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:! ! ABSTRACT

-*4:7 The unimoment method is applied to solve the electromagnetic
scattering by a buried dielectric finite cylinder simulating a land
mine. Computed results are reported at frequencies from 400 MHz to
1400 MHz at 100 MHz intervals. The dielectric constants of the
ground are considered to be dispersive which simulates soil with
5%, 10% and 20% water content. Results are computed for the scat-
tered electric and magnetic fields which are presented in terms of
the cylindrical components of E and ngﬁ at a distance of 1" to
4" above the ground at 1" intervals. The numerical results are
computed along the positive x-axis for each azimuthal mode. The
fields at points on the positive x-axis may be obtained by summing
the modal fields directly. Fields at points other than the positive
Xx-axis may be obtained by summing the modal fields mutiplied by the
proper azimuthal function ;QE¢.- Sample results are given in the
report and the complete data are stored on magnetic tape. This
report includes documentation for the tapes. {?“\
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() 1. INTRODUCTION

Land mines made of plastic or other dielectric material have caused
many casualties during recent conflicts. They are continuously causing

more casualties many years after the conflicts, because these mines
are difficult to detect and complete clearing of such mines is almost
impossible. One of the reasons that an effective detection system for
dielectric land mines has not yet been developed is the lack of theoretical
data for the electromagnetic scattering by buried dielectric bodies.

In order to generate data usable for the design of mine detection
systems, this investigation has successfully applied the unimoment
method [1] to compute scattering by a buried dielectric finite cylinder
which simulates a dielectric land mine. The computation uses the
Finite Element Method (FEM) to treat the boundary conditions of the
mine. The solution of FEM is terminated at a mathematical sphere
by a set of analytical expansions which satisfy the continuity conditions
of the tangential components of E and H fields on the air-ground
interface. Owing to the versatility of the FEM in matching the mine
surface and the fast convergence of the analytical expansions, we are
able to compute the scattering by the buried dielectric land mines
A efficiently.
% ' This report provides the computational results for eleven different
v frequencies: 400 HMz toc 1400 MHz at 100 MHz interval. Five different
incident angles, each with two different polarizations, are considered

Tl

s for the incident plane wave. Field components are calculated on the
e horizontal planes at four different altitude levels, i.e., 1"-4" above
ground at 1" interval. The dielectric constants are assumed to be
dispersive‘using the formulas offered by Von Hippel, simulating silt
loam with 5%, 10% and 20% water.

Results are computed for the p, ¢, z components of both
scattered electric and magnetic fields for each azimuthal mode on
the positive x-axis at 1 cm intervals up to 15 cms. The total scattered
fields on the positive x~axis can be obtained by directly summing the
_ modal components. The scattered fields at locations other than the
E positive x-axis may be obtained by summing the modal fields multiplied
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by the corresponding ejm¢ factor. Therefore, we are abie to obtain
2-aimensional data from a one dimensional data set, which results in
sri-at savings in data handling.

Die to the massive amount of data involved, it is not feasible to
present all of them graphically. The data is stored in magnetic tapes.
This report also contains documentation for the tapes so that a
specific data set can be conveniently fetched.

Examples are given of how to use the data to compute the total
and scattered electric and magnetic fields. Typical data sets of

s SISO

% gf azimuthal coefficients are given in Chapter VIII. Appendix I gives
? examples of using the data to calculate the scattered and total fields.
S ;g Appendix 1I gives a listing of program PCOEF, which is to be used to

=}

read selected portions of the data from the magnetic tapes. Appendix
I1I gives a table of the various symbols used in this report and their
meanings.
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II. THE UNIMOMENT METHOD

The unimoment method was first published in 1974 [1] to
generalize the moment method for the radiation and scattering problems
involving material podies. Tt was then applied to the inhomogeneously
Toaded biconical antennas [2], the scattering by two dimensional
dielec*ric cylinders [3], and by axially symmetric dielectrical bodies
[4, 5]. Recent discovery of the generalizations of Sommerfeld integrals
and @ new type of field expansions in two medium half spaces [6] have made
possible the extension of the method to the electromagnetic scattering
by buried dielectric land mines [7].

