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MININEC is a useful and compact method of moments
antenna program, but MININEC does not give reasonable
values for the input reactance of very thin wires at
low frequencies, This problem greatly restricts the
use of MININEC in the design and analysis of vlf and
1f antennas. A modification to the program which
eliminates this restriction is discussed. The modifi-
cation consists of treating both the source and
observation segments as filaments and only considering
the wire radius when computing the self-impedance. A
listing of the changed computer code is included.

I. INTRODUCTION

MININEC 1is a method of moments microcomputer
program, written in BASIC, that analyzes thin-wire
antennas [Julian et al., 1982]. This compact code is
based on a modified Galerkin procedure that was
described by D. R. Wilton to solve an integral
equation for the electric field [Li et al., 1983;
Wilton, 19811]. With proper modeling, MININEC can
solve accurately for the current and impedance on most
arbitrarily oriented wires.

However, the input reactance given by MININEC for
an electrically short, thin monopole begins to diverge
from the expected value for wire radii less than
approximately 10"5A, where X is the wavelength. This
limitation in the program is evident in Fig. 1, which
displays the input reactance Xa calculated by MININEC
and the expected values for a 90.5 m monopole at 150
kHz for 107/ < a/rA < 107" where a is the wire
radius. The expected value is the input reactance for
a short vertical radiator given by the equation

2mh
Xa = Zo cot : ohms . D)

The characteristic impedance ZO is given by

Z =60 [1n (2) - 1] ohms , (2)

which fits experimentally measured values, where h is
the height of the radiator [Jasik, 1961]. The above
expression 1s approximately the same as the more
complicated expression for the input reactance given
by the induced emf method, using a sinusoidal current
distribution [Jordan and Balmain, 1968]. The exact
a/\ value where MININEC is no longer valid depends on
the particular microcomputer, whether double precision
variables are being used, and the number of segments
chosen. This limitation prevents MININEC from being
used to design v1f and 1f antennas that use wires with
small radius to wavelength ratios.

A modification to the program has been developed
which replaces the code for integral psi with code
that treats the current as a filament on the wire
axis, This change has resulted in reactances that
differ by less than 1 percent from the values given by
Eq. (1) and that are in excellent agreement with the
experimental values for both a monopole and a top-
loaded monopole. This is a fix which allows MININEC
to be used to analyze vlf and 1f antennas.

II. MODIFICATION AND VERIFICATION

MININEC is based on the assumptions that the wire
radius is very small in comparison to a wavelength and
that the radius is small with respect to the segment
length so that there will be no azimuthal component of
the current [Julian et al.]. Evidently, from Fig. 1,
the assumption on a/i is overpowered by a
coggutational error for values less than approximately
10 ~.

In order to determine the vector and scalar
potentials from a current carrying wire, MININEC
evaluates an integral psi given by

k(sm ~ s')ds' , (3)
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where

, (5)

S is the observation point, Sy and s,, are the upper
and lower end points, respectively, of the source
segment and a is the wire radius. Equation (3)
results in an elliptical integral of the first kind
due to a singularity at rm = 0. Since the wires are
very thin in terms of wavelength when MININEC becomes
unreliable, the current and charge densities are
approximated by filaments of current and charge on the
wire axis following Harrington. Thus, the double

integral is simplified to a single integral
[Harrington, 1981]
—ijm
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where the distance between the source segment and
observation point is

[pm2 + (z--zm)z]l/2 m=n

(32 . 22)1/2

Al is the length of the source segment, n is the
center of source segment, m is the observation point,
p_1is the horizontal distance between m and n, zp, is
tﬂe vertical distance between z and m, and z is the
vertical coordinate along the source. .The integral
can be approximated by expanding e JXRm with a

Maclaurin series to two terms, For m=n, this

approximation yields

o(myn) = =—— 1n {31—“)—~1‘— (8)
’ 211A1n a J 4 ’

For m#n, wuse the crudest approximation with Rm
constant so that

“ijm

e
¥(m,n) = TR~
m

This simplifying modification was incorporated
into MININEC by changes to the two subroutines in
lines 20-890 [Li et al., 1983]. Primarily, most of
the elliptical integration subroutine was deleted
(specifically lines 70-220). The remaining integral
is still performed numerically with the Gaussian
quadrature subroutine, 1In addition, other statements
had to be changed in order to adapt this modification
into the program without changing the variables.
These changes included the deletion of the variable 16
in lines 650 and 860, and the square of the wire
radius A2 is no longer necessary in line 730. Also,
lines 281-288 were inserted to treat the m=n case,
including when a half segment is being calculated, and
two lines (60 and 785) were added to direct the
program to the proper lines based on the value of
distance D. The modified subroutines of an IBP
Personal Computer version of MININEC are listed in the
Appendix.

