 3.51234E-11  -50.80
185.00 0.00 -6.24 -194.62 -6.24 0.00000 0.00 LINEAR 9.44016E-02 -168.89 3.59665E-11  -52.55
190.00 0.00 -4.65 -194.42  -4.65 0.00000 0.00 LINEAR 1.13367E-01 -159.93 3.68220E-11  -54.14
195.00 0.00 -3.40 -194.22 -3.40 0.00000 0.00 LINEAR 1.30945E-01 -152.98 3.76896E-11  -55.60
200.00 0.00 -2.43 -194.02 -2.43 0.00000 0.00 LINEAR 1.46423E-01 -146.81 3.85654E-11  -56.91
205.00 0.00 -1.68 -193.82 -1.68 0.00000 0.00 LINEAR 1.59690E-01 -140.78 3.94423E-11  -58.07
210.00 0.00 -1.08 -193.63 -1.08 0.00000 0.00 LINEAR 1.70963E-01 -134.57 4.03098E-11  -59.09
215.00 0.00 -0.61 -193.45 -0.61 0.00000 0.00 LINEAR 1.80618E-01 -128.06 4.11542E-11  -59.95
220.00 0.00 -0.21 -193.28 -0.21 0.00000 0.00 LINEAR 1.89045E-01 -121.23 4.19595E-11  -60.66
225.00 0.00 0.13 -193.13 0.13 0.00000 0.00 LINEAR 1.96534E-01 -114.15 4.27076E-11  -61.20
230.00 0.00 0.42 -193.00 0.42 0.00000 0.00 LINEAR 2.03196E-01 -106.93 4.33790E-11  -61.57
235.00 0.00 0.66 -192.88 0.66 0.00000 0.00 LINEAR 2.08937E-01  -99.67 4.39540E-11 -61.76
240.00 0.00 0.85 -192.79 0.85 0.00000 0.00 LINEAR 2.13486E-01  -92.48 4.44126E-11 -61.77
245.00 0.00 0.97 -192.73 0.97 0.00000 0.00 LINEAR 2.16462E-01  -85.43 4.47363E-11  -61.58
250.00 0.00 1.01 -192.70 1.01 0.00000 0.00 LINEAR 2.17459E-01  -78.55 4.49078E-11  -61.19
255.00 0.00 0.95 -192.69 0.95 0.00000 0.00 LINEAR 2.16129E-01  -71.88 4.49124E-11  -60.59
260.00 0.00 0.79 -192.73 0.79 0.00000 0.00 LINEAR 2.12241E-01  -65.42 4.47386E-11  -59.79
265.00 0.00 0.52 -192.80 0.52 0.00000 0.00 LINEAR 2.05723E-01  -59.16 4.43782E-11  -58.76
270.00 0.00 0.13 -192.91 0.13 0.00000 0.00 LINEAR 1.96679E-01  -53.13 4.38274E-11  -57.51
275.00 0.00 -0.38 -193.05 -0.38 0.00000 0.00 LINEAR 1.85389E-01  -47.32 4.30868E-11  -56.02
280.00 0.00 -1.02 -193.24 -1.02 0.00000 0.00 LINEAR 1.72283E-01  -41.75 4.21621E-11  -54.31
285.00 0.00 -1.77 -193.47 -1.77 0.00000 0.00 LINEAR 1.57917E-01  -36.46 4.10637E-11  -52.35
290.00 0.00 -2.64 -193.74 -2.64 0.00000 0.00 LINEAR 1.42931E-01  -31.49 3.98071E-11  -50.16
295.00 0.00 -3.60 -194.05 -3.60 0.00000 0.00 LINEAR 1.28004E-01  -26.90 3.84126E-11  -47.72
300.00 0.00 -4.62 -194.40 -4.62 0.00000 0.00 LINEAR 1.13805E-01  -22.79 3.69046E-11  -45.04
305.00 0.00 -5.66 -194.78 -5.66 0.00000 0.00 LINEAR 1.00951E-01  -19.22 3.53112E-11  -42.10
310.00 0.00 -6.66 -195.20 -6.66 0.00000 0.00 LINEAR 8.99607E-02  -16.30 3.36629E-11  -38.92
315.00 0.00 -7.55 -195.64 -7.55 0.00000 0.00 LINEAR 8.12155E-02  -14.02 3.19917E-11  -35.48
320.00 0.00 -8.25 -19.10  -8.25 0.00000 0.00 LINEAR 7.49200E-02  -12.32 3.03300E-11  -31.81
325.00 0.00 -8.71 -196.58 -8.71 0.00000 0.00 LINEAR 7.10725E-02  -11.01 2.87086E-11  -27.91
330.00 0.00 -8.91 -197.06 -8.91 0.00000 0.00 LINEAR 6.94549E-02 -9.84 2.71558E-11  -23.80
335.00 0.00 -8.88 -197.54 -8.88 0.00000 0.00 LINEAR 6.96525E-02 -8.59 2.56960E-11  -19.52
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340.00 0.00 -8.70 -198.01 -8.70 0.00000 0.00 LINEAR 7.11031E-02 -7.20 2.43484E-11  -15.10

345.00 0.00 -8.46 -198.46 -8.46 0.00000 0.00 LINEAR 7.31546E-02 -5.71 2.31266E-11  -10.60
350.00 0.00 -8.23 -198.88 -8.23 0.00000 0.00 LINEAR 7.51209E-02 -4.26 2.20383E-11 -6.09
355.00 0.00 -8.09 -199.26 -8.09 0.00000 0.00 LINEAR 7.63315E-02 -3.05 2.10851E-11 -1.64
360.00 0.00 -8.10 -199.61 -8.10 0.00000 0.00 LINEAR 7.61801E-02 -2.25 2.02639E-11 2.67

*¥**kx% INPUT LINE 5 EX 0O 2 1 O 1.00000E+00 ©.00000E+00 ©.00000E+00 0.00000E+00 ©.00000E+00 0.00000E+00
*¥**xx INPUT LINE 6 XQ 0 0 Q O 0.00000E+00 ©.00000E+00 ©.00000E+00 0.00000E+00 ©.00000E+00 0.00000E+00
- - - ANTENNA INPUT PARAMETERS - - -
TAG  SEG. VOLTAGE (VOLTS) CURRENT (AMPS) IMPEDANCE (OHMS) ADMITTANCE (MHOS) POWER
NO.  NO. REAL IMAG. REAL IMAG. REAL IMAG. REAL IMAG. (WATTS)

2 5 1.00000E+00 ©.00000E+00 1.50288E-02-6.91204E-03 5.49216E+01 2.52595E+01 1.50288E-02-6.91204E-03 7.51439E-03

- - - CURRENTS AND LOCATION - - -

LENGTHS NORMALIZED BY WAVELENGTH (OR 2.*PI/CABS(CK))

SEG. TAG  COORD. OF SEG. CENTER SEG. - - - CURRENT (AMPS) - - -
NO.  NO. X Y A LENGTH REAL IMAG. MAG. PHASE
1 1 0.0000 0.0000 0.1942 0.04662 -9.0580E-04 1.7154E-03 1.9399E-03 117.836
2 1 0.0000 0.0000 0.2408 0.04662 -7.8794E-04 1.5064E-03 1.7000E-03 117.613
3 1 0.0000 0.0000 0.2875 0.04662 -5.5915E-04 1.0891E-03 1.2242E-03 117.177
4 1 0.0000 0.0000 ©0.3341 0.04662 -2.2834E-04 4.5624E-04 5.1019E-04 116.587
5 2 0.1827 0.0000 0.0000 0.05470 1.5029E-02 -6.9120E-03 1.6542E-02 -24.699
6 2 ©0.2374 0.0000 0.0000 0.05470 1.3802E-02 -7.4032E-03 1.5662E-02 -28.208
7 2 0.2921 0.0000 0.0000 0.05470 1.1403E-02 -6.7791E-03 1.3266E-02 -30.731
8 2 0.3468 0.0000 0.0000 0.05470 7.8898E-03 -5.0203E-03 9.3516E-03 -32.469
9 2 0.4015 0.0000 0.0000 0.05470 3.2561E-03 -2.1808E-03 3.9190E-03 -33.813
- - - - SURFACE PATCH CURRENTS - - - -
DISTANCES IN WAVELENGTHS (2.*PI/CABS(K))
CURRENT IN AMPS/METER
- - SURFACE COMPONENTS - - - - - RECTANGULAR COMPONENTS - - -
PATCH CENTER TANGENT VECTOR 1  TANGENT VECTOR 2 X Y Z
X Y z MAG. PHASE  MAG. PHASE  REAL IMAG. REAL IMAG. REAL IMAG.

0.155 0.000 0.114 2.5778E-12 -142.34 4.0395E-02 140.23 0.00E+00 0.00E+00 -2.04E-12 -1.58E-12 -3.10E-02 2.58E-02

0.155 0.024 0.024 8.6326E-02 153.30 8.8861E-02 153.00 ©.00E+00 0.00E+00 -7.71E-02 3.88E-02 -7.92E-02 4.03E-02

0.155 -0.024 0.024 8.6326E-02 -26.70 8.8861E-02 153.00 ©0.00E+00 0.00E+00 7.71E-02 -3.88E-02 -7.92E-02 4.03E-02

0.155 -0.024 -0.024 8.6323E-02 -26.70 9.1298E-02 -26.15 0.00E+00 0.00E+00 7.71E-02 -3.88E-02 8.20E-02 -4.02E-02

0.155 0.024 -0.024 8.6323E-02 153.30 9.1298E-02 -26.15 0.00E+00 0.00E+00 -7.71E-02 3.88E-02 8.20E-02 -4.02E-02

0.155 0.000 -0.114 2.6972E-12 -130.94 4.1818E-02 -37.69 0.00E+00 0.00E+00 -1.77E-12 -2.04E-12 3.31E-02 -2.56E-02

0.135 0.078 0.114 1.7535E-02 121.84 2.2203E-02 129.66 4.63E-03 -7.45E-03 -8.01E-03 1.29E-02 -1.42E-02 1.71E-02

8
0.135 0.078 0.000 3.7645E-02 141.93 1.3238E-03 2.36 1.48E-02 -1.16E-02 -2.57E-02 2.Q1E-02 1.32E-03 5.45E-05
9
0.135 0.078 -0.114 1.7518E-02 121.84 2.3099E-02 -45.70 4.62E-03 -7.44E-03 -8.00E-03 1.29E-02 1.61E-02 -1.65E-02
10

0.107 0.000 ©0.171 2.0215E-02 -85.04 1.3924E-11 -60.61 1.75E-03 -2.01E-02 6.83E-12 -1.21E-11 0.00E+00 0.00E+00

0.107 0.000 -0.171 1.6876E-02 -87.10 1.440Q6E-11 121.31 8.55E-04 -1.69E-02 7.49E-12 -1.23E-11 0.00E+00 0.00E+00
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.135

.135

.135

.155

.155

.155

.093

.093

.135

.135

.135

.078

.078

.078

.093

.093

.000

.000

.000

.078

.078

.078

.000

.000

.135

.135

.135

.155

.155

.155

.093

.093

.135

.135

.135

.078

.078

.078

.114

.000

.114

.114

.000

.114

171

171

.114

.000

.114

.114

.000

.114

171

171

.114

.000

.114

.114

.000

.114

171

171

.114

.000

.114

.114

.000

.114

171

171

.114

.000

.114

.114

.000

.114

9.

6.

9.

6.

5

6.

5.

5.

3.

4

3.

6.

5.

6.

5.

5.

3.

.6712E-02

.5769E-02

.6655E-02

.3966E-02

.1671E-02

.3952E-02

5487E-03

5737E-03

.2624E-02

6173E-03

.2603E-02

7440QE-03

.6066E-03

7311E-03

5928E-03

8828E-03

2232E-12

.1153E-12

3319E-12

7440QE-03

6066E-03

7311E-03

.1521E-02

.1649E-02

.2624E-02

.6173E-03

.2603E-02

.3966E-02

.1671E-02

.3952E-02

5928E-03

8828E-03

.6712E-02

.5769E-02

.6655E-02

.7535E-02

7645E-02

.7518E-02

87.

103.

87.

55.

60.

55.

-98.

-109.

34.

34.

34.

22.

21.

22.

3.

37.

143.

115.

142.

-157.

-158.

-157.

9.

26.

-145.

-145.

-145.

-124.

-119.

-124.

3.

37.

-92.

-76.

-92.

-58.

-38.

-58.

53

51

45

65

49

63

10

89

43

43

57

45

16

28

28

22

78

57

43

55

49

25

71

74

57

35

51

37

16

28

47

49

55

16

Q7

16

.2231E-03

.3329E-03

.8125E-03

.7992E-03

.3311E-03

.2809E-03

.5575E-02

.5544E-02

.5700E-03

.3373E-03

.6445E-03

.2070E-03

.3442E-03

.2421E-03

.3636E-02

.3611E-02

.2246E-03

.3472E-03

.3070E-03

.2070E-03

.3442E-03

.2421E-03

.0311E-12

.1768E-12

.5700E-03

.3373E-03

.6445E-03

.7992E-03

.3311E-03

.2809E-03

.3636E-02

.3611E-02

.2231E-03

.3329E-03

.8125E-03

.2203E-02

.3238E-03

.3099E-02

106.05

-56.49

89.82

-30.99
70.79
-109.23

179.33

5.06
-179.28

3.21

38.75
-141.23

178.49

2.14
-179.28

3.21

159.13

-21.28

179.33

89.82

-30.99

-141.25

38.77

106.05

-56.49

129.66

-45.70
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.25E-04

.19E-03

.41E-04

.88E-03

.75E-03

.88E-03

.11E-03

.55E-03

.03E-03

.88E-03

.00E-03

.12E-03

.61E-03

.11E-03

.20E-02

.15E-02

.06E-21

L19E-22

.09E-21

.12E-03

.61E-03

.11E-03

.14E-02

.04E-02

.03E-03

.88E-03

.Q0E-03

.88E-03

.75E-03

.88E-03

.20E-02

.15E-02

.25E-04

.19E-03

.41E-04

.63E-03

.48E-02

.62E-03

-1

-1.

-1

-1

-1.

-1

.45E-02

33E-02

L44E-02

.15E-02

.02E-02

.15E-02

.75E-02

.58E-02

.16E-03

.69E-03

.17E-03

.29E-03

.03E-03

.29E-03

.54E-03

.16E-03

.9QE-22

.53E-21

L27E-22

.29E-03

.03E-03

.29E-03

.90E-03

.15E-03

.16E-03

.69E-03

.17E-03

.15E-02

.02E-02

.15E-02

.54E-03

.16E-03

.45E-02

33E-02

L44E-02

.45E-03

.16E-02

.44E-03

w

~N

(%

(%

w

(%

-4,

N 0o

oo

.61E-04

.84E-03

.70E-04

.Q9E-12

.96E-13

.Q9E-12

.40E-03

.23E-04

.22E-03

.97E-03

.20E-03

.40E-03

.52E-03

.39E-03

.81E-04

.25E-03

.58E-12

.75E-12

.65E-12

.40E-03

.52E-03

.39E-03

.83E-12

.33E-12

.22E-03

.97E-03

.20E-03

32E-12

.15E-12

.32E-12

.81E-04

.25E-03

.61E-04

.84E-03

.70E-04

.01E-03

.57E-02

.00E-03

8.
7.

8.

~N

Jany

~N

N W

w

35E-03

67E-03

32E-03

.6OE-12

J41E-12

.59E-12

.33E-04

.98E-03

.56E-03

.71E-03

.56E-03

.23E-03

.78E-03

.23E-03

.00E-03

.18E-03

L93E-12

L72E-12

L02E-12

.23E-03

.78E-03

.23E-03

.86E-12

L27E-12

.56E-03

.71E-03

.56E-03

.33E-12

.57E-12

.32E-12

.00E-03

.18E-03

.35E-03

.67E-03

.32E-03

.29E-02

.01E-02

.29E-02

-1.

Jany

w

(%]

Jany

Jany

0.

Jany

w

(%]

Jany

Jany

Jany

Jany

.63E-03

.30E-03

L42E-02

72E-03

(%]

.33E-03 6.

.76E-03 -5.

.58E-06 1.

.33E-03 7.

.96E-03 -1.

Q0E+00 0.

.00E+00 0.

.57E-03 1.

.34E-03 7.

w

.21E-03 -5.

.34E-03 7.

.20E-03 6.

.00E+00 0.

.00E+00 0.

.22E-03 1.

.35E-03 7.

~N

.21E-03 -5.

.34E-03 7.

.20E-03 6.

.00E+00 0.

.00E+00 0.

.57E-03 1.

.34E-03 7.

.63E-03 3.

.58E-06 1.

.33E-03 7.

.96E-03 -1.

.00E+00 0.

.00E+00 0.

.72E-03 5

.33E-03 6.

.76E-03 -5.

Jany

.32E-03 5

.61E-02 -1.

.98E-03

54E-05

68E-03

80E-03

94E-05

17E-03

0Q0E+00

0Q0E+00

83E-05

67E-05

.21E-04

26E-05

53E-05

82E-04

00E+00

0Q0E+00

11E-04

19E-05

.35E-04

26E-05

53E-05

82E-04

0Q0E+00

00E+00

83E-05

67E-05

21E-04

80E-03

94E-05

17E-03

0Q0E+00

Q0E+00

.98E-03

54E-05

68E-03

.71E-02

.45E-05

65E-02



0.054 -0.093

0.054 -0.093

0.026 0.026

-0.026 0.026

-0.026 -0.026

0.026 -0.026

0.000 0.000

171

171

171

171

171

171

171

6

2

1

1

2

1

*¥**x*x INPUT LINE 7 EN

RUN TIME =

0.510

.5487E-03 -98.

.5737E-03 -109.

.0113E-02 -97.

.2975E-02 -174.

.2975E-02 -174.

.0113E-02 -97.

.3089E-02 -126.

0 Q 0

10
89
13
04
04
13
30

1.5575E-02

1.5544E-02

8.6908E-03

8.9451E-03

8.9451E-03

8.6908E-03

4.7383E-12

-109.21

70.77

-62.32

-64.50

115.50

117.68

85.36

- - POWER BUDGET -

INPUT POWER
RADIATED POWER=

WIRE LOSS

EFFICIENCY

-5.11E-03

-5.55E-03

-2.50E-03

-1.29E-02

-1.29E-02

-2.50E-03

-7.75E-03

-1

-1

-2

-1

-1

-2

-1

.75E-02

.58E-02

.00E-02

.35E-03

.35E-03

.00E-02

.05E-02

.5144E-03 WATTS
.5144E-03 WATTS
.0000E+00 WATTS
00.00 PERCENT

-1.40E-03

-6.23E-04

4.04E-03

3.85E-03

-3.85E-03

-4.04E-03

-3.83E-13

8.33E-04

-1.98E-03

-7.70E-03

-8.07E-03

8.07E-03

7.70E-03

-4.72E-12

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

O 0.00000E+00 ©.00000E+00 ©.00000E+00 @.00000E+00 ©.00000E+00
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0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00000E+00



4.2.4 Examples 7 and 8, Scattering by a Wire and Aircraft

Examples 7 and 8 demonstrate the use of NEC for scattering calculations. The normal-
ized cross sections (o/\?) for bistatic scattering are printed in the radiation-pattern tables.
Example 8 is a stick-model of an aircraft, as shown in figure 23.

(24, 29.9, 0)

Emc
y

(2, 11.3, 0)

(6, 0, o) (44, 0, 0)
(0, 0, 0) (68, 0, 0)
\Taﬂ from (6, 0, 0)
o (2, 0, 10)
(2, -11.3, 0)

Coordinates in meters

(24, -29.9, 0)

Fig. 23. Stick model of an aircraft.
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CMSAMPLE PROBLEMS FOR NEC -
1.
2.
3.

CM
CM
CM
CE
GW
GE
FR
EX
RP
GN
EX
RP
GN
RP
NX

QOO O, P, OFr OO

STRAIGHT WIRE - FREE SPACE

STRAIGHT WIRE - PERFECT GROUND
STRAIGHT WIRE - FINITELY CONDUCTING GROUND
(SIG.=1.E-4 MHOS/M., EPS.=6.)
0. 10.

15

1
19
0
19

-55.
0 0
1 0
1 1000
1 0
1 1000
0 0
1 1000

0.

3.
0.
0.

45.
90.

6.

90.

CMSAMPLE PROBLEM FOR NEC

CESTICK MODEL OF AIRCRAFT - FREE

GW
GW
GW
GW
GW
GW
GW
GW
GE
FR
EX
RP
EX
RP
EN

1

O NO O WN

O = O = O

1

NNNO PO

O T

0.

6.

44 .

44 .

44 .

6.

6.

6.

0 0
1 0
1 1000
1 0
1 1000

0.

O O O O O OO

O O W

90.

SCATTERING BY A WIRE.

10. 55.
0. 0.
0. 45.
0. 0.
0. -10.
.000E-04

0. -10.
SPACE

0. 6.
0. 44 .
0. 68.
0. 24.
0. 24.
0. 2.
0. 2.
0. 2.
0. 0.
0. 0.
30. -90.
30.
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Input for Examples 7 and 8

45. 0.

O O O

-29.9
11.3
-11.3

N
©
©
=, O O O OO OO

.01

N



Output for Examplex 7 and 8

ok ok ook ook o ok R oK ook ook o ok o ok K ok ook o ok oK o o o K ok ok ook o ok K o K o K
* *
* NUMERICAL ELECTROMAGNETICS CODE (NEC-4.1) *
* *
ok ok ook ook o ok K oK ook ook ook o ok K ok ook ook o ok o o K ok ook ook o ok K o K o K

3k ok 3k 3k 3k ok 3k 5k %k ok 3k 5k %k ok 3k 5k %k %k 3k 5k 3k %k 3k 3k %k %k ok 5k %k 3k 3k 5k 3k ok ok 5k 3k %k 3k 5k 3k %k %k 5k %k %k %k 5% %k %k %k 5% %k %k %k *k >k k

SAMPLE PROBLEMS FOR NEC - SCATTERING BY A WIRE.
1. STRAIGHT WIRE - FREE SPACE
2. STRAIGHT WIRE - PERFECT GROUND
3. STRAIGHT WIRE - FINITELY CONDUCTING GROUND
(SIG.=1.E-4 MHOS/M., EPS.=6.)

3k ok 3k 3k 3k ok 3k 5k %k ok 3k 5k %k ok ok 5k %k %k 3k 5k 3k %k 3k 3k %k %k ok 5k %k ok 3k 5k %k ok 3k 5k 3k %k 3k >k 3k %k %k >k %k %k %k 5% %k %k %k 5% %k %k %k %k >k k

- - - STRUCTURE SPECIFICATION - - -

COORDINATES MUST BE INPUT IN
METERS OR BE SCALED TO METERS
BEFORE STRUCTURE INPUT IS ENDED

WIRE NO. OF FIRST LAST
NO. X1 Y1l 71 X2 Y2 72 RADIUS  SEG. SEG.  SEG.
1 -55.00000 0.00000 10.00000 55.00000 0.00000 10.00000 0.01000 15 1 15

GROUND PLANE SPECIFIED.

WHERE WIRE ENDS TOUCH GROUND, CURRENT WILL BE INTERPOLATED TO IMAGE IN GROUND PLANE.

TOTAL SEGMENTS USED= 15 NO. SEG. IN A SYMMETRIC CELL= 15 SYMMETRY FLAG= 0

- MULTIPLE WIRE JUNCTIONS -
JUNCTION SEGMENTS (- FOR END 1, + FOR END 2)

NONE
- - - - SEGMENTATION DATA - - - -
COORDINATES IN METERS
I+ AND I- INDICATE THE SEGMENTS BEFORE AND AFTER I

SEG.  COORDINATES OF SEG. CENTER SEG. ORIENTATION ANGLES WIRE CONNECTION DATA  TAG

NO. X Y z LENGTH ALPHA BETA RADIUS I- I I+ NO.
1 -51.33333 0.00000 10.00000 7.33333 0.00000 ©0.00000 0.01000 0 1 2 [
2 -44.00000 ©.00000 10.00000 7.33333 0.00000 ©0.00000 0.01000 1 2 3 [
3 -36.66667 ©0.00000 10.00000 7.33333 0.00000 ©0.00000 0.01000 2 3 4 [
4 -29.33333 0.00000 10.00000 7.33333 0.00000 ©0.00000 0.01000 3 4 5 [
5 -22.00000 ©.00000 10.00000 7.33333 0.00000 ©0.00000 0.01000 4 5 6 [
6 -14.66667 0.00000 10.00000 7.33333 0.00000 ©0.00000 0.01000 5 6 7 [
7 -7.33333 0.00000 10.00000 7.33333 0.00000 ©0.00000 0.01000 6 7 8 [
8 0.00000 ©0.00000 10.00000 7.33333 0.00000 ©0.00000 0.01000 7 8 9 [
9 7.33333 0.00000 10.00000 7.33333 0.00000 ©0.00000 0.01000 8 9 10 0
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10 14.66667 ©0.00000 10.00000 7.33333 0.00000 ©0.00000 0.01000 9 1o 1 [

11 22.00000 ©.00000 10.00000 7.33333 0.00000 ©0.00000 0.01000 0 11 12 [

12 29.33333 ©0.00000 10.00000 7.33333 0.00000 ©0.00000 0.01000 1 12 13 [

13 36.66667 ©0.00000 10.00000 7.33333 0.00000 ©0.00000 0.01000 12 13 14 [

14 44.00000 ©.00000 10.00000 7.33333 0.00000 ©0.00000 0.01000 13 14 15 [

15 51.33333 0.00000 10.00000 7.33333 0.00000 ©0.00000 0.01000 14 15 0 [
*¥*%%k% INPUT LINE 1 FR 0 1 Q O 3.00000E+00 ©.00000E+00 ©.00000E+00 0.00000E+00 ©.00000E+00 0.00000E+00
**%%kk INPUT LINE 2 EX 1 2 1 O 0.00000E+00 ©.00000E+00 ©.00000E+00 4.50000E+01 0.00000E+00 0.00000E+00
**%%% INPUT LINE 3 RP 0 2 1 1000 ©.00000E+00 O.00000E+00 4.50000E+01 0.00000E+00 ©.00000E+00 ©.00000E+00

------ FREQUENCY - - - - - -

FREQUENCY= 3.0000E+00 MHZ
WAVELENGTH= 9.9933E+01 METERS

- - - ANTENNA ENVIRONMENT - - -

FREE SPACE

- - - STRUCTURE IMPEDANCE LOADING - - -

THIS STRUCTURE IS NOT LOADED

- - - MATRIX TIMING - - -

FILL= 0.020 SEC., FACTOR= 0.000 SEC.

- - - EXCITATION - - -

PLANE WAVE THETA= ©.00 DEG, PHI= ©0.00 DEG, ETA= ©.00 DEG, TYPE -LINEAR= AXIAL RATIO= 0.000

- - - CURRENTS AND LOCATION - - -

LENGTHS NORMALIZED BY WAVELENGTH (OR 2.*PI/CABS(CK))

SEG. TAG COORD. OF SEG. CENTER SEG. - - - CURRENT (AMPS) - - -

NO.  NO. X Y z LENGTH REAL IMAG. MAG. PHASE
1 ® -0.5137 0.0000 0.1001 ©.07338 -8.8817E-04 2.567QE-03 2.7163E-03 109.085
2 0 -0.4403 0.0000 ©0.1001 ©.07338 1.5985E-@03 2.1975E-@03 2.7174E-03  53.967
3 ® -0.3669 0.0000 0.1001 ©0.07338 8.8158E-03 -4.2494E-03 9.7865E-03 -25.735
4 © -0.2935 0.0000 0.1001 ©.07338 1.9216E-02 -1.4937E-02 2.4339E-02 -37.860
5 0 -0.2201 0.0000 ©0.1001 ©.07338 3.0735E-02 -2.7408E-02 4.1181E-02 -41.726
6 ® -0.1468 0.0000 ©0.1001 ©0.07338 4.1101E-02 -3.8922E-02 5.6606E-02 -43.440
7 0 -0.0734 0.0000 0.1001 ©0.07338 4.8271E-02 -4.6991E-02 6.7367E-02 -44.230
8 ® 0.0000 0.0000 0.1001 ©0.07338 5.0830E-02 -4.9887E-02 7.1221E-02 -44.464
9 ® 0.0734 0.0000 0.1001 ©0.07338 4.8271E-02 -4.6991E-02 6.7367E-02 -44.230
10 ® 0.1468 0.0000 ©0.1001 ©0.07338 4.1101E-02 -3.8922E-02 5.6606E-02 -43.440
11 © 0.2201 0.0000 0.1001 ©.07338 3.0735E-02 -2.7408E-02 4.1181E-02 -41.726
12 ® 0.2935 0.0000 0.1001 ©0.07338 1.9216E-02 -1.4937E-02 2.4339E-02 -37.860
13 ® 0.3669 0.0000 0.1001 ©0.07338 8.8158E-03 -4.2494E-03 9.7865E-03 -25.735
14 © 0.4403 0.0000 0.1001 ©.07338 1.5985E-@03 2.1975E-@03 2.7174E-03  53.967
15 ® 0.5137 0.0000 0.1001 ©0.07338 -8.8817E-04 2.567QE-03 2.7163E-03 109.085
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- - - RADIATION PATTERNS - - -

- - ANGLES - - - CROSS SECTION - - - - POLARIZATION - - - - - - ECTHETA) - - - - - - ECPHI) - - -
THETA PHI VERT. HOR.  TOTAL AXIAL TILT  SENSE MAGNITUDE  PHASE MAGNITUDE  PHASE
DEGREES DEGREES DB DB DB RATIO DEG. VOLTS DEGREES VOLTS DEGREES
0.00 0.00 -12.86 -999.99 -12.86  ©.00000 0.00 LINEAR  6.41328E+00 -95.23  0.00000E-+00 0.00
45.00 0.00 -18.33 -999.99 -18.33  ©0.00000 0.00 LINEAR  3.41557E+00 -108.66  0.00000E-+00 0.00

- - - EXCITATION - - -

PLANE WAVE THETA= 45.00 DEG, PHI= ©0.00 DEG, ETA= ©.00 DEG, TYPE -LINEAR= AXIAL RATIO= 0.000

- - - CURRENTS AND LOCATION - - -

LENGTHS NORMALIZED BY WAVELENGTH (OR 2.*PI/CABS(CK))

SEG. TAG  COORD. OF SEG. CENTER SEG. - - - CURRENT (AMPS) - - -

NO.  NO. X Y A LENGTH REAL IMAG. MAG. PHASE
1 @ -0.5137 0.0000 0.1001 0.07338 -1.4018E-02 -2.6706E-02 3.0161E-02 -117.696
2 0 -0.4403 0.0000 0.1001 0.07338 -3.9114E-02 -6.9420E-02 7.9681E-02 -119.399
3 0 -0.3669 0.0000 0.1001 0.07338 -5.8271E-02 -9.6998E-02 1.1316E-01 -120.995
4 @ -0.2935 0.0000 ©0.1001 ©.07338 -6.7872E-02 -1.0687E-01 1.2660E-01 -122.420
5 @ -0.2201 0.0000 0.1001 0.07338 -6.5358E-02 -9.8633E-02 1.1832E-01 -123.530
6 0 -0.1468 0.0000 0.1001 0.07338 -5.0272E-02 -7.4959E-02 9.0256E-02 -123.848
7 0 -0.0734 0.0000 0.1001 0.07338 -2.4527E-02 -4.1065E-02 4.7832E-02 -120.849
8 © 0.0000 0.0000 0.1001 0.07338 7.8286E-03 -3.6793E-03 8.6501E-03 -25.173
9 @ 0.0734 0.0000 0.1001 0.07338 4.1295E-02 3.0302E-02 5.1220E-02 36.271
10 © ©0.1468 0.0000 0.1001 0.07338 6.9909E-02 5.5139E-02 8.9037E-02 38.264
11 0 0.2201 ©0.0000 0.1001 0.07338 8.8355E-02 6.7302E-02 1.1107E-01 37.297
12 © ©0.2935 0.0000 0.1001 0.07338 9.2958E-02 6.6030E-02 1.1402E-01 35.387
13 0 0.3669 0.0000 0.1001 0.07338 8.2371E-02 5.3310E-02 9.8117E-02 32.910
14 0 0.4403 0.0000 0.1001 0.07338 5.7747E-02 3.3262E-02 6.6641E-02 29.942
15 © ©0.5137 0.0000 0.1001 0.07338 2.1820E-02 1.0871E-02 2.4378E-02 26.483

- - - RADIATION PATTERNS - - -

- - ANGLES - - - CROSS SECTION - - - - POLARIZATION - - - - - - ECTHETA) - - - - - - ECPHI) - - -
THETA PHI VERT. HOR.  TOTAL AXIAL TILT  SENSE MAGNITUDE  PHASE MAGNITUDE  PHASE
DEGREES DEGREES DB DB DB RATIO DEG. VOLTS DEGREES VOLTS DEGREES