The basic idea of the unimoment method is to combine the Finite
Element Method {FEM) with the analytic solutions so that the maximum
advantages are obtained from both. The analytic solutions are uéua]]y
expressed in terms of truncated series expansions. Although analytic
expansions usually represent the fields of a vast region in space,
they are only #pplicable to simply shaped objects such as spheres. The :
FEM has been noted for its flexibility in fitting boudaries with |
general shapes. For scattering problems which involve an infinite -
space, it is impractical to use the FEM for the entire space. To
minimize the number of unknowns, the FEM is temminated at two spheres;
one encloses the entire mine, and the other is imbedded in the mine.
Spherical vector wave expansions represent the fields in the interior
of the sphere inside the mine. In the exterior of the outer sphere,
complications of the analytic expansiuns occur due to the presence of
the air-ground interface. The computation in this report has employed
a special type of vector wave expansion jncorporated with the generalized
Sommerfeld integrals to satisfy the air-ground boundary conditions.

The coefficients of the analytical expansions are obtained by enforcing
the continuity conditons on the spheres. The scattered fields can then
be calculated from the coefficients and the modal fields.

We shall now briefly describe the procedures of the unimomént
method in the following steps:

P
e e 4. w X




(1) Draw a mathematical sphere S, to enclose the entire land mine

as shown in Figure 1.

The sphere mathematically separates the space into two parts.

The interior of the sphere (Region III) contains the land mine. The
exterior of the sphere (Regions I and II) involves the lossy ground
and the air. For efficiency and convenience, the sphere should be as
sma]] as possible to reduce the FEM calculation, and large enough to
enclose the entire mine.

(2) Draw a supplemental mathematical sphere S, in the interior of

the 1and mine as shown in Figure 2.

The supplemental sphere is drawn to reduce the region of FEM
further. The sphere 52 mathematically separates the region inside
S] into two parts. Region IV is the interior of 52 and Region III
is the area between spheres S] and 52. For efficiency and convenience
52 should be as large as possible but small enough to be completely
inside the mine.

(3) Solve the Maxwell's equations for Region III between S] and Sy
using FEM.

The original Maxwell's equations has éix vector components in 3-
dimensions. Because of axial symmetry of the geometry, it is possible
to reduce theé six unknowns to two coupled azimuthal potentials
w? = kopE¢ and wz = kopH¢ for each azimuthal Fourier series mode

with ™ variations. A1l other components of E and H fields
can be directly obtained from these potentials. The potentials
satisfy two coupled differential equations in Region III including
the boundary of the mine. )

By using the Fourier series of eI and the coupled azimuthal
potentials we are able to reduce the original three dimensional problem
into many much smaller two dimensional problems. The amount of computer
time can thus be greatly reduced.

The differential equations are then changed to their corresponding
variational integrals. The functions of the potentials which
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render stationary the variational integral are also the solutions of the
differential equations. The basic idea of FEM is to approximate the
potentials by piecewise polynomials so that the variational integrals
can be evaluated analytically.

In the FEM, we first divide the entire Region III into many
small trianglar elements such as those shown in Figure 3. The
triangles conform with the surfaces of the mine, the inner sphere,
and the outer sphere. The elements inside the mine have relative
dielectric constant € = 2.89 and those outside the mine have €q
The subscripts m and e denote mine and earth respectively.

The potentials in each triangle are then represented by inter-
polating polynomials passing through each nodal value. The variational
integral is obtained by summing up the element integrations over
all elements in Region III. The variational formulation is stationary
if its differentiation with respect to nodal values is zero. This
leads to a set of linear equations which can be used to solve for
the fields in Region III. The matrix involved in these equations is
a banded sparse matrix which can be solved efficiently by a special
sparse matrix algorithm.