Figure 2 displays the results of the modified
MININEC along with the same expected values of input
reactance. The , agreement is within 1 percent for
1077 <am <1074,

This modified MININEC was also used to determine
the input impedance at 50 kHz of a 192 m top-loaded
monopole with six radial wires. The tower was divided
into five segments, and the radial wires were each
divided into three segments. The tower had a radius
of 0.48 m and the six top radials each had a radius of
0.0127 m (a/x = 2x10"°) which gave an input reactance
of 0.621 - j625 ohms, or within 3 percent of the value
obtained from experimental data (0.636 - j609 ohms)
[Devaney et al., 1966].
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Figure 2.
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III. CONCLUSIONS

A quick modification to MININEC has been
presented that allows the program to analyze v1f and
1f antennas. The adapted program yields reasonable
values for the input reactance of wires with very
small radius to wavelength ratios, without introducing
significant error in the resistance values. This
alteration could be implemented as an option in the
program instead of replacing the valid code for larger
wires. Also, the modification could be included in a
change that allows for antennas with both relatively
large and small radius wires to be analyzed.
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APPENDIX:

SUBROUTINES

20 X3«T*D(P4)
30 Y3eTeP(P4)
40 I3eP*TOG(P4) *FI

50 D=SQR(DO-PI* (XI*X24YI*Y2453922) 4XI*X34¥3¢Y3423*2))

69 IF DC1 THEN RETURN

230
240
250
260
270
280
281
282
283
284
285
286
287
288

290—4PF C(J,1)~=C(J,2) THEN P#=SGN(C(J,P1))

380
31

320
330
J40
350
l60
370
3ee
390
400

419
420
439
440
450
460
470
480
490
580
510

BleD*w
T3=T3+C05 (81)/D
T4=T4-8IN(B1)/D
RETURN

rle=l

re=1

IP K=l AND P)-P2=1 AND Pl=(P3+P2)/2 THEN GOTO 282 ELSE GOTO 285

T1e2°LOG(S(P4) /A(P4))
T2e-(W*S(P4))
GOTO 880

IP IaJ AND K=1 AND P3-P2=.5 AND 1-P1/INT(Pl)=§ THEN GOTO 286 ELSE GOTO 298

T1eLOG (5 (P4) /A (P4))
T2==(W*S(P4)/2)
GOTO 880

P3I=24SGN(C(J,P1))

IF P1-INT(P1)=HS GOTO 440
I4=INT(P1¢1)

IS=INT(P1)
X1e(X(I4)4X(15))/2
Y1=(Y(I4)+Y(15))/2
le(2(14)+2(15))/2
X2=X1-X (P2)

Y2=Y1-¥(P2)

12=21-2(P2) *F

X3=X1-X(P3)

Y3=Yl-Y(P3)

13ez1-2(P3)*F

GOTO 53

T4=INT(P2+])

IF P2-INT(P2)=HO THEN I4=P2
15« INT (P2)

X2=X (P1) = (X (I14) ¢X(15))/2
Y2Y(P1)=(Y(14)+¥(15))/2
I2=1(P1)-F*(Z(I14)+2(15))/2
X3=X (P1) =X (INT (P3))
Y3=Y(P1)-Y (INT(P3),

13«2 (P1)-F*Z(INT(P)))
DBaX2*X24Y20Y2422°72
D3=X3*X3+¥30Y3423923
S4=(P3-P2) *S(P4)

F2=]

Nl=7

Tl=Ho

T2=T)

TeS(P4)+.001°A(P4)
A2=A(P4) *A (P4)

IF SQR(D3) +SQR(D8)>T GOTO 688
16=16*A(P4) /S (P4

IF P1-INT(P1)>8 THEN F2=2
IF P1-INT(P1)>8 THEN S4=S(Pd)/2
GOTO 720
T=SQR(DO) /ABS (S4)

IF T>3 THEN N3=3

IF T>S THEN N3al

16=HO

15aN3*2

DBxDB

LaN}

T3=HO

Td=T)

T=S44(Q(L) +.5)

Gosus 28

IF D<1 THEN GOTO 282
T=S4°(.5-Q(L))

Gosus 28

LaL+l

TIaTl+Q(L) *T3
T2=T2+Q(L) *T4

L=L+l

IF L<IS GOTO 758
Tl=F2*T1"s4
T2=F24T2°S4
RETURN

LISTING OF MODIFIED MININEC