0.00 0.00 -18.38 -999.99 -18.38  ©0.00000 0.00 LINEAR  3.39880FE+00 -108.66  0.00QQ0E-+00 0.00
45.00 0.00 -10.40 -999.99 -10.40  ©0.00000 0.00 LINEAR  8.51376E+00  71.99  0.00000E-+00 0.00
#xkxx INPUT LINE 4 GN 1 © © © 0.00000E+00 0.00000E+00 ©.00000E+00 ©0.00000E+00 ©.00000E+00 ©O.00000E+00
#xkkx INPUT LINE 5 EX 1 1 1 @ 4.50000E+01 ©0.00000E+00 ©.00000E+00 0.00000E+00 ©.00000E+00 ©.00000E+00
#xxxx INPUT LINE 6 RP © 19 1 1000 9.00000E+01 ©.00000E+00 -1.00000E+01 0.00000E+00 ©.00000E+00 ©.00000E+00

------ FREQUENCY - - - - - -

FREQUENCY= 3.0000E+00 MHZ
WAVELENGTH= 9.9933E+01 METERS

- - - ANTENNA ENVIRONMENT - - -

PERFECT GROUND
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- - - STRUCTURE IMPEDANCE LOADING - - -

THIS STRUCTURE IS NOT LOADED

- - - MATRIX TIMING - - -

FILL=  0.030 SEC., FACTOR=  0.000 SEC.
- - - EXCITATION - - -
PLANE WAVE  THETA= 45.00 DEG, PHI= ©0.00 DEG, ETA= 0.00 DEG, TYPE -LINEAR= AXIAL RATIO= 0.000
- - - CURRENTS AND LOCATION - - -
LENGTHS NORMALIZED BY WAVELENGTH (OR 2.*PI/CABSCK))

SEG. TAG  COORD. OF SEG. CENTER SEG. - - - CURRENT (AMPS) - - -

NO.  NO. X Y A LENGTH REAL IMAG. MAG. PHASE
1 @ -0.5137 0.0000 0.1001 0.07338 9.6561E-03 -2.2202E-02 2.4211E-02 -66.495
2 0 -0.4403 0.0000 0.1001 0.07338 2.3188E-02 -6.0451E-02 6.4746E-02 -69.014
3 0 -0.3669 0.0000 0.1001 0.07338 2.9765E-02 -8.8239E-02 9.3124E-02 -71.360
4 @ -0.2935 0.0000 ©0.1001 ©.07338 2.9987E-02 -1.0121E-@1 1.0556E-01 -73.496
5 @ -0.2201 0.0000 0.1001 0.07338 2.5315E-02 -9.6765E-02 1.0002E-01 -75.339
6 0 -0.1468 0.0000 0.1001 0.07338 1.7997E-02 -7.5366E-02 7.7485E-02 -76.569
7 0 -0.0734 0.0000 0.1001 0.07338 1.0529E-02 -4.0582E-02 4.1926E-02 -75.455
8 © 0.0000 0.0000 0.1001 0.07338 5.0481E-03 1.5152E-03 5.2706E-03 16.708
9 @ 0.0734 0.0000 0.1001 0.07338 2.8281E-03 4.3477E-02 4.3569E-02 86.278

10 © ©0.1468 0.0000 0.1001 0.07338 4.0022E-03 7.7882E-02 7.7985E-02  87.058

11 0 0.2201 ©0.0000 0.1001 0.07338 7.5626E-03 9.8727E-02 9.9016E-02  85.620

12 © ©0.2935 0.0000 0.1001 0.07338 1.1641E-02 1.0254E-01 1.0320E-01 83.523

13 0 0.3669 0.0000 0.1001 0.07338 1.3997E-02 8.8980E-02 9.0074E-02 81.060

14 0 0.4403 0.0000 0.1001 0.07338 1.2583E-02 6.0736E-02 6.2025E-02 78.296

15 © ©0.5137 0.0000 0.1001 0.07338 5.8545E-03 2.2237E-02 2.2995E-02  75.250
- - - RADIATION PATTERNS - - -

- - ANGLES - - - CROSS SECTION - - - - POLARIZATION - - - - - - ECTHETA) - - - - - - ECPHI) - - -
THETA PHI VERT. HOR.  TOTAL AXIAL TILT  SENSE MAGNITUDE  PHASE MAGNITUDE  PHASE
DEGREES DEGREES DB DB DB RATIO DEG. VOLTS DEGREES VOLTS DEGREES
90.00 0.00  -999.99 -999.99 -999.99  ©.00000 0.00 3.50799E-22 -175.55  0.00000E+00 0.00
80.00 0.00 -36.78 -999.99 -36.78  ©0.00000 0.00 LINEAR  4.08381E-01 -175.53  0.00000E-+00 0.00
70.00 0.00 -24.91 -999.99 -24.91  ©0.00000 0.00 LINEAR  1.60224E+00 -175.47  0.00000E-+00 0.00
60.00 0.00 -18.29 -999.99 -18.29  ©.00000 0.00 LINEAR  3.43165E+00 -175.38  0.00000E-+00 0.00
50.00 0.00 -14.20 -999.99 -14.20  ©.00000 0.00 LINEAR  5.49969E+00 -175.26  0.00000E-+00 0.00
40.00 0.00 -12.00 -999.99 -12.00  ©.00000 0.00 LINEAR  7.08355E+00 -175.08  0.00000E-+00 0.00
30.00 0.00 -11.77 -999.99 -11.77  ©.00000 0.00 LINEAR  7.27027E+00 -174.82  .00000E-+00 0.00
20.00 0.00 -14.39 -999.99 -14.39  ©0.00000 0.00 LINEAR  5.37929E+00 -174.28  0.00000E-+00 0.00
10.00 0.00 -25.57 -999.99 -25.57  ©0.00000 0.00 LINEAR  1.48515E+00 -171.00  0.00QQ0E-+00 0.00

0.00 0.00 -18.38 -999.99 -18.38  ©.00000 0.00 LINEAR  3.39531E+00 3.10  0.00000E+00 0.00
-10.00 0.00 -11.31 -999.99 -11.31  ©.00000 0.00 LINEAR  7.66720E+00 4.34  0.00000E-+00 0.00
-20.00 0.00 -8.98 -999.99 -8.98  0.00000 0.00 LINEAR  1.00251E+01 4.77  0.00000E-+00 0.00
-30.00 0.00 -8.95 -999.99  -8.95  0.00000 0.00 LINEAR  1.00633E+01 5.05  0.00000E+00 0.00
-40.00 0.00 -10.60 -999.99 -10.60  ©.00000 0.00 LINEAR  8.31609E+00 5.29  0.00000E+00 0.00
-50.00 0.00 -13.78 -999.99 -13.78  ©0.00000 0.00 LINEAR  5.77198E+00 5.49  0.00000E+00 0.00
-60.00 0.00 -18.58 -999.99 -18.58  ©.00000 0.00 LINEAR  3.31795E+00 5.68  0.00000E+00 0.00
-70.00 0.00 -25.71 -999.99 -25.71  ©.00000 0.00 LINEAR  1.46092E+00 5.82  0.00000E+00 0.00
-80.00 0.00 -37.90 -999.99 -37.90  ©.00000 0.00 LINEAR  3.59182E-01 5.92  0.00000E+00 0.00
-90.00 0.00  -999.99 -999.99 -999.99  ©.00000 0.00 3.04789E-22 5.96  0.00000E+00 0.00

#xkxx INPUT LINE 7 GN © © © © 6.00000E+00 1.00000E-04 ©.00000E+00 ©0.00000E+00 ©.00000E+00 ©O.00000E+00
#xxxx INPUT LINE 8 RP © 19 1 1000 9.00000E+01 ©.00000E+00 -1.00000E+01 ©.00000E+00 ©.00000E+00 ©.00000E+00
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THETA=

COORD.
X

5137
.4403
3669
2935
2201
1468
.0734
.0000
.0734
.1468
.2201
.2935
.3669
.4403
.5137

.00
.00
.00
.00
.00
.00
.00
.00

PLANE WAVE
SEG. TAG
NO.  NO.
1 0 -0.
2 0 -0
3 0 -0.
4 0 -0.
5 0 -0.
6 0 -0.
7 0 -0
8 0 0
9 0 0
10 0 0
11 0 0
12 0 0
13 0 0
14 0 0
15 0 0
- - ANGLES - -
THETA PHI
DEGREES DEGREES
90.00 [
80.00 [
70.00 [
60.00 [
50.00 [
40.00 [
30.00 [
20.00 [
10.00 [

.00

FREQUENCY

FREQUENCY= 3.0000E+00 MHZ
WAVELENGTH= 9.9933E+01 METERS

- - - ANTENNA ENVIRONMENT - - -

FINITE GROUND.
RELATIVE DIELECTRIC CONST.=

6.000

CONDUCTIVITY= 1.000E-04 MHOS/METER
COMPLEX DIELECTRIC CONSTANT= 6.00000E+00-5.99183E-01

- - - STRUCTURE IMPEDANCE LOADING - - -

THIS STRUCTURE IS NOT LOADED

- - - MATRIX TIMING - - -

FILL= 0.030 SEC., FACTOR=
- - - EXCITATION - - -
45.00 DEG, PHI= 0.00 DEG, ETA=

[}

- - - CURRENTS AND LOCATION - - -

0.000 SEC.

.00 DEG,

LENGTHS NORMALIZED BY WAVELENGTH (OR 2.*PI/CABS(CK))

OF SEG. CENTER SEG.

Y Z LENGTH
0.0000 0.1001 0.07338
0.0000 0.1001 0.07338
0.0000 ©0.1001 0.07338
0.0000 0.1001 0.07338
0.0000 0.1001 0.07338
0.0000 0.1001 0.07338
0.0000 0.1001 0.07338
0.0000 ©0.1001 0.07338
0.0000 0.1001 0.07338
0.0000 ©0.1001 0.07338
0.0000 ©0.1001 0.07338
0.0000 ©0.1001 0.07338
0.0000 ©0.1001 0.07338
0.0000 ©0.1001 0.07338
0.0000 ©0.1001 0.07338

- CROSS SECTION -
VERT.  HOR. TOTAL

DB DB DB
-999.99 -999.99 -999.99
-20.83 -999.99 -20.83
-17.03 -999.99 -17.03
-14.91 -999.99 -14.91
-13.32 -999.99 -13.32
-12.41 -999.99 -12.41
-12.82 -999.99 -12.82
-15.74 -999.99 -15.74
-26.88 -999.99 -26.88

TYPE -LINEAR=

- - - CURRENT (AMPS) - - -
MAG.
.5609E-02 -1
.8047E-02 -1
.7187E-02 -1
.0934E-01 -1
.0277E-01 -1
.8883E-02 -1
.2142E-02 -1
.8543E-03 -
4721E-02

. 8606E-02
.8760E-02
.0204E-01
.8344E-02
.0367E-02
.2215E-02

REAL
-7.7095E-03
-2.2707E-02
-3.5359E-02
-4.2711E-02
-4.2368E-02
-3.3299E-02
.6198E-02
.5210E-03
.1092E-02
.3059E-02
.8107E-02
.2903E-02
.5755E-02
.6930E-02
.8053E-02

I
PAONOOUVTWO

- - - RADIATION PATTERNS - - -

- - - POLARIZATION - - -

AXIAL

RATIO
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
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T
D

[SESESESESESESESES]

-2
-6
-9
-1
-9.
-7.
-3.
-2.

PWwWuUui~N~NUVTW

ILT
EG.
.00
.00
.00
.00
.00
.00
.00
.00
.00

IMAG.

.4421E-02
.4147E-02
.0527E-02
.0065E-01

3636E-02
1510E-02
8904E-02
1111E-03

.2145E-02
.7996E-02
.1519E-02
.1391E-02
.8999E-02
.7971E-02
.2945E-02

SENSE

LINEAR
LINEAR
LINEAR
LINEAR
LINEAR
LINEAR
LINEAR
LINEAR
LINEAR

2
6
9
1
1
7
4
6
4
7
9
1
8
6
2

- - - ECTHETA) - - -

MAGNITUDE

1.
2.
3.
5.
6.
6.
6.
4.
1.

VOLTS
09720E-10
56116E+00
96646E+00
06488E+00
08613E+00
75442E+00
44301E+00
60348E+00
27624E+00

REFLECTION COEFFICIENT APPROXIMATION

AXIAL RATIO= 0.000

PHASE
DEGREES

-125.
58.
66.

.04

.45

79
91

101.
109.
116.
130.

54
15
92

83
70
07
68

[SESESESESESESESES]

- - - E(PHI) - - -
PHASE
DEGREES

MAGNITUDE
VOLTS

.00000E+00
.00000E+00
.00000E+00
.00000E+00
.00000E+00
.00000E+00
.00000E+00
.00000E+00
.00000E+00

[SESESESESESESESES]

.00
.00
.00
.00
.00
.00
.00
.00
.00



0.00 0.00 -19.74 -999.99 -19.74 0.00000 0.00 LINEAR 2.90333E+00 -70.75 0.00000E+00 0.00
-10.00 0.00 -12.71 -999.99 -12.71 0.00000 0.00 LINEAR 6.52623E+00  -67.06 0.00000E+00 0.00
-20.00 0.00 -10.25 -999.99 -10.25 0.00000 0.00 LINEAR 8.66635E+00 -68.08 0.00000E+00 0.00
-30.00 0.00 -9.90 -999.99 -9.90 0.00000 0.00 LINEAR 9.02110E+00  -71.67 0.00000E+00 0.00
-40.00 0.00 -10.90 -999.99 -10.90 0.00000 0.00 LINEAR 8.03581E+00 -77.94 0.00000E+00 0.00
-50.00 0.00 -12.76 -999.99 -12.76 0.00000 0.00 LINEAR 6.48622E+00  -87.17 0.00000E+00 0.00
-60.00 0.00 -15.05 -999.99 -15.05 0.00000 0.00 LINEAR 4.98288E+00  -98.67 0.00000E+00 0.00
-70.00 0.00 -17.67 -999.99 -17.67 0.00000 0.00 LINEAR 3.68641E+00 -110.10 0.00000E+00 0.00
-80.00 0.00 -21.77 -999.99 -21.77 0.00000 0.00 LINEAR 2.29887E+00 -118.44 0.00000E+00 0.00
-90.00 0.00 -999.99 -999.99 -999.99 0.00000 0.00 9.73269E-11 58.01 0.00000E+00 0.00

**%%kk INPUT LINE 9 NX O 0 Q O 0.00000E+00 ©.00000E+00 ©.00000E+00 0.00000E+00 ©.00000E+00 0.00000E+00
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WIRE
NO.

1
2
3
4
5
6
7
8

X1
0.00000
6.00000

44.00000
44.00000
44.00000
6.00000
6.00000
6.00000

3k 3k 3k 3k 3k ok 3k 5k %k ok 3k 5k %k ok 3k 5k %k %k ok 5k 3k 3k ok 3k %k %k >k 5k 3k %k >k 5k %k %k 3k 5k 3k %k ok >k 3k %k %k %k >k k >k

*

* NUMERICAL ELECTROMAGNETICS CODE (NEC-4.1)

*

*
*
*

3k 3k 3k 3k 3k ok 3k 5k %k ok 3k 5k %k ok ok 5k %k %k ok 5k %k %k >k 3k %k %k ok 5k %k %k >k 5k %k %k 3k 5k 3k %k %k >k %k %k %k %k k k k

3k 3k 3k 3k 3k ok 3k 5k %k ok 3k 5k %k ok 3k 5k %k %k 3k 3k 3k %k 3k 3k 3k %k >k 5k %k %k 3k 5k %k %k 3k 5k 3k %k ok 5k 3k %k >k 5 3k 3k %k 5k % %k %k 5% % %k %k %k >k k

SAMPLE PROBLEM FOR NEC
STICK MODEL OF AIRCRAFT - FREE SPACE

3k 3k 3k 3k 3k ok 3k 5k %k ok 3k 5k %k ok 3k 5k %k %k 3k 3k 3k %k 3k 3k %k %k >k 5k %k 3k 3k 5k %k 3k ok 5k 3k %k 5k 5k 3k %k %k >k % 3k %k 5%k %k %k %k 5% %k %k %k %k >k k

Y1
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

[SESESESESESESES)

TOTAL SEGMENTS USED= 29

- - - STRUCTURE SPECIFICATION - - -

COORDINATES MUST BE INPUT IN
METERS OR BE SCALED TO METERS

BEFORE STRUCTURE INPUT IS ENDED

71
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

[SESESESESESESES)

X2

.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

Q.
Q.
Q.
29.
-29.
11.
-11.
Q.

NO. SEG. IN A SYMMETRIC

- MULTIPLE WIRE JUNCTIONS -

-28

SEGMENTS (- FOR END 1, + FOR END 2)
-26
-18

Y2
00000
00000
00000
90000
90000
30000
30000
00000

CELL=

72

0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
10.00000

29

- - - - SEGMENTATION DATA - - - -

COORDINATES IN METERS

NO. OF
RADIUS  SEG.
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

RPRRRRRPRRR
NNNOO MO

SYMMETRY FLAG= 0

I+ AND I- INDICATE THE SEGMENTS BEFORE AND AFTER I

JUNCTION
1 1 -2 -24
2 7 -8 -12
SEG.  COORDINATES OF SEG.
NO. X Y
1 3.00000 ©.00000
2 9.16667 ©.00000
3 15.50000 ©.00000
4 21.83333 0.00000
5 28.16667 ©.00000
6 34.50000 0.00000
7 40.83333 0.00000
8 47.00000 ©.00000
9 53.00000 0.00000
10 59.00000 ©.00000
11 65.00000 ©.00000
12 42.33333 2.49167
13 39.00000 7.47500
14 35.66667 12.45833
15 32.33333 17.44167
16 29.00000 22.42500
17 25.66667 27.40833

CENTER

[SESESESESESESESESESESESESESESESNS]

z

.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

(O, NV, NV, NV, NV, NV, NN N NN N N Ne Nea Ner Ne)l

SEG.

LENGTH
.00000
.33333
.33333
.33333
.33333
.33333
.33333
.00000
.00000
.00000
.00000
.99539
.99539
.99539
.99539
.99539
.99539

ORIENTATION ANGLES

[SESESESESESESESESESESESESESESESNS]

ALPHA
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

1

B

[SESESESESESESESESESES]

123.
123.
123.
123.
123.
123.

49

ETA

.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

77842
77842
77842
77842
77842
77842

PRRPRPRPRRPRPRPRRPRPREPREPREPRPRRLRRLE

WIRE

RADIUS
.00000
.00000
00000
.00000
.00000
00000
.00000
.00000
00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

CONNECTION DATA

I- I
0 1
-24 2
2 3
3 4
4 5
5 6
6 7
-12 8
8 9
9 10
10 11
-18 12
12 13
13 14
14 15
15 16
16 17

I+

=
SRV NOUTAWN

13
14
15
16
17

FIRST LAST
SEG.  SEG.
1 1
2 7
8 11
12 17
18 23
24 25
26 27
28 29

TAG

NO.

1

2

2

2

2

2

2

3

3

3

3

4

4

4

4

4

4

=Z=d
o >
[}

CONOUTHS WN P -



42.
39.
35.
32.
29.
.66667
.00000
.00000
.00000
.00000
.00000
.00000

~N
wuUutwulwulu

33333
00000
66667
33333
00000

-2
-7
-12
-17
-22
=27

-8

*¥**kx% INPUT LINE 1
*¥**kxk INPUT LINE 2 EX 1
INPUT LINE 3 RP 0

% % %k %k %k

.49167
.47500
.45833
44167
.42500
.40833
.82500
.47500
-2.

82500

.47500
.00000
.00000

FR @

.00000 7
.00000 18
.00000 19
.00000 20
.00000 21
.00000 22
.00000 -26
.00000 24
.00000  -28
.00000 26
.00000 1
.00000 28

~N
(%
(oo RENEEN o) W) U, U, RV, U, RV, NV, |

O 3.00000E+00 ©.00000E+00 ©.00000E+00 0.00000E+00 ©.00000E+00 O.00000E+00
O 0.00000E+00 ©.00000E+00 ©.00000E+00 0.00000E+00 ©.00000E+00 O.00000E+00
1000 ©.00000E+00 ©.00000E+00 ©.00000E+00 0.00000E+00 ©.00000E+00 0.00000E+00

0.00000 5.99539 0.00000-123.77842 1
0.00000 5.99539 0.00000-123.77842 1
0.00000 5.99539 0.00000-123.77842 1
0.00000 5.99539 0.00000-123.77842 1
0.00000 5.99539 0.00000-123.77842 1
0.00000 5.99539 0.00000-123.77842 1
0.00000 5.99354 0.00000 109.49306 1
0.00000 5.99354 0.00000 109.49306 1
0.00000 5.99354 0.00000-109.49306 1
0.00000 5.99354 0.00000-109.49306 1
2.50000 5.38516 68.19859 180.00000 1
7.50000 5.38516 68.19859 180.00000 1

1 Q

1 1

1 1

------ FREQUENCY - - - - - -
FREQUENCY= 3.0000E+00 MHZ
WAVELENGTH= 9.9933E+01 METERS
- - - ANTENNA ENVIRONMENT - - -
FREE SPACE
- - - STRUCTURE IMPEDANCE LOADING - - -
THIS STRUCTURE IS NOT LOADED
- - - MATRIX TIMING - - -
0.060 SEC., FACTOR= 0.000 SEC.
- - - EXCITATION - - -

00 DEG, PHI= .00 DEG, ETA= 0.00 DEG,

- - - CURRENTS AND LOCATION - - -

LENGTHS NORMALIZED BY WAVELENGTH (OR 2.*PI/CABS(CK))

FILL=

PLANE WAVE THETA= 0.

SEG. TAG COORD. OF SEG.
NO.  NO. X Y

1 1 0.0300 0.0000

2 2  0.0917 0.0000

3 2 0.1551 0.0000

4 2  0.2185 0.0000

5 2 0.2819 0.0000

6 2 0.3452 0.0000

7 2 0.4086 0.0000

8 3 0.4703 0.0000

9 3 0.5304 0.0000

10 3 0.5904 0.0000

11 3 0.6504 0.0000

12 4  0.4236 0.0249

13 4  0.3903 0.0748

14 4  0.3569 0.1247

15 4 0.3235 0.1745

CENTER
z

.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000

[SESESESESESESESESESESESESESNES]

[SESESESESESESESESESESESESES NS

SEG.

LENGTH
.06004
.06338
.06338
.06338
.06338
.06338
.06338
.06004
.06004
.06004
.06004
.05999
.05999
.05999
.05999

UrRrPEPNUUDSPWWE

-8
-8
-7
-6

TYPE -LINEAR=

- - - CURRENT (AMPS) - - -

REAL
.4842E-03
.1084E-02
.6971E-02
.3427E-02
.8697E-02
.1695E-02
.1698E-02
.1042E-01
.7974E-01
.2893E-01
.9333E-02
.3841E-02
.3937E-02
.7Q74E-02
.3325E-02

150

IMAG.
4.6709E-03
-1.5877E-02
-3.0161E-02
-4.8837E-02
-6.6808E-02
-7.9951E-02
-8.5362E-02
-2.0935E-01
-1.7871E-01
-1.2752E-01
-5.8036E-02
6.5998E-02
6.5582E-02
5.8799E-02
4.6369E-02

MAG.
.9011E-03
.4904E-02
.7713E-02
.5352E-02
.2672E-02
.5208E-02
.9797E-02
.9682E-01
.5346E-01
.8134E-01
.2997E-02
.0670E-01
.0652E-01
.6942E-02
.8487E-02

NORFRPRFRPOORNNWOWOWOO A WH

P

-27.
-39.
-48.
-53.
-57.
-58.
-44.
-44.
-44.
-44.
141.
141.
142.
143.

AXIAL RATIO= 0.000

HASE
.372
057
208
356
911
114
799
854
834
686
367
791
999
660
787



16 4 0.2902 0.2244 0.0000 0.05999 -4.4052E-02 3.0291E-02 5.3461E-02 145.487
17 4 0.2568 ©.2743 0.0000 0.05999 -1.9735E-02 1.2375E-02 2.3294E-02 147.909
18 5 0.4236 -0.0249 0.0000 0.05999 -8.3841E-02 6.5998E-02 1.0670E-01 141.791
19 5 0.3903 -0.0748 0.0000 0.05999 -8.3937E-02 6.5582E-02 1.0652E-01 141.999
20 5 0.3569 -0.1247 ©.0000 ©.05999 -7.7074E-02 5.8799E-02 9.6942E-02 142.660
21 5 0.3235 -0.1745 ©0.0000 ©.05999 -6.3325E-02 4.6369E-02 7.8487E-02 143.787
22 5 0.2902 -0.2244 ©.0000 ©.05999 -4.4052E-02 3.0291E-02 5.3461E-02 145.487
23 5 0.2568 -0.2743 ©0.0000 ©.05999 -1.9735E-02 1.2375E-02 2.3294E-02 147.909
24 6 0.0500 0.0283 ©0.0000 ©.05998 -9.8533E-03 4.9661E-03 1.1034E-02 153.252
25 6 0.0300 0.0848 ©.0000 ©.05998 -4.4639E-03 1.6451E-03 4.7573E-03 159.770
26 7 0.0500 -0.0283 ©.0000 ©.05998 -9.8533E-03 4.9661E-03 1.1034E-02 153.252
27 7 0.0300 -0.0848 ©.0000 ©.05998 -4.4639E-03 1.6451E-03 4.7573E-03 159.770
28 8 0.0500 0.0000 ©.0250 ©.05389 -5.3733E-03 5.1496E-03 7.4425E-03 136.218
20 8 0.0300 0.0000 ©.0751 ©.05389 -1.6005E-03 1.9454E-03 2.5192E-03 129.445
- - - RADIATION PATTERNS - - -

- - ANGLES - - - CROSS SECTION - - - - POLARIZATION - - - - - - ECTHETA) - - - - - - ECPHI) - - -
THETA PHI VERT. HOR.  TOTAL AXIAL TILT  SENSE MAGNITUDE  PHASE MAGNITUDE  PHASE
DEGREES DEGREES DB DB DB RATIO DEG. VOLTS DEGREES VOLTS DEGREES

0.00 0.00 -2.97 -999.99 -2.97  0.00000 0.00 LINEAR  2.00162E+01 -133.82  6.14208E-15 -99.62

*¥**kx% INPUT LINE 4 EX 1 1 1 O 9.00000E+01 3.00000E+Q1 -9.00000E+01 0.00000E+00 ©.00000E+00 ©.00000E+00
*¥*%%% INPUT LINE 5 RP 0 1 1 1000 9.00000E+01 3.00000E+01 0.00000E+00 ©.00000E+00 ©.00000E+00 ©.0000QE+00

- - - EXCITATION - - -

PLANE WAVE THETA= 90.00 DEG, PHI= 30.00 DEG, ETA= -90.00 DEG, TYPE -LINEAR= AXIAL RATIO= 0.000

- - - CURRENTS AND LOCATION - - -

LENGTHS NORMALIZED BY WAVELENGTH (OR 2.*PI/CABS(CK))

SEG. TAG COORD. OF SEG. CENTER SEG. - - - CURRENT (AMPS) - - -

NO.  NO. X Y z LENGTH REAL IMAG. MAG. PHASE
1 1 0.0300 0.0000 0.0000 ©0.06004 2.1991E-03 3.3846E-03 4.0363E-03 56.986
2 2 0.0917 0.0000 ©0.0000 ©0.06338 6.9361E-03 1.5006E-03 7.0966E-03 12.208
3 2 0.1551 0.0000 ©0.0000 ©.06338 7.7595E-03 -7.7728E-03 1.0983E-02 -45.049
4 2 0.2185 0.0000 ©0.0000 ©0.06338 1.0122E-02 -2.1514E-02 2.3776E-02 -64.803
5 2 0.2819 0.0000 0.0000 ©0.06338 1.4426E-02 -3.6488E-02 3.9236E-02 -68.428
6 2 0.3452 0.0000 0.0000 ©0.06338 2.0122E-02 -4.9398E-02 5.3339E-02 -67.837
7 2 0.4086 0.0000 0.0000 ©0.06338 2.5454E-02 -5.7453E-02 6.2839E-02 -66.105
8 3 0.4703 0.0000 0.0000 0.06004 -4.0439E-02 1.5696E-01 1.6208E-01 104.448
9 3 0.5304 0.0000 0.0000 0.06004 -2.9110E-02 1.3339E-01 1.3653E-01 102.311

10 3 0.5904 0.0000 0.0000 0.06004 -1.5427E-02 9.5148E-02 9.6390E-02  99.209
11 3 0.6504 0.0000 0.0000 0.06004 -4.0128E-03 4.3653E-02 4.3837E-02 95.252
12 4 0.4236 0.0249 0.0000 ©.05999 -2.3197E-0Q2 -2.1276E-Q1 2.1402E-01 -96.222
13 4 ©0.3903 0.0748 ©.0000 ©.05999 -1.5897E-02 -2.0631E-01 2.0692E-01 -94.406
14 4 0.3569 0.1247 ©.0000 ©.05999 -7.4584E-03 -1.8477E-Q1 1.8492E-01 -92.312
15 4 0.3235 0.1745 0.0000 ©.05999 1.7942E-05 -1.4867E-01 1.4867E-01 -89.993
16 4  0.2902 0.2244 0.0000 ©.05999 4.7939E-03 -1.0131E-01 1.0143E-01 -87.291
17 4 0.2568 0.2743 0.0000 ©.05999 4.6213E-03 -4.4364E-02 4.4604E-02 -84.053
18 5 0.4236 -0.0249 0.0000 ©0.05999 9.5434E-02 -9.1216E-03 9.5869E-02 -5.460
19 5 0.3903 -0.0748 0.0000 ©0.05999 9.4091E-02 -1.0588E-02 9.4685E-02 -6.421
20 5 0.3569 -0.1247 0.0000 ©0.05999 8.6039E-02 -8.6666E-03 8.6475E-02 -5.752
21 5 0.3235 -0.1745 0.0000 ©.05999 7.1345E-02 -4.5574E-03 7.149QE-02 -3.655
22 5 0.2902 -0.2244 0.0000 ©0.05999 5.0881E-02 -3.6869E-04 5.0883E-02 -0.415
23 5 0.2568 -0.2743 0.0000 ©.05999 2.3781E-02 1.4851E-03 2.3827E-02 3.573
24 6 0.0500 0.0283 0.0000 ©.05998 1.1446E-02 -3.6207E-02 3.7973E-02 -72.457
25 6 0.0300 0.0848 0.0000 ©.05998 7.1412E-03 -2.1764E-02 2.2906E-02 -71.835
26 7 0.0500 -0.0283 0.0000 ©0.05998 -1.0536E-02 3.6642E-02 3.8127E-02 106.042
27 7 0.0300 -0.0848 0.0000 ©0.05998 -4.9814E-03 2.0858E-02 2.1444E-02 103.432
28 8 0.0500 0.0000 0.0250 ©0.05389 -4.7038E-03 -1.1080QE-03 4.8325E-03 -166.745
29 8 0.0300 0.0000 0.0751 ©0.05389 -2.6531E-03 -1.3391E-03 2.9719E-03 -153.218
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- - - RADIATION PATTERNS - - -

- - ANGLES - - - CROSS SECTION - - - - POLARIZATION - - - - - - ECTHETA) - - - - - - E(PHI) - - -
THETA PHI VERT. HOR.  TOTAL AXIAL TILT  SENSE MAGNITUDE  PHASE MAGNITUDE  PHASE
DEGREES DEGREES DB DB DB RATIO DEG. VOLTS DEGREES VOLTS DEGREES

90.00  30.00 -51.98 -9.75 -9.75  0.00087  89.56 LEFT 7.09684E-02 -58.62  9.17548E+00 -52.15

*¥*%%k% INPUT LINE 6 EN O 0 Q O 0.00000E+00 ©.00000E+00 ©.00000E+00 @.00000E+00 ©.00000E+00 O.00000E+00
RUN TIME = 0.320
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4.2.5 Example 9, Scattering by a Sphere

Example 9 shows the calculation of scattering by a sphere with ka of 2.9 (ka = 2ma/\ =
circumference /\.) Bistatic scattering patterns are computed in the E and H planes. Then
near electric and magnetic fields are computed, starting at the center of the sphere and going
out along the z, y and x axes. The fields within the sphere should be the negative of the
incident field to produce zero total field. This condition is approximately satisfied in the
example.

If the frequency is changed so that the internal cavity of the sphere becomes resonant
(ka = 2.744 for the TMj0; mode) large fields will be found inside the sphere. Such internal
resonances may occur in any closed structure, and will result in large errors in the computed
currents and radiated fields. Since the magnetic-field integral equation used in NEC enforces
the boundary condition of zero tangential magnetic field on the inside of the surface, the
surface acts as a perfect magnetic conductor on the inside. Hence, the resonant fields that
are seen will be the dual of those that would exist in a perfect electric-conducting sphere.
Unfortunately, while the correct magnetic currents for the internal fields would not radiate
externally, the electric currents in the NEC solution radiate strongly.

A number of ways have been developed for avoiding internal resonances, one being
to solve combined electric and magnetic field integral equations. The only solution to the
problem in NEC is to place wires inside the sphere to destroy the resonance condition at
a given frequency. Three orthogonal dipoles might be placed at the center of a sphere. If
the wires are perfectly conducting the resonance would be shifted to a different frequency.
However, if lossy wires are used, resonances could be reduced at all frequencies.

Input for Example 9

CMBISTATIC SCATTERING BY A SPHERE.