Since the boundary values on the spheres are not specified, the
solutions of Region III are in general not unique. In fact they result
in a set of linearly independent solutions.

(4) Expand the field in Region IV inside the sphere S, by using the
conventional spherical vector waves.

the field in Region IV is expanded analytically by the conventional
spherical vector waves. Since the origin of the coordinate is included
in this region, only the spherical Bessel functions of the first kind
jn(kr) is required as the radial functions
(5) Represent the field in Region I and II outside the sphere S, by

mutipole expansions which satisfy the air-ground boundary conditions.

The fields in Regions I and II are decomposed into incident and
scattered fields. The scattered fields in Region II (the < -+th) are

further decomposed into direct and secondary waves.
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D)) The direct field is represented in terms of multipole expansions
R as if the scatterer is in an infinite medium. The secondary fields are
. represented in generalized Sommerfeld's integrals. The sum of the
7 ;E direct and secondary fields satisfies the air-ground interface boundary
= conditions. The rectilinear spherical vector waves, in which the rec-
tangular vectors and the spherical harmonics are combined, form the vector
potentials. This type of combination was introduced to reduce the com-
plexities in enforcing both the spherical and planar boundary condjtions
on the mathematical sphere and on the earth surface. Supplemental terms
using horizontal rotating multipoles have been discovered and added to
the direct field expansions to speed up the convergence [6].

The direct fields are then transformed into cylindrical hammonics
by using the Fourier-Bessel intecrals which replace the spherical-Hankel-
Lengendre functions. By enforcing the continuity conditions of the
tangential E and H fields on the air-ground interface, the secondary
fields in Region II and the scattered field in Region I are found to be
in the form of "Generalized Sommerfeld integrals” [6]. The expansions

with the generalized Sommerfeld integrals satisfy the air-grcund boundary
condition term-by-term.

The analysis has thus yielded a converging multipole expansion tech-
nique for the fields in two-medium half spaces. The same set of expansion
coefficients are used in both Regions I and II.

(6) Solve the expansion coefficients by enfoy.:.g the continuity
conditions on both the outer sphere S] and the inner sphere

52‘

Eﬁ The three sets of solutions in Regions II, III, and IV are

N - solved individually by the previously described methods. We then

2: couple all the solutions on the mathematical spheres S1 and S2

by using the continuity conditions of tangential electric and magnetic

fields. The incident waves are the driving fields for the calculations.

) (7) Calculate scattered fields in Region I (the air) by using the
coefficients and modal fields.

The final step of the unimoment method is to generate the
required scattered electromagnetic fields by a buried land mine.

: The fields on planes parallel to the ground at different heights
5 a above the ground are calculated.
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D] I1I. GROUND PARAMETERS
N In an earlier computation, [8}, the relative dielectric constant

of the ground was assumed to be constant at e = 9-j7 for all frequencies.

S; This unrealistic assumption has been correctedein this report. The complex
dielectric permittivities are now considered to be functions of frequencies
:? as given by Falls and Mittleman [10].
- In this report, we consider three types of soil conditions, i.e.,
i silt Toam with 5%, 10% and 20% water. The real part of e and the
= attenuation parameter, o , for the soil are given in Table I.
;i The conversion from €., and o to e, and ey (real and
. imaginary part of ee) is, (eq. 3.38 in ref. [9]),
N E 2y 2 1/2
S tan & = e/e, = = +11% (1)
(27)°e

.:_ - - r

a4 The real and imaginary part of € which are used in the computations
- for this report are tabulated in Table II. In equation (1), tan §
T is called the loss tangent and Ao is the free space wavelength.
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DIELECTRIC CONSTANTS [SILT LOAM]

TABLE ]

