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The Numerical Electromagnetics Code (NEC2) does not always yield consistent or accurate 
results when analyzing configurations' that contain thin conductive surfaces or configurations with 
sources located near a wire-surface attachment. This paper evaluates modifications to the code 
designed to "test the limits" of the NEC2 algorithm. 11lese modifications can significantly increase 
the amount of time required for the algorithm to run and do not necessarily belong in a "general 
purpose" EM modeling code. Nevertheless, the modified code is able to analyze configurations 
that the unmodified algorithm is unable to analyze and the results obtained using the modified code 
can help the user to understand where certain types of error originate. 

Introduction 

The Numerical Electromagnetics Code (lj is a general-purpose moment-method computer 
program capable of analyzing the electromagnetic scattering properties of a variety of wire-surface 
geometries. Several other general-purpose moment-method codes are available, however NEC is 
unique in that it is the only widely-distributed, well-documented code that analyzes surfaces by 
solving a form of the magnetic field integral equation (MFIE}. MFIE-based algorithms have certain 
computational advantages over algorithms that analyze surfaces by solving the electric field integral 
equation (EFIE). However, MFIE-based codes do not model electrically thin conductive surfaces 
efficiently. The inability of the Numerical Electromagnetics Code to analyze geometries with thin 
metal plates significantly limits its potential applications. 

Another limitation of the NEC algorithm is its inability to accurately calculate the input 
impedance of sources located near a wire-surface attachment point. The method used by NEC2 to 
model wire-surface attachments analyzes simple configurations accurately and efficiently, however 
a more detailed wire-attachment model is required for many applications. 

The purpose of this paper is to investigate the thin-surface and wire-attachment limitations of 
NEC2. In the course of this investigation, modifications to the algorithm will be introduced. These 
modifications expand the scope of the algorithm at the expense of requiring additional computation. 

Thin Surfaces 

The form of the MFIE used by NEC2 to analyze conductive surfaces is, 

A • A f ls(x) = 2nxH' + 2nx ls(X')xV'G(x,x') ds . 
s (1) 

The 2~x1' term is the component of J 5(x) that is due directly to the incident magnetic field. The 

2~ x f ls(x') x V'G(x,x') ds term isthecomponentofls(x) induced by the fields from the induced 
s 

surface currents at all points on the surface except the neighborhood of the point x' = x. A detailed 
derivation of Equation (l) can be found in L2J. 

Conductive surfaces are represented as a collection of surface "patches" in NEC2. The surface 
current on each patch that is not connected to a wire is described by two impulse functions. ·The 
two impulses represent components of current flowing in each of two orthogonal directions on the 
surface. This modeling technique is referred to as point matching since the boundary conditions 
are enforced at individual points on the surface. The surface integral on the right hand side of 
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Equation (I) is reduced to a simple multiplication, which significantly reduces the time required 10 

compute the values of the impedance matrix. 
The surface current integral in Equation ( l) is only used to calculate off-diagonal terms of the 

impedance matrix. Large smooth surfaces result in well-conditioned diagonally dominant im­
pedance matrices [3J. Small errors in the calculation of off-diagonal terms do not tend to 
significantly affect the accuracy of the result when analyzing large surfaces. Relatively small 
surfaces or thin plates, on the other hand, are more sensitive to errors in the calculation of the 
off-diagonal terms. The analysis of small or thin surfaces requires a more careful evaluation of the 
integral in Equation (I). In other words, a weighting function other than an impulse is needed. For 
our purposes, a pulse function was considered to be the best trade-off between an impulse function 
and more complex weighting functions that would require considerably more computation time. 
Flexibility and ease of data ~ntry was a primary consideration. 

When point matching is used, it is not necessary to know the exact shape of a patch orthe location 
of its edges. Pulse weighting functions require the shape and location of the patch to be known but 
they do not require a knowledge of how a patch is oriented relative to the other patches. Switching 
from impulse to pulse weighting functions required two basic modifications to the algorithm: 

I. Describing the patch geometry to the necessary subroutines 

2. Using this data to evaluate the surface integral in Equation (1). 

The original code accepted a variety of patch shapes and even allowed a patch to be defined 
with an arbitrary, unspecified shape. The only data used by the algorithm was the patch area and 
center point location. In order to facilitate both of the tasks listed above, only rectangular patches 
are permitted in the modified code. 