CMPATCH DATA ARE INPUT FOR A SPHERE OF 1. M. RADIUS
CMTHE SPHERE IS THEN SCALED SO THAT KA=FREQUENCY IN MHZ.
CMTHE PATCH MODEL MAY BE USED FOR KA LESS THAN ABOUT 3.
CEFOR THIS RUN *** KA=2.9 s**x

SP 0 0 .13795 .13795 .98079 78.75 45. .11957

SP 0 0 .51328 .21261 .83147 56.25 22.5 .17025

SP 0 0 .21261 .51328 .83147 56.25 67.5 .17025

SP 0 0 .80314 .215620 .55557 33.75 15. .16987

SP 0 0 .58794 .58794 .55557 33.75 45. .16987

SP O 0 .21520 .80314 .55557 33.75 75. .16987

SP 0 0 .96194 .19134 .19509 11.25 11.25 .15028

SP 0 0 .81549 .54490 .19509 11.25 33.75 .15028

SP 0 0 .54490 .815649 .19509 11.25 56.25 .15028

SP 0 0 .19134 .96194 .19509 11.25 78.75 .15028

GX 0 111

GS O 0 47.71465

GE

FR O 1 0 0 2.9

EX 1 1 1 0 90. 0. 0.

RP O 19 1 1000  90. 0. -10. 0.

RP O 1 19 1000  90. 0. 0. 10.

NE O 1 1 11 0. 0. 0. 0. 0 5.
NE O 1 11 1 0. 0. 0. 0. 5 0.
NE O 11 1 1 0. 0. 0. 5. 0 0.
NH O 1 1 11 0. 0. 0. 0. 0 5.
NH O 1 11 1 0. 0. 0. 0. 5 0.
NH O 11 1 1 0. 0. 0. 5. 0 0.

153



10

P

STRUCTURE REFLECTED ALONG THE AXES X Y Z.

X1
.13795
.51328
.21261
.80314
.58794
.21520
.96194
.81549
.54490
.19134

[SESESRSESESESESESHES)

Output for Example 9

3k 3k 3k 3k 3k ok 3k 5k %k ok 3k 5k %k ok 3k 5k %k ok 3k 5k 3k %k %k 3k %k %k %k 5k %k %k ok 5k 3k %k ok 5k 5k %k %k >k %k %k %k %k 5k %k k

*

*

*

* NUMERICAL ELECTROMAGNETICS CODE (NEC-4.1) *
*

3k 3k 3k 3k 3k ok 3k 5k %k ok 3k 5k %k ok 3k 5k 3k %k ok 5k 3k %k %k 5k %k 3k ok 5k %k %k ok 5k 3k %k ok 5k 3k %k %k >k 3k %k %k %k %k k k

3k ok 3k 3k 3k ok 3k 5k %k ok 3k 5k %k ok ok 5k %k %k 3k 3k 3k %k ok 3k %k %k ok 5k %k 3k ok 5k 3k %k 3k 5k 3k %k 3k >k 3k % %k 5 %k %k %k 5% %k %k %k 5% %k %k %k %k >k k

BISTATIC SCATTERING BY A SPHERE.
PATCH DATA ARE INPUT FOR A SPHERE OF 1. M. RADIUS
THE SPHERE IS THEN SCALED SO THAT KA=FREQUENCY IN MHZ.
THE PATCH MODEL MAY BE USED FOR KA LESS THAN ABOUT 3.
FOR THIS RUN

* % %k KA=2.9 *kk

3k ok 3k 3k 3k ok 3k 5k %k ok 3k 5k %k ok ok 5k %k %k 3k 5k 3k %k 3k 3k %k %k ok 5k %k ok 3k 5k %k ok 3k 5k 3k %k 3k >k 3k %k %k >k %k %k %k 5% %k %k %k 5% %k %k %k %k >k k

Y1l
.13795
.21261
.51328
.21520
.58794
.80314
.19134
.54490
.81549
.96194

[SESESESESESESESESRES)

- - - STRUCTURE SPECIFICATION - - -

COORDINATES MUST BE INPUT IN

METERS OR BE SCALED TO METERS
BEFORE STRUCTURE INPUT IS ENDED

71
.98079
.83147
.83147
.55557
.55557
.55557
.19509
.19509
.19509
.19509

[SESESESESESNSESESES)

STRUCTURE SCALED BY FACTOR 47.71465

TOTAL SEGMENTS USED= Q
TOTAL PATCHES USED= 80
STRUCTURE HAS 3 PLANES OF SYMMETRY

PATCH
NO.

CONOUTDWN -

o

X2
8.75000
6.25000
6.25000
3.75000
3.75000
3.75000
1.25000
1.25000
1.25000
1.25000

Y2
.00000
.50000
.50000
.00000
.00000
.00000
.25000
. 75000
.25000
.75000

TAGS INCREMENTED

NO. SEG. IN A SYMMETRIC CELL=

NO. PATCHES IN A SYMMETRIC CELL=

COORD. OF PATCH CENTER

X

.58224
.49098
10.
38.
28.
10.
45.
38.

14461
32154
05335
26819
89863
91082

6.
10.
24.
10.
28.
38.

9.
25.

Y

58224 46.
14461 39.
49098 39.
26819 26.
05335 26.
32154 26.
9.
9.

12972
99971

zZ
79805
67330
67330
50883
50883
50883
30865
30865

[SESESESESESESES)

UNIT NORMAL VECTOR

X

L1379
.5133
.2126
.8031
.5879
.2152
.9619
.8155

72

.11957
.17025
.17025
.16987
.16987

.15028
.15028
.15028
.15028

Y

0
10

- - - SURFACE PATCH DATA -

COORDINATES IN METERS

Y
L1379
.2126
.5133
.2152
.5879
.8031
.1913
.5449

[SESESESESESESES)

[SESESESESESESES)

z

.9808 272.
.8315 387.
.8315 387.
.5556 386.
.5556 386.
.5556 386.
.1951 342.
.1951 342.

154

PATCH

AREA

22356
60610
60610
74096
74096
74096
14065
14065

0
0
0
0
0
0.16987
0
0
0
0
B

0

RADIUS

NO. OF

SEG.

SYMMETRY FLAG=

-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.

X1
7071
3827
9239
2588
7071
9659
1951
5556

2

FIRST LAST
SEG.

SEG.

COMPONENTS OF UNIT

[SESESRSESRSESES)

Y1l

.7071
.9239
.3827
.9659
.7071
.2588
.9808
.8315

[SESESESESESESES)

71

.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000

-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.

TANGENT

X2
6935
7682
3182
5366
3928
1438
1913
1622

-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.

TAG
NO.

VECTORS

Y2
6935
3182
7682
1438
3928
5366
0381
1084

[SESESESESESESES)

72

.1951
.5556
.5556
.8315
.8315
.8315
.9808
.9808



-10.
-38.
-28.
-10.
-45.
-38.
-25.

-9.

-6.

-24

-10.
-38.
-28.
-10.
-45.
-38.
-25.

-9.

-6.

-24

-10.
-38.
-28.
-10.
-45.
-38.
-25.

-9

.99971
.12972
.58224
.49098
.14461
.32154
.05335
.26819
.89863
.91082
199971
.12972
.58224
.49098
.14461
.32154
.05335
.26819
.89863
.91082
199971
.12972
.58224
.49098
.14461
.32154
.05335
.26819
.89863
.91082
.99971
.12972
.58224
.49098
.14461
.32154
.05335
.26819
.89863
.91082
.99971
.12972
.58224
.49098
14461
32154
05335
26819
89863
91082
99971
12972
58224
.49098
14461
32154
05335
26819
89863
91082
99971
12972
58224
.49098
14461
32154
05335
26819
89863
91082
99971
.12972

38.
45.

6.
10.
24
10.
28.
38.

25.
38.
45.
-6.
-10.
-24
-10.
-28.
-38.
-9.
-25.
-38.
-45.
-6.
-10.
-24
-10.
-28.
-38.
-9.
-25.
-38.
-45.
6.
10.
24
10.
28.
38.

25.
38.
45.

6.
10.
24
10.

38.

25.
38.
45.
-6.

-10.

-24

-10.

-28.

-38.
-9.

-25.

-38.

-45.
-6.

-10.

-24

-10.

-28.

-38.
-9.

-25.

-38.

-45.

91082
89863
58224
14461

.49098

26819
05335
32154

.12972

99971
91082
89863
58224
14461

.49098

26819
05335
32154
12972
99971
91082
89863
58224
14461

.49098

26819
05335
32154
12972
99971
91082
89863
58224
14461

.49098

26819
05335
32154

.12972

99971
91082
89863
58224
14461

.49098

26819

.05335

32154

.12972

99971
91082
89863
58224
14461

.49098

26819
05335
32154
12972
99971
91082
89863
58224
14461

.49098

26819
05335
32154
12972
99971
91082
89863

.30865
.30865
-46.
-39.
-39.
-26.
.50883
-26.
.30865
.30865
.30865
.30865
. 79805
.67330
.67330
.50883
.50883
.50883
.30865
.30865
.30865
.30865
. 79805
-39.
-39.
-26.
-26.
-26.
.30865
.30865
.30865
.30865
.79805
.67330
.67330
.50883
.50883
.50883
.30865
.30865
.30865
.30865
. 79805
.67330
.67330
.50883
.50883
.50883
.30865
.30865
.30865
.30865
. 79805
.67330
.67330
.50883
.50883
.50883
.30865
.30865
.30865
.30865
.79805
.67330
.67330
.50883
.50883
.50883
.30865
-9.
.30865
.30865

79805
67330
67330
50883

50883

67330
67330
50883
50883
50883

30865

[SESESESESESESESESESESESESESESESESESESESESESESESESESESESRSESESES]

.5449
.1913
L1379
.5133
.2126
.8031
.5879
.2152
.9619
.8155
.5449
.1913
L1379
.5133
.2126
.8031
.5879
.2152
.9619
.8155
.5449
.1913
L1379
.5133
.2126
.8031
.5879
.2152
.9619
.8155
.5449
.1913
L1379
.5133
.2126
.8031
.5879
.2152
.9619
.8155
.5449
.1913
L1379
.5133
.2126
.8031
.5879
.2152
.9619
.8155
.5449
.1913
L1379
.5133
.2126
.8031
.5879
.2152
.9619
.8155
.5449
.1913
L1379
.5133
.2126
.8031
.5879
.2152
.9619
.8155
.5449
.1913

[SESESESESESESESESESESES]

o
[SESES)

[SESESESESESESESESESESESESESESESESE SRS S
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*¥**kx% INPUT LINE 1 FR 0@ 1
*¥**kxk INPUT LINE 2 EX 1 1
*¥**kx*x INPUT LINE 3 RP 0 19

0 2.90000E+00 ©.00000E+00 ©.00000E+00 0.00000E+00 ©.00000E+00 O.00000E+00
O 9.00000E+01 ©.00000E+00 ©.00000E+00 @.00000E+00 ©.00000E+00 O.00000E+00
1000 9.00000E+01 0.00000E+00 -1.00000E+01 0.00000E+00 ©.00000E+00 0.00000E+00

PR

------ FREQUENCY - - - - - -

FREQUENCY= 2.9000E+00 MHZ
WAVELENGTH= 1.0338E+02 METERS

- - - ANTENNA ENVIRONMENT - - -

FREE SPACE

- - - STRUCTURE IMPEDANCE LOADING - - -

THIS STRUCTURE IS NOT LOADED

- - - MATRIX TIMING - - -

FILL= 0.010 SEC., FACTOR= 0.010 SEC.

- - - EXCITATION - - -

PLANE WAVE THETA= 90.00 DEG, PHI= ©0.00 DEG, ETA= ©.00 DEG, TYPE -LINEAR= AXIAL RATIO= 0.000

- - - - SURFACE PATCH CURRENTS - - - -

DISTANCES IN WAVELENGTHS (2.*PI/CABS(K))
CURRENT IN AMPS/METER

- - SURFACE COMPONENTS - - - - - RECTANGULAR COMPONENTS - - -
PATCH CENTER TANGENT VECTOR 1  TANGENT VECTOR 2 X Y z
X Y z MAG. PHASE  MAG. PHASE REAL IMAG. REAL IMAG. REAL IMAG.
1

0.064 0.064 0.453 2.8794E-03 -156.32 3.1198E-03 -157.39 3.86E-03 1.65E-03 1.33E-04 1.42E-05 -5.62E-04 -2.34E-04

0.237 0.098 0.384 1.4256E-03 -91.29 4.7156E-03 -94.79 3.15E-04 4.16E-03 9.57E-05 1.79E-04 -2.19E-04 -2.61E-03
0%098 0.237 0.384 3.2575E-03 -142.94 2.3664E-03 -147.56 3.04E-03 2.22E-03 5.39E-04 2.24E-04 -1.11E-03 -7.05E-04
0?371 0.099 0.256 6.0841E-04 -43.12 4.9604E-03 -45.55 -1.98E-03 2.01E-03 -7.0Q5E-05 1.07E-04 2.89E-03 -2.94E-03
0?271 0.271 0.256 1.7787E-03 -79.48 3.9145E-03 -84.57 -3.75E-04 2.77E-03 8.40QE-05 2.94E-04 3.08E-04 -3.24E-03
0?099 0.371 0.256 2.2829E-03 -142.59 2.2575E-03 -151.48 2.04E-03 1.49E-03 5.95E-04 2.19E-04 -1.65E-03 -8.96E-04
0?444 0.088 0.090 1.4688E-04 -14.13 5.2457E-03 -16.94 -9.88E-04 3.00E-04 -5.13E-05 2.30E-05 4.92E-03 -1.50E-03
0?376 0.251 0.090 4.6333E-04 -40.19 4.4776E-03 -43.42 -7.24E-04 6.65E-04 -5.82E-05 8.50E-05 3.19E-03 -3.02E-03
0?251 0.376 0.090 7.4095E-04 -85.74 3.3811E-03 -94.45 -1.74E-05 9.80E-04 7.32E-05 1.36E-04 -2.57E-04 -3.31E-03
%?088 0.444 0.090 8.0344E-04 -147.10 2.2400E-03 -157.22 7.4QE-04 4.61E-04 2.64E-04 8.08E-05 -2.03E-03 -8.51E-04

0.064 0.064 -0.453 2.8794E-03  23.68 3.1198E-03 22.61 -3.86E-03 -1.65E-03 -1.33E-04 -1.42E-05 -5.62E-04 -2.34E-04

0.237 0.098 -0.384 1.4256E-03  88.71 4.7156E-03  85.21 -3.15E-04 -4.16E-03 -9.57E-05 -1.79E-04 -2.19E-04 -2.61E-03

0.098 0.237 -0.384 3.2575E-03  37.06 2.3664E-03 32.44 -3.04E-03 -2.22E-03 -5.39E-04 -2.24E-04 -1.11E-03 -7.05E-04

0.371 0.099 -0.256 6.0841E-04 136.88 4.9604E-03 134.45

Jany

.98E-03 -2.01E-03 7.05E-05 -1.07E-04

~N

.89E-03 -2.94E-03

0.271 0.271 -0.256 1.7787E-03 100.52 3.9145E-03  95.43

w

.75E-04 -2.77E-03 -8.40E-05 -2.94E-04

w

.08E-04 -3.24E-03

156
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.50E-03

.02E-03

.31E-03

.51E-04

.34E-04

.61E-03

.05E-04

.94E-03

.24E-03

.96E-04

.50E-03

.02E-03

.31E-03

.51E-04

.34E-04

.61E-03

.05E-04

.94E-03

.24E-03

.96E-04

.50E-03

.02E-03

.31E-03

.51E-04

.99E-04

.96E-03

.Q7E-04

.23E-04

.65E-04

.25E-04

.44E-03

.18E-03

10E-04

11E-04

.99E-04

.96E-03



.237

.099

.271

.371

.088

.251

.376

.444

.064

.098

.237

.099

.271

.371

.088

.251

.376

.444

.064

.098

.237

.099

.271

.371

.088

.251

.376

.444

- - ANGLES - -
THETA
DEGREES DEGREES

90.
80.
70.
60.
50.
40.
30.
20.
10.

0
-10
-20

00
00
00
00
00
00
00
00
00
.00
.00
.00

PHI

[SESESESESESESESESESESES]

.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

.384

.256

.256

.256

.090

.090

.090

.090

.453

.384

.384

.256

.256

.256

.090

.090

.090

.090

.453

.384

.384

.256

.256

.256

.090

.090

.090

.090

3.

2

2.

3.

8.

8.

2

3.

2.

2.

3.

8.

8.

2.

3.

2.

2

3.

8.

8.

VE

D
-4
-4

-2.
-1.
-0.
-0.
-0.
-2.
-7.
-8.

-1

1.

3932E-03

.1507E-03

.6220E-03

3855E-03

3208E-04

6498E-04

.0285E-03

2755E-04

.9135E-03

.9524E-03

3932E-03

.1507E-03

6220E-03

3855E-03

3208E-04

6498E-04

.0285E-03

2755E-04

9135E-03

.9524E-03

3932E-03

.1507E-03

6220E-03

.3855E-03

3208E-04

6498E-04

.0285E-03

2755E-04

- CROSS SECTION -

128.

41.

65.

127.

28.

40.

71.

131.

-36.

-104.

-51.

-138.

-114.

-52.

-151.

-139.

-108.

143.

75.

128.

41.

65.

127.

28.

40.

71.

131.

RT.  HOR.

B DB
.44 -999.
.04 -999.
96 -999.
61 -999.
50 -999.
03 -999.
59 -999.
73 -999.
57 -999.
64 -999.
.91 -999.
94 -999.

929
929
929
929
929
929
929
929
929
929
929
929

13

84

77

77

63

67

76

63

87

16

77

63

30

67

TOTAL

DB
-4.
-4.
-2.
-1.
-0.
-0.
-0.
-2.
-7.
-8.
-1.

1.

.3674E-04

.8444E-03

.0836E-03

.0244E-04

.5093E-03

.2097E-03

.1884E-04

.1957E-04

.5234E-03

.6573E-03

.3674E-04

.8444E-03

.0836E-03

.0244E-04

.5093E-03

.2097E-03

.1884E-04

.1957E-04

.5234E-03

.6573E-03

.3674E-04

.8444E-03

.0836E-03

.0244E-04

.5093E-03

.2097E-03

.1884E-04

.1957E-04

119.

15

58.
-42.

-97.

-85

-97.

-42.

-37.

105.

-60.

164.

121.

137.

82.

9.

82

137.

142.

74.

119.

15

58.
-42.

-97.

-85

-97.

-42.

84

.99

16

20

64

.45

54

67

39

39

16

01

84

80

36

55

.46

33

61

61

84

.99

16

20

64

.45

54

67

.04E-03 2.

.17E-03 4.

.85E-04 2

.35E-03 1.

.06E-06 -4.

.80E-04 1.

.70E-04 7.

.14E-04 5.

.04E-03 -2.

.35E-04 -3

.04E-03 -2.

.17E-03 -4.

.85E-04 -2

.35E-03 -1.

.06E-06 4.

.80E-04 -1.

.70E-04 -7.

.14E-04 -5.

.04E-03 2.

.35E-04 3

.04E-03 2.

.17E-03 4.

.85E-04 2

.35E-03 1.

.06E-06 -4.

.80E-04 1.

.70E-04 7.

.14E-04 5.

64E-03

71E-04

.05E-03

80E-03

45E-04

17E-04

76E-04

83E-04

30E-03

.43E-03

64E-03

71E-04

.05E-03

80E-03

45E-04

17E-04

76E-04

83E-04

30E-03

.43E-03

64E-03

71E-04

.05E-03

80E-03

45E-04

17E-04

76E-04

83E-04

- - - RADIATION PATTERNS - - -

- - - POLARIZATION - - -
AXIAL
RATIO

[SESESESESESESESESESESES]

.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

158

T
D

[SESESESESESESESESESESES]

ILT
EG.
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

SENSE

LINEAR
LINEAR
LINEAR
LINEAR
LINEAR
LINEAR
LINEAR
LINEAR
LINEAR
LINEAR
LINEAR
LINEAR

.58E-04

.73E-04

.36E-04

.33E-04

.98E-04

.35E-04

.90E-04

.37E-04

.60E-04

.47E-04

.58E-04

.73E-04

.36E-04

.33E-04

.98E-04

.35E-04

.90E-04

.37E-04

.60E-04

.47E-04

.58E-04

.73E-04

.36E-04

.33E-04

.98E-04

.35E-04

.90E-04

.37E-04

.97E-04

.68E-04

.33E-03

.37E-04

.51E-04

.99E-04

.93E-04

.40E-04

.70E-04

.23E-04

.97E-04

.68E-04

.33E-03

.37E-04

.51E-04

.99E-04

.93E-04

.40E-04

.70E-04

.23E-04

.97E-04

.68E-04

.33E-03

.37E-04

.51E-04

.99E-04

.93E-04

.40E-04

- - - ECTHETA) - - -
MAGNITUDE

VOLTS
. 74852E+01
.83237E+01
.07470E+01
.42168E+01
. 75240E+01
.90492E+01
. 72599E+01
.13035E+01
.22053E+01
.07892E+01
.34179E+01
.64467E+01

WINEFEFREPNNNNNNPRE PP

PHASE
DEGREES

163.
161.
156.
152.
148.
146.
144.
139.
118.

44,

14.

11.

80

WRPRWRERPRPNRFREPAPUOUN

1.76E-04

-1.47E-03

-4.75E-04

-2.48E-04

3.27E-04

-9.42E-05

4.10E-05

-6.63E-04

3.91E-04

-5.39E-04

1.76E-04

-1.47E-03

-4.75E-04

-2.48E-04

3.27E-04

-9.42E-05

4.10E-05

-6.63E-04

3.91E-04

-5.39E-04

1.76E-04

-1.47E-03

-4.75E-04

-2.48E-04

3.27E-04

-9.42E-05

4.10E-05

-6.63E-04

-3

-4,

-7

2.

2

.Q7E-04

23E-04

.65E-04

25E-04

.44E-03

.18E-03

.10E-04

.11E-04

.99E-04

.96E-03

.Q7E-04

.23E-04

.65E-04

.25E-04

.44E-03

.18E-03

.10E-04

.11E-04

.99E-04

.96E-03

.Q7E-04

.23E-04

.65E-04

.25E-04

.44E-03

.18E-03

.10E-04

.11E-04

- - - E(PHI) - - -

MAGNITUDE
VOLTS

.52864E-17
.08879E-16
.21292E-16
.77103E-16
.01608E-16
.50236E-15
.64735E-15
.29159E-15
.06683E-15
.32468E-15
.79894E-15
.06811E-15

PHASE

DEGREES

0.00
-26.57
112.83
122.01
28.18
6.77
-17.22
-23.05
-5.44
-63.34
-3.63

4.25



-30.00 0.00 3.84 -999.99 3.84 0.00000 0.00 LINEAR 4.53564E+01 16.56 1.55568E-15  -45.66
-40.00 0.00 4.51 -999.99 4.51 0.00000 0.00 LINEAR 4.89894E+01 27.10 2.25560E-15 -52.74
-50.00 0.00 4.62 -999.99 4.62 0.00000 0.00 LINEAR 4.96673E+01 44.18 4.30938E-15 4.04
-60.00 0.00 5.12 -999.99 5.12 0.00000 0.00 LINEAR 5.25643E+01 65.77 2.45903E-15 -30.26
-70.00 0.00 6.29 -999.99 6.29 0.00000 0.00 LINEAR 6.01727E+01 84.51 1.67062E-15 39.47
-80.00 0.00 7.42 -999.99 7.42 0.00000 0.00 LINEAR 6.85141E+01 95.53 6.10681E-16 27.10
-90.00 0.00 7.86 -999.99 7.86 0.00000 0.00 LINEAR 7.20510E+01 99.00 6.05423E-16  -61.29

**%%% INPUT LINE 4 RP 0 1 19 1000 9.00000E+Q1 ©.00000E+00 0.00000E+00 1.00000E+01 ©.00000E+00 ©.0000QE+00

- - - RADIATION PATTERNS - - -

- - ANGLES - - - CROSS SECTION - - - - POLARIZATION - - - - - - ECTHETA) - - - - - - ECPHI) - - -
THETA PHI VERT. HOR.  TOTAL AXIAL TILT  SENSE MAGNITUDE  PHASE MAGNITUDE  PHASE
DEGREES DEGREES DB DB DB RATIO DEG. VOLTS DEGREES VOLTS DEGREES
90.00 0.00 -4.44 -999.99 -4.44  0.00000 0.00 LINEAR  1.74852E+01 163.80  2.52864E-17 0.00
90.00  10.00 -4.28 -999.99 -4.28  0.00000 0.00 LINEAR  1.78240FE+01 161.73  1.13663E-11 144.02
90.00  20.00 -3.79 -999.99 -3.79  0.00000 0.00 LINEAR  1.88459E+01 156.08  2.59717E-11  139.10
90.00  30.00 -3.06 -999.99 -3.06  0.00000 0.00 LINEAR  2.04929E+01 148.15  4.67209E-11 133.86
90.00  40.00 -2.25 -999.99  -2.25  0.00000 0.00 LINEAR  2.25127E+@1 139.17  7.42901E-11 129.32
90.00  50.00 -1.54 -999.99 -1.54  0.00000 0.00 LINEAR  2.44308E+01 129.63  1.05227E-10 124.69
90.00  60.00 -1.11 -999.99 -1.11  0.00000 0.00 LINEAR  2.56764E+01 119.17  1.32107E-10 118.09
9.00  70.00 -1.05 -999.99 -1.05  0.00000 0.00 LINEAR  2.58334E+01 106.70  1.47676E-10 106.14
90.00  80.00 -1.34 -999.99 -1.34  0.00000 0.00 LINEAR  2.49858E+01  90.48  1.57971E-10  83.40
90.00  90.00 -1.67 -999.99 -1.67  0.00000 0.00 LINEAR  2.40598E+01  68.79  2.02739E-10  51.14
90.00 100.00 -1.45 -999.99 -1.45  0.00000 0.00 LINEAR  2.46845E+Q1  42.25  3.22442E-10  26.43
90.00 110.00 -0.38 -999.99  -0.38  0.00000 0.00 LINEAR  2.79070E+01  15.31  5.04013E-10  13.29
90.00 120.00 1.14 -999.99  1.14  0.00000 0.00 LINEAR  3.32413E+01  -8.45  7.06630E-10 6.47
90.00 130.00 2.70 -999.99  2.70  0.00000 0.00 LINEAR  3.97937E+01 -28.99  8.78381E-10 2.72
90.00 140.00 4.20 -999.99  4.20  0.00000 0.00 LINEAR  4.72787E+01 -46.85  9.64040E-10 0.56
90.00 150.00 5.60 -999.99  5.60  0.00000 0.00 LINEAR  5.55509E+@1 -61.58  9.18975E-10  -0.72
90.00 160.00 6.78 -999.99  6.78  0.00000 0.00 LINEAR  6.36601E+Q1 -72.39  7.24997E-10  -1.47
90.00 170.00 7.58 -999.99  7.58  0.00000 0.00 LINEAR  6.97660E+01 -78.86  4.00601E-10  -1.86
90.00 180.00 7.86 -999.99  7.86  0.00000 0.00 LINEAR  7.20510E+01 -81.00  1.77168E-15  92.45

*¥*%%k% INPUT LINE 5 NE O 1 1 11 0.00000E+00 ©.00000E+00 ©.00000E+00 ©.00000E+00 ©.00000E+00 5.00000E+00

- - - NEAR ELECTRIC FIELDS - - -

- LOCATION - - EX - - EY - - EZ -
X Y z MAGNITUDE  PHASE MAGNITUDE  PHASE MAGNITUDE  PHASE
METERS METERS METERS VOLTS/M  DEGREES VOLTS/M  DEGREES VOLTS/M  DEGREES
0.0000 0.0000 0.0000 5.3914E-12 -0.82 1.0194E-17 -150.71 9.9619E-01 0.03
0.0000 0.0000 5.0000 2.4040E-02 79.71 2.1891E-17  123.69 9.9612E-01 0.04
0.0000 0.0000 10.0000 4.6950E-02 79.76 1.2058E-17 142.31 9.9585E-01 0.04
0.0000 0.0000 15.0000 6.7922E-02 79.85 3.7443E-17  -82.01 9.9523E-01 0.06
0.0000 0.0000 20.0000 8.7167E-02 80.01 7.0406E-18 -9.75 9.9357E-01 0.10
0.0000 0.0000 25.0000 1.0747E-01 80.30 3.5821E-17 49.17 9.8943E-01 0.20
0.0000 0.0000 30.0000 1.3472E-01 80.92 8.8778E-17  -23.31 9.8671E-01 0.29
0.0000 0.0000 35.0000 1.5167E-01 81.47 1.0273E-16  -45.51 1.0307E+00 -0.45
0.0000 0.0000 40.0000 1.0076E-01  -87.91 1.8336E-16  163.79 1.2282E+00 -3.24
0.0000 0.0000 45.0000 1.2887E+00  -93.79 1.3175E-15 78.90 9.2209E-01 1.86
0.0000 0.0000 50.0000 1.2772E+00  -95.81 5.1780E-16 -167.03 7.4353E-01  137.47

*¥*%%k% INPUT LINE 6 NE O 1 1 1 0.00000E+00 0.00000E+00 ©.00000E+00 ©.00000E+00 5.00000E+00 O.00000E+00

159



X
METERS

[SESESESESESESESESESES]

.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000

- LOCATION

Y

METERS

0.
.0000

5

10.
.0000
20.
.0000
30.
.0000

15

25

35

40.
.0000

45

50.

*¥**x% INPUT LINE 7

X

METERS

Q.

5.
10.
15.
20.
25.
30.
35.
40.
45.
50.

0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000

0000

0000

0000

0000

0000

0000

NE

- LOCATION

Y

METERS

[SESESESESESESESESESES]

*¥**kx% INPUT LINE 8

X

METERS

[SESESESESESESESESESES]

.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000

.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000

NH

- LOCATION

Y

METERS

[SESESESESESESESESESNS]

*¥**x% INPUT LINE 9

.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000

NH

z
METERS

[SESESESESESESESESESES]

0 11

.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000

1

METERS

[SESESESESESESESESESES]

z

.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000

1

METERS

Q.

5.
10.
15.
20.
25.
30.
35.
40.
45.
50.

0 1

0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000

11

- - - NEAR ELECTRIC FIELDS - - -

- EX

MAGNITUDE
VOLTS/M
.3914E-12
.3930E-12
.3972E-12
.4030E-12
.4084E-12
.4089E-12
.3947E-12
.3556E-12
.3739E-12
.5354E-12
.8364E-12

SN0, IV, I, O, O, N0, NV, N0, N0, |

1 0.00000E+00 .

PHASE
DEGREES

-0.
-0.
-0.
-0.
-0.
-0.
-0.

2.
11.
24.
20.

82
82
82
82

ORRLRNWROARU R

- EY

MAGNITUDE
VOLTS/M
.0194E-17
.3909E-16
.8167E-15
.6219E-15
.8644E-15
.9443E-14
.7754E-14
.1189E-14
.0293E-13
.4223E-14
.1596E-14

PHASE
DEGREES

-150.
-116.
-110.
-106.
-106.
-106.
-104.
-98.
-92.
-81.
78.

00000E+00 ©.00000E+00

- - - NEAR ELECTRIC FIELDS - - -

- EX

MAGNITUDE
VOLTS/M
5.3914E-12
5.3430E-12
5.2617E-12
5.1680E-12
5.0833E-12
5.0224E-12
5.0276E-12
5.2442E-12
5.2173E-12
2.2342E-12
3.0973E-12

11 0.00000E+00 Q.

PHASE
DEGREES

-0.
.67
.47
.71
.37
.39
.06
.27
.61
.79
.73

82

NOBRWR AR OON R

- EY

MAGNITUDE
VOLTS/M
.0194E-17
.4771E-18
.7385E-18
.9959E-18
.0458E-17
.4027E-18
.5989E-17
.5766E-17
.1186E-17
.2075E-17
.5862E-17

71
85
37

PHASE
DEGREES

-150.
-73.
11.
176.
-162.
-142.
-110.
137.
113.
117.
35.

00000E+00 ©.00000E+00

- - - NEAR MAGNETIC FIELDS - - -

- HX

MAGNITUDE
AMPS/M
4.7406E-19
4.1795E-19
2.9369E-19
3.6066E-19
2.2779E-19
2.2024E-19
7.7316E-19
1.5004E-19
1.0779E-19
1.5109E-19
1.2615E-19

1 0.00000E+00 .

PHASE
DEGREES

83.
78.
78.
136.
149.
151.
.61
83.
-86.
162.
-157.

177

160

43
78
69
33
62
27

52
40
38
91

WENNNNNNNNN

- HY

MAGNITUDE
AMPS/M
.2789E-03
.2876E-03
.3137E-03
.3568E-03
.4177E-03
.5014E-03
.6239E-03
.8061E-03
.9018E-03
.9299E-03
.5955E-04

PHASE
DEGREES

NOOSOSORRRLEREL

00000E+00 ©.00000E+00

.96
91
77
.55
.26
91
.48
.04
.28
.40
125.

57

ORPrRFPFPOOVOLOVVYV

- EZ

MAGNITUDE
VOLTS/M
.9619E-01
.9611E-01
.9588E-01
.9556E-01
.9530E-01
.9550E-01
.9795E-01
.0106E+00
.0547E+00
. 1040E+00
.8244E-01

PHASE
DEGREES

Q.
Q.
Q.
Q.
-0.
-0.
Q.

1

6.
12.
9.