Frequency 5% Water 10% Water 20% Water
|- o a o
[Mega Hertz] [db/meter] €, (db/meter] €, [db/meter] €,
400 15.5 5.2 27.0 7.8 30.0 17.6
500 19.0 5.1 33.0 7.6 34.0 17.0
600 20.2 5.0 35.0 7.6 37.5 16.8
' 700 22.0 4.9 38.0 7.7 40.5 16.6
80C 23.8 4.8 40.5 7.8 43.5 -16.4
J
900 25.5 4.8 43.0 7.8 46.5 16.2
!
> 1000 27.0 4.7 45.5 7.8 49,2 16.0
© 1100 29,2 4.6 48.0 7.8 52.0 " 15.9
1200 31.8 4.6 50.7 7.7 54.9 15.8
- 1300 34.0 4.5 53.0 7.6 57.5 15.7
* 1400 36.5 4.5 56.0 7.6 60.2 15.6

-11-
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) TABLE II
AL DIELECTRIC CONSTANTS [SILT LOAM]
R SLLT LOAM @
RS TYPE 5 PER -CENT WATER
REAL PAKLT IMAGI*Y ARy
FRECUBNCY LOSS or Tht LSS PART OF Tug
ﬂ (FLGA HERT2)  (DB/NETER) LELATIVE TANCEA] RELAT IV
X o PERMITII VITY PERMITTIVITY
. 400.09 15 .50 5.20 SLET5L600 -, 5I5¢crge
500. CO 19.¢C0 5.10 1857000 - <Q4L8E10¢
- ¢G0.CC 26.:0 5.CC » LOCOE+ 00 = (82666 40q
700.00 22 .00 4.%0 < I5€5E+0C -, 1666E+0C
58 EGC. CC 23. 8¢ 4. 80 -1496E+00 - (7181E4009
- S00.6C . £5.5¢C 44 £C - 142484 G - [6837€4p)
1€CC.GO 27 .60 4,76 <L2T18460 - (pu4bEcq
" 11cc.cC 29.20 4460 13630400 - (6269EF¢00
i 12G6C.c0 31.8C 4. €0 < L3CLEv O - 6259E400
- 13CC.00 34.06 4.50 -E25CEHCO0 - picsE g
- l4CC.CC 36.5C 4. 50 SLASEEC00 - 60908 w0
“ SILT LOAM
i; TYPE 10 PULR CENT WAT (R
REAL PART THAGLNARY
FRECUEACY LCSS OF TrE LCSS PART Cf THE
(MECA HERTZ)  (DB/VMETER) RELATIVE TANCCAT RELAT [VE
PERMITILI VI Ty PERMITTIVETY .
P 4CC.CO 27 .66 7.80 <26T1SE+0C - [2C8GE 401
~ 5CC. CO 33.¢¢ 7.60 226938400 - 2016F401 .
©00.C0 35.06 1. 60 < 4240000 - 177584 0) 5
e, 7€C.CO 38.00 7.70 «21L2LHCC - (1664040} |
Qe £CC.CC 40.4¢C 7. €C «2C0LEFD0 - (1561E40)
'“ 500 .00 43.C0 7. 8¢ < LEEREC 00 -~ 1472E+01
, 1€CG. CO 45.50 7.80 -l79TE4¢00 - (1402E40) |
o 1105.00 48. CC 7. €0 <L723E400 - ,1344E40)
o 1200.00 50.1C 7.70 ~167SE+C0 - [ 1293E40)
13cc. ce 53.CC 7.60 »1030E+00 - [ 1239¢40] j
" lace.cc 50.(¢C 1. 6C < 15990¢00 - 1215640 i
T SILT LOAM g
i TYPE 20 FER CENT WATER ;
AR REAL PART LHAGTNARY :
SO FRLCULENCY LCSS " Lf TrRE Loss PART OF THE |
ey (HEGL HERTZ) (CB/MEYER) RELATI VL TANGE N RELAT[VE
e PERM ITTIVITY : PERMITTIVI Ty :
WX 4C0.G0 30.CcC 17.60 <1974 8400 - «3473€+0)
b 5C€0.C0 34. CC 17, CC «1LEL9E Q0 =~ «3093E401
‘CE 600.00 37.50 16.80 STEELE+00 -, 2824E¢0) ;
4 7CC. CO 40.5¢C 16 .60 ~19658400 - [2598E49) ;
BEN - 8CC.0C 43.¢ lé.aC < LATSE+00 - L2424840) ;
# 900.09 46,50 16. 20 +1414E400 -, 2290E+¢01 |
. e 1€CC. CO 49.2¢C 16 .00 «L2Y4E400 - L2167k401 f
AN .. ..liec.co 52.0¢C 15.6¢ - 1205000 - ,2075E+01 ;
N 12€G.CO 54 .90 15.80 clZETF+06 - ,26026+C) 3
12¢C.CC 57.5¢ 15.7¢C 12296400 < (1929 F401) i
1400.00 620 15. ¢C <JISEER30 - L 186SE+D) j
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IV. NUMERICAL RESULTS