The subroutine DATAGN was modified to read or calculate the corner points of each surface 
patch and store them in the common block,, PCORNR. The single multiplication that used to perform 
the integration in Equation (1) was replaced by a double sum of the form, 

N N 

f Js<.x') GGx,x') ds = A2 L L J(x;j) G(X.Xij) 
s N i=lj=l 

where: J =constant pulse amplitude 

A = area of surface patch 

N2 = #of subpatches 

Xij =center point of (ij)tll subpatch 

(2) 

This simple method for estimating the value of the surface integral is referred to as the mid-point 
rule [4]. It is similar to trapezoidal rule integration in terms of efficiency and error but it avoids 
problems that can occur when the integrand has singularities at the end-points. Larger values of N 
result in more accurate evaluations of the integral at the expense of additional computation time. 
When N equals 1, this method is equivalent to the original point-matching technique. 

Note that if G(x,x ') is fairly constant over the surface of the patch, relatively small values of N 
are required. However. when G(x,x') is a strong function of position (as it is for example when 
evaluating the interaction between two patches on opposite sides of a thin plate), larger values·Clf N 
are necessary to achieve a given level of accuracy. The NEC2 subroutine HINTG was modified to 
do the midpoint rule integration. The value of N is stored in the variable NPATCH at the beginning 
of the modified subroutine. The subroutine UNERE, which evaluates a form of the EF!E for 
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----- 30 C.\1 

Figure l: Wire-T Configuration 

analyzing wire-to-surface interactions was also 
modified to perform a midpoint rule ill!.e!!iration. 
The value of N used for this integration is stored 
in the variable NSTEP. NSTEP and NPATCH are 
independent of one another, since the accuracy of 
the surface integration required for the EF1E may 
not be the same as the accuracy required for 
evaluation of the MFIE. 

Jn order to evaluate the effect of this 
modification to the NEC2 code, one of the ex­
ai-n ple problems from the .N'EC2 User's Guide { l J 
was analyzed using different values for NPATCH 

and NSTEP. The configuration is illustra.ted in Figure l. It consists of a l volt, 300 MHz source 
diiving a wire-T relative to a 20x20xl0 cm metal box resting on a ground plane. 

As the User's Guide points out, a lossless structure over a ground plane should have an average 
power gain of 2.0. The calculated average power gain for this example however, is about J .8 
indicating that the calculated input impedance (abom 181 + j218 ohms) may be inaccurate. 

The User's Guide cites the relatively crude way that the patches are modeled as the probable 
source of the error, however a closer examination of this and other examples reveals another 
problem. During the course of this work, it was observed that inconsistent results were obtained 
whenever a voltage source was located on a wire segment with one end attached to a surface patch. 
The reason for this relates to the way that voltage sources are modeled by !he program !3J. The 
error can usually be reduced by using shorter segment lengths in the vicinity of a patch attachment 
and.placing at least one segment between the surface and the segment containing the source. This 
was done for the example in Figure 1 by subdividing the surface-attached wire segment imo 3 smailer 
segments of equal length. The source was located on the center segment making it the same height 
above the surface. 

The program was nm again and the new value calculated for the impedance was 176 -
j4l3 ohms and the average power gain was 1,82. This was significantly different from the 181 + 
j2 l8 ohm that was originally calculated but even this value is not correct. Another 
modification to the NEC2 code intended to improve the accuracy of wire-to-surface attachment 
calculations was applied and the new 
calculated value of the inpu! impedance Table J · Effect of NPATCH and NSTEP on Wire-T 
became 195 + j260 ohms. (This 
modification is described in the next sec­
tion.) this impedance as a sta.rting 
point, Table l shows the effect of increas­
ing the values of the variables NPATCH 
and NSTEP. Note that in this example, 
the results stabilize for values of 
NPATCH and NSTEP greater than 5. 