03
03
02
00
02
05
05
.19
03
69
30

.00000E+00 ©.00000E+00

= 0000WWWWWWVWWY

- EZ

MAGNITUDE
VOLTS/M
.9619E-01
.8692E-01
.6987E-01
.4938E-01
.3104E-01
.1939E-01
.0782E-01
.5662E-01
.5966E-01
.3188E+00
.2074E+00

PHASE
DEGREES

[

16
33
50
69
87
106
130
174
-148
-148

.03
.52
.41
.89
.02
.66
.78
.00
.27
.03
.66

.00000E+00 ©.00000E+00

WNWNPRWNNREODN

- HZ

MAGNITUDE
AMPS/M
.1041E-20
.6028E-20
.0665E-20
.3009E-19
.3593E-20
.5637E-19
.3786E-19
.6426E-19
.5186E-19
.9739E-19
.4328E-19

PHASE
DEGREES

-161.
3.
54.
-26.
18.
37.
-157.
-172.
115.
-118.
-174.

53
84
86

0.00000E+00

5.00000E+00

0.00000E+00 5.00000E+00 ©.00000E+00



X
METERS

[SESESESESESESESESESES]

.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000

- LOCATION

Y

METERS

0.
.0000

5

10.
.0000
20.
.0000
30.
.0000

15

25

35

40.
.0000

45

50.

***x* INPUT LINE 10

X

METERS

Q.

5.
10.
15.
20.
25.
30.
35.
40.
45.
50.

0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000

0000

0000

0000

0000

0000

0000

NH

- LOCATION

Y

METERS

[SESESESESESESESESESNS]

*¥**x% INPUT LINE 11

RUN TIME

0.250

.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000

EN

z
METERS

[SESESESESESESESESESES]

0 11

.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000

1

METERS

[SESESESESESESESESESES]

S
(S

.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000

[

- - - NEAR MAGNETIC FIELDS - - -

RPURRARPROOOANSD

1 0.00000E+00 .

- HX

MAGNITUDE

AMPS/M
. 7406E-19
.4437E-06
.6773E-06
.5547E-06
.0915E-06
. 8609E-06
.5590E-05
.6067E-05
.8253E-04
.5127E-04
.0005E-03

PHASE
DEGREES

83.
-33.
-31.
-28.
-24.
-20.
-18.
-15.

-9.

-7.

-9.

43
79
84
51
05
06
84
18
27
05
09

NNNNNNNNNNN

- HY

MAGNITUDE
AMPS/M
.2789E-03
.2814E-03
.2888E-03
.3015E-03
.3196E-03
.3435E-03
.3757E-03
.4241E-03
.4817E-03
.4295E-03
.1016E-03

PHASE
DEGREES

PORRPRRPRRERRRERR

00000E+00 ©.00000E+00

- - - NEAR MAGNETIC FIELDS - - -

0 0.00000E+00 O.

4
3
1
1
3
2.
2
2
2
7
7

- HX

MAGNITUDE

AMPS/M
. 7406E-19
.0071E-19
.4234E-19
.3953E-19
.6917E-19
6831E-19
.8866E-19
.8869E-19
.6428E-19
.4958E-19
.7525E-19

PHASE
DEGREES

83.
146.
88.
29.
-162.
-166.
-83.
-45.
Q.
-52.
-3.

161

43
49
64
05
65

OO NNNNNNNNN

- HY

MAGNITUDE
AMPS/M
.2789E-03
.3306E-03
.4170E-03
.5179E-03
.6126E-03
.6847E-03
.7211E-03
.6696E-03
.2557E-03
.8588E-04
.7883E-04

.96
.94
.89
.81

71
58

.46
.45

51

.45
.19

PHASE
DEGREES

132.
132.
-24.

00000E+00 ©.00000E+00

.96
.82

UINOCONNWWWNE N

- HZ

MAGNITUDE
AMPS/M
.1041E-20
.2896E-16
.3888E-16
.1482E-16
.4907E-16
.3968E-16
.8399E-16
.2423E-16
.1835E-16
.7552E-15
.1988E-15

PHASE
DEGREES

-161.
-102.
-102.
-101.
-101.
-101.
-103.
-139.

172
169
167

53
15
08
87
55
07
23
04
.91
.22
.13

.00000E+00 ©.00000E+00

PR NRPWWURURE A

- HZ

MAGNITUDE
AMPS/M
.1041E-20
.3685E-20
.2459E-20
.6581E-20
.5785E-20
.8366E-20
.5009E-20
.3373E-20
.3610E-20
.8640E-20
.3638E-20

PHASE
DEGREES

-161.
62.

4

110.
5.
-154.
-34.
169.
-143.

178
-64

53
84
.40
17
929
85
65
05
66
.70
.23

0.00000E+00

0.00000E+00 ©.00000E+00 ©.00000E+00



4.2.6 Example 10, Horizontal Wires Near Ground

In Example 10, a horizontal dipole antenna 16 m long is modeled near the surface of a
ground using the Sommerfeld solution. A file of Sommerfeld-integral values was generated
by running the SOMNTX program for the ground parameters ¢, = 10, 0 = 0.01 S/m and 5
MHz. The file from SOMNTX was given the name SOMEX10.NEC

In the first data set the wire is modeled in free space and then at a height of 0.01 m
over the ground. The input impedance is considerably closer to resonance when the wire is
over ground, but the average gain of 1.59E—2 shows that only 0.795 percent of the input
power is being radiated into the upper half space, with the rest absorbed by the ground.

In the second data set, the dipole is modeled in an infinite medium with the same
ground parameters, and then buried 0.01 m below the ground surface. When the wire is
in a conducting medium the segment coordinates and segment lengths in the table “CUR-
RENTS AND LOCATION” are normalized by the quantity \lambda g = Ag\epsilon_ g —
j\sigma/\omega\epsilon 0~/ where )¢ is the wavelength in free space. The normalized
segment lengths should satisfy the criteria for solution accuracy as discussed in section 2.1.

In computing the radiated field in the infinite medium, a factor of e /% /R is omitted,
as is always done when the distance R is not specified on the RP command. Since the
actual field has an exponential decay when k is complex, the radiated field, defined as the
component of field falling off as 1/R, is zero in a lossy medium. By omitting the exponential,
NEC obtains a non-zero value that indicates the relative strength of field in any direction at
a finite distance, but it should not be considered radiated field. Likewise, the average gain
and radiated power cannot be interpreted in their usual senses. All power is absorbed in the
medium and not radiated. While the interpretation of these values is open to question, the
computed values seem more useful than printing zero. When the field is computed in a lossy
medium with a ground interface, zero will be printed for the radiated field and gain, since
then it is not possible to remove the exponential attenuation.

With the dipole buried 0.01 m below the ground surface, the average gain is slightly
larger than when the wire was above ground. This difference is probably due to the change
in current distribution when the wire is in the ground. The attenuation through 0.01 m of
this ground is negligible.

In the final case, two dipoles are modeled, with one above the ground surface by 0.01
m and the other buried by the same distance. Both dipoles are driven by 1 volt sources, but
opposing currents are set up in a transmission-line mode. The input resistance of the upper
dipole is negative, indicating that it is absorbing power from the buried wire. The average
gain and radiated power are smaller than for a single wire above or below ground, probably
as a result of the large fields generated in the ground with this two-wire configuration.
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Input for Example 10

CM Horizontal 16 m dipole

CM 1. Dipole in free space

CM 2. Dipole above ground - Ground: E = 10., SIG = 0.01 S/M, 5 MHz
Sommerfeld gound option

CE
GW
GE
FR
EX
RP
RP
GN
RP
RP
NX
CM
CM
CM
CE
GW
GE
FR
EX
UM
RP
RP
CM
CM
CM
CM
CM
UM
GN
RP
RP
NX
CM
CE
GW
GW
GE
FR
EX
EX
GN
RP
RP
EN

1
1

O ON OO OO

11

1
1
10
10
0
10
10

-8.

0
6
2
10
0

2
10

0.

0

0
1000
1002

0
1000
1002

0.01 8. 0. 0.01 .001
5.

1.

0. 0. 10. 90.

0. 0. 10. 10.

10. 0.01 SOMEX10.NEC
0. 10. 90.
0. 0. 10. 10.

o

Horizontal 16 m dipole

1. Dipole in an infinite lossy medium

2. Dipole below the ground surface

Sommerfeld gound option - E = 10., SIG = 0.01 S/M, 5 MHz

O O O O

0

11

O = =

10
10

-8.

0
6
0
2

10

0.

0

0

0
1000
1002

-0.01 8. 0. -0.01 .001
5.

1.

10. 0.01

0. 0. 10. 90.
0. 0. 10. 10.

NOTE: The above calculation of average gain in a lossy medium cannot
be interpreted in the usual sense. A factor of EXP(-jkR)/R
has been omitted from the field so that a non-zero value can
be obtained for R --> infinity with complex k. However, by the
usual definition, the far-field gain is zero in a lossy medium.

! Set upper medium to free space, then use Sommerfeld ground.

2
0
0

0
10
10

0
2
10

0
1000
1002

10. 0.01 SOMEX10.NEC
0. 0. 10. 90.
0. 0. 10. 10.

TWO HORIZONTAL 16 M DIPOLE ANTENNAS ABOVE AND BELOW GROUND
SOMMERFELD GOUND OPTION - E = 10., SIG = 0.01 S/M, 5 MHz

1
2

O ON OO O K-

11
11

ON B+~ =

10
10

-8.
-8.

0
6
6
0
2

10

0.
0.

0.01 8. 0. 0.01 .001
-0.01 8. 0. -0.01 .001
5.

1.

1.

10. 0.01 SOMEX10.NEC
0. 0. 10. 90.
0. 0. 10. 10.
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Output for Example 10

ok ok ook ook o ok R oK ook ook o ok o ok K ok ook o ok oK o o o K ok ok ook o ok K o K o K
* *
* NUMERICAL ELECTROMAGNETICS CODE (NEC-4.1) *
* *
ok ok ook ook o ok K oK ook ook ook o ok K ok ook ook o ok o o K ok ook ook o ok K o K o K

3k 3k 3k 3k 3k ok 3k 5k %k ok 3k 5k %k ok 3k 5k %k %k 3k 5k 3k %k 3k 3k %k %k ok 5k %k 3k 3k 5k %k %k ok 5k 3k %k 5k >k 3k %k %k >k %k %k %k 5% %k %k %k 5% %k %k %k *k >k k

Horizontal 16 m dipole

1. Dipole in free space

2. Dipole above ground - Ground: E = 10., SIG = 0.01 S/M, 5 MHz
Sommerfeld gound option

3k ok 3k 3k 3k ok 3k 5k 3k ok 3k 5k %k ok ok 5k %k %k 3k 5k 3k %k 3k 3k %k >k >k 5k %k 3k 3k 5k 3k ok ok 5k 3k %k 3k >k 3k %k %k 5 %k %k %k 5%k %k %k %k 5% %k %k %k *k >k k

- - - STRUCTURE SPECIFICATION - - -

COORDINATES MUST BE INPUT IN
METERS OR BE SCALED TO METERS
BEFORE STRUCTURE INPUT IS ENDED

WIRE NO. OF FIRST LAST TAG
NO. X1 Y1l 71 X2 Y2 72 RADIUS  SEG. SEG.  SEG. NO.
1 -8.00000 0.00000 0.01000 8.00000 0.00000 0.01000 0.00100 11 1 11 1

GROUND PLANE SPECIFIED.

TOTAL SEGMENTS USED= 11 NO. SEG. IN A SYMMETRIC CELL= 11 SYMMETRY FLAG= 0

- MULTIPLE WIRE JUNCTIONS -
JUNCTION SEGMENTS (- FOR END 1, + FOR END 2)

NONE
- - - - SEGMENTATION DATA - - - -
COORDINATES IN METERS
I+ AND I- INDICATE THE SEGMENTS BEFORE AND AFTER I

SEG.  COORDINATES OF SEG. CENTER SEG. ORIENTATION ANGLES WIRE CONNECTION DATA  TAG

NO. X Y z LENGTH ALPHA BETA RADIUS I- I I+ NO.
1 -7.27273 0.00000 ©0.01000 1.45455 0.00000 ©0.00000 0.00100 0 1 2 1
2 -5.81818 0.00000 ©.01000 1.45455 0.00000 ©0.00000 0.00100 1 2 3 1
3 -4.36364 0.00000 ©0.01000 1.45455 0.00000 ©0.00000 0.00100 2 3 4 1
4 -2.90909 0.00000 ©0.01000 1.45455 0.00000 ©0.00000 0.00100 3 4 5 1
5 -1.45455 0.00000 ©0.01000 1.45455 0.00000 ©0.00000 0.00100 4 5 6 1
6 0.00000 0.00000 ©0.01000 1.45455 0.00000 ©0.00000 0.00100 5 6 7 1
7 1.45455 0.00000 ©0.01000 1.45455 0.00000 ©0.00000 0.00100 6 7 8 1
8 2.90909 0.00000 ©0.01000 1.45455 0.00000 ©0.00000 0.00100 7 8 9 1
9 4.36364 0.00000 0.01000 1.45455 0.00000 ©0.00000 0.00100 8 9 10 1
10 5.81818 ©0.00000 ©0.01000  1.45455 0.00000 ©0.00000 0.00100 9 1o 1 1
11 7.27273 ©.00000 ©0.01000 1.45455 0.00000 ©0.00000 0.00100 0 11 0 1
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##xxx INPUT LINE 1 FR. @ 1 @ @ 5.00000E+00 0.00000E+00 0.00000E+00 ©0.00000E+00 ©.00000E+00 ©.0000QE+00

#xxxx INPUT LINE 2 EX © 1 6 O 1.00000E+00 0.00000E+00 0©.00000E+00 ©.00000E+00 ©.00000E+00 O.0000QE+00

##xxx INPUT LINE 3 RP @ 10 2 1000 ©0.00000E+00 ©.00000E+00 1.00000E+01 9.00000E+01 0.00000E+00 O.0000QE+00
------ FREQUENCY - - - - - -

FREQUENCY= 5.0000E+00 MHZ
WAVELENGTH= 5.9960QE+0@1 METERS

- - - ANTENNA ENVIRONMENT - - -

FREE SPACE

- - - STRUCTURE IMPEDANCE LOADING - - -

THIS STRUCTURE IS NOT LOADED

- - - MATRIX TIMING - - -

FILL= 0.010 SEC., FACTOR= 0.000 SEC.

- - - ANTENNA INPUT PARAMETERS - - -
TAG SEG.  VOLTAGE (VOLTS) CURRENT (AMPS) IMPEDANCE (OHMS) ADMITTANCE (MHOS) POWER

NO.  NO. REAL IMAG. REAL IMAG. REAL IMAG. REAL IMAG. (WATTS)
1 6 1.00000E+00 ©.00000E+00 2.12383E-05 1.13068E-03 1.66070E+01-8.84115E+02 2.12383E-05 1.13068E-03 1.06192E-05

- - - CURRENTS AND LOCATION - - -

LENGTHS NORMALIZED BY WAVELENGTH (OR 2.*PI/CABS(CK))

SEG. TAG COORD. OF SEG. CENTER SEG. - - - CURRENT (AMPS) - - -

NO.  NO. X Y z LENGTH REAL IMAG. MAG. PHASE
1 1 -0.1213 0.0000 0.0002 ©0.02426 3.8669E-06 1.3055E-04 1.3061E-04  88.303
2 1 -0.0970 0.0000 0.0002 ©0.02426 1.0130E-05 3.6692E-04 3.6706E-04  88.419
3 1 -0.0728 ©0.0000 0.0002 ©0.02426 1.4951E-05 5.8650E-04 5.8669E-04  88.540
4 1 -0.0485 0.0000 0.0002 ©0.02426 1.8428E-05 7.9257E-04 7.9278E-04  88.668
5 1 -0.0243 0.0000 0.0002 ©0.02426 2.0533E-05 9.8694E-04 9.8715E-04  88.808
6 1 0.0000 0.0000 0.0002 ©0.02426 2.1238E-05 1.1307E-03 1.1309E-03 88.924
7 1 0.0243 0.0000 0.0002 ©0.02426 2.0533E-05 9.8694E-04 9.8715E-04  88.808
8 1 0.0485 0.0000 0.0002 ©0.02426 1.8428E-05 7.9257E-04 7.9278E-04  88.668
9 1 0.0728 0.0000 0.0002 ©.02426 1.4951E-05 5.8650E-04 5.8669E-04  88.540
10 1 0.0970 0.0000 0.0002 ©0.02426 1.0130E-05 3.6692E-04 3.6706E-04  88.419
11 1 0.1213 0.0000 0.0002 ©0.02426 3.8669E-06 1.3055E-04 1.3061E-04  88.303

- - - POWER BUDGET - - -

INPUT POWER = 1.0619E-05 WATTS
RADIATED POWER= 1.0619E-@5 WATTS
WIRE LOSS 0.0000E+00 WATTS
EFFICIENCY 100.00 PERCENT
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- - - RADIATION PATTERNS - - -

- - ANGLES - - - POWER GAINS - - - - POLARIZATION - - - - - - ECTHETA) - - - - - - E(PHI) - - -
THETA PHI VERT.  HOR. TOTAL AXIAL TILT  SENSE MAGNITUDE PHASE MAGNITUDE PHASE
DEGREES DEGREES DB DB DB RATIO DEG. VOLTS DEGREES VOLTS DEGREES
0.00 0.00 1.86 -999.99 1.86 0.00000 0.00 LINEAR 3.12412E-02 -1.25 0.00000E+00 0.00
10.00 0.00 1.71 -999.99 1.71 0.00000 0.00 LINEAR 3.07091E-02 -1.25 0.00000E+00 0.00
20.00 0.00 1.25 -999.99 1.25 0.00000 0.00 LINEAR 2.91449E-02 -1.25 0.00000E+00 0.00
30.00 0.00 0.47 -999.99 0.47 0.00000 0.00 LINEAR 2.66390E-02 -1.26 0.00000E+00 0.00
40.00 0.00 -0.68 -999.99 -0.68 0.00000 0.00 LINEAR 2.33254E-02 -1.26 0.00000E+00 0.00
50.00 0.00 -2.30 -999.99 -2.30 0.00000 0.00 LINEAR 1.93613E-02 -1.26 0.00000E+00 0.00
60.00 0.00 -4.57 -999.99 -4.57 0.00000 0.00 LINEAR 1.49075E-02 -1.27 0.00000E+00 0.00
70.00 0.00 -7.94 -999.99 -7.94 0.00000 0.00 LINEAR 1.01126E-02 -1.28 0.00000E+00 0.00
80.00 0.00 -13.88 -999.99 -13.88 0.00000 0.00 LINEAR 5.10641E-03 -1.29 0.00000E+00 0.00
90.00 0.00 -999.99 -999.99 -999.99 0.00000 0.00 1.49790E-13  178.70 0.00000E+00 0.00
0.00 90.00 -999.99 1.86 1.86 0.00000 90.00 LINEAR 1.59437E-13  178.75 3.12412E-02  178.75
10.00 90.00 -999.99 1.86 1.86 0.00000 90.00 LINEAR 1.57015E-13  178.75 3.12412E-02  178.75
20.00 90.00 -999.99 1.86 1.86 0.00000 90.00 LINEAR 1.49822E-13  178.75 3.12412E-02  178.75
30.00 90.00 -999.99 1.86 1.86 0.00000 90.00 LINEAR 1.38076E-13  178.74 3.12412E-02 178.74
40.00 90.00 -999.99 1.86 1.86 0.00000 90.00 LINEAR 1.22136E-13  178.74 3.12412E-02 178.74
50.00 90.00 -999.99 1.86 1.86 0.00000 90.00 LINEAR 1.02484E-13 178.73 3.12412E-02 178.73
60.00 90.00 -999.99 1.86 1.86 0.00000 90.00 LINEAR 7.97184E-14  178.72 3.12412E-02 178.72
70.00 90.00 -999.99 1.86 1.86 0.00000 90.00 LINEAR 5.45306E-14  178.71 3.12412E-02 178.71
80.00 90.00 -999.99 1.86 1.86 0.00000 90.00 LINEAR 2.76859E-14  178.70 3.12412E-02 178.70
90.00 90.00 -999.99 1.86 1.86 0.00000 -90.00 LINEAR 8.13672E-25 -1.31 3.12412E-02  178.69

*¥**%k% INPUT LINE 4 RP 0 10 10 1002 0.00000E+00 0.00000E+00 1.00000E+01 1.00000E+Q1 ©.00000E+00 O.00000E+00

- - - RADIATION PATTERNS - - -

- - ANGLES - - - POWER GAINS - - - - POLARIZATION - - - - - - ECTHETA) - - - - - - E(PHI) - - -
THETA PHI VERT. HOR. TOTAL AXIAL TILT  SENSE MAGNITUDE PHASE MAGNITUDE PHASE
DEGREES DEGREES DB DB DB RATIO DEG. VOLTS DEGREES VOLTS DEGREES

AVERAGE POWER GAIN= 9.97861E-01 SOLID ANGLE USED IN AVERAGING=C ©.5000)*PI STERADIANS.

POWER RADIATED ASSUMING RADIATION INTO 4*PI STERADIANS = 1.05965E-05 WATTS

*¥*%%kk INPUT LINE 5 GN 2 0 Q O 1.00000E+01 1.00000E-02 ©.00000E+00 @.00000E+00 ©.00000E+00 ©.00000E+00
0.00000E+00 SOMEX1@.NEC
*¥**%% INPUT LINE 6 RP 0 10 2 1000 ©.00000E+00 O.00000E+00 1.00000E+01 9.00000E+01 ©.00000E+00 ©.0000QE+00

------ FREQUENCY - - - - - -

FREQUENCY= 5.0000E+00 MHZ
WAVELENGTH= 5.9960QE+0@1 METERS
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- - - ANTENNA ENVIRONMENT - - -

GNDINO: UNABLE TO OPEN FILE SOMEX1@.NEC

WILL COMPUTE SOMMERFELD-GROUND TABLES

Time to generate Sommerfeld ground tables =

TAG SE
NO.  NO. REAL
1
SEG. TAG COORD.
NO.  NO. X
1 1 -0.1213
2 1 -0.0970
3 1 -0.0728
4 1 -0.0485
5 1 -0.0243
6 1 0.0000
7 1 0.0243
8 1  0.0485
9 1 0.0728
10 1 0.0970
11 1 0.1213
- - ANGLES - -
THETA PHI
DEGREES DEGREES
0.00 0.00
10.00 0.00
20.00 0.00
30.00 0.00
40.00 0.00
50.00 0.00

FILL=

FINITE GROUND.

5.

89 seconds

SOMMERFELD SOLUTION

RELATIVE DIELECTRIC CONST.= 10.000
CONDUCTIVITY= 1.000QE-02 MHOS/METER
COMPLEX DIELECTRIC CONSTANT= 1.00000E+Q1-3.59510E+01

- - - STRUCTURE IMPEDANCE LOADING - - -

THIS STRUCTURE IS NOT LOADED

- - - MATRIX TIMING - - -

0.120

G. VOLTAGE (VOLTS)
IMAG.
6 1.00000E+00 0.00000E+00 3.01424E-03 5.37697E-03 7.93275E+01-1.41509E+02 3.

SEC., FACTOR=

0.000 SEC.

- - - ANTENNA INPUT PARAMETERS - - -

CURRENT (AMPS)

REAL

IMAG.

- - - CURRENTS AND LOCATION - - -

IMPEDANCE (OHMS)

REAL

LENGTHS NORMALIZED BY WAVELENGTH (OR 2.*PI/CABS(CK))

OF SEG.
Y

.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000

[SESESESESESESESESESES]

CENTER
Z

.0002
.0002
.0002
.0002
.0002
.0002
.0002
.0002
.0002
.0002
.0002

[SESESESESESESESESESES]

SEG.

LENGTH
.02426
.02426
.02426
.02426
.02426
.02426
.02426
.02426
.02426
.02426
.02426

[SESESESESESESESESESNS]

IMAG.

- - - CURRENT (AMPS) - - -

REAL
.1725E-04
.2241E-03
.9386E-03
.5044E-03
.8759E-03
.0142E-03
.8759E-03
.5044E-03
.9386E-03
.2241E-03
.1725E-04

AP PFPNNWNNRERFP S

- - - POWER BUDGET -

ORPWARARUAPWRO®

IMAG.

.6177E-04
.9396E-03
.1140E-03
.1281E-03
.9303E-03
.3770E-03
.9303E-03
.1281E-03
.1140E-03
.9396E-03
.6177E-04

NNWpApUTOUTA WN N

INPUT POWER = 1.5071E-@3 WATTS

RADIATED POWER=
WIRE LOSS
EFFICIENCY

- POWER GAINS -

VERT.
DB
-14.96
-14.99
-15.10
-15.28
-15.54
-15.90

HOR.
DB
-999.99
-999.99
-999.99
-999.99
-999.99
-999.99

TOTAL
DB
-14.96
-14.99
-15.10
-15.28
-15.54
-15.90

1.5071E-@3 WATTS
0.0000E+00 WATTS
100.00 PERCENT

- - - RADIATION PATTERNS - - -

[SESESESESES)

- - - POLARIZATION - - -
AXIAL TILT  SENSE
RATIO DEG.

.00000 0.00 LINEAR
.00000 0.00 LINEAR
.00000 0.00 LINEAR
.00000 0.00 LINEAR
.00000 0.00 LINEAR
.00000 0.00 LINEAR

167

MAG. PHASE
.8233E-04 57.769
.2936E-03  57.745
.6682E-03  58.096
.8284E-03 58.756
.7078E-03  59.745
.1642E-03  60.726
.7078E-03  59.745
.8284E-03 58.756
.6682E-03  58.096
.2936E-03  57.745
.8233E-04 57.768
- - - ECTHETA) - - -
MAGNITUDE  PHASE
VOLTS DEGREES
5.37219E-02 1.58
5.35040E-02 1.48
5.28540E-02 1.20
5.17758E-02 0.70
5.02481E-02  -0.07
4.81696E-02  -1.19

ADMITTANCE (MHOS)
IMAG. (WATTS)
01424E-03 5.37697E-03 1.50712E-03

R

EAL

POWER

- - - E(PHI) - - -

MAGNITUDE
VOLTS
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00

PHASE
DEGREES
0.00
0.00
0.00
0.00
0.00
0.00



60.00 0.00 -16.45 -999.99 -16.45 0.00000 0.00 LINEAR 4.52272E-02 -2.93 0.00000E+00 0.00
70.00 0.00 -17.41 -999.99 -17.41 0.00000 0.00 LINEAR 4.05042E-02 -5.89 0.00000E+00 0.00
80.00 0.00 -19.77 -999.99 -19.77 0.00000 0.00 LINEAR 3.08560E-02 -12.02 0.00000E+00 0.00
90.00 0.00 -999.99 -999.99 -999.99 0.00000 0.00 1.77419E-12  149.13 0.00000E+00 0.00
0.00 90.00 -999.99 -14.96 -14.96 0.00000 90.00 LINEAR 2.74165E-13 -178.42 5.37219E-02 -178.42
10.00 90.00 -999.99 -15.07 -15.07 0.00000 90.00 LINEAR 2.73583E-13 -178.52 5.30106E-02 -178.34
20.00 90.00 -999.99 -15.43 -15.43 0.00000 90.00 LINEAR 2.71774E-13 -178.81 5.08806E-02 -178.08
30.00 90.00 -999.99 -16.05 -16.05 0.00000 90.00 LINEAR 2.68523E-13 -179.32 4.73440E-02 -177.66
40.00 90.00 -999.99 -17.01 -17.01 0.00000 90.00 LINEAR 2.63363E-13  179.91 4.24268E-02 -177.09
50.00 90.00 -999.99 -18.39 -18.39 0.00000 90.00 LINEAR 2.55326E-13  178.77 3.61753E-02 -176.39
60.00 90.00 -999.99 -20.41 -20.41 0.00000 90.00 LINEAR 2.42285E-13  177.02 2.86660E-02 -175.57
70.00 90.00 -999.99 -23.53 -23.53 0.00000 90.00 LINEAR 2.18872E-13  174.06 2.00146E-02 -174.65
80.00 90.00 -999.99 -29.23 -29.23 0.00000 90.00 LINEAR 1.67684E-13  167.92 1.03858E-02 -173.68
90.00 90.00 -999.99 -999.99 -999.99 0.00000 0.00 9.66066E-24  -30.94 3.12174E-13 7.32

*¥**%k% INPUT LINE 7 RP @ 10 10 1002 0.00000E+00 0.00000E+00 1.00000E+01 1.00000E+Q1 ©.00000E+00 @.00000E+00

- - - RADIATION PATTERNS - - -

- - ANGLES - - - POWER GAINS - - - - POLARIZATION - - - - - - ECTHETA) - - - - - - E(PHI) - - -
THETA PHI VERT. HOR. TOTAL AXIAL TILT  SENSE MAGNITUDE PHASE MAGNITUDE PHASE
DEGREES DEGREES DB DB DB RATIO DEG. VOLTS DEGREES VOLTS DEGREES

AVERAGE POWER GAIN= 1.59456E-02 SOLID ANGLE USED IN AVERAGING=C ©.5000)*PI STERADIANS.

POWER RADIATED ASSUMING RADIATION INTO 4*PI STERADIANS = 2.4@319E-05 WATTS

*¥*%%k% INPUT LINE 8 NX O 0 Q O 0.00000E+00 ©.00000E+00 ©.00000E+00 0.00000E+00 ©.00000E+00 ©.00000E+00
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ok ok ook ook ook K o ook ook ook o ok K ok ook ook o ok o o K ok ook ok o ok K o K ok K
* *
* NUMERICAL ELECTROMAGNETICS CODE (NEC-4.1) *
* *
ok ook ook o ok K o ok ook ook o ok K ok ook ook o ok o o K ok ook ook o ok K o ok K

3k 3k 3k 3k 3k ok 3k 5k %k ok 3k 5k %k ok 3k 5k %k %k 3k 3k 3k %k 3k 3k %k %k >k 5k %k 3k 3k 5k %k 3k ok 5k 3k %k ok 5k 3k %k >k 3%k 3k 3k %k 5k % %k %k 5% % %k %k >k >k k

Horizontal 16 m dipole
1. Dipole in an infinite lossy medium
2. Dipole below the ground surface
Sommerfeld gound option - E = 10., SIG = 0.01 S/M, 5 MHz

3k 3k 3k 3k 3k ok 3k 5k %k ok 3k 5k %k ok 3k 5k %k %k 3k 3k 3k %k 3k 3k %k %k >k 5k %k %k 3k 5k %k %k ok 5k 3k %k >k 5k 3k %k >k 5% 3k 3k %k 5k %k %k %k 5% % %k %k %k >k k

- - - STRUCTURE SPECIFICATION - - -

COORDINATES MUST BE INPUT IN
METERS OR BE SCALED TO METERS
BEFORE STRUCTURE INPUT IS ENDED

WIRE NO. OF FIRST LAST
NO. X1 Y1l 71 X2 Y2 72 RADIUS  SEG. SEG.  SEG.
1 -8.00000 0.00000 -0.01000 8.00000 0.00000 -0.01000 0.00100 11 1 11
GROUND PLANE SPECIFIED.
TOTAL SEGMENTS USED= 11 NO. SEG. IN A SYMMETRIC CELL= 11 SYMMETRY FLAG= 0
- MULTIPLE WIRE JUNCTIONS -
JUNCTION SEGMENTS (- FOR END 1, + FOR END 2)
NONE
- - - - SEGMENTATION DATA - - - -
COORDINATES IN METERS
I+ AND I- INDICATE THE SEGMENTS BEFORE AND AFTER I
SEG.  COORDINATES OF SEG. CENTER SEG. ORIENTATION ANGLES WIRE CONNECTION DATA  TAG
NO. X Y z LENGTH ALPHA BETA RADIUS I- I I+ NO.
1 -7.27273 0.00000 -0.01000 1.45455 0.00000 ©0.00000 0.00100 0 1 2 1
2 -5.81818 0.00000 -0.01000 1.45455 0.00000 ©0.00000 0.00100 1 2 3 1
3 -4.36364 0.00000 -0.01000 1.45455 0.00000 ©0.00000 0.00100 2 3 4 1
4 -2.90909 0.00000 -0.01000  1.45455 0.00000 ©0.00000 0.00100 3 4 5 1
5 -1.45455 0.00000 -0.01000 1.45455 0.00000 ©0.00000 0.00100 4 5 6 1
6 0.00000 0.00000 -0.01000 1.45455 0.00000 ©0.00000 0.00100 5 6 7 1
7 1.45455 0.00000 -0.01000 1.45455 0.00000 ©0.00000 0.00100 6 7 8 1
8 2.90909 0.00000 -0.01000 1.45455 0.00000 ©0.00000 0.00100 7 8 9 1
9 4.36364 0.00000 -0.01000 1.45455 0.00000 ©0.00000 0.00100 8 9 10 1
10 5.81818 ©0.00000 -0.01000  1.45455 0.00000 ©0.00000 0.00100 9 1o 1 1
11 7.27273 0.00000 -0.01000  1.45455 0.00000 ©0.00000 0.00100 0 11 0 1
*¥**kx*% INPUT LINE 1 FR 0@ 1 0 O 5.00000E+00 ©.00000E+00 O.00000E+00 @.00000E+00 ©.00000E+00
*¥**kxx INPUT LINE 2 EX 0O 1 6 0 1.00000E+00 ©.00000E+00 ©.00000E+00 @.00000E+00 ©.00000E+00
*¥*%%kk INPUT LINE 3 UM 0 0 Q O 1.00000E+01 1.00000E-02 ©.00000E+00 @.00000E+00 @.00000E+00
*¥**kx*x INPUT LINE 4 RP 0 10 2 1000 ©.00000E+00 0.00000E+00 1.00000E+01 9.00000E+01 ©.00000E+00
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TAG
NO.
1

0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00



------ FREQUENCY - - - - - -
FREQUENCY= 5.0000E+00 MHZ

WAVELENGTH= 1.2327E+@1 METERS
SKIN DEPTH= 2.5822E+0@ METERS

- - - ANTENNA ENVIRONMENT - - -
INFINITE MEDIUM
RELATIVE DIELECTRIC CONST.= 10.000

CONDUCTIVITY= 1.000QE-02 MHOS/METER
COMPLEX DIELECTRIC CONSTANT= 1.00000E+Q1-3.59510E+01

- - - STRUCTURE IMPEDANCE LOADING - - -

THIS STRUCTURE IS NOT LOADED

- - - MATRIX TIMING - - -

FILL= 0.010 SEC., FACTOR= 0.000 SEC.