Using the unimoment method described in Chapter II, this investigation
has successfully computed the scattering of electromagnetic waves from a
buried object which is electrically very similar to an antipersonnel
dielectric land mine. The geometrical configuration of the proposed
computation is shown in Figure 4. The buried target is a finite cylinder
which is 5.5 cmn high and 11.2 cm in diameter. The dimensions approximate
those of an antipersonnel land mine. The relative dielectric constant
of th= target is €, = 2.89, which is that of TNT. The relative dielectric
constant of the oround €, 8S functions of frequency are given in Tables
I and II. The top edge of the mine is buried 4.1 cm under the surface
of the ground. This configuration is believed to be close to the actual
situation.

The scattering configuration involves plane waves incident at
Gi = 0°, 30°, 45°, 60°, 75° with respect to the z-axis. The frequencies
considered are at 400 MHz to 1400 MHz at 100 MHz interval. The scattered
electric fields are computed on the planes parallel to the ground at
z =1" (2.5 cm), 2" (5.08 em), 3" (7.62 cm), and 4" (10.16 cm).

The x and z axes are defined so that the x-z plane is the
plane of incidence. The plane of incidence is defined to be the plane
which contains the propagation vector Kk . Two different kinds of
polarizations are considered for each incident angle. They are !
in the x-z plane (or H-Y incidence) and ' in the x-z plane
(or E-Y incidence). Owing to their basic differences in refraction
and scattering, the two polarizations should result in quite different
scattered field patterns except for the symmetric case when ei = 0°.

In all the computations shown in this report, the original incident
p]ane.waves (before reflection and refraction from the ground) are
considered to have an amplitude of 1 volt/meter, i.e.,

[E'] = ng || =1

The computation involves 5 incident angles each with 2 polar-
izations at 11 frequencies. For each case, the scattered fields are
given in p, ¢, z components at 4 different parallel planes above
ground. The total number of data cases to be presented are 5 x 2

x 11 x 3'x 4 = 1,320.
13
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4.1 cm ‘e ground

i 5i°"‘ e, = 2.89
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! Incident angles e]. = 0°, 30°, 45°, 60°, 75°

= Incident polarizations = B! or A

i Frequencies F = 400 to 1,400 MHz at 100 MHz interval
- : Field computed at z = 1" (2.54 cm), 2" (5.08 cm),

i 3" (7.62 cm), 4" (10.16 cm)

. Figure 4. The scattering configurations and

& computational parameters
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Because of the vast amount of data involved, it is impractical
to present all the dgta in graphic form. They are recorded on magnetic
tapes so that MERADCOM énéineers may recall the data at their convenience.
The documentation of the tapes are in Chapters VI and VII of this report.

In Figures 5 - 10, the typical computed results are shown for
600 MHz, 1000 MHz and 1400 MHz.