Wire-to-Surface Attachments 
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48 195+j260 !.8 l 

48 188+j258 Ul7 
48 188+j258 l.87 
48 l74+j272 1.89 
48 174+j272 1.89 
48 !74+j272 !.89 
48 l80+'274 l.84 

Errors related to the use of point can generally be overcome without mr"'""'" 

algorithm by simply using a larger number of patches w represent the surface when sufficiem 
computing resources are available. However, there is another source of error that arises when using 
NEC2 to analyze small or thin surfaces with a wire-to-surface attachment point that cannot be 
compensated for without the algorithm. 
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NEC2 allows wires to be attached to a swface 
at patch centers. The procedure for analyzing 
wire-surface attachments used by NEC2 is based 
on a technique used by Albertsen et al (5). When 
a wire sutface attachment is made, NEC2 divides 
the region near the attachment point into four 
subpatches as illustrated in Figure 2. The expan­
sion of the surface current density in this region 
must satisfy the following condition, 

(3) 
Figure 2: Wire Attachment Point 

where Vs denotes surface divergence, Jo(l;,1}) is a continuous function in the region of the 
attachment. and lo is the wire current flowing onto the surface. The expansion function used by 
NEC2 is, 

4 

Js(~T\) =loftl;,11) + L gj(l;,T\)(Jj-lojjJ 
j=I 

where J{l;.11) = SS+ AA 
2it(l;2 + 112) 

Jj = Js(.f,,;,flj) 

jj = .f{f,.j.flj) 

(4) 

and f,.;.flj are the coordinates at the centers of patch 
j. The interpolation functions gj(l;;q) used by 
NEC2are: 

1 
g1(l;.11)= 4d2 (~)(d+11) 

(5a.) 
l 

g2(/;.T1) = 4d2 (d-{.) (d+Tt) 
(Sb.) 

l 
g3(l;.11) = 4d2 (d-{.) (d-11) 

(5c.) 
l 

... 
.... 

... a . 
-

b. 

Figure 3: Current Expansion Functions for 
g4(~11) = 4d2 (~) (d-11) 

(Stl) a Patch with a Wtre Attachment 

A plot of the magnitude of this current expan-
sion function for the case Ji = }2 = }3 = J4 is shown in Figure 3a. The surface current expansion 
in Equation ( 4) is used onJy when computing the electric field at the center of the attached wire 
segment dJJ£ to the surface current on the f<JIU surrounding patches. An impulse expansion of this 
patch current is used to calculate the fields at all of the other wire segment centers. 

This technique for analyzing wire-surface attachments is relatively simple. It doesn't require 
excessive computation and it doesn't place severe restrictions on the sire or placement of wire 
attachment regions.. However the errors introduced by this simple technique may be unacceptable, 
particularly in situations where an accurate calculation of the input impedance of a source on a wire 
near a swface attachment point is desired. 

One source of error arises from the fact that the surface current expansion, Equation (4), is 
defined over a square region centered at the wire attachment point even when the patch 10 which 
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the wire is connected is not square. Since the unmodified NEC2 does not consider the shape of a 
patch when performing a surface integration, there would be linle to gain by defining the wire 
attachment region to be a specific shape. However, with the modifications described in the previous 
section, surface integrations are performed using specific patch dimensions. If the wire attachment 
current expansion function is not modified, the surface integration would be perfom1ed twice in 
some areas and not at a!i in others. 

Two modifications are required to make the program integrate the surface current expansion 
function over the correct patch surface. First, the limits of the integration in Equation (4) must be 
changed to correspond to the corners of the patch. This is done by modifying the subroutine PCINT. 
Second, the interpolation functions, Equations (5), must be modified so that the points !;J,TJj are at 
the centers of the four subpatches. The new interpolation functions can be written: 

" l ~ g1(t;.T!) = 4 J d (di+.,) (d2+Tj) 
a1 2 

= 4did2 (di-C,) (d2+J1) 

= 4d1d2 (di-C,) (drTJ) 

= __ ! - (di+C,) 'd1-n) -· 
4d1d2 \ " 

{6a.} 

(6b.) 