- - - ANTENNA INPUT PARAMETERS - - -
TAG SEG.  VOLTAGE (VOLTS) CURRENT (AMPS) IMPEDANCE (OHMS) ADMITTANCE (MHOS) POWER

NO.  NO. REAL IMAG. REAL IMAG. REAL IMAG. REAL IMAG. (WATTS)
1 6 1.00000E+00 0.00000E+00 4.64606E-03-4.10914E-03 1.20768E+02 1.06812E+02 4.64606E-03-4.10914E-03 2.32303E-03

- - - CURRENTS AND LOCATION - - -

LENGTHS NORMALIZED BY WAVELENGTH (OR 2.*PI/CABS(CK))

SEG. TAG COORD. OF SEG. CENTER SEG. - - - CURRENT (AMPS) - - -

NO.  NO. X Y YA LENGTH REAL IMAG. MAG. PHASE
1 1 -0.7409 0.0000 -0.0010 ©.14819 -2.1873E-04 1.4690E-04 2.6348E-04 146.114
2 1 -0.5928 0.0000 -0.0010 ©.14819 -6.9515E-04 1.9455E-04 7.2186E-04 164.365
3 1 -0.4446 0.0000 -0.0010 ©.14819 -1.1394E-03 -3.9681E-04 1.2065E-03 -160.799
4 1 -0.2964 0.0000 -0.0010 ©.14819 -9.4195E-04 -1.8406E-03 2.0676E-03 -117.102
5 1 -0.1482 0.0000 -0.0010 ©.14819 1.1277E-03 -3.6214E-03 3.7930QE-03 -72.703
6 1 0.0000 0.0000 -0.0010 ©.14819 4.6461E-03 -4.1091E-03 6.2025E-03 -41.491
7 1 0.1482 0.0000 -0.0010 ©.14819 1.1277E-03 -3.6214E-03 3.7930QE-03 -72.703
8 1 0.2964 0.0000 -0.0010 ©.14819 -9.4195E-04 -1.8406E-03 2.0676E-03 -117.102
9 1 0.4446 0.0000 -0.0010 ©.14819 -1.1394E-03 -3.9681E-04 1.2065E-03 -160.799
10 1 0.5928 0.0000 -0.0010 ©.14819 -6.9515E-04 1.9455E-04 7.2186E-04 164.365
11 1 0.7409 0.0000 -0.0010 ©.14819 -2.1873E-04 1.4690E-04 2.6348E-04 146.114

- - - POWER BUDGET - - -

INPUT POWER = 2.3230E-@3 WATTS
RADIATED POWER= 2.3230QE-@3 WATTS
WIRE LOSS = 0.0000E+00 WATTS
EFFICIENCY = 100.00 PERCENT
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- - - RADIATION PATTERNS - - -

- - ANGLES - - - POWER GAINS - - - - POLARIZATION - - - - - - E(THETA) - - - - - - E(PHI) - - -
THETA PHI VERT.  HOR. TOTAL AXIAL TILT  SENSE MAGNITUDE PHASE MAGNITUDE PHASE
DEGREES DEGREES DB DB DB RATIO DEG. VOLTS DEGREES VOLTS DEGREES
0.00 0.00 -5.79 -999.99 -5.79 0.00000 0.00 LINEAR 6.91939E-02 -176.72 0.00000E+00 0.00
10.00 0.00 -5.53 -999.99 -5.53 0.00000 0.00 LINEAR 7.12477E-02 -175.32 0.00000E+00 0.00
20.00 0.00 -4.93 -999.99 -4.93 0.00000 0.00 LINEAR 7.63759E-02 -171.10 0.00000E+00 0.00
30.00 0.00 -4.33 -999.99 -4.33 0.00000 0.00 LINEAR 8.18868E-02 -164.27 0.00000E+00 0.00
40.00 0.00 -4.06 -999.99 -4.06 0.00000 0.00 LINEAR 8.44404E-02 -155.53 0.00000E+00 0.00
50.00 0.00 -4.40 -999.99 -4.40 0.00000 0.00 LINEAR 8.11554E-02 -145.98 0.00000E+00 0.00
60.00 0.00 -5.64 -999.99 -5.64 0.00000 0.00 LINEAR 7.03939E-02 -136.84 0.00000E+00 0.00
70.00 0.00 -8.25 -999.99 -8.25 0.00000 0.00 LINEAR 5.20974E-02 -129.30 0.00000E+00 0.00
80.00 0.00 -13.73 -999.99 -13.73 0.00000 0.00 LINEAR 2.77403E-02 -124.33 0.00000E+00 0.00
90.00 0.00 -999.99 -999.99 -999.99 0.00000 0.00 8.28686E-13 57.43 0.00000E+00 0.00
0.00 90.00 -999.99 -5.79 -5.79 0.00000 90.00 LINEAR 3.53125E-13 3.28 6.91939E-02 3.28
10.00 90.00 -999.99 -5.79 -5.79 0.00000 90.00 LINEAR 3.47781E-13 3.28 6.91980E-02 3.28
20.00 90.00 -999.99 -5.79 -5.79 0.00000 90.00 LINEAR 3.31906E-13 3.30 6.92101E-02 3.30
30.00 90.00 -999.99 -5.78 -5.78 0.00000 90.00 LINEAR 3.05974E-13 3.32 6.92298E-02 3.32
40.00 90.00 -999.99 -5.78 -5.78 0.00000 90.00 LINEAR 2.70755E-13 3.35 6.92566E-02 3.35
50.00 90.00 -999.99 -5.78 -5.78 0.00000 90.00 LINEAR 2.27299E-13 3.38 6.92897E-02 3.38
60.00 90.00 -999.99 -5.77  -5.77 0.00000 90.00 LINEAR 1.76905E-13 3.43 6.93280E-02 3.43
70.00 90.00 -999.99 -5.77 -5.77 0.00000 90.00 LINEAR 1.21084E-13 3.47 6.93704E-02 3.47
80.00 90.00 -999.99 -5.76 -5.76 0.00000 90.00 LINEAR 6.15160E-14 3.52 6.94157E-02 3.52
90.00 90.00 -999.99 -5.76 -5.76 0.00000 -90.00 LINEAR 1.80913E-24 -176.43 6.94624E-02 3.57

*¥**%k% INPUT LINE 5 RP @0 10 10 1002 0.00000E+00 0.00000E+00 1.00000E+01 1.00000E+Q1 ©.00000E+00 @.00000E+00

- - - RADIATION PATTERNS - - -

- - ANGLES - - - POWER GAINS - - - - POLARIZATION - - - - - - ECTHETA) - - - - - - E(PHI) - - -
THETA PHI VERT. HOR. TOTAL AXIAL TILT  SENSE MAGNITUDE PHASE MAGNITUDE PHASE
DEGREES DEGREES DB DB DB RATIO DEG. VOLTS DEGREES VOLTS DEGREES

AVERAGE POWER GAIN= 3.07473E-01 SOLID ANGLE USED IN AVERAGING=C ©.5000)*PI STERADIANS.

POWER RADIATED ASSUMING RADIATION INTO 4*PI STERADIANS = 7.14269E-04 WATTS

3k 3k 3k 3k 3k ok 3k 5k %k ok 3k 5k %k ok 3k 5k %k %k 3k 3k 3k %k 3k 3k %k 3k ok 5k %k 3k 3k 5k %k %k ok 5k 3k %k ok 5k 3k %k >k 3%k %k 3k %k 5k % %k %k 5% %k %k %k *k >k k

NOTE: The above calculation of average gain in a lossy medium cannot
be interpreted in the usual sense. A factor of EXP(-jkR)/R
has been omitted from the field so that a non-zero value can
be obtained for R --> infinity with complex k. However, by the
usual definition, the far-field gain is zero in a lossy medium.

3k 3k 3k 3k 3k ok 3k 5k %k ok 3k 5k %k ok 3k 5k %k ok 3k 3k 3k %k 3k 3k %k %k >k 5k %k 3k 3k 5k %k 3k ok 5k 3k %k ok 5k 3k %k >k 5%k 3k 3k %k 5%k % %k %k 5% %k %k %k %k >k k

*¥*%%k% INPUT LINE 6 UM 0 0 0 O 0.00000E+00 ©.00000E+00 ©.00000E+00 0.00000E+00 ©.00000E+00 O.00000E+00

**%%kk INPUT LINE 7 GN 2 0 0 0 1.00000E+01 1.00000E-02 ©.00000E+00 @.00000E+00 ©.00000E+00 O.00000E+00
0.00000E+00 SOMEX1@.NEC

*¥**%% INPUT LINE 8 RP 0 10 2 1000 ©.00000E+00 O.00000E+00 1.00000E+01 9.00000E+01 ©.00000E+00 ©.00000E+00

------ FREQUENCY - - - - - -

FREQUENCY= 5.0000E+00 MHZ
WAVELENGTH= 5.9960QE+0@1 METERS
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TAG
NO.

SEG.

=
o

I—‘SQOOO\IQU'I-PUJNI—"

B

SE
NO

TAG
NO.

RPRRPRRPRRRPRRERRRERR

G.

-0.
-0.

-0

-0.

1
[SESESESESESES]

F

ILL=

- - - ANTENNA ENVIRONMENT - - -

FINITE GROUND.

SOMMERFELD SOLUTION
RELATIVE DIELECTRIC CONST.= 10.000

CONDUCTIVITY= 1.000QE-02 MHOS/METER
COMPLEX DIELECTRIC CONSTANT= 1.00000E+Q1-3.59510E+01

- - - STRUCTURE IMPEDANCE LOADING - - -

THIS STRUCTURE IS NOT LOADED

- - - MATRIX TIMING - - -

VOLTAGE (VOLTS)
IMAG.

REAL

COORD.
X

7409
5928
.4446
2964
.1482
.0000
.1482
.2964
.4446
.5928
. 7409

- - ANGLES - -

THET,

A

PHI

DEGREES DEGREES

0.
10.
20.
30.
40.
50.
60.
70.
80.
90.

0.
10.
20.
30.

00
00
00
00
00
00
00
00
00
00
00
00
00
00

[SESESESESESNSESESES)

OO OO
[SESESES)

.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

0.110 SEC.,

R

FACTOR=

0.000 SEC.

- - - ANTENNA INPUT PARAMETERS - - -

CURRENT (AMPS)

EAL

IMAG.

- - - CURRENTS AND LOCATION - - -

IMPEDANCE (OHMS)

REAL

LENGTHS NORMALIZED BY WAVELENGTH (OR 2.*PI/CABS(CK))

OF

[SESESESESESESESESESES]

VE
DI

-24.
-24.

-24

-24.
-24.
-25.
-25.
-26.
-28.
-999.
-999.
-999.
-999.
-999.

SEG. CENTER
Y Z
.0000 -0.0010 0
.0000 -0.0010 0
.0000 -0.0010 0
.0000 -0.0010 0
.0000 -0.0010 0
.0000 -0.0010 0
.0000 -0.0010 0
.0000 -0.0010 0
.0000 -0.0010 0
.0000 -0.0010 0
.0000 -0.0010 0
- POWER GAINS -
RT.  HOR. T0
B DB D
36 -999.99 -24.
38 -999.99 -24.
.46 -999.99 -24.
60 -999.99 -24.
81 -999.99 -24.
12 -999.99 -25.
62 -999.99 -25.
53 -999.99 -26.
87 -999.99 -28.
99 -999.99 -999.
99 -24.36 -24.
99 -24.47 -24.
99 -24.83 -24.
99 -25.45 -25.

SEG.

LENGTH
.14819
.14819
.14819
.14819
.14819
.14819
.14819
.14819
.14819
.14819
.14819

-2

-9

-4,
1.
3.
1.

-4,

-9

-7.
-2.

I

MAG. R

- - - CURRENT (AMPS) - - -

REAL

.8478E-04
-7.

4081E-04

.0938E-04

1824E-04
3088E-03
7395E-03
3089E-03
1823E-04

.0936E-04

4079E-04
8477E-04

- - POWER BUDGET -

INPUT POWER
RADIATED POWER:
WIRE LOSS
EFFICIENCY

TAL
B

36
38
46
60

1
1
[}
1

-5.
-3.
-9.
-1
-2
-3
-2
-1
-9.
-3.
-5.

IMAG.

5907E-05
1102E-04
3623E-04

.9434E-03
.9169E-03
.0252E-03
.9169E-03
.9434E-03

3622E-04
1102E-04
5909E-05

NoORRFRPWRARWRROON

8697E-03 WATTS
8697E-03 WATTS
00Q0E+00 WATTS

00.00 PERCENT

M
.9
.0
.3
.9
.1
.8
.1
.9
.3
.0
.9

AG. P

022E-04 -168.
345E-04 -157.
052E-03 -134.
879E-03 -102.
971E-03 -65.
100E-03 -38.
971E-03 -65.
879E-03 -102.
052E-03 -134.
344E-04 -157.
021E-04 -168.

- - - RADIATION PATTERNS - - -

[SESESESESESESESESESESESESES]

- - - POLARIZATION - - -
AXIAL TILT  SENSE
RATIO DEG.

.00000 0.00 LINEAR
.00000 0.00 LINEAR
.00000 0.00 LINEAR
.00000 0.00 LINEAR
.00000 0.00 LINEAR
.00000 0.00 LINEAR
.00000 0.00 LINEAR
.00000 0.00 LINEAR
.00000 0.00 LINEAR
.00000 0.00
.00000 90.00 LINEAR
.00000 90.00 LINEAR
.00000 90.00 LINEAR
.00000 90.00 LINEAR
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- - - ECTHETA) - - -

MAGNITUDE
VOLTS

.02759E-02
.02148E-02
.00298E-02
.97132E-02
.92430E-02
.85630E-02
.75333E-02
.57797E-02
.20599E-02
.99687E-13
.03476E-13
.03269E-13
.02620E-13
.01445E-13

EAL

HASE
893
225
167
145
833
973
833
145
166
225
893

PHASE
DEGREES

-141

-141

.75
-141.
-141.
.94
-142.
-142.
-144.
-146.
-152.
9.
38.
38.
37.
37.

76
81

25
89

I

PRPNNOOOSOSOSOSOSOSS

ADMITTANCE (MHOS)

POWER

MAG. (WATTS)
6 1.00000E+00 0.00000E+00 3.73947E-03-3.02523E-03 1.61632E+02 1.30761E+02 3.73947E-03-3.02523E-03 1.86973E-03

- - - ECPHD) - - -
MAGNITUDE  PHASE
VOLTS DEGREES
. 00000E-+00 0.00
. 00000E-+00 0.00
. 00000E-+00 0.00
. 00000E-+00 0.00
. 00000E-+00 0.00
. 00000E-+00 0.00
. 00000E-+00 0.00
. 00000E+00 0.00
. 00000E+00 0.00
. 00000E-+00 0.00
.02759E-02  38.25
.00074E-02  38.34
.92033E-02  38.59
.78683E-02  39.01



40.00 90.00 -999.99 -26.41 -26.41 0.00000 90.00 LINEAR 9.95579E-14 36.70 1.60122E-02 39.59
50.00 90.00 -999.99 -27.79 -27.79 0.00000 90.00 LINEAR 9.65839E-14 35.62 1.36526E-02 40.29
60.00 90.00 -999.99 -29.81 -29.81 0.00000 90.00 LINEAR 9.17077E-14 33.92 1.08184E-02 41.12
70.00 90.00 -999.99 -32.93 -32.93 0.00000 90.00 LINEAR 8.28874E-14 30.99 7.55328E-03 42.03
80.00 90.00 -999.99 -38.63 -38.63 0.00000 90.00 LINEAR 6.35231E-14 24.88 3.91945E-03 43.00
90.00 90.00 -999.99 -999.99 -999.99 0.00000 0.00 3.68898E-24 -173.39 1.18738E-13 44 .58

*¥**%k% INPUT LINE 9 RP 0 10 10 1002 0.00000E+00 0.00000E+00 1.00000E+01 1.00000E+Q1 ©.00000E+00 @.00000E+00

- - - RADIATION PATTERNS - - -

- - ANGLES - - - POWER GAINS - - - - POLARIZATION - - - - - - ECTHETA) - - - - - - E(PHI) - - -
THETA PHI VERT. HOR. TOTAL AXIAL TILT  SENSE MAGNITUDE PHASE MAGNITUDE PHASE
DEGREES DEGREES DB DB DB RATIO DEG. VOLTS DEGREES VOLTS DEGREES

AVERAGE POWER GAIN= 1.87156E-03 SOLID ANGLE USED IN AVERAGING=C ©.5000)*PI STERADIANS.

POWER RADIATED ASSUMING RADIATION INTO 4*PI STERADIANS = 3.49932E-06 WATTS

**%%% INPUT LINE 10 NX 0 0 Q O 0.00000E+00 ©.00000E+00 ©.00000E+00 0.00000E+00 ©.00000E+00 O.00000E+00
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3k 3k 3k 3k 3k ok 3k 5k %k ok 3k 5k %k ok 3k 5k %k %k 3k 5k %k 3k >k 3k %k 3k >k 5k %k %k >k 5k %k %k 3k 5k 3k %k %k >k 3k %k %k %k 5k k k
* *

* NUMERICAL ELECTROMAGNETICS CODE (NEC-4.1) *
*

*
3k 3k 3k 3k 3k ok 3k 5k %k ok 3k 5k %k ok 3k 5k %k %k ok 5k 3k %k ok 5k %k %k >k 5k %k %k >k 5k %k %k ok 5k 3k %k ok >k %k %k %k %k k k k

3k 3k 3k 3k 3k ok 3k 5k %k ok 3k 5k %k ok 3k 5k %k %k 3k 3k 3k %k 5k 3k %k %k >k 5k %k 3k 3k 5k %k 3k ok 5k 3k %k ok 5k 3k %k >k 3%k 3k 3k %k 5%k % %k %k 5%k %k %k %k >k >k k

TWO HORIZONTAL 16 M DIPOLE ANTENNAS ABOVE AND BELOW GROUND
SOMMERFELD GOUND OPTION - E = 10., SIG = 0.01 S/M, 5 MHz

3k 3k 3k 3k 3k ok 3k 5k %k ok 3k 5k %k ok 3k 5k %k %k 3k 3k 3k %k 5k 3k %k %k >k 5k %k 3k 3k 5k 3k %k ok 5k 3k %k ok 5k 3k %k >k 3k %k 3k %k 5k % %k %k 5% %k %k %k >k >k k

- - - STRUCTURE SPECIFICATION - - -

COORDINATES MUST BE INPUT IN
METERS OR BE SCALED TO METERS
BEFORE STRUCTURE INPUT IS ENDED

WIRE NO. OF

NO. X1 Y1l 71 X2 Y2 72 RADIUS  SEG.
1 -8.00000 0.00000 0.01000 8.00000 0.00000 0.01000 0.00100 11
2 -8.00000 0.00000 -0.01000 8.00000 0.00000 -0.01000 0.00100 11

GROUND PLANE SPECIFIED.
TOTAL SEGMENTS USED= 22 NO. SEG. IN A SYMMETRIC CELL= 22 SYMMETRY FLAG= 0

- MULTIPLE WIRE JUNCTIONS -
JUNCTION SEGMENTS (- FOR END 1, + FOR END 2)

NONE
- - - - SEGMENTATION DATA - - - -
COORDINATES IN METERS
I+ AND I- INDICATE THE SEGMENTS BEFORE AND AFTER I

SEG.  COORDINATES OF SEG. CENTER SEG. ORIENTATION ANGLES WIRE CONNECTION DATA

NO. X Y z LENGTH ALPHA BETA RADIUS I- I I+
1 -7.27273 0.00000 ©0.01000 1.45455 0.00000 ©0.00000 0.00100 0 1 2
2 -5.81818 0.00000 ©0.01000 1.45455 0.00000 ©0.00000 0.00100 1 2 3
3 -4.36364 0.00000 ©0.01000 1.45455 0.00000 ©0.00000 0.00100 2 3 4
4 -2.90909 0.00000 ©0.01000 1.45455 0.00000 ©0.00000 0.00100 3 4 5
5 -1.45455 0.00000 ©0.01000 1.45455 0.00000 ©0.00000 0.00100 4 5 6
6 0.00000 0.00000 0.01000 1.45455 0.00000 ©0.00000 0.00100 5 6 7
7 1.45455 0.00000 ©0.01000 1.45455 0.00000 ©0.00000 0.00100 6 7 8
8 2.90909 0.00000 ©0.01000 1.45455 0.00000 ©0.00000 0.00100 7 8 9
9 4.36364 0.00000 0.01000 1.45455 0.00000 ©0.00000 0.00100 8 9 10
10 5.81818 ©0.00000 ©0.01000  1.45455 0.00000 ©0.00000 0.00100 9 1o 1
11 7.27273 ©0.00000 0.01000  1.45455 0.00000 ©0.00000 0.00100 0 11 0
12 -7.27273 0.00000 -0.01000  1.45455 0.00000 ©0.00000 0.00100 o 12 13
13 -5.81818 ©0.00000 -0.01000  1.45455 0.00000 ©0.00000 0.00100 12 13 14
14 -4.36364 0.00000 -0.01000  1.45455 0.00000 ©0.00000 0.00100 13 14 15
15 -2.90909 0.00000 -0.01000  1.45455 0.00000 ©0.00000 0.00100 14 15 16
16 -1.45455 0.00000 -0.01000  1.45455 0.00000 ©0.00000 0.00100 15 16 17
17  0.00000 ©.00000 -0.01000  1.45455 0.00000 ©0.00000 0.00100 16 17 18
18 1.45455 0.00000 -0.01000  1.45455 0.00000 ©0.00000 0.00100 17 18 19
19  2.90909 0.00000 -0.01000  1.45455 0.00000 ©0.00000 0.00100 18 19 20
20 4.36364 0.00000 -0.01000 1.45455 0.00000 ©0.00000 0.00100 9 20 21
21 5.81818 0.00000 -0.01000 1.45455 0.00000 ©0.00000 0.00100 20 21 22
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22 7.27273 0.00000 -0.01000 @ 1.45455 0.00000 ©0.00000 0.00100 21 22 0

*¥**kx*% INPUT LINE 1 FR 0@ 1 Q @ 5.00000E+00 ©.00000E+00 ©.00000E+00 @.00000E+00

*¥**kxx INPUT LINE 2 EX 0O 1 6 0 1.00000E+00 ©.00000E+00 ©.00000E+00 @.00000E+00

*¥*%%kk INPUT LINE 3 EX O 2 6 0 1.00000E+00 ©.00000E+00 ©.00000E+00 @.00000E+00

*¥**kxx INPUT LINE 4 GN 2 0 0 0 1.00000E+01 1.00000E-02 ©.00000E+00 @.00000E+00
0.00000E+00 SOMEX1@.NEC

*¥**%k% INPUT LINE 5 RP 0 10 2 1000 ©.00000E+00 0.00000E+00 1.00000E+01 9.00000E+01

------ FREQUENCY - - - - - -

FREQUENCY= 5.0000E+00 MHZ
WAVELENGTH= 5.9960QE+@1 METERS

- - - ANTENNA ENVIRONMENT - - -
FINITE GROUND. SOMMERFELD SOLUTION
RELATIVE DIELECTRIC CONST.= 10.000

CONDUCTIVITY= 1.000QE-02 MHOS/METER
COMPLEX DIELECTRIC CONSTANT= 1.00000E+Q1-3.59510E+01

- - - STRUCTURE IMPEDANCE LOADING - - -

THIS STRUCTURE IS NOT LOADED

- - - MATRIX TIMING - - -

FILL= 0.570 SEC., FACTOR= 0.010 SEC.

- - - ANTENNA INPUT PARAMETERS - - -

0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00

0.00000E+00

TAG  SEG. VOLTAGE (VOLTS) CURRENT (AMPS) IMPEDANCE (OHMS) ADMITTANCE (MHOS)

NO. NO. REAL IMAG. REAL IMAG. REAL IMAG. REAL

IMAG.

0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00

0.00000E+00

POWER
(WATTS)

1 6 1.00000E+00 0.00000E+00-1.71799E-04 1.40441E-03-8.58191E+01-7.01546E+02-1.71799E-04 1.40441E-03-8.58995E-05
2 17 1.00000E+00 @.00000E+00 3.75472E-03-3.92425E-03 1.27289E+02 1.33036E+02 3.75472E-03-3.92425E-03 1.87736E-03

- - - CURRENTS AND LOCATION - - -

LENGTHS NORMALIZED BY WAVELENGTH (OR 2.*PI/CABS(CK))

SEG. TAG COORD. OF SEG. CENTER SEG. - - - CURRENT (AMPS) - - -

NO.  NO. X Y z LENGTH REAL IMAG. MAG. PHASE
1 1 -0.1213 0.0000 0.0002 ©0.02426 -1.4608E-05 1.6686E-04 1.6750E-04 95.003
2 1 -0.0970 0.0000 0.0002 ©0.02426 -4.5141E-05 4.9431E-04 4.9637E-04 95.218
3 1 -0.0728 0.0000 0.0002 ©0.02426 -7.9974E-05 7.9999E-04 8.0397E-04 95.709
4 1 -0.0485 0.0000 0.0002 ©0.02426 -1.1877E-04 1.0672E-03 1.0738E-03 96.350
5 1 -0.0243 0.0000 0.0002 ©0.02426 -1.5475E-04 1.2809E-03 1.2903E-03 96.888
6 1 0.0000 0.0000 0.0002 ©0.02426 -1.7180E-04 1.4044E-03 1.4149E-03 96.974
7 1 0.0243 0.0000 0.0002 ©0.02426 -1.5475E-04 1.2809E-03 1.2903E-03 96.888
8 1 0.0485 0.0000 0.0002 ©0.02426 -1.1877E-04 1.0672E-03 1.0738E-03 96.350
9 1 0.0728 0.0000 0.0002 ©0.02426 -7.9978E-05 7.9998E-04 8.0397E-04 95.709
10 1 0.0970 0.0000 0.0002 ©0.02426 -4.5144E-05 4.9431E-04 4.9636E-04 95.218
11 1 0.1213 0.0000 0.0002 ©0.02426 -1.4609E-05 1.6686E-04 1.6750E-04 95.004
12 2 -0.7409 0.0000 -0.0010 ©.14819 -2.8361E-04 -1.5455E-04 3.2299E-04 -151.413
13 2 -0.5928 0.0000 -0.0010 ©.14819 -7.3909E-04 -6.1464E-04 9.6127E-04 -140.253
14 2 -0.4446 0.0000 -0.0010 ©.14819 -9.0699E-04 -1.4351E-03 1.6977E-03 -122.293
15 2 -0.2964 0.0000 -0.0010 ©.14819 -4.1216E-04 -2.6155E-03 2.6477E-03 -98.955
16 2 -0.1482 0.0000 -0.0010 ©.14819 1.3206E-03 -3.7312E-03 3.9581E-03 -70.509
17 2 0.0000 0.0000 -0.0010 ©.14819 3.7547E-03 -3.9243E-03 5.4312E-03 -46.265
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18 2 0.1482 0.0000 -0.0010 ©.14819 1.3206E-03 -3.7312E-03 3.9581E-03 -70.509
19 2 0.2964 0.0000 -0.0010 ©.14819 -4.1215E-04 -2.6155E-03 2.6477E-03 -98.955
20 2 0.4446 0.0000 -0.0010 ©.14819 -9.0697E-04 -1.4351E-03 1.6977E-03 -122.293
21 2 0.5928 0.0000 -0.0010 ©.14819 -7.3908E-04 -6.1464E-04 9.6126E-04 -140.252
22 2 0.7409 0.0000 -0.0010 ©.14819 -2.8361E-04 -1.5455E-04 3.2298E-04 -151.412
- - - POWER BUDGET - - -
INPUT POWER = 1.7915E-03 WATTS
RADIATED POWER= 1.7915E-@3 WATTS
WIRE LOSS = 0.0000E+00 WATTS
EFFICIENCY = 100.00 PERCENT
- - - RADIATION PATTERNS - - -
- - ANGLES - - - POWER GAINS - - - - POLARIZATION - - - - - - ECTHETA) - - - - - - E(PHI) - - -
THETA PHI VERT.  HOR. TOTAL AXIAL TILT  SENSE MAGNITUDE PHASE MAGNITUDE PHASE
DEGREES DEGREES DB DB DB RATIO DEG. VOLTS DEGREES VOLTS DEGREES
0.00 0.00 -26.38 -999.99 -26.38 0.00000 0.00 LINEAR 1.57161E-02 -144.89 0.00000E+00 0.00
10.00 0.00 -26.41 -999.99 -26.41 0.00000 0.00 LINEAR 1.56729E-02 -144.87 0.00000E+00 0.00
20.00 0.00 -26.48 -999.99 -26.48 0.00000 0.00 LINEAR 1.55412E-02 -144.82 0.00000E+00 0.00
30.00 0.00 -26.61 -999.99 -26.61 0.00000 0.00 LINEAR 1.53138E-02 -144.82 0.00000E+00 0.00
40.00 0.00 -26.81 -999.99 -26.81 0.00000 0.00 LINEAR 1.49708E-02 -144.96 0.00000E+00 0.00
50.00 0.00 -27.10 -999.99 -27.10 0.00000 0.00 LINEAR 1.44653E-02 -145.43 0.00000E+00 0.00
60.00 0.00 -27.59 -999.99 -27.59 0.00000 0.00 LINEAR 1.36845E-02 -146.55 0.00000E+00 0.00
70.00 0.00 -28.49 -999.99 -28.49 0.00000 0.00 LINEAR 1.23320E-02 -149.00 0.00000E+00 0.00
80.00 0.00 -30.82 -999.99 -30.82 0.00000 0.00 LINEAR 9.43315E-03 -154.81 0.00000E+00 0.00
90.00 0.00 -999.99 -999.99 -999.99 0.00000 0.00 5.50618E-13 7.44 0.00000E+00 0.00
0.00 90.00 -999.99 -26.38 -26.38 0.00000 90.00 LINEAR 8.02058E-14 35.11 1.57161E-02 35.11
10.00 90.00 -999.99 -26.50 -26.50 0.00000 90.00 LINEAR 8.00514E-14 35.03 1.55080E-02 35.20
20.00 90.00 -999.99 -26.86 -26.86 0.00000 90.00 LINEAR 7.95675E-14 34.79 1.48846E-02 35.46
30.00 90.00 -999.99 -27.48 -27.48 0.00000 90.00 LINEAR 7.86842E-14 34.35 1.38497E-02 35.88
40.00 90.00 -999.99 -28.43 -28.43 0.00000 90.00 LINEAR 7.72544E-14 33.66 1.24108E-02 36.45
50.00 90.00 -999.99 -29.82 -29.82 0.00000 90.00 LINEAR 7.49814E-14 32.62 1.05818E-02 37.16
60.00 90.00 -999.99 -31.84 -31.84 0.00000 90.00 LINEAR 7.12266E-14 30.96 8.38492E-03 37.98
70.00 90.00 -999.99 -34.96 -34.96 0.00000 90.00 LINEAR 6.43988E-14 28.06 5.85420E-03 38.89
80.00 90.00 -999.99 -40.66 -40.66 0.00000 90.00 LINEAR 4.93651E-14 21.9%6 3.03777E-03 39.87
90.00 90.00 -999.99 -999.99 -999.99 0.00000 0.00 2.88295E-24 -175.85 2.31701E-13 43.51

*¥**%% INPUT LINE 6 RP @ 10 10 1002 0.00000E+00 ©.00000E+00 1.00000E+01 1.00000E+Q1 ©.00000E+00 @.00000E+00

- - - RADIATION PATTERNS - - -

- - ANGLES - - - POWER GAINS - - - - POLARIZATION - - - - - - ECTHETA) - - - - - - E(PHI) - - -
THETA PHI VERT. HOR. TOTAL AXIAL TILT  SENSE MAGNITUDE PHASE MAGNITUDE PHASE
DEGREES DEGREES DB DB DB RATIO DEG. VOLTS DEGREES VOLTS DEGREES

AVERAGE POWER GAIN= 1.18046E-03 SOLID ANGLE USED IN AVERAGING=C ©.5000)*PI STERADIANS.