(6c.) 

(6d.) 

where dJ and d2 are the C, and TJ components of the distance to the center of each subpatch. This 
modification !O the interpolation functions was also made in the subroutine PCINT. 

There is a second source of error with this wire-attachment method that is not quite as apparent. 
This error arises from the fact that two different current expansion functions are used to represent 
the current in the region of a wire attachment The current expansion function in Equation (4) is 
used to c?Jcu!ate the electric field at the center of the attached wire segment due to the current on 
the four subpatches, 

Eauached = J ls(~,Tj) G(w,J;,1j) ds . 
• (7) 

while the electric field at the center of non-attached wire segments is calculated using an impulse 
expansion of the current on the four subpatches, 

4 

Enon-attached= L 
1~1 

G(w,~,TJ) . 
(8) 

The variable w represents !he coordinates at the center of the wire segment at which the field is 
evaluated in Equations (7) and (8) and A is the area of one subpatch. 

Two types of error result from this approximation. One source of error is due to the fact that in 
many configurations, particularly those wire segments located close to a surface, 
G(w,i;,TJ) can vary significantly over the integration surface. However, even when is 
relatively constant in the region of a wire attachment, error is introduced. 

To illustrate this, assume for the moment that ail of the wire segments except for the attached 
segment are relatively far from !he attachmen! subpatches and rhe G(w,C,,TJ) can be approximated 
as a constant, G, over the surface of integration, Equation (7) can be written, 

ds 
{9) 
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substituting for ls(l;,Tt) using Equation (4) and filling in the integration limits for the first of the 
four subpatches, 

2d1 2d2 4 

Ea11ached = G f f f to.flC,TJ) +" IJ1{C,TJ) 
'() () L , £..i , 

j~ l (JO) 

The electric field due to the current in the first subpatch caiculated using Equation (8) making !he 
same assumption is, 

Enon-at:ached = G 1I A . (ll) 
In order to determine how good this approximation is, we can evaluate the integral of Equation 

(10) assuming for the moment that 1i = h = )J = ]4 and that dr=.d2=d. The field due to the I; 
component of the current is below. By symmetry, a similar result can be obtained for the ij 
component. 

"1 
/a,lj)j ds = G [ (3 - 2..J2 -· l) + h A ] 

~ (12) 

The term at the far right, J 1 A, is equivalent to the approximation of Equation ( 11 ). However, 
there is an additional term, which is a function of 10 , that the approximation neglects. Therefore 
even when G can be considered relatively constant over the integration, the two current expansion 
functions used to represem patches attached to wire segments are not equivalent. 

Another way to view this is illustrated. in Figure 3. The current expansion functions in Figure 
3a. and Figure 3b. are both used to represent the current on the same patch for different calculations. 
However, the volume under each of these curves is not. equal The moment method program 
calculates a value for J based. on two inconsistent expansion functions. This introduces error 
into the calculated value of J. 

The actual error term is highly dependent on the integration technique used in the vicinity of 
the wire attachment. When using midpoint rnle integration, the calculated volume under the curve 
in Figure 3a. is very dependent on N because of the singularity at the origin. The value of N used 
for this integration is stored in the variable NINT in the subroutine PCINT. Larger values of N 
increase the accuracy of the calculation in Equation (10), but do not necessarily reduce the error 
term. 

One way to eliminate this error would be to define the expansion function, Equation ( 4) and the 
integration technique so that the volume under each of the surface curves in Figure 3 is equal. This 
is difficult 10 do without the shape of the wire-attachment region. Another approach that 
also e!.iminates the error due to the non-constant G(w,~,n), is to use the same expansion function 

Table 2: Effect of Modified CMSW on Wire-T 

YERS!Ql:S OE f'MSW. lSINI lliEl1IZ &.Lffi 
ORIGINAL lO l6l-j384 L83 
OR!G!NAL l2 l63--j295 L82 
ORJG!NAL 24 l73+j77 L80 
OR!GlNA.L 48 174+jl36 !.80 
MODIFIED lO l60-j298 l.91 

MODIFIED 12 l63-jl99 l.91 
MODIFIED 24 l73+j206 l.89 
MODIFIED 48 174+j272 l.89 

MODIFIED 66 l74+j272 l.89 
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for all of the calculations. The impulse expansion 
is too simplistic to provide an accurate repre­
sentation of the patch currents in the area of a wire 
attachment, so the program was modified to use 

t 
E-- 91.4 cm------+ 

the expansion of Equations (4,6) to calculate all 20 cm 

of the electric fieids due to currents on patches 
connected to wire segments. This was done by 
modifying the subroutine CMSW. As expected, Figure 5: Wire Attachment Example 
this significantly increased the amount of time 
required to calculate the values of the impedance matrix for configurations with many wire 
segments. The original impulse expansion function for 1he subpatches was still used to calculate 
patch-to-patch interactions, because it was felt !hat the increase in accuracy resulting from this 
change would not jastify the increased amount of computation. 

Table 2 gives t.'le calculated values of input impedance and average power gain for the wire-T 
configuration in Figure l using both the modified and unmodified versions of the subroutine CMSW. 
The variable NINT represents the number of subpatches used to perform the integration in Equation 
(4). Note that both versions of the code stabilize for values of NINT somewhere between 25 and 
48, but they result in two different solutions. The input impedance calculated with the unmodified 
algorithm corresponds to a reflection coefficient magnitude ofO. 7 when attached to a 50-ohm cable. 
The input impe,dance calculated using the modified version of CMSW corresponds to a reflection 
coefficient magnitude of 0.85, which agrees with !he measured value of reflection coefficient 
obtained using a network analyzer and a copper model of this configuration [3]. 

Figure 5 shows a configuration consisting of a 42. l cm wire above a 91.4 x 9L4 x 20 cm 
conductive surface. The wire is driven by a voltage source located on the wire 8 cm above the 
surface. This configuration was analyzed both the modified and unmodified versions of the 
NEC2 code in the frequency range 125 - 215 MHz. Both the top and bottom of the surface were 
divided into 25 square patches and the sides were each divided into 5 patches lengthwise. Since 
the conductive surface is neither small or thin at these frequencies, one might expect point matching 
to be sufficiently accurate. This is indeed the case as indicated by the plot in Figure 6, which shows 
that setting the variables NPATCH and NSTEP equal to (as opposed to 15) had linle effect on the 
calculated inpm conductance. However, the modified wire-attachment technique had a s1i~muaant 
effecion the calculations as illustrated in Figure 7. This result shows how the error introduced by 
using two different expansion functions to represent the surfac-e at a attachment can 
significantly affect the calculated input impedance near the attachment point. 

Since one of the modifications made to the code was designed to correct a problem that can 
occur when using non-square patches, this configuration was analyzed again with the top and bottom 

6: Effect of Point Matching 
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Figure 7: Effect of Modified Wire Attachment 
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Figure 8: Effect of Patch Shape with 
Modified Code 

Figure 9: Effect of Patch Shape with 
Original Code 

surfaces divided into 35 (9.00x 6.43 cm) rectangUlar subpatches. The configuration being modeled 
was unchanged, so ideally there should be little change in the calculated results. This is indeed 1he 
case using the modified code as shown in Figure 8, however the results from the unmodified code 
are significantly different as shown in Figure 9. 

Conclusions 

The Numerical Electromagnetics Code (NEC2) is limited in its ability to analyze even moderate­
ly thin conductive surfaces and configurations with a source located near a wire-to-surface 
attachment. Modifications have been described that can improve the ability of the algorithm to 
model some types of configurations at the expense of requiring additional computation. In general, 
the improvement in accuracy applies only to specific types of configurations and the decreased 
efficiency due to these modifications can be significant.These modifications and their effects should 
be of interest to anyone trying to test the limits of NEC2 or model configurations that NEC2 isn't 
able to model accurately. 
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