POWER RADIATED ASSUMING RADIATION INTO 4*PI STERADIANS = 2.11475E-06 WATTS

*¥*%%k% INPUT LINE 7 EN O 0 Q O 0.00000E+00 ©.00000E+00 ©.00000E+00 0.00000E+00 ©.00000E+00 O.00000E+00

RUN TIME = 7.350
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4.2.7 Example 11, Monopole Antenna on a Ground Stake

In example 11, a 15 m monopole is modeled on a ground stake 2 m deep. Separate GW
commands are used to define the monopole and ground stake to ensure that the junction
will occur exactly at the interface. The average gain computation shows that the radiation
efficiency of this antenna over ground is 16 percent. NE and NH commands are used to
compute the electric and magnetic fields at a distance of 5000 m with the surface wave
included. When the Sommerfeld ground option is in use, the near magnetic field is computed
from a finite-difference evaluation of V x E. The increment for evaluating differences is
+1073)\g. Hence, if the near magnetic field had been evaluated at a height of less than 0.06
m in this example an incorrect value would have been obtained due to the negative increment
in z falling on the wrong side of the interface.

If the lower medium had a conductivity of zero, the average gain could be computed over
both upper and lower half spaces (0° < # < 180°) and should have a value of 1.0. This can
serve as a necessary, but not sufficient, check on the solution accuracy for a dielectric ground.
In integrating the power in a dielectric ground, it may be necessary to use increments in 6
of a degree or less to accurately sample the field near the totally reflecting or critical angle
in the ground (6 = 180° — sin~te /2 =162° for ¢, = 10, 0 = 0.) The steepness of this near
discontinuity increases with increasing height of the antenna above the ground.

Input for Example 11

CM 15 m monopole antenna on a ground stake 2 m deep.
CE Ground: E = 10., SIG = 0.01 S/m, 5 MHz.

GW 1 8 0. 0. -2. 0. 0. 0. 0.01

GWw 2 10 0. 0. 0. 0. 0. 15. 0.01

GE -1

FR O 1 0 0 5.

GN 2 0 0 0 10. 0.01 SOMEX10.NEC

EX O 2 1 0 1.

RP O 19 2 1002 oO. 0. 5. 90.

NE O 1 1 21 5000. O. 0.1 O 0. 10
NH O 1 1 21 5000. O. 0.1 O 0. 10
EN
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Output for Example 11

3k 3k 3k 3k 3k ok 3k 5k %k ok 3k 5k %k ok 3k 5k %k ok 3k 5k 3k %k %k 3k %k %k %k 5k %k %k ok 5k 3k %k ok 5k 5k %k %k >k %k %k %k %k 5k %k k
* *

* NUMERICAL ELECTROMAGNETICS CODE (NEC-4.1) *
*

*
3k 3k 3k 3k 3k ok 3k 5k %k ok 3k 5k %k ok 3k 5k 3k %k ok 5k 3k %k %k 5k %k 3k ok 5k %k %k ok 5k 3k %k ok 5k 3k %k %k >k 3k %k %k %k %k k k

3k 3k 3k 3k 3k ok 3k 5k 3k ok 3k 5k %k ok ok 5k 3k %k 3k 5k 3k %k 3k 3k %k %k ok 5k %k 3k 3k 5k 3k ok 3k 5k 3k %k 3k >k 3k %k %k >k %k %k %k 5% %k %k %k % % %k %k %k >k k

15 m monopole antenna on a ground stake 2 m deep.
Ground: E = 10., SIG = 0.01 S/m, 5 MHz.

3k ok 3k 3k 3k ok 3k 5k %k ok 3k 5k %k ok ok 5k %k ok 3k 5k 3k %k ok 3k %k 3k ok 5k %k ok 3k 5k 3k ok 3k 5k 3k %k 3k >k 3k %k %k >k %k %k %k 5% %k %k %k 5% %k %k %k *k >k k

- - - STRUCTURE SPECIFICATION - - -

COORDINATES MUST BE INPUT IN
METERS OR BE SCALED TO METERS
BEFORE STRUCTURE INPUT IS ENDED

WIRE NO. OF

NO. X1 Y1l 71 X2 Y2 72 RADIUS  SEG.
1 0.00000 0.00000 -2.00000 0.00000 0.00000 0.00000 0.01000 8
2 0.00000 0.00000 0.00000 0.00000 0.00000 15.00000 0.01000 10

GROUND PLANE SPECIFIED.
TOTAL SEGMENTS USED= 18 NO. SEG. IN A SYMMETRIC CELL= 18 SYMMETRY FLAG= 0

- MULTIPLE WIRE JUNCTIONS -
JUNCTION SEGMENTS (- FOR END 1, + FOR END 2)

NONE
- - - - SEGMENTATION DATA - - - -
COORDINATES IN METERS
I+ AND I- INDICATE THE SEGMENTS BEFORE AND AFTER I

SEG.  COORDINATES OF SEG. CENTER SEG. ORIENTATION ANGLES WIRE CONNECTION DATA

NO. X Y z LENGTH ALPHA BETA RADIUS I- I I+
1 0.00000 ©0.00000 -1.87500 0.25000 90.00000 ©0.00000 ©.01000 0 1 2
2 0.00000 ©0.00000 -1.62500 0.25000 90.00000 ©0.00000 ©0.01000 1 2 3
3 0.00000 ©0.00000 -1.37500 ©0.25000 90.00000 ©0.00000 ©.01000 2 3 4
4 0.00000 0.00000 -1.12500 ©.25000 90.00000 ©0.00000 0.01000 3 4 5
5 0.00000 ©0.00000 -0.87500 0.25000 90.00000 ©0.00000 ©0.01000 4 5 6
6 0.00000 0.00000 -0.62500 ©0.25000 90.00000 0.00000 ©.01000 5 6 7
7 0.00000 ©0.00000 -0.37500 0.25000 90.00000 ©0.00000 ©0.01000 6 7 8
8 0.00000 ©0.00000 -0.12500 ©0.25000 90.00000 ©0.00000 ©.01000 7 8 9
9 0.00000 0.00000 ©.75000 1.50000 90.00000 0.00000 ©.01000 8 9 10
10 0.00000 ©.00000 2.25000 1.50000 90.00000 ©0.00000 ©.01000 9 1o 1
11  0.00000 ©.00000 3.75000 1.50000 90.00000 ©0.00000 0.01000 o 11 12
12 0.00000 ©.00000 5.25000 1.50000 90.00000 ©0.00000 0.01000 1 12 13
13  0.00000 ©.00000 6.75000 1.50000 90.00000 ©0.00000 0.01000 12 13 14
14 0.00000 ©.00000 8.25000 1.50000 90.00000 ©0.00000 0.01000 13 14 15
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15
16
17
18

***x% INPUT LINE
***x% INPUT LINE

***x% INPUT LINE
***x% INPUT LINE

0.00000
0.00000
0.00000
0.00000

0.00000 9.75000
0.00000 11.25000
0.00000 12.75000
0.00000 14.25000
1 FR @ 1 Q
2 GN 2 0 Q
3 EX 0 2 1
4 RP 0 19 2

1.
1.
1.
1.

50000
50000
50000
50000

[SE RSN N

------ FR

90.00000
90.00000
90.00000
90.00000

.00000E+00 Q.
.00000E+01 1.
.00000E+00 SO
.00000E+00 Q.
.00000E+00 Q.

EQUENCY - - -

0.00000 ©0.01000 14
0.00000 ©0.01000 15
0.00000 ©0.01000 16
0.00000 ©0.01000 17
00000E+00 ©.00000E+00
00000E-02 ©.00000E+00
MEX10@.NEC

00000E+00 ©.00000E+00
00000E+00 5.00000E+00

FREQUENCY= 5.0000E+00 MHZ
WAVELENGTH= 5.9960QE+@1 METERS

- - - ANTENNA ENVIRONMENT - - -

GNDINO: UNABLE TO OPEN FILE SOMEX1@.NEC
WILL COMPUTE SOMMERFELD-GROUND TABLES

Time to generate Sommerfeld ground tables =

TAG
NO.

SEG.
NO.

Ooo~NOUVThWNE

B e
NP

SEG.
NO.

NO.

NNNNRRRRRRPR R
[SESESESESESRSESESESES RS

FILL=

FINITE GROUND.

6.23 seconds

SOMMERFELD SOLUTION
RELATIVE DIELECTRIC CONST.= 10.000
CONDUCTIVITY= 1.000QE-02 MHOS/METER

15
16
17
18

16
17
18

0

.00000E+00
.00000E+00

.00000E+00
.00000E+01

COMPLEX DIELECTRIC CONSTANT= 1.00000E+Q1-3.59510E+01

- - - STRUCTURE IMPEDANCE LOADING - - -

THIS STRUCTURE IS NOT LOADED

- - - MATRIX TIMING - - -

VOLTAGE (VOLTS)

REAL

.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000

I

MAG.

0.120 SEC., F

R

ACTOR= 0.0

00 SEC.

- - - ANTENNA INPUT PARAMETERS - - -

CURREN
EAL

T (AMPS)
IMAG.

IMPEDANCE (OHMS)

REAL

- - - CURRENTS AND LOCATION - - -

LENGTHS NORMALIZED BY WAVELENGTH (OR 2.*PI/CABS(CK))

TAG COORD. OF
X

[SESESESESESESESESESESES]

SEG. CENTER

Y Z
.0000 -0.1910
.0000 -0.1656
.0000 -0.1401
.0000 -0.1146
.0000 -0.0891
.0000 -0.0637
.0000 -0.0382
.0000 -0.0127
.0000 ©0.0125
.0000 ©0.0375
.0000 0.0625
.0000 ©0.0876

[SESESESESESESESESESESES]

SEG.

LENGTH
.02547
.02547
.02547
.02547
.02547
.02547
.02547
.02547
.02502
.02502
.02502
.02502

IMAG.

- - - CURRENT (AMPS) - - -

REAL
.8675E-04
.7691E-03
.7892E-03
.8210E-03
.8850E-03
.9915E-03
.1442E-03
.3406E-03
.9287E-03
.7241E-03
.3168E-03
.7163E-03

NNV WNEO
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IMAG.
-5.9400E-04
-1.4821E-03
-2.2227E-03
-2.8439E-03
-3.3287E-03
-3.6544E-03
-3.7957E-03
-3.7251E-03
-3.5453E-03
-3.6492E-03
-3.6496E-03
-3.5108E-03

O WOWWOWWOWNUTAWNLO

MAG.

.0800E-04
.3079E-03
.5665E-03
.7632E-03
.9113E-03
.0180E-03
.0899E-03
.1347E-03
.6068E-03
.4566E-03
.0824E-03
.4775E-03

NNNN

.00000E+00
.00000E+00

.00000E+00
.00000E+00

ADMITTANCE (MHOS)
REAL
9 1.00000E+00 ©.00000E+00 8.92874E-03-3.54528E-03 9.67451E+01 3.84140QE+01 8.92874E-03-3.54528E-03 4.46437E-03

PHASE

-40.
-39.
-38.
-36.
-34.
-31.
-27.
-24.
-21.
-22.
-23.
-24.

858
956
552
660
271
380
982
067
656
699
693
465

IMAG.

0.00000E+00
0.00000E+00

0.00000E+00
0.00000E+00

POWER
(WATTS)



13 2 0.0000 0.0000 0.1126 ©0.02502 6.9354E-03 -3.2498E-03 7.6591E-03 -25.107
14 2 0.0000 0.0000 0.1376 ©0.02502 5.9899E-03 -2.8776E-03 6.6453E-03 -25.660
15 2 0.0000 0.0000 0.1626 0.02502 4.8976E-03 -2.4045E-03 5.4560E-03 -26.149
16 2 0.0000 0.0000 0.1876 ©0.02502 3.6769E-03 -1.8404E-03 4.1117E-03 -26.590
17 2 0.0000 0.0000 0.2126 ©0.02502 2.3412E-03 -1.1926E-03 2.6275E-03 -26.994
18 2 0.0000 0.0000 0.2377 ©0.02502 8.6185E-04 -4.4611E-04 9.7046E-04 -27.367
- - - POWER BUDGET - - -

INPUT POWER = 4.4644E-03 WATTS

RADIATED POWER= 4.4644E-03 WATTS

WIRE LOSS = 0.0000E+00 WATTS

EFFICIENCY = 100.00 PERCENT

- - - RADIATION PATTERNS - - -

- - ANGLES - - - POWER GAINS - - - - POLARIZATION - - - - - - ECTHETA) - - - - - - E(PHI) - - -
THETA PHI VERT.  HOR. TOTAL AXIAL TILT  SENSE MAGNITUDE PHASE MAGNITUDE PHASE
DEGREES DEGREES DB DB DB RATIO DEG. VOLTS DEGREES VOLTS DEGREES

AVERAGE POWER GAIN= 3.21452E-01 SOLID ANGLE USED IN AVERAGING=C ©.5000)*PI STERADIANS.

POWER RADIATED ASSUMING RADIATION INTO 4*PI STERADIANS = 1.43508E-03 WATTS

*¥*%%k% INPUT LINE 5 NE O 1 1 21 5.00000E+03 0.00000E+00 1.00000E-01 0.00000E+00 ©.00000E+00 1.00000E+01

- - - NEAR ELECTRIC FIELDS - - -

- LOCATION - - EX - - EY - - EZ -
X Y z MAGNITUDE  PHASE MAGNITUDE  PHASE MAGNITUDE  PHASE
METERS METERS METERS VOLTS/M  DEGREES VOLTS/M  DEGREES VOLTS/M  DEGREES
5000 .0000 0.0000 0.1000 1.7186E-06 -8.43 3.4802E-12  169.38 1.0535E-05  -44.97
5000 .0000 0.0000 10.1000 1.6544E-06 -7.42 3.2555E-12  174.13 9.5768E-06  -36.49
5000 .0000 0.0000 20.1000 1.5924E-06 -6.77 3.0579E-12 179.11 8.8692E-06  -26.85
5000 .0000 0.0000 30.1000 1.5323E-06 -6.47 2.8876E-12 -175.70 8.4462E-06  -16.37
5000 .0000 0.0000 40.1000 1.4738E-06 -6.55 2.7448E-12 -170.35 8.3249E-06 -5.61
5000 .0000 0.0000 50.1000 1.4170E-06 -7.02 2.6294E-12 -164.88 8.4940E-06 4.66
5000.0000 0.0000 60.1000 1.3618E-06 -7.91 2.5408E-12 -159.37 8.9160E-06 13.85
5000 .0000 0.0000 70.1000 1.3084E-06 -9.24 2.4779E-12 -153.92 9.5391E-06 21.64
5000 .0000 0.0000 80.1000 1.2569E-06 -11.03 2.4389E-12 -148.63 1.0311E-05 28.00
5000 .0000 0.0000 90.1000 1.2078E-06  -13.31 2.4219E-12 -143.58 1.1189E-05 33.06
5000 .0000 0.0000 100.1000 1.1615E-06 -16.10 2.4242E-12 -138.87 1.2137E-05 37.00
5000 .0000 0.0000 110.1000 1.1185E-06  -19.43 2.4432E-12 -134.55 1.3130E-05 40.00
5000 .0000 0.0000 120.1000 1.0798E-06  -23.31 2.4763E-12 -130.66 1.4152E-05 42.23
5000.0000 0.0000 130.1000 1.0490E-06  -27.59 2.5275E-12 -127.34 1.5199E-05 43.73
5000 .0000 0.0000 140.1000 1.0214E-06  -32.52 2.5825E-12 -124.38 1.6244E-05 44.76
5000 .0000 0.0000 150.1000 9.9950E-07  -38.06 2.6413E-12 -121.82 1.7282E-05 45.36
5000 .0000 0.0000 160.1000 9.8573E-07  -44.08 2.7053E-12 -119.69 1.8315E-05 45.56
5000 .0000 0.0000 170.1000 9.8094E-07  -50.49 2.7730E-12 -117.96 1.9339E-05 45.41
5000 .0000 0.0000 180.1000 9.8582E-07  -57.19 2.8431E-12 -116.61 2.0351E-05 44.94
5000 .0000 0.0000 190.1000 1.0008E-06 -64.06 2.9144E-12 -115.61 2.1350E-05 44.19
5000 .0000 0.0000 200.1000 1.0261E-06 -70.98 2.9861E-12 -114.94 2.2334E-05 43.18

*¥*%%k% INPUT LINE 6 NH 0 1 1 21 5.00000E+03 0.00000E+00 1.00000E-01 0.00000E+00 ©.00000E+00 1.00000E+01
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- - - NEAR MAGNETIC FIELDS - - -

- LOCATION - - HX - - HY - - HzZ -
X Y z MAGNITUDE  PHASE MAGNITUDE  PHASE MAGNITUDE  PHASE
METERS METERS METERS AMPS/M  DEGREES AMPS/M  DEGREES AMPS/M  DEGREES
5000 .0000 0.0000 0.1000 9.3545E-16 -150.48 2.7949E-08 135.16 9.2426E-15  169.13
5000 .0000 0.0000 10.1000 8.8181E-16 -148.50 2.5408E-08 143.65 8.6459E-15 173.89
5000 .0000 0.0000 20.1000 8.3067E-16 -146.75 2.3532E-08  153.28 8.1209E-15 178.87
5000 .0000 0.0000 30.1000 7.8174E-16 -145.22 2.2411E-08  163.77 7.6686E-15 -175.94
5000 .0000 0.0000 40.1000 7.3481E-16 -143.94 2.2090E-08  174.52 7.2893E-15 -170.58
5000 .0000 0.0000 50.1000 6.8967E-16 -142.91 2.2540QE-08 -175.21 6.9827E-15 -165.11
5000 .0000 0.0000 60.1000 6.4614E-16 -142.15 2.3661E-08 -166.02 6.7472E-15 -159.60
5000 .0000 0.0000 70.1000 6.0409E-16 -141.67 2.5316E-08 -158.23 6.5799E-15 -154.15
5000 .0000 0.0000 80.1000 5.6340E-16 -141.50 2.7367E-08 -151.88 6.4764E-15 -148.85
5000 .0000 0.0000 90.1000 5.2400E-16 -141.66 2.9696E-08 -146.82 6.4308E-15 -143.80
5000 .0000 0.0000 100.1000 4.8582E-16 -142.19 3.2214E-08 -142.89 6.4368E-15 -139.09
5000 .0000 0.0000 110.1000 4.4885E-16 -143.12 3.4852E-08 -139.88 6.4869E-15 -134.76
5000 .0000 0.0000 120.1000 4.1315E-16 -144.50 3.7565E-08 -137.66 6.5745E-15 -130.87
5000 .0000 0.0000 130.1000 4.6553E-16  160.10 4.0263E-08 -136.41 6.7103E-15 -127.55
5000 .0000 0.0000 140.1000 3.4721E-16 -148.31 4.3124E-08 -135.13 6.8561E-15 -124.59
5000 .0000 0.0000 150.1000 3.1512E-16 -151.56 4.5883E-08 -134.53 7.0119E-15 -122.02
5000 .0000 0.0000 160.1000 2.8497E-16 -155.68 4.8627E-08 -134.33 7.1816E-15 -119.89
5000 .0000 0.0000 170.1000 2.5713E-16 -160.83 5.1348E-08 -134.49 7.3611E-15 -118.15
5000 .0000 0.0000 180.1000 2.3217E-16 -167.23 5.4039E-08 -134.96 7.5467E-15 -116.80
5000 .0000 0.0000 190.1000 2.1082E-16 -175.04 5.6695E-08 -135.71 7.7357E-15 -115.79
5000 .0000 0.0000 200.1000 1.9400E-16  175.62 5.9312E-08 -136.73 7.9257E-15 -115.12

*¥*%%k% INPUT LINE 7 EN O 0 0 O 0.00000E+00 ©.00000E+00 ©.00000E+00 0.00000E+00 ©.00000E+00 0.00000E+00

RUN TIME = 7.400
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4.2.8 Example 12, Monopole Antenna on a Radial-Wire Ground Screen

The monopole antenna from Example 11 is now modeled on a ground screen of six radial
wires, with a screen radius of 12 meters. The Numerical Green’s Function option was used
to take advantage of the rotational symmetry of the ground screen. The monopole is added
on the axis of rotation in the second part of the run.

The screen was buried 5 cm below the surface of the ground. Since a segment cannot
penetrate the interface, the junction of the monopole and the radial wires was located on
the interface at the origin. The inner segment of each radial wire descends at an angle to
the 5 cm depth, and the remainder of the radial is horizontal. The inner segment was chosen
to have approximately the same length as the horizontal segments. The complete ground
screen is generated with a GR command to set the code to use symmetry in the solution.

The monopole is added to the NGF solution in the second part of the run. The summary
of segment data includes all segments from the NGF file and those added for the monopole.
After the summary of segment data, a line shows the number of new unknowns in the NGF
solution. This number includes the new segments plus one new unknown for each segment
from the NGF file that connects to a new segment. Segments in the NGF file that connect
to new segments contribute new unknowns since they need new basis functions due to the
changed junction condition. Since there are 10 segments in the monopole and six radials each
connecting to the base of the monopole, the number of new unknowns is 16. The code must
also recompute the field from the second ring of segments from the center of the screen, since
the basis functions for the first segments extend onto the second segments. This additional
integration can significantly reduce the advantage of using the NGF to take advantage of
symmetry when many NGF segments connect to new segments.

The computed results include a radiation pattern and average gain. From the average
gain, it is seen that the radiation efficiency has increased to 29 percent from the 16 per-
cent obtained with a ground stake. A better ground screen would increase the efficiency
still further. The NEC-GS program is much more efficient than NEC—4 [13] for modeling
monopoles on large radial-wire ground screens. However, at the present time there no version

of NEC-GS using the NEC—4 solution algorithms.

Input for Example 12

CM 6-Wire Radial-Wire Ground Screen.

CE An NGF file is written to take advantage of symmetry of the screen.
GWw 1 14 12. 0. -.06 0.8 0. -.05 .01

Gw 1 1 0.8 O. -.05 0. 0. 0. .01

GR 0 6

GN 2 0 0 O 10. .01 SOMEX10.NEC

GWw 2 10 0. 0. 0. 0. 0. 15. .01
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Output for Example 12

3k 3k 3k 3k 3k ok 3k 5k %k ok 3k 5k %k ok 3k 5k %k ok 3k 5k 3k %k %k 3k %k %k %k 5k %k %k ok 5k 3k %k ok 5k 5k %k %k >k %k %k %k %k 5k %k k
* *

* NUMERICAL ELECTROMAGNETICS CODE (NEC-4.1) *
*

*
3k 3k 3k 3k 3k ok 3k 5k %k ok 3k 5k %k ok 3k 5k 3k %k ok 5k 3k %k %k 5k %k 3k ok 5k %k %k ok 5k 3k %k ok 5k 3k %k %k >k 3k %k %k %k %k k k

3k 3k 3k 3k 3k ok 3k 5k 3k ok 3k 5k %k ok ok 5k 3k %k 3k 5k 3k %k 3k 3k %k %k ok 5k %k 3k 3k 5k 3k ok 3k 5k 3k %k 3k >k 3k %k %k >k %k %k %k 5% %k %k %k % % %k %k %k >k k

6-Wire Radial-Wire Ground Screen.
An NGF file is written to take advantage of symmetry of the screen.

3k ok 3k 3k 3k ok 3k 5k %k ok 3k 5k %k ok ok 5k %k ok 3k 5k 3k %k ok 3k %k 3k ok 5k %k ok 3k 5k 3k ok 3k 5k 3k %k 3k >k 3k %k %k >k %k %k %k 5% %k %k %k 5% %k %k %k *k >k k

- - - STRUCTURE SPECIFICATION - - -

COORDINATES MUST BE INPUT IN
METERS OR BE SCALED TO METERS
BEFORE STRUCTURE INPUT IS ENDED

WIRE NO. OF FIRST

NO. X1 Y1l 71 X2 Y2 72 RADIUS  SEG. SEG.
1 12.00000 0.00000 -0.05000 0.80000 0.00000 -0.05000 0.01000 14 1
2 0.80000 0.00000 -0.05000 0.00000 0.00000 0.00000 0.01000 1 15

STRUCTURE ROTATED ABOUT Z-AXIS 6 TIMES. LABELS INCREMENTED BY Q

TOTAL SEGMENTS USED= 90 NO. SEG. IN A SYMMETRIC CELL= 15 SYMMETRY FLAG= -1
STRUCTURE HAS 6 FOLD ROTATIONAL SYMMETRY

- MULTIPLE WIRE JUNCTIONS -
JUNCTION SEGMENTS (- FOR END 1, + FOR END 2)
1 15 30 45 60 75 90

- - - - SEGMENTATION DATA - - - -
COORDINATES IN METERS

I+ AND I- INDICATE THE SEGMENTS BEFORE AND AFTER I

SEG.  COORDINATES OF SEG. CENTER SEG. ORIENTATION ANGLES WIRE CONNECTION DATA  TAG
NO. X Y z LENGTH ALPHA BETA RADIUS I- I I+ NO.
1 11.60000 ©0.00000 -0.05000 0.80000 0.00000 180.00000 0.01000 0 1 2 1
2 10.80000 ©.00000 -0.05000 0.80000 0.00000 180.00000 0.01000 1 2 3 1
3 10.00000 ©.00000 -0.05000 0.80000 0.00000 180.00000 0.01000 2 3 4 1
4  9.20000 0.00000 -0.05000 ©.830000 0.00000 180.00000 0.01000 3 4 5 1
5 8.40000 ©0.00000 -0.05000 0.80000 0.00000 180.00000 0.01000 4 5 6 1
6 7.60000 0.00000 -0.05000 0.830000 0.00000 180.00000 0.01000 5 6 7 1
7 6.80000 ©0.00000 -0.05000 0.80000 0.00000 180.00000 0.01000 6 7 8 1
8 6.00000 ©0.00000 -0.05000 0.80000 0.00000 180.00000 0.01000 7 8 9 1
9 5.20000 0.00000 -0.05000 ©.830000 0.00000 180.00000 0.01000 8 9 10 1
10 4.40000 ©.00000 -0.05000 @.80000 0.00000 180.00000 0.01000 9 1o 1 1
11  3.60000 ©.00000 -0.05000 @.80000 0.00000 180.00000 0.01000 0 11 12 1
12 2.80000 ©.00000 -0.05000 @.80000 0.00000 180.00000 0.01000 1 12 13 1
13 2.00000 ©.00000 -0.05000 @.80000 0.00000 180.00000 0.01000 12 13 14 1
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SO RFPREPNNWWWMAPMUNTUIUS R

PRPPNNWWWAPpPOIUIOV

.20000

40000
80000
40000
00000
60000
20000
80000
40000
00000
60000
20000
80000
40000
00000
60000
20000

. 80000
.40000
.00000
.60000
.20000
. 80000
.40000
.00000
.60000
.20000
. 80000
.40000
.00000
.60000
.20000
.60000
. 80000
.00000
.20000
.40000
.60000
. 80000
.00000
.20000
.40000
.60000
. 80000
.00000
.20000
.40000
. 80000
.40000
.00000
.60000
.20000
. 80000
.40000
.00000
.60000
.20000
. 80000
.40000
.00000
.60000
.20000

80000

.40000

00000
60000
20000
80000
40000
00000
60000
20000
80000
40000
00000

=

=

OO0 RFPNWWARAUIUIONNOOSOSOR P NWWAUIUIONNOOSOS S

-10
-9
-8
-7
-7
-6
-5
-5
-4

-1
-1
-0

-10
-9
-8
-7
-7
-6
-5
-5
-4

-1

.00000
.00000
.04589
.35307
.66025
.96743
.27461
.58179
.88897
.19615
.50333
.81051
.11769
42487
.73205
.03923
.34641
.04589
.35307
.66025
.96743
.27461
.58179
.88897
.19615
.50333
.81051
.11769
42487
.73205
.03923
.34641
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.04589
.35307
.66025
.96743
.27461
.58179
.88897
.19615
.50333
.81051
.11769
42487
.73205
.03923
.34641
.04589
.35307
.66025
.96743
.27461
.58179
.88897
.19615
.50333
.81051
.11769
42487
.73205

-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.

05000
02500
05000
05000
05000
05000
05000
05000
05000
05000
05000
05000
05000
05000
05000
05000
02500
05000
05000
05000
05000
05000
05000
05000
05000
05000
05000
05000
05000
05000
05000
02500
05000
05000
05000
05000
05000
05000
05000
05000
05000
05000
05000
05000
05000
05000
02500
05000
05000
05000
05000
05000
05000
05000
05000
05000
05000
05000
05000
05000
05000
02500
05000
05000
05000
05000
05000
05000
05000
05000
05000
05000
05000
05000
05000

[SESESESESESESESESESESESESESESESESESESESESESESESESESESESESESESESESESESESESESESESESESESESESESESESESESESESESESESESESESESESESESESESESRSESESESESESESESESES]

. 80000
.80156
. 80000
. 80000
. 80000
. 80000
. 80000
. 80000
. 80000
. 80000
. 80000
. 80000
. 80000
. 80000
. 80000
. 80000
.80156
. 80000
. 80000
. 80000
. 80000
. 80000
. 80000
. 80000
. 80000
. 80000
. 80000
. 80000
. 80000
. 80000
. 80000
.80156
. 80000
. 80000
. 80000
. 80000
. 80000
. 80000
. 80000
. 80000
. 80000
. 80000
. 80000
. 80000
. 80000
. 80000
.80156
. 80000
. 80000
. 80000
. 80000
. 80000
. 80000
. 80000
. 80000
. 80000
. 80000
. 80000
. 80000
. 80000
. 80000
.80156
. 80000
. 80000
. 80000
. 80000
. 80000
. 80000
. 80000
. 80000
. 80000
. 80000
. 80000
. 80000
. 80000

[SESESESESESESESESESESESESRVESESESESESESESESESESESESESESRUVNSESESESESESESESESESESESESES RN SESESESESESESESESESESESESESNURSESESESESESES NSRS ESES NSRS NSRS

.00000
.57633
.00000-
.00000-
.00000-
.00000-
.00000-
.00000-
.00000-
.00000-
.00000-
.00000-
.00000-
.00000-
.00000-
.00000-
.57633-
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.57633
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.57633
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.57633
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

180.
180.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
-60.
-60.
-60.
-60.
-60.
-60.
-60.
-60.
-60.
-60.
-60.
-60.
-60.
-60.
-60.
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.

[o]
[SESESESESESESESESESESESESESESES]

DN NNANNN NN D
[SESESESESESESESESESESESESES)
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00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000

00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000

[SESESESESESESESESESESESESESESESESESESESESESESESESESESESRESESESESESESESESRSESESESESESESESESESESESESESESESESESESESESESESESESESESESESESESESESESESESESESES]

.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000

PRRRPRRPRRPRPRRPRRPRPRPRREPRPRRPRREPRPRPRRPRRPRPREPRPRRPRPRRPRREPRPRRERRRRERRPRRPRRRRRRRPRRRRERRRERRRERRPRRRPRRPRERRPRREPRERRPRREPRERRRERRRERRPRRERRPRRRERRRER



89 0.60000 -1.03923 -0.05000 0.80000 0.00000 120.00000 0.01000 88 8 90 1
90 0.20000 -0.34641 -0.02500 ©0.80156 3.57633 120.00000 0.01000 89 90 -15 1

#xxxx INPUT LINE 1 FR. @ 1 @ @ 5.00000E+00 0.00000E+00 0.00000E+00 ©.00000E+00 ©.00000E+00 ©.0000QE+00
#xxxx INPUT LINE 2 GN 2 © © O 1.00000E+01 1.00000E-02 0©.00000E+00 ©.00000E+00 ©.00000E+00 O.0000QE+00
0.00000E+00 SOMEX10.NEC
#xxxx INPUT LINE 3 WG © © © O 0.00000E+00 0.00000E+00 0©.00000E+00 ©0.00000E+00 O.00000E+00 O .0000QE+00
------ FREQUENCY - - - - - -

FREQUENCY= 5.0000E+00 MHZ
WAVELENGTH= 5.9960QE+@1 METERS

- - - ANTENNA ENVIRONMENT - - -
FINITE GROUND. SOMMERFELD SOLUTION
RELATIVE DIELECTRIC CONST.= 10.000

CONDUCTIVITY= 1.000QE-02 MHOS/METER
COMPLEX DIELECTRIC CONSTANT= 1.00000E+Q1-3.59510E+01

- - - STRUCTURE IMPEDANCE LOADING - - -

THIS STRUCTURE IS NOT LOADED

- - - MATRIX TIMING - - -

FILL= 0.690 SEC., FACTOR= 0.000 SEC.

****NUMERICAL GREEN'S FUNCTION WRITTEN ON FILE NGFD.NEC
MATRIX STORAGE - 1350 COMPLEX NUMBERS

**%%k% INPUT LINE 4 NX O 0 Q O 0.00000E+00 ©.00000E+00 ©.00000E+00 0.00000E+00 ©.00000E+00 O.00000E+00
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3k 3k 3k 3k 3k ok 3k 5k %k ok 3k 5k %k ok 3k 5k %k %k 3k 5k %k %k >k 3k %k 3k >k 5k %k %k >k 5k %k %k ok 5k 3k %k %k >k 3k %k %k %k %k k k

* *
* NUMERICAL ELECTROMAGNETICS CODE (NEC-4.1) *
* *

3k 3k 3k 3k 3k ok 3k 5k %k ok 3k 5k %k ok 3k 5k %k %k ok 5k 3k %k >k 3k %k %k >k 5k %k %k >k 5k %k %k 3k 5k 3k %k %k >k %k %k %k %k %k k k

3k 3k 3k 3k 3k ok 3k 5k %k ok 3k 5k %k ok 3k 5k %k %k 3k 3k 3k %k 3k 3k 3k %k >k 5k %k %k 3k 5k %k %k 3k 5k 3k %k ok 5k 3k %k >k 5 3k 3k %k 5k % %k %k 5% % %k %k %k >k k

15 m Monopole added to the ground screen from the NGF file.

3k 3k 3k 3k 3k ok 3k 5k %k ok 3k 5k %k ok 3k 5k %k %k 3k 3k 3k %k 3k 3k %k %k >k 5k %k %k 3k 5k %k 3k 3k 5k 3k %k 5k 5k 3k %k >k 5k 3k 3k %k 5k %k %k %k 5% % %k %k %k >k k

3k 3k 3k 3k %k 3k ok 3k 3k %k ok 3k 3k %k ok 3k 3k %k %k 3k 3k %k ok 3k 3k %k ok 3k 5k %k 3k 3k 5k %k %k 3k 5k 3k %k 3k 5k 3k 3k >k 5k %k 3k 3k 5k %k 3k 3k 5k % 3k 5k 5k 3% 3k >k 5k 3k 3k %k 5k %k %k %k 5k 3k %k %k >k 3k %k %k 5%k %k %k %k *k >k k >k
3k 3k 3k 3k %k 3k ok 5k 3k 3k ok 3k 3k %k ok 3k 3k %k %k 3k 3k %k ok 3k 5k %k ok 3k 5k %k ok 3k 5k %k ok 3k 5k 3k %k 3k 5k 3k 3k 3k 5k %k 3k 3k 5k %k %k 3k 5k 3k 3k 5k 5k 3% 3k %k 5k 3k 3k %k 5k %k %k %k 5k 3k %k %k >k 3k %k %k 5%k %k %k %k *k kk >k

* % * %
** NUMERICAL GREEN'S FUNCTION FILE *¥
** NO. SEGMENTS = 90 NO. PATCHES = @ *%
** NO. SYMMETRIC SECTIONS = 6 *x
** N.G.F. MATRIX - CORE STORAGE = 1350 COMPLEX NUMBERS, CASE 2 *x
** FREQUENCY = 5.00000E+00 MHZ. *x
** FINITE GROUND. SOMMERFELD SOLUTION *x
** GROUND PARAMETERS - DIELECTRIC CONSTANT = 1.00000QE+01 *ox
*% CONDUCTIVITY = 1.00000E-02 MHOS/M. *ok
* % * %
**  6-Wire Radial-Wire Ground Screen. *ox
** An NGF file is written to take advantage of symmetry of the screen. **
* % * %

3k 3k 3k 3k %k 3k ok 3k 3k 3k ok 3k 3k %k ok 3k 3k %k ok 3k 3k %k ok 3k 5k %k ok 3k 5k %k ok 5k 5k %k %k 3k 5k 3k %k >k 5k %k 3k 3k 5k %k %k 3k 5k %k %k 3k >k %k %k 5k 5k % %k >k 5k %k 3k %k 5k % %k >k 5k 3k %k ok 5%k 3k %k %k 5%k %k %k %k *k >k k >k
3k 3k 3k 3k %k 3k ok 3k 3k 3k ok 3k 3k %k ok 3k 3k 3k %k 3k 3k %k ok 3k 5k %k ok 3k 5k %k ok 3k 5k %k %k 3k 5k 3k %k >k 5k 3k 3k >k 5k %k 3k 3k 5k %k 3k 3k 5k % 3k 5k 5k % %k %k 5k 3k 3k %k 5k 3k %k %k 5k 3k %k %k >k 3k %k %k 5%k %k %k %k *k >k k >k

- - - STRUCTURE SPECIFICATION - - -

COORDINATES MUST BE INPUT IN
METERS OR BE SCALED TO METERS
BEFORE STRUCTURE INPUT IS ENDED

WIRE NO. OF FIRST LAST TAG
NO. X1 Y1l 71 X2 Y2 72 RADIUS  SEG. SEG.  SEG. NO.
1 0.00000 0.00000 0.00000 0.00000 0.00000 15.00000 0.01000 10 91 100 2

TOTAL SEGMENTS USED= 100 NO. SEG. IN A SYMMETRIC CELL= 100 SYMMETRY FLAG= 0

- MULTIPLE WIRE JUNCTIONS -
JUNCTION SEGMENTS (- FOR END 1, + FOR END 2)
1 15 30 45 60 75 90 -91
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SEG.
NO.

Ooo~NOUVThWN

COORDINATES

= e

-0.

X
.60000
. 80000
.00000
20000
40000
60000
80000
00000
20000
40000
60000
80000
00000
.20000
40000
80000
40000
00000
60000
.20000
. 80000
40000
00000
60000
20000
80000
40000
00000
60000
20000
. 80000
.40000
.00000
.60000
.20000
. 80000
.40000
.00000
.60000
.20000
. 80000
.40000
.00000
.60000
.20000
.60000
. 80000
.00000
.20000
.40000
.60000
. 80000
.00000
.20000
.40000
.60000
. 80000
.00000
.20000
40000
. 80000
.40000
.00000
.60000
.20000

=

=
OO0 RPNWWARAUIUIONNOOSOSOR P NWWARAUIUIONNOUOWOOOOOOOOOOOOOOOOOOOSSS S

1
[ =
NNooOS

I+

OF SEG.

.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.04589
.35307
.66025
.96743
.27461
.58179
.88897
.19615
.50333
.81051
.11769
42487
.73205
.03923
.34641
.04589
.35307
.66025
.96743
.27461
.58179
.88897
.19615
.50333
.81051
.11769
42487
.73205
.03923
.34641
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.04589
.35307
.66025
.96743
.27461

- - - - SEGMENTATION DATA - - - -

COORDINATES IN METERS

AND I- INDICATE THE SEGMENTS BEFORE AND AFTER I

CENTER SEG. ORIENTATION ANGLES
z LENGTH ALPHA BETA

-0.05000 0.80000 0.00000 180.00000
-0.05000 0.80000 0.00000 180.00000
-0.05000 0.80000 0.00000 180.00000
-0.05000 0.80000 0.00000 180.00000
-0.05000 0.80000 0.00000 180.00000
-0.05000 0.80000 0.00000 180.00000
-0.05000 0.80000 0.00000 180.00000
-0.05000 0.80000 0.00000 180.00000
-0.05000 0.80000 0.00000 180.00000
-0.05000 0.80000 0.00000 180.00000
-0.05000 0.80000 0.00000 180.00000
-0.05000 0.80000 0.00000 180.00000
-0.05000 0.80000 0.00000 180.00000
-0.05000 0.80000 0.00000 180.00000
-0.02500 0.80156 3.57633 180.00000
-0.05000 0.80000 0.00000-120.00000
-0.05000 0.80000 0.00000-120.00000
-0.05000 0.80000 0.00000-120.00000
-0.05000 0.80000 0.00000-120.00000
-0.05000 0.80000 0.00000-120.00000
-0.05000 0.80000 0.00000-120.00000
-0.05000 0.80000 0.00000-120.00000
-0.05000 0.80000 0.00000-120.00000
-0.05000 0.80000 0.00000-120.00000
-0.05000 0.80000 0.00000-120.00000
-0.05000 0.80000 0.00000-120.00000
-0.05000 0.80000 0.00000-120.00000
-0.05000 0.80000 0.00000-120.00000
-0.05000 0.80000 0.00000-120.00000
-0.02500 0.80156 3.57633-120.00000
-0.05000 0.80000 0.00000 -60.00000
-0.05000 0.80000 0.00000 -60.00000
-0.05000 0.80000 0.00000 -60.00000
-0.05000 0.80000 0.00000 -60.00000
-0.05000 0.80000 0.00000 -60.00000
-0.05000 0.80000 0.00000 -60.00000
-0.05000 0.80000 0.00000 -60.00000
-0.05000 0.80000 0.00000 -60.00000
-0.05000 0.80000 0.00000 -60.00000
-0.05000 0.80000 0.00000 -60.00000
-0.05000 0.80000 0.00000 -60.00000
-0.05000 0.80000 0.00000 -60.00000
-0.05000 0.80000 0.00000 -60.00000
-0.05000 0.80000 0.00000 -60.00000
-0.02500 0.80156 3.57633 -60.00000
-0.05000 0.80000 0.00000 ©0.00000
-0.05000 0.80000 0.00000 ©0.00000
-0.05000 0.80000 0.00000 ©0.00000
-0.05000 0.80000 0.00000 ©0.00000
-0.05000 0.80000 0.00000 ©0.00000
-0.05000 0.80000 0.00000 ©0.00000
-0.05000 0.80000 0.00000 ©0.00000
-0.05000 0.80000 0.00000 ©0.00000
-0.05000 0.80000 0.00000 ©0.00000
-0.05000 0.80000 0.00000 ©0.00000
-0.05000 0.80000 0.00000 ©0.00000
-0.05000 0.80000 0.00000 ©0.00000
-0.05000 0.80000 0.00000 ©0.00000
-0.05000 0.80000 0.00000 ©0.00000
-0.02500 0.80156 3.57633  0.00000
-0.05000 0.80000 0.00000 60.00000
-0.05000 0.80000 0.00000 60.00000
-0.05000 0.80000 0.00000 60.00000
-0.05000 0.80000 0.00000 60.00000
-0.05000 0.80000 0.00000 60.00000
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WIRE

RADIUS
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000

CONNECTION DATA

I-

Ooo~NOOTUVPhWNES

I

OWoo~NOOUVThWN

I+

TAG
NO.

RPRRRPRRPRRPRRPRRPRRPRPRPRREPRPRPRRERRPRPRREPRPRPRPRPRRPRPRPRRPRPRRPRREPRPRPRRERPRRPRRERRPRRRERRPRPRRERRPRRPREPRPRREPREPRPRRERRRERRRERRPRRERRPERRERRERR



100

N.G.F.

I
w

. 80000
.40000
.00000
.60000
.20000
. 80000
.40000
.00000
.60000
.20000
. 80000
.40000
00000
.60000
.20000
. 80000
40000
00000
60000
20000
80000
40000
.00000
60000
20000
00000
00000
00000
00000
00000
00000
.00000
.00000
.00000
.00000

|
SR FPFEPNNWW

|
OO0 RFRPREPNNWWWMAPUIUIUIS

- NUMBER OF NEW UNKNOWNS IS 16

[SESESESESESNSESESRES)

.58179
.88897
.19615
.50333
.81051
.11769
42487
.73205
.03923
.34641
.04589
.35307
.66025
.96743
.27461
.58179
.88897
.19615
.50333
.81051
.11769
42487
.73205
.03923
.34641
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

*¥**kx*x INPUT LINE 1 EX
INPUT LINE 2 RP

% % %k %k %k

0
0

FILL=

.05000
.05000
.05000
.05000
.05000
.05000
.05000
.05000
.05000
.02500
.05000
.05000
.05000
.05000
.05000
.05000
.05000
.05000
.05000
.05000
.05000
.05000
.05000
.05000
.02500
. 75000
.25000
. 75000
.25000
. 75000
.25000
. 75000
.25000
. 75000
.25000

2
19

1

|l el il el el ol el el SESE S ESESESESESESESESESESESESESESESESESESRSESRSES]

. 80000
. 80000
. 80000
. 80000
. 80000
. 80000
. 80000
. 80000
. 80000
.80156
. 80000
. 80000
. 80000
. 80000
. 80000
. 80000
. 80000
. 80000
. 80000
. 80000
. 80000
. 80000
. 80000
. 80000
.80156
.50000
.50000
.50000
.50000
.50000
.50000
.50000
.50000
.50000
.50000

0 1.00000E+00 ©.00000E+00 ©.00000E+00 @.00000E+00 Q.
2 1001 ©.00000E+00 O.00000E+00 5.00000E+00 9.00000E+01 0.

[Xe]
[SECESESESESESESESESESESESESESESRUVRSESESESESESESESES]

O W WOWWYWWOLWYWYYY
[SESESESESESESESES]

FREQUENCY

.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.57633
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.57633
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

60.

60.

60.

60.

60.

60.

60.

60.

60.

60.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

[SESESESESESNSESESRES)

FREQUENCY= 5.0000E+00 MHZ

00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000

WAVELENGTH= 5.9960QE+@1 METERS

- - - ANTENNA ENVIRONMENT - - -

- - - STRUCTURE IMPEDANCE LOADING - - -

FINITE GROUND.

[SESESESESESESESESESESESESESESESESESESESESESESESESESESESESESESESESRESES)

.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000

SOMMERFELD SOLUTION

RELATIVE DIELECTRIC CONST.= 10.000
CONDUCTIVITY= 1.000QE-02 MHOS/METER
COMPLEX DIELECTRIC CONSTANT= 1.00000E+Q1-3.59510E+01

THIS STRUCTURE IS NOT LOADED

- - - MATRIX TIMING - - -

1.090 SEC.,

FACTOR=

188

0.010 SEC.

65 66
66 67
67 68
68 69
69 70
70 71
71 72
72 73
73 74
74 75
0 76
7% 77
7778
78 79
79 80
80 81
81 82
82 83
83 84
84 85
85 86
8 87
87 88
88 89
89 90
15 91
91 92
92 93
93 9%
94 95
95 96
% 97
97 98
98 99
99 100

NNNNNNNNNNRRRRRRPRRRERRPRREPRERRRERRPRRERRRRERRRRRER

00000E+00 ©.00000E+00
00000E+00 ©.00000E+00



- - - ANTENNA INPUT PARAMETERS - - -
TAG SEG.  VOLTAGE (VOLTS) CURRENT (AMPS) IMPEDANCE (OHMS) ADMITTANCE (MHOS) POWER

NO. NO. REAL IMAG. REAL IMAG. REAL IMAG. REAL IMAG. (WATTS)
2 91 1.00000E+00 ©.00000E+00 1.42845E-02-7.78775E-03 5.39656E+01 2.94214E+01 1.42845E-02-7.78775E-03 7.14226E-03

- - - CURRENTS AND LOCATION - - -

LENGTHS NORMALIZED BY WAVELENGTH (OR 2.*PI/CABS(CK))

SEG. TAG COORD. OF SEG. CENTER SEG. - - - CURRENT (AMPS) - - -

NO.  NO. X Y z LENGTH REAL IMAG. MAG. PHASE
1 1 1.1818 ©0.0000 -0.0051 ©.08150 3.6075E-05 -1.1057E-04 1.1631E-04 -71.931
2 1 1.1003 0.0000 -0.0051 ©0.08150 5.0394E-05 -2.7345E-04 2.7805E-04 -79.558
3 1 1.0183 0.0000 -0.0051 0.08150 2.8494E-05 -4.0279E-04 4.0379E-04 -85.953
4 1 0.9373 0.0000 -0.0051 0.08150 -6.5475E-06 -5.147QE-04 5.1474E-04 -90.729
5 1 0.8558 0.0000 -0.0051 ©.08150 -3.9156E-05 -6.2064E-04 6.2188E-04 -93.610
6 1 0.7743 0.0000 -0.0051 ©.08150 -5.6329E-05 -7.3121E-04 7.3338E-04 -94.405
7 1 0.6928 0.0000 -0.0051 ©.08150 -4.5536E-05 -8.5499E-04 8.5620E-04 -93.049
8 1 0.6113 0.0000 -0.0051 ©0.08150 6.484QE-06 -9.9671E-04 9.9674E-04 -89.627
9 1 0.5298 0.0000 -0.0051 ©0.08150 1.1412E-04 -1.1554E-03 1.1610QE-03 -84.359

10 1 0.4483 0.0000 -0.0051 ©0.08150 2.9219E-04 -1.3222E-03 1.3541E-03 -77.539
11 1 0.3668 0.0000 -0.0051 ©.08150 5.5375E-04 -1.479QE-03 1.5793E-03 -69.474
12 1 0.2853 0.0000 -0.0051 ©0.08150 9.0587E-04 -1.5969E-03 1.8360E-03 -60.436
13 1 0.20383 0.0000 -0.0051 ©0.08150 1.3424E-03 -1.6385E-03 2.1182E-03 -50.674
14 1 0.1223 0.0000 -0.0051 ©0.08150 1.8333E-03 -1.5642E-03 2.4099E-03 -40.471
15 1 0.0408 0.0000 -0.0025 ©0.08166 2.2800E-03 -1.3732E-03 2.6616E-03 -31.059
16 1 0.5909 1.0235 -0.0051 0.08150 3.6075E-05 -1.1057E-04 1.1631E-04 -71.931
17 1 0.5501 0.9529 -0.0051 0.08150 5.0394E-05 -2.7345E-04 2.7805E-04 -79.558
18 1 0.5094 0.8823 -0.0051 0.08150 2.8494E-05 -4.0279E-04 4.0379E-04 -85.953
19 1 0.4686 ©0.8117 -0.0051 ©0.08150 -6.5475E-06 -5.147QE-04 5.1474E-04 -90.729
20 1 0.4279 0.7411 -0.0051 0.08150 -3.9156E-05 -6.2064E-04 6.2188E-04 -93.610
21 1 0.3871 0.6705 -0.0051 ©0.08150 -5.6329E-05 -7.3121E-04 7.3338E-04 -94.405
22 1 0.3464 0.6000 -0.0051 ©0.08150 -4.5536E-05 -8.5499E-04 8.5620E-04 -93.049
23 1 0.3056 0.5294 -0.0051 0.08150 6.4839E-06 -9.9671E-04 9.9674E-04 -89.627
24 1 0.2649 0.4588 -0.0051 ©0.08150 1.1412E-04 -1.1554E-03 1.1610E-03 -84.359
25 1 0.2241 0.3882 -0.0051 ©0.08150 2.9219E-04 -1.3222E-03 1.3541E-03 -77.539
26 1 0.1834 0.3176 -0.0051 ©0.08150 5.5375E-04 -1.479QE-03 1.5793E-03 -69.474
27 1 0.1426 0.2470 -0.0051 ©0.08150 9.0587E-04 -1.5969E-03 1.8360E-03 -60.436
28 1 0.1019 0.1765 -0.0051 ©0.08150 1.3424E-03 -1.6385E-03 2.1182E-03 -50.674
29 1 0.0611 0.1059 -0.0051 ©0.08150 1.8333E-03 -1.5642E-03 2.4099E-03 -40.471
30 1 0.0204 0.0353 -0.0025 0.08166 2.2800E-03 -1.3732E-03 2.6616E-03 -31.059
31 1 -0.5909 1.0235 -0.0051 ©0.08150 3.6075E-05 -1.1057E-04 1.1631E-04 -71.931
32 1 -0.5501 ©0.9529 -0.0051 ©0.08150 5.0394E-05 -2.7345E-04 2.7805E-04 -79.558
33 1 -0.5094 0.8823 -0.0051 0.08150 2.8494E-05 -4.0279E-04 4.0379E-04 -85.953
34 1 -0.4686 ©0.8117 -0.0051 0.08150 -6.5476E-06 -5.147QE-04 5.1474E-04 -90.729
35 1 -0.4279 0.7411 -0.0051 0.08150 -3.9156E-05 -6.2064E-04 6.2188E-04 -93.610
36 1 -0.3871 0.6705 -0.0051 ©0.08150 -5.6329E-05 -7.3121E-04 7.3338E-04 -94.405
37 1 -0.3464 0.6000 -0.0051 ©0.08150 -4.5537E-05 -8.5499E-04 8.5620E-04 -93.049
38 1 -0.3056 ©0.5294 -0.0051 0.08150 6.4838E-06 -9.9671E-04 9.9674E-04 -89.627
39 1 -0.2649 0.4588 -0.0051 ©0.08150 1.1412E-04 -1.1554E-03 1.1610E-03 -84.359
40 1 -0.2241 0.3882 -0.0051 ©0.08150 2.9219E-04 -1.3222E-03 1.3541E-03 -77.539
41 1 -0.1834 0.3176 -0.0051 ©.08150 5.5375E-04 -1.479QE-03 1.5793E-03 -69.474
42 1 -0.1426 0.2470 -0.0051 ©0.08150 9.0587E-04 -1.5969E-03 1.8360E-03 -60.436
43 1 -0.1019 0.1765 -0.0051 ©0.08150 1.3424E-03 -1.6385E-03 2.1182E-03 -50.674
44 1 -0.0611 ©0.1059 -0.0051 ©0.08150 1.8333E-03 -1.5642E-03 2.4099E-03 -40.471
45 1 -0.0204 ©0.0353 -0.0025 0.08166 2.2800E-03 -1.3732E-03 2.6616E-03 -31.059
46 1 -1.1818 ©0.0000 -0.0051 ©.08150 3.6075E-05 -1.1057E-04 1.1631E-04 -71.931
47 1 -1.1003 ©0.0000 -0.0051 ©0.08150 5.0394E-05 -2.7345E-04 2.7805E-04 -79.558
48 1 -1.0183 ©0.0000 -0.0051 ©0.08150 2.8494E-05 -4.0279E-04 4.0379E-04 -85.953
49 1 -0.9373 0.0000 -0.0051 ©.08150 -6.5476E-06 -5.147QE-04 5.1474E-04 -90.729
50 1 -0.8558 0.0000 -0.0051 ©.08150 -3.9156E-05 -6.2064E-04 6.2188E-04 -93.610
51 1 -0.7743 0.0000 -0.0051 ©.08150 -5.6329E-05 -7.3121E-04 7.3338E-04 -94.405
52 1 -0.6928 0.0000 -0.0051 ©.08150 -4.5537E-05 -8.5499E-04 8.5620E-04 -93.049
53 1 -0.6113 0.0000 -0.0051 ©0.08150 6.4838E-06 -9.9671E-04 9.9674E-04 -89.627
54 1 -0.5298 0.0000 -0.0051 ©0.08150 1.1412E-04 -1.1554E-03 1.1610E-03 -84.359
55 1 -0.4483 0.0000 -0.0051 ©0.08150 2.9219E-04 -1.3222E-03 1.3541E-03 -77.539
56 1 -0.3668 ©0.0000 -0.0051 ©.08150 5.5375E-04 -1.479QE-03 1.5793E-03 -69.474
57 1 -0.2853 0.0000 -0.0051 ©0.08150 9.0587E-04 -1.5969E-03 1.8360E-03 -60.436
58 1 -0.2038 ©0.0000 -0.0051 ©0.08150 1.3424E-03 -1.6385E-03 2.1182E-03 -50.674
59 1 -0.1223 0.0000 -0.0051 ©.08150 1.8333E-03 -1.5642E-03 2.4099E-03 -40.471
60 1 -0.0408 ©0.0000 -0.0025 ©0.08166 2.2800E-03 -1.3732E-03 2.6616E-03 -31.059
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61 1 -0.5909 -1.0235 -0.0051 ©0.08150 3.6075E-05 -1.1057E-04 1.1631E-04 -71.931
62 1 -0.5501 -0.9529 -0.0051 ©0.08150 5.0394E-05 -2.7345E-04 2.7805E-04 -79.558
63 1 -0.5094 -0.8823 -0.0051 0.08150 2.8494E-05 -4.0279E-04 4.0379E-04 -85.953
64 1 -0.4686 -0.8117 -0.0051 ©0.08150 -6.5476E-06 -5.147QE-04 5.1474E-04 -90.729
65 1 -0.4279 -0.7411 -0.0051 ©.08150 -3.9157E-05 -6.2064E-04 6.2188E-04 -93.610
66 1 -0.3871 -0.6705 -0.0051 ©0.08150 -5.6329E-05 -7.3121E-04 7.3338E-04 -94.405
67 1 -0.3464 -0.6000 -0.0051 ©0.08150 -4.5537E-05 -8.5499E-04 8.5620E-04 -93.049
68 1 -0.3056 -0.5294 -0.0051 0.08150 6.4837E-06 -9.9671E-04 9.9674E-04 -89.627
69 1 -0.2649 -0.4588 -0.0051 ©0.08150 1.1412E-04 -1.1554E-03 1.1610E-03 -84.359
70 1 -0.2241 -0.3882 -0.0051 0.08150 2.9219E-04 -1.3222E-03 1.3541E-03 -77.539
71 1 -0.1834 -0.3176 -0.0051 ©.08150 5.5375E-04 -1.479QE-03 1.5793E-03 -69.474
72 1 -0.1426 -0.2470 -0.0051 ©0.08150 9.0587E-04 -1.5969E-03 1.8360E-03 -60.436
73 1 -0.1019 -0.1765 -0.0051 ©0.08150 1.3424E-03 -1.6385E-03 2.1182E-03 -50.674
74 1 -0.0611 -0.1059 -0.0051 ©0.08150 1.8333E-03 -1.5642E-03 2.4099E-03 -40.471
75 1 -0.0204 -0.0353 -0.0025 0.08166 2.2800E-03 -1.3732E-03 2.6616E-03 -31.059
76 1 0.5909 -1.0235 -0.0051 ©0.08150 3.6075E-05 -1.1057E-04 1.1631E-04 -71.931
77 1 0.5501 -0.9529 -0.0051 0.08150 5.0394E-05 -2.7345E-04 2.7805E-04 -79.558
78 1 0.5094 -0.8823 -0.0051 0.08150 2.8494E-05 -4.0279E-04 4.0379E-04 -85.953
79 1 0.4686 -0.8117 -0.0051 0.08150 -6.5477E-06 -5.147QE-04 5.1474E-04 -90.729
80 1 0.4279 -0.7411 -0.0051 ©.08150 -3.9157E-05 -6.2064E-04 6.2188E-04 -93.610
81 1 0.3871 -0.6705 -0.0051 ©.08150 -5.6329E-05 -7.3121E-04 7.3338E-04 -94.405
82 1 0.3464 -0.6000 -0.0051 ©0.08150 -4.5537E-05 -8.5499E-04 8.5620E-04 -93.049
83 1 0.3056 -0.5294 -0.0051 0.08150 6.4837E-06 -9.9671E-04 9.9673E-04 -89.627
84 1 0.2649 -0.4588 -0.0051 ©0.08150 1.1412E-04 -1.1554E-03 1.1610E-03 -84.359
85 1 0.2241 -0.3882 -0.0051 ©0.08150 2.9219E-04 -1.3222E-03 1.3541E-03 -77.539
86 1 0.1834 -0.3176 -0.0051 ©0.08150 5.5375E-04 -1.479QE-03 1.5793E-03 -69.474
87 1 0.1426 -0.2470 -0.0051 ©0.08150 9.0587E-04 -1.5969E-03 1.8360E-03 -60.436
88 1 0.1019 -0.1765 -0.0051 ©0.08150 1.3424E-03 -1.6385E-03 2.1182E-03 -50.674
89 1 0.0611 -0.1059 -0.0051 ©0.08150 1.8333E-03 -1.5642E-03 2.4099E-03 -40.471
920 1 0.0204 -0.0353 -0.0025 0.08166 2.2800E-03 -1.3732E-03 2.6616E-03 -31.059
91 2 0.0000 0.0000 0.0125 ©0.02502 1.4285E-02 -7.7877E-03 1.627QE-02 -28.599
92 2 0.0000 0.0000 0.0375 0.02502 1.3937E-02 -7.9290QE-03 1.6034E-02 -29.637
93 2 0.0000 0.0000 0.0625 ©0.02502 1.3266E-02 -7.8306E-03 1.5405E-02 -30.552
94 2 0.0000 0.0000 0.0876 ©0.02502 1.2291E-02 -7.4686E-03 1.4383E-02 -31.284
95 2 0.0000 0.0000 0.1126 ©0.02502 1.1034E-02 -6.8683E-03 1.2997E-02 -31.901
9% 2 0.0000 0.0000 0.1376 ©0.02502 9.5187E-03 -6.0495E-03 1.1278E-02 -32.438
97 2 0.0000 0.0000 0.1626 ©0.02502 7.7747E-03 -5.0324E-03 9.2613E-03 -32.914
98 2 0.0000 ©0.0000 0.1876 ©0.02502 5.8311E-03 -3.837QE-03 6.9803E-03 -33.346
929 2 0.0000 0.0000 0.2126 ©0.02502 3.7095E-03 -2.478QE-03 4.4610E-03 -33.744
100 2 0.0000 0.0000 0.2377 ©0.02502 1.3643E-03 -9.2409E-04 1.6478E-03 -34.111
- - - POWER BUDGET - - -
INPUT POWER = 7.1423E-@3 WATTS
RADIATED POWER= 7.1423E-@3 WATTS
WIRE LOSS = 0.0000E+00 WATTS
EFFICIENCY = 100.00 PERCENT
- - - RADIATION PATTERNS - - -
- - ANGLES - - - POWER GAINS - - - - POLARIZATION - - - - - - ECTHETA) - - - - - - E(PHI) - - -
THETA PHI VERT.  HOR. TOTAL AXIAL TILT  SENSE MAGNITUDE PHASE MAGNITUDE PHASE
DEGREES DEGREES DB DB DB RATIO DEG. VOLTS DEGREES VOLTS DEGREES
0.00 0.00 -162.16 -160.47 -158.23 0.66542 59.93 RIGHT 5.10064E-09 162.12 6.19731E-09 92.07
5.00 0.00 -21.08 -160.49 -21.08 0.00000 0.00 LINEAR 5.77874E-02 60.79 6.18859E-09 92.40
10.00 0.00 -15.05 -160.56 -15.05 0.00000 0.00 LINEAR 1.15672E-01 60.70 6.13637E-09 92.76
15.00 0.00 -11.52 -160.70 -11.52 0.00000 0.00 LINEAR 1.73698E-01 60.56 6.04063E-09 93.16
20.00 0.00 -9.01 -160.90 -9.01 0.00000 0.00 LINEAR 2.31807E-01 60.36 5.90152E-09 93.59
25.00 0.00 -7.08 -161.17 -7.08 0.00000 0.00 LINEAR 2.89788E-01 60.11 5.71943E-09 94.06
30.00 0.00 -5.50 -161.52 -5.50 0.00000 0.00 LINEAR 3.47227E-01 59.79 5.49496E-09 94.55
35.00 0.00 -4.20 -161.95 -4.20 0.00000 0.00 LINEAR 4.03465E-01 59.41 5.22890E-09 95.07
40.00 0.00 -3.11 -162.47 -3.11 0.00000 0.00 LINEAR 4.57551E-01 58.95 4.92228E-09 95.61
45.00 0.00 -2.20 -163.11  -2.20 0.00000 0.00 LINEAR 5.08197E-01 58.41 4.57631E-09 96.16
50.00 0.00 -1.45 -163.87 -1.45 0.00000 0.00 LINEAR 5.53723E-01 57.76 4.19239E-09 96.73
55.00 0.00 -0.87 -164.79 -0.87 0.00000 0.00 LINEAR 5.91966E-01 56.96 3.77217E-09 97.31
60.00 0.00 -0.47 -165.90 -0.47 0.00000 0.00 LINEAR 6.20123E-01 55.97 3.31748E-09 97.89
65.00 0.00 -0.27 -167.28 -0.27 0.00000 0.00 LINEAR 6.34407E-01 54.69 2.83038E-09 98.47
70.00 0.00 -0.34 -169.03 -0.34 0.00000 0.00 LINEAR 6.29303E-01 52.97 2.31320E-09 99.05
75.00 0.00 -0.81 -171.36 -0.81 0.00000 0.00 LINEAR 5.95798E-01 50.54 1.76852E-09 99.62
80.00 0.00 -2.05 -174.74  -2.05 0.00000 0.00 LINEAR 5.16751E-01 46.82 1.19923E-09 100.17
85.00 0.00 -5.35 -180.63 -5.35 0.00000 0.00 LINEAR 3.53273E-01 40.50 6.08534E-10 100.71
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90.00 0.00 -999.99 -999.99 -999.99 0.00000 0.00 3.04455E-11 -152.00 3.73381E-20 103.94
0.00 90.00 -160.47 -162.16 -158.23 0.66542  -30.07 RIGHT 6.19731E-09 92.07 5.10064E-09  -17.88
5.00 90.00 -21.08 -162.13 -21.08 0.00000 0.00 LINEAR 5.77874E-02 60.79 5.11816E-09  -17.88

10.00 90.00 -15.05 -162.17 -15.05 0.00000 0.00 LINEAR 1.15672E-01 60.70 5.09951E-09 -17.84

15.00 90.00 -11.52 -162.26 -11.52 0.00000 0.00 LINEAR 1.73698E-01 60.56 5.04391E-09 -17.77

20.00 90.00 -9.01 -162.42 -9.01 0.00000 0.00 LINEAR 2.31807E-01 60.36 4.95077E-09  -17.67

25.00 90.00 -7.08 -162.66 -7.08 0.00000 0.00 LINEAR 2.89788E-01 60.11 4.81975E-09 -17.54

30.00 90.00 -5.50 -162.97 -5.50 0.00000 0.00 LINEAR 3.47227E-01 59.79 4.65073E-09  -17.37

35.00 90.00 -4.20 -163.36 -4.20 0.00000 0.00 LINEAR 4.03465E-01 59.41 4.44385E-09 -17.17

40.00 90.00 -3.11 -163.85 -3.11 0.00000 0.00 LINEAR 4.57551E-01 58.95 4.19953E-09 -16.94

45.00 90.00 -2.20 -164.45 -2.20 0.00000 0.00 LINEAR 5.08197E-01 58.41 3.91845E-09 -16.67

50.00 90.00 -1.45 -165.19 -1.45 0.00000 0.00 LINEAR 5.53722E-01 57.76 3.60159E-09  -16.37

55.00 90.00 -0.87 -166.08 -0.87 0.00000 0.00 LINEAR 5.91965E-01 56.96 3.25023E-09 -16.04

60.00 90.00 -0.47 -167.17  -0.47 0.00000 0.00 LINEAR 6.20122E-01 55.97 2.86596E-09  -15.68

65.00 90.00 -0.27 -168.53 -0.27 0.00000 0.00 LINEAR 6.34405E-01 54.69 2.45067E-09  -15.28

70.00 90.00 -0.34 -170.27 -0.34 0.00000 0.00 LINEAR 6.29302E-01 52.97 2.00662E-09  -14.87

75.00 90.00 -0.81 -172.59 -0.81 0.00000 0.00 LINEAR 5.95796E-01 50.54 1.53638E-09  -14.42

80.00 90.00 -2.05 -175.95 -2.05 0.00000 0.00 LINEAR 5.16750E-01 46.82 1.04291E-09 -13.96

85.00 90.00 -5.35 -181.84 -5.35 0.00000 0.00 LINEAR 3.53272E-01 40.50 5.29551E-10  -13.47

90.00 90.00 -999.99 -999.99 -999.99 0.00000 0.00 3.04454E-11 -152.00 3.25109E-20 -10.27

AVERAGE POWER GAIN= 5.82049E-01 SOLID ANGLE USED IN AVERAGING=( @.5000)*PI STERADIANS.

POWER RADIATED ASSUMING RADIATION INTO 4*PI STERADIANS = 4.15715E-03 WATTS

*¥*%%kk INPUT LINE 3 EN O 0 Q O 0.00000E+00 ©.00000E+00 ©.00000E+00 0.00000E+00 ©.00000E+00 0.00000E+00

RUN TIME = 2.440
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5. Error Messages

Error statements and warnings of unusual conditions are listed below, with the names of
the routines from which the messages originate. Most error messages start with the name or
the routine printing the message. The symbol ___ indicates a number that will be printed.

1. ARC: ERROR - ARC ANGLE EXCEEDS 360. DEGREES
Routine: ARC

Error on the GA command; the arc angle specified cannot be greater than 360
degrees.

2. CATNRY: ERROR — INCORRECT PARAMETERS RECEIVED
Routine: CATNRY

A catenary wire has been specified between two points that are vertically aligned.
There must be a horizontal displacement between the end points.

3. CATSOL: SOLUTION DID NOT CONVERGE
Routine: CATSOL

The iterative solution for the parameters of a catenary did not converge. A possible
cause is abnormal parameters on the CW command.

4. CONECT: ERROR - NO. NGF PATCHES CONNECTED TO NEW SEGMENTS EXCEEDS LIMIT
OF ___

Routine: CONECT
Array dimension set by the parameter NSPNGF must be increased.

5. CONECT: ERROR — NO. NGF SEGMENTS CONNECTED TO NEW SEGMENTS EXCEEDS LIMIT
OF ___

Routine: CONECT
Array dimension set by the parameter NSCNGF must be increased.

6. CONECT: ERROR - SEGMENT ___ EXTENDS BELOW GROUND
Routine: CONECT

When the first parameter on the GE command is +1, segments cannot extend below
the ground plane (negative z.)

7. CONECT: ERROR - SEGMENT ___ LIES IN GROUND PLANE
Routine: CONECT
When the first parameter on the GE command is +1 or —1, segments cannot lie in

the ground plane (z = 0.)
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10.

11.

12.

13.

14.

15.

CONECT: SEGMENT CONNECTION ERROR FOR SEGMENT ___
Routine: CONECT

Possible causes: the number of segments at a junction exceeds the limit set by
parameter NSJMAX; some segment lengths are zero; array overflow.

COUPLE: ERROR - COUPLING= ___ ; MUST BE BETWEEN 0 AND 1. SEGMENTS: TAG1,
TSEG1, SEG1, TAG2, TSEG2, SEG?2
Routine: COUPLE
An impossible value has been obtained for coupling between the points T'AG1,
TSEG1 (absolute segment number SEG1) and TAG2, TSEG2 (absolute segment
number SEG2.) Possible causes are an inaccurate solution, or one of the segments
specified is in a bad location such as a wire end.
DATAGN: ERROR - GF MUST BE FIRST COMMAND IN GEOMETRY DATA SECTION
Routine: DATAGN
The GF command must come before any other commands in the data set except CM
or CE.

DATAGN: NUMBER OF WIRE SEGMENTS AND SURFACE PATCHES EXCEEDS DIMENSION
LIMIT.

Routine: DATAGN
The number of segments and patches exceeds the limit set by parameter MAXSEG.

DATAGN: PATCH DATA ERROR
Routine: DATAGN
Invalid data was read from the SP, SM or SC commands; or a required SC command
was not found.
DATAGN: SEGMENT DATA ERROR
Routine: DATAGN

A segment with zero length or zero radius was found.

DATAGN: STRUCTURE GEOMETRY DATA ERROR
Routine: DATAGN
The mnemonic read from a command in the structure geometry section (before GE)
does not match a valid command name.
EFLD: ERROR - MUST USE SOMMERFELD FOR INTERACTION ACROSS THE INTERFACE
(X5, Y5, Zj, X4, Vs, Zi]
Routine: EFLD

Segments or patches on opposite sides of the interface were found during evaluation
of interactions. The Sommerfeld solution (GN 2,...) must be used for interaction
across the interface. The coordinates of the source segment were (X, Y, Z;) and
the evaluation point was (Xj, Vi, Z;).
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16.

17.

18.

19.

20.

21.

22.

ERROR: ERROR IN FILE OPERATION -
[Message about file error]
Routine: ERROR

An error occurred when attempting to open the input or output file or in reading or
writing a direct-access file for the matrix solution. A description of the error from
the computer system will be printed (VAX only). This message is displayed on the
user’s terminal screen.

EVLUB: ERROR - RHO, ZZ, ZP, IQAX = ___ ___ ___ ___
Routine: EVLUB

Subroutine EVLUB can only be called with the source height ZP< 0 and the evalu-
ation point height ZZ> 0. Otherwise this message is printed and the program stops.
This indicates a program malfunction.

FACTR: PIVOT(___ )= ___
Routine: FACTR

The program was forced to use a small pivot element in factoring the matrix into LU
parts. The matrix may be nearly singular. Possible causes are overlapping segments
or patches, zero-length segments or patches, or an array overflow.

FBLOCK: ERROR - INSUFFICIENT STORAGE FOR MATRIX ___ ___
Routine: FBLOCK

The array storage allocated for the matrix (parameter MAXMAT) must be large
enough for two columns of the matrix or, in the case of symmetry, two columns of a
submatrix. The parameter MAXMAT must be increased and the code recompiled.

FBLOCK: ERROR - NUMBER OF SYMMETRIC SECTIONS EXCEEDS LIMIT: MAXSYM = ___
NEEDED: ___

Routine: FBLOCK

The number of symmetric sections in a structure exceeds the limit set by the param-
eter MAXSYM. The value of MAXSYM must be increased and the code recompiled.

FBLOCK: SYMMETRY ERROR - NROW,NCOL= ___ ___
Routine: FBLOCK

Inconsistent values — NROW times the number of symmetric section must be equal
to NCOL. Possible causes are an array overflow or other program malfunction.

FBNGF: ERROR - INSUFFICIENT STORAGE FOR INTERACTION MATRICES; IRESRV, IMAT,
NEQ,NEQ2= ___ ___ ___ ___

Routine: FBNGF

Array storage was exceeded in a NGF solution. The value of the parameter MAX-
MAT must be increased and the code recompiled.
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23.

24.

25.

26.

27.

28.

29.

30.

31.

GETIOF: ERROR — UNABLE TO OPEN FILE [File Name]
Routine: GETIOF
If the program is unable to open the requested input or output file, a message from
subroutine ERROR is displayed on the terminal or written in the batch log file. After
a number of retries set by the variable MAXERR in subroutine GETIOF (currently
20), this message is displayed and the program terminates.

GNDINO: EPSC FROM FILE= ___ SHOULD BE ___
Routine: GNDINO
A file for the Sommerfeld-integral tables with the appropriate €., 0 and frequency
was not found. This message is only for information. The program will continue to
run and will compute the necessary tables.

GNDINO: ERROR READING SOMNTX FILE [File Name]
Routine: GNDINO
The program was unable to read the Sommerfeld integral tables from the specified
file as part of a NGF solution.

GNDINO: UNABLE TO OPEN FILE [File Name]
Routine: GNDINO

The file spicified for the Sommerfeld integral tables was not found or could not be
opened. The program will continue to run and will compute the necessary tables
and write the file.

HANK12: ERROR - CANNOT EVALUATE H(Z) FOR Z=0.
Routine: HANK12

An attempt was made to evaluate the Hankel function for an argument of zero.

HANK?2Z: ERROR - CANNOT EVALUATE H(Z) FOR Z=0.

Routine: HANK2Z

An attempt was made to evaluate the Hankel function for an argument of zero.
INSET: ERROR - SHEATH MAY NOT BE ADDED TO WIRE IN NGF SECTION

Routine: INSET

An IS command specifies segments in the NGF that cannot be modified. The pro-
gram stops.

INSET: ERROR - SHEATH RADIUS .LE. SEGMENT RADIUS FOR SEGMENT _ __
Routine: INSET

An IS command specifies a sheath radius less than the segment radius. The program
stops.

INSET: ERROR - NO SEGMENTS MATCHED THE RANGE ON THE PREVIOUS IS COMMAND
Routine: INSET

An error was made in specifying segments on an IS command. The program stops.
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32.

33.

34.

35.

36.

37.

38.

INSET: WARNING - OVERLAPPING SHEATH SPECIFICATIONS. LAST ONE WAS USED.
Routine: INSET

Two IS commands specified segment ranges that overlap. Only one sheath can be
applied on a given segment, so that specified on the second of the two IS commands
is used.

INTRPD: ERROR - POINT OUT OF GRID; RHO, ZZ, AZp= ___ ___ ___
Routine: INTRPD

This message indicates a program malfunction involving the Sommerfeld ground
solution.

ISEGNO: ERROR - NO SEGMENT HAS A TAG-SEGMENT REFERENCE OF ___ ___
Routine: ISEGNO

This error results from an input data error and may occur at any point where a tag
number is used to identify a segment. Execution is terminated. Data on the GM,
CP, NT, TL and EX commands should be checked.

ISEGNO: ERROR - PARAMETER SPECIFYING SEGMENT POSITION IN A GROUP OF EQUAL
TAGS MUST NOT BE ZERO

Routine: ISEGNO

This error results from an input data error and may occur at any point where a tag

number is used to identify a segment. Execution is terminated. Data on the GM,
CP, NT, TL and EX commands should be checked.

JNFIND: ERROR AT ___ END OF SEGMENT ___
MULTIPLE WIRE JUNCTION AT CONNECTION TO SURFACE PATCH IS NOT ALLOWED
Routine: INFIND

Only a single segment can connect to a given surface patch. The segment number
and the end (1 or 2) of the segment that caused the error are printed.

JNFIND: ERROR AT ___ END OF SEGMENT ___
NUMBER OF CONNECTED SEGMENTS EXCEEDS LIMIT OF ___
Routine: INFIND

The number of segments connected at a junction exceeds the limit set by the param-
eter NSJMAX.

LFACTR: PIVOT(___ )= ___
Routine: LFACTR

The program was forced to use a small pivot element in factoring the matrix into LU
parts. The matrix may be nearly singular. Possible causes are overlapping segments
or patches, zero length segments or patches, or an array overflow.
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39.

40.

41.

42.

43.

44.

45.

46.

LOAD: ERROR IN SPECIFYING LOADED SEGMENTS
Routine: LOAD

Second segment specified is less than the first segment, or the second segment is
greater than the total number of segments.

LOAD: ERROR - LOADING MAY NOT BE ADDED TO SEGMENTS IN N.G.F. SECTION
Routine: LOAD

Loading on segments in a NGF file must be specified with LD commands before the
NGF file is written. Otherwise, loading can be introduced on segments in an existing
NGF file by using the NT command.

LOAD: IMPROPER LOAD TYPE CHOSEN, REQUESTED TYPE IS ___
Routine: LOAD

The first parameter on a LD command does not correspond to a valid load type
(values 0 through 5.)

LOAD: LD COMMAND ERROR, NO SEGMENT HAS A TAG NO. = ___
Routine: LOAD

The tag number used on a LD command does not match the tag of any existing
segment.

LOAD: SOME OF THE ABOVE SEGMENTS HAVE BEEN LOADED TWICE - IMPEDANCES
ADDED

Routine: LOAD

This is only a warning message. The solution will continue with the overlapping
impedances added.

MAIN: ERROR — N.G.F. IN USE. CANNOT WRITE NEW N.G.F.
Routine: MAIN
When a N.G.F. file has been read (GF command) the WG command cannot be used
to write a new N.G.F. file.
MAIN: FAULTY INPUT COMMAND LABEL AFTER GEOMETRY SECTION
Routine: MAIN

A command with an unrecognizable mnemonic has been encountered in the program
control section, following the structure-geometry commands. Execution terminated.

MOVE: ERROR - SEGMENTS FROM AN NGF FILE CANNOT BE MOVED
Routine: MOVE

A GM command cannot operate on segments in the NGF file. If the starting segment
in the range specified on the GM command is in the NGF section it is changed to
the next segment above the NGF section. If the final segment in the range is in the
NGF section, the code stops with this error message.

197



47.

48.

49.

50.

o1.

52.

53.

NETSOL: ERROR - NETWORK ARRAY DIMENSIONS TOO SMALL
Routine: NETSOL

The number of NT and TL commands used exceeds the array limit set by the pa-
rameter NETMX. The value of NETMX must be increased and the code recompiled.

PARSIT: INPUT ERROR — INVALID NUMBER AT INTEGER POSITION ___
ok TEXT — —> [Input Record)
Routine: PARSIT

Invalid numerical data was found at the position indicated. The record containing
the error is printed.

PARSIT: INPUT ERROR — INVALID NUMBER AT REAL POSITION ___
ok TEXT — —> [Input Record)
Routine: PARSIT

Invalid numerical data was found at the position indicated. The record containing
the error is printed.

PARSIT: INPUT ERROR - TOO MANY FIELDS IN RECORD
ook TEXT — —> [Input Record)
Routine: PARSIT

The total number of integer and real numbers in an input record exceeds the maxi-
mum allowed.

PARSIT: INVALID ENTRY OF NON-NUMERIC DATA
ok TEXT — —> [Input Record)
Routine: PARSIT

Text used to specify a file name must follow all numeric data in the record. Text used
for annotation must follow the numeric data and any file name, and be separated
from the data by an exclamation mark (!).

PATCH: ERROR — CORNERS OF QUADRILATERAL PATCH DO NOT LIE IN A PLANE
Routine: PATCH

The four corners of a quadrilateral patch must lie in a plane. An easy way to avoid
this error is to define the patch in one of the coordinate planes and then move it to
the desired location with a GM command.

PTRECN: RECEIVING PATTERN STORAGE TOO SMALL; ARRAY TRUNCATED
Routine: PTRECN

The number of angles requested in a receiving pattern exceeds the limit set by the
parameter MAXRCP. Execution will continue, but storage of normalized pattern
values will be truncated.
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o4.

55.

56.

o7.

58.

59.

RDLSOL: ERROR - ILLEGAL FINAL SEGMENT LENGTH
Routine: RDLSOL

The final segment length specified for a tapered wire (GW and GC commands) must
be greater than zero and less than the total distance between the end points.

RDLSOL: ERROR — ILLEGAL STARTING SEGMENT LENGTH
Routine: RDLSOL

The initial segment length specified for a tapered wire (GW and GC commands)
must be greater than zero and less than the total distance between the end points.

RDLSOL: SOLUTION DID NOT CONVERGE
Routine: RDLSOL

The iterative solution for a tapered wire did not converge. A possible cause is invalid
data on a GC command when the first segment length is specified.

RDPAT: WARNING - THE CLIFF OR RADIAL-WIRE GROUND SCREEN APPROXIMATIONS
ARE NOT INCLUDED IN CALCULATING GROUND WAVE (RP1,...)

Routine: RDPAT

The cliff or radial-wire ground screen approximations use modified reflection coeffi-
cients and are only effective in computing the radiated field (RPO, ...). The code will
continue to run, but the result for ground wave will be computed for a flat ground
with the primary ground parameters.

RECIN: ERROR READING FILE ___ PROGRAM RECORD NO. ___ I1,I2=___ ___
TRACE - [message]
Routine: RECIN

An error occurred when reading a direct-access file for the matrix solution. The
logical unit number of the file is given. The logical record number is the number of
the record in the direct-access file. This may be greater than the program record
number when the operating system limits the length of the logical records. The data
is being read into locations I1 to 12 in an array in memory. The message will give
the name of the subroutine calling RECIN and the location of the call.

RECOT: ERROR WRITING FILE ___ PROGRAM RECORD NO. ___ LOGICAL RECORD NO.
I I2=

TRACE - [message]
Routine: RECOT
An error occurred when writing a direct-access file for the matrix solution. The
logical unit number of the file is given. The logical record number is the number of
the record in the direct-access file. This may be greater than the program record
number when the operating system limits the length of the logical records. The data

is being written from locations I1 to 12 in an array in memory. The message will
give the name of the subroutine calling RECOT and the location of the call.
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60.

61.

62.

63.

64.

65.

66.

67.

REFLEC: GEOMETRY DATA ERROR - PATCH ___ LIES IN PLANE OF SYMMETRY
Routine: REFLEC

A patch may not lie in or cross a plane of symmetry about which the structure is re-
flected, since the patch and its image will coincide or cross. Execution is terminated.

REFLEC: GEOMETRY DATA ERROR - SEGMENT ___ LIES IN PLANE OF SYMMETRY
Routine: REFLEC
A segment may not lie in or cross a plane of symmetry about which the structure
is reflected, since the segment and its image will coincide or cross. Execution is
terminated.

RMSRS: ERROR IN L. S. SOLUTION FOR COMPONENT _ __

Routine: RMSRS

The least-squares solution for modeling Sommerfeld integral values encountered a
singular matrix. This indicates a malfunction, possibly due to the failure of the
table parameters to be set by DATA statements. The program stops.

ROM1: STEP SIZE LIMITED AT LAMBDA = ___ ___
Routine: ROMBG

The adaptive Romberg integration algorithm for evaluating Sommerfeld integrals
was limited by the minimum allowed step size (1/NM). The solution will continue.
Accuracy may be lost, but often the problem is not serious. One of the integrands
may have a discontinuity at the point LAMBDA in the complex A plane.

ROMBG: ERROR - B LESS THAN A
Routine: ROMBG

A program malfunction occurred in numerical integration.

ROMBG: STEP SIZE LIMITED AT Z = ___
Routine: ROMBG

The adaptive Romberg integration algorithm was limited by the minimum allowed
step size (1/NM). The solution will continue. Accuracy may be lost, but often the
problem is not serious. This message may result from a wire very close to a ground
plane or errors in the table-lookup algorithm for Sommerfeld integral values.

RSETEX: ERROR IN EX COMMAND — EXCITATION TYPE ___ IS INVALID
Routine: RSETEX

The first parameter on an EX command does not match any valid excitation type.

RSETEX: NUMBER OF EXCITATION COMMANDS EXCEEDS STORAGE ALLOTTED
Routine: RSETEX

The number of EX commands in a group exceeds the limit set by the parameter
NSOMAX.
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68.

69.

70.

71.

72.

73.

74.

75.

RSETFR: ERROR - FR COMMAND IS NOT ALLOWED WITH N.G.F.
Routine: RSETFR

A FR command cannot be used when a N.G.F. file has been read. The frequency
set when the N.G.F. file was written must be used.

RSETGN: ERROR — GN COMMAND IS NOT ALLOWED WITH N.G.F.
Routine: RSETGN

A GN command cannot be used after a NGF file has been read. The ground param-
eters must be set before the NGF file is written.

RSETGN: RADIAL WIRE G. S. APPROXIMATION MAY NOT BE USED WITH SOMMERFELD
GROUND OPTION

Routine: RSETGN

The radial-wire ground screen approximation can only be used with the reflection-
coefficient approximation for ground (GN 0,...).

RSETIS: DATA FAULT ON IS COMMAND NO. ___ ITAG STEP1= ___ IS GREATER THAN
ITAG STEP2= ___

Routine: RSETIS

The number of the second segment specified on the IS command must be greater
than the number of the first segment. Execution is terminated.

RSETIS: NUMBER OF IS COMMANDS EXCEEDS STORAGE ALLOTTED
Routine: RSETIS

The number of IS commands exceeds the dimension limit set by the parameter
MAXIS. Execution is terminated.

RSETLD: DATA FAULT ON LD COMMAND NO. ___ ITAG STEP1=___ IS GREATER THAN
ITAG STEP2= ___

Routine: RSETLD

When several segments are loaded, the number of the second segment specified must
be greater than the number of the first segment. Execution is terminated.

RSETLD: NUMBER OF LD COMMANDS EXCEEDS STORAGE ALLOTTED
Routine: RSETLD

The number of LD commands in a group exceeds the limit set by the parameter
LOADMX.

RSETNT: NUMBER OF NETWORK COMMANDS EXCEEDS STORAGE ALLOTTED
Routine: RSETNT

The number of NT commands in a group exceeds the limit set by the parameter
NETMX.

201



76.

77.

78.

79.

80.

81.

82.

RSETUM: ERROR - UM COMMAND IS NOT ALLOWED WITH N.G.F.
Routine: RSETUM
A UM command cannot be used when a N.G.F. file has been read. The medium
parameters should be specified when the N.G.F. file is written.
SADPT: ERROR - RHO, 77, ZP= ___ ___ ___
Routine: SADPT

Coordinates given to determine the saddle point in a ground solution were out of
range. The source position ZP must be < 0, and the evaluation point height ZZ
must be > 0.

SEGCHK: ERROR - SEGMENTS ___ AND ___ ARE PARALLEL AND OVERLAPPING
Routine: SEGCHK
The segments lie on top of each other over part of their lengths. By default the
program will stop. Another option can be requested on the GE command, but
usually the error in the data should be found and corrected.

SEGCHK: ERROR — SEGMENTS ___ AND ___ INTERSECT AT A MIDPOINT
Routine: SEGCHK
Segments should only touch each other at their ends. If they cross at a midpoint or
in a “T” junction this message will be printed. By default the program will stop.
Another option can be requested on the GE command, but usually the error in the
data should be found and corrected.

SEGCHK: WARNING - SEGMENTS ___ AND ___ ARE PARALLEL AND SEPARATED BY

LESS THAN THE SUM OF THEIR RADII
Routine: SEGCHK

This condition probably violates the thin-wire approximation. By default the pro-
gram will continue to run, but the 12 parameter on the GE command can be set to
cause execution to stop after this message.

SEGCHK: WARNING - SEGMENTS ___ AND ___ CROSS AT A MIDPOINT WITH SEPARA-
TION LESS THAN THE SUM OF THEIR RADII
Routine: SEGCHK

This condition probably violates the thin-wire approximation. By default the pro-
gram will continue to run, but the 12 parameter on the GE command can be set to
cause execution to stop after this message.

SEGCHK: WARNING - THE CENTER OF SEGMENT ___ IS WITHIN THE VOLUME OF SEG-
MENT ___
Routine: SEGCHK

This condition probably violates the thin-wire approximation. By default the pro-
gram will continue to run, but the 12 parameter on the GE command can be set to
cause execution to stop after this message.
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83.

84.

85.

86.

SOMTRP: ERROR - ARRAY OVERFLOW - NPTS= ___
Routine: SOMTRP

The total number of points in the interpolation tables for Sommerfeld integrals ex-
ceeds the dimension limit. The program stops.

STRAC: AN ERROR OCCURRED IN FILLING THE INTERPOLATION TABLES, IR, 1Z= ___

Routine: STRAC

An unrecoverable error occurred in filling the interpolation table for locating saddle
points for interaction across the ground surface. The error was detected in subroutine
SDLPT. The problem may result from ground parameters out of the normal range.

WHEN MULTIPLE FREQUENCIES ARE REQUESTED, ONLY ONE NEAR FIELD REQUEST
CAN BE USED - LAST REQUEST READ IS USED

Routine: RSETNF

Only one NE or NH command, plus the RP command, can be included in a frequency
loop.

ZPSAVE: STORAGE FOR IMPEDANCE NORMALIZATION TOO SMALL; ARRAY TRUNCATED

Routine: ZPSAVE

The number of frequencies requested on the FR command exceeds the array dimen-
sion for impedance normalization (parameter NSZMAX.) Execution continues, but
impedances for frequencies beyond the limit will not be normalized.
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6. Array Dimension Limitations

Array dimensions in NEC—4 place some limits on the model size and the number of
some input commands. The important dimensions are set by named parameters in the
INCLUDE file NECPAR.INC to make them easy to change. There are no fixed array limits
in NEC—4.2, but initial sizes for arrays for which the final size is not known when they are
first allocated are set in the file NecparINIT.inc. Parameter names in this file are similar
to those in NECPAR.INC but with INIT on the end. If it is necessary to increase some of
these limits the file NECPAR.INC must be edited and the NEC—4 code recompiled. The
only dimensions that require a significant amount of computer memory are MAXSEG, with
a memory requirement of 30(MAXSEG) real numbers, and MAXMAT, with a requirement
of 2(MAXMAT)? real numbers. The functions of the parameters are defined below:

MAXSEG — Maximum number of segments and patches. Any combinations of segments
and patches can be included in a model as long as their sum is less than or
equal to MAXSEG

MAXMAT - The array reserved in memory for storing the moment-method interaction
matrix is large enough to store MAXMAT x MAXMAT complex numbers.
Thus for a model with N wire segments and M patches and no symmetry,
the requirement is MAXMAT > N +2M for the solution to be done in mem-
ory. If N +2M > MAXMAT the code will use disk storage for the matrix.
The solution time will then be increased by the time for file I/O. When the
solution can take advantage of model symmetry, the limit for storing the
matrix in memory is (MAXMAT)? > (N +2M)/N, where N, is the number
of symmetric sections. When disk storage is used, (MAXMAT)? must be
at least 2(N + 2M). The parameter IRESRV in NEC-3 was equivalent to

(MAXMAT)?.

MAXSYM - Maximum number of symmetric sections when symmetry is used in the
solution.

LOADMX — Maximum number of LD commands.

NETMX — Maximum number of NT and TL commands, combined. NETMX is also

the maximum number if distinct segments that can have network or trans-
mission line connections.

NSOMAX — Maximum number of EX commands.

MAXIS — Maximum number of IS commands.

NSIJIMAX — Maximum number of connected segments. If N~ and N are the numbers
of segments connected to ends 1 and 2 of a segment, then NSJMAX must
be at least N~ + Nt + 1.

NSCNGF — Maximum number of segments in a NGF file that connect to new segments
in a Numerical Green’s function solution.

NSPNGF — Maximum number of surface patches in a NGF file that connect to new
segments in a Numerical Green’s function solution.
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7. Differences between NEC—4 and NEC—-3

NEC—4 differs from the earlier code NEC-3 in a number of ways, including new solution
algorithms to improve accuracy and numerical precision, updated code structure, new input
commands and some modifications to the output. The solution algorithms for wires in NEC—
4 have be changed significantly from those in NEC-3. To correct the loss of precision that
occurred in modeling electrically small wire segments, the current expansion function

Ii(s) = Aj + Bjsinks(s — sj) + Cj cosks(s — s)
used in NEC-3 has been changed to
Ii(s) = A% + Bjsinks(s — s;) + Cjlcos ks(s — s5) — 1]

in NEC—4. While the new form is equivalent to the old one, it avoids the loss of precision
that occurred for electrically short segments when the cosine and constant terms became
nearly the same. A number of other changes have been made in the evaluation of currents
and fields to avoid loss of precision or underflow or overflow at low frequencies.

A serious problem with NEC-3 was inaccurate solutions for stepped-radius wires or
junctions of tightly coupled wires. A number of changes have been made to correct these
problems. The thin-wire approximation is now implemented with the current treated as a
filament on the wire surface and the boundary condition enforced on the wire axis. With
the opposite convention used in NEC-3, the solution tended to converge to a continuous
charge distribution at a step in radius, rather than the correct discontinuity in charge based
on wire radius. Also, in forming the current basis functions, the charge distribution at a
junction is now obtained by solving a small moment-method problem, taking account of the
actual positions and radii of the segments. This treatment replaces the simple function of
the logarithm of wire radius that was used in NEC-3, and takes into account the proximity
of wires at a junction and some of the edge effect seen in the charge at a step in radius.

With the boundary condition enforced on the wire axis, the openings at wire ends should
be closed with end caps. This is particularly important when the ratio of segment length
to radius is on the order of two or less. Wire ends are closed with flat end caps in NEC4
with the current and charge density assumed continuous from the wire onto the cap. Also,
end caps may optionally be included on voltage sources and segments with impedance loads
to reduce the excitation of the inside of the wire. This approximate treatment was found to
be about as effective as the extended thin-wire kernel included as an option in NEC-3. The
extended thin-wire kernel option (EK command) has been dropped from NEC—4.

As a result of these changes, NEC—4 will give slightly different results than NEC-3.
The differences should be within the convergence limits of the solution, except when NEC-3

is wrong, as for VLF problems, changes in wire radius or tightly coupled junctions. Other
features of NEC—4 that differ from NEC-3 follow:
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The solution for large matrices stored on disk now uses direct-access file I/O, so that only
a single copy of the matrix must be maintained on the disk. NEC-3, using sequential-
access files, needed four copies of the matrix — input, output and two scratch files for
Gaussian elimination.

Much of the NEC—4 code has been rewritten to break large routines into smaller modules
and to use more Fortran 77 constructs.

Important array dimensions, such as the maximum number of segments, matrix size and
number of segments at a junction are now set in PARAMETER statements to make the
limits easy to change.

The input commands are read by a routine that accepts numbers separated by spaces
or commas. Text can be added after the data, with an exclamation-mark separator, to
document the input lines.

Commands that require the code to read or write a file (GIN, GF and WG) can now
include a name for the file. The file name is typed after the data, separated by spaces
or a comma. If no file name is entered, the default name of SOMS.NEC is used for
the Sommerfeld-ground file, and NGFS.NEC for the Numerical Green’s Function in the
single-precision code.

If a file with the required data is not found for a Sommerfeld-ground solution NEC—4
will generate the data. This will require a moderate amount of time, similar to running
SOMNTX.

The CM or CE commands can now be used anywhere in the input data to insert
documentation into the output.

Wires with an insulating sheath can be modeled in NEC—4 by using the IS command.

The option to determine the impedance of a lossy round wire (LD 5,...) now accepts
the relative permeability of the wire as well as bulk conductivity.

The table of charge densities obtained with the PQ command now shows the charge at
free wire ends as well as at segment centers.

A group of EX commands can contain a mixture of incident plane wave and voltage
source specifications. Incrementing over incidence angles of a plane wave works only on
the last plane-wave definition entered in a group.

The field strength for an incident plane wave can be set on the EX command. The
default is 1 volt/m.

The option on the EX command to compute relative matrix asymmetry is no longer
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available. Reciprocity can be tested by computing transmitting and receiving patterns
or bistatic scattering.

e The CP command, to compute maximum coupling, now accepts only two segments in
the form TAG1, SEG1, TAG2, SEG2. The coupling calculation is done immediately
after the CP command, rather than waiting for the segments to be excited with EX
commands, as in NEC-3. The coupling calculation should now be done correctly when
the model uses transmission lines or networks (TL and NT.) NEC-3 did not calculate
coupling correctly when networks or transmission lines were present.

e The first integer parameter on the GD command now selects the type of cliff: 1 for
linear or 2 for circular. A cliff specified on the GNN command can only be linear. When
the cliff is specified it will be included in the radiated field calculation; it is no longer
necessary to set a flag in the RP command.

e The cliff and radial-wire ground screen approximations, based on plane-wave reflection
coefficients, now are used in computing fields due to patches as well as wires.

e The CW command can be used to generate a wire with the catenary shape of a hanging
cable.

e The GH command has been changed to generate either a helix or a log or Archimedes
spiral.

e The GC command, used with GW to define a tapered wire, now accepts either the ratio
of successive segment lengths or the length of the first segment.

e The operation of the GM command in moving or duplicating segments can now be
limited to a range between a starting segment and ending segment. In NEC-3, the range
could only be from a starting segment through the last existing segment.

e The code will test for illegal intersections of segments or violations of the thin-wire
approximation. This test is controlled with the GE command.

e The EK and KH commands from NEC-3 may be included in the NEC—4 input, but
they have no effect on the solution.

Differences between NEC—4.1 and NEC—4:

e The LE and LH commands were added to compute near E and H fields along a line and
to evaluate the line integral.

e The moment-method solution for charge at a junction was modified to avoid stability
problems that occured in the old treatment at junctions of many wire with differing
lengths.

207



e The JN command was added to switch from the MM solution for charge at a junction
to the form used in NEC-2 and 3.

e The field evaluation for voltage-source end caps was made more accurate.
Differences between NEC—4.2 and NEC—4.1:

e A new ground model was added with command GN3 with more accurate interpolation
and asymptotic methods than the original GN2.

e Current sources can be used on wires in the same way as voltage sources.

e Arrays are allocated or reallocated as needed so there should be no fixed limits on the
model or input commands.
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