It is noticed in Figures 8 - 10, where the soil has a 20%
water content, that the scattered fields for 1000 MHz is higher than
both 600 MHz and 1400 MHz. This phenomenon reverses the trend of
previous computations [8], which indicates the scattered fields to
be higher at lower frequencies. Since the previous computations
were based on an unrealistic assumption that the ground parameter
was independent of frequencies, the present results are definitely
more reliable.
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~15.0 -~10.0 -5.0 0.0 5.0 10.0 16.0

RHO IN CENTI-METERS

PHI CUT OF 180 - 0 DEGREES IS USED.
AT 1.0 INCH ABOVE THE GROUND
* SILT LOAM WITH 5.0 PER CENT WATER FREQUENCY 600.0 MEGA HERTZ.
X SILT LOAM WITH 10.0 PER CENT WATER FREQUENCY 800.0 MEGA HERTZ.
+ SILT LOAM WITH 20.0 PER CENT WATER FREQUENGY 600.0 MEGA HERTZ,

Figure 5

Curves show that 1 inch abave the ground the magnitude of E

generally
increases with-increased water content.
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RHO IN CENTI-METERS

PHI CUT OF 1B0O - O DEGREES IS USED.
AT 1.0 INCH ABOVE THE GROUND
* SILT LOAM WITH &.0 P:ZR CENT WATER FREQUINCY 6006.0 MEGA HERTZ.
X SILT LOAM WITH 10.0 PER CENT WATER FREQUENCY 600.0 MEGA HERTZ.
+ SILT LOAM WITH 20.0 PER CENT WATER FREQUENCY 600.0 MEGA HERTZ.

Figure 6

Curves show that 1 inch above the ground the magn1tude of F generally
increases witn increased water content.
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RHO IN CENTI-METERS

PHI CUT OF 180 - O DEGREES IS USED.
AT 1.0 INCH ABOVE THE GROUND
* SILT LOAM WITH 5.0 PER CENT WATER FREQUENCY 600.0 MEGA HERTZ.
X SILT LOAM WITH 10.0 PER CENT WATER FREQUENCY 600.0 MEGCA HERTZ.
+ SILT LOAM WITH 20.0 PER CENT WATER FREQUENCY 600.0 MEGA HERTZ.

Figure 7

Curves show that 1 inch above the ground the magnitude of K> generally
increases with increased water content at 600 MHz. ¢
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_ Figure 8

2 Curves show that 1 inch above the ground the magnitude of E: is generally
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large: at 1000 iMHz than at eithor 600 or 1400 iz for silt loam having a
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* SILT LOAM WITH 20.0 PER CENT WATER FREQUENCY 600.0 MEGA HERTZ.
X SILT LOAM WITH 20.0 PER CENT WATER FREQUENCY 1000. MEGA HERTZ.
+ SILT LOAM WITH 20.0 P&ER CENT WATER FREQUENCY 1400. MEGA HERTZ.

Figure 10

Curves show that 1 inch above the ground the magnitude of HS s genevally
larger at 1000' MHz than at either 600 or 1490 MHZ for silt
loam having a 20% water content. ”
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V. DATA PRESENTATION

The data for the scattered fields are presented in such a way
as to give the maximum information with the minimum data set and
easiest access. The fields are decomposed in their cylindrical
components E:, EZ, E; and noHZ, noHZ, non. For a particular
incident angle, polarization, and p, a field location, the
fields are given in terms of their "Azimuthal Coefficients"

For example:

S = jm(b =
EC Z a.e L=1p,9¢ orz
-M

where am's are the "Azimuthal Coefficients". Therefore, along

the positive x-axis, EZ which equals Ei is as shown below

-M
3
And, along the negative x-axis, EZ which equals -Ex is as shown below,
' M
S . _gS. jmm
Ep Ex Z aqe
& -M
53 : The field at any other azimuthal angles can be found accordingly.
L In this report, the "Azimuthal Coefficients" are computed for
o -
d p from 0 to 15 cm at 1 cm interval, and for z from 1-4" at 1" interval.
N = Therefore, by proper summation of the "Azimuthal Coefficients" fields
T within circles of 15 cm radius at 4 different height can be obtained.

The "Azimuthal Coefficients" are presented in tapes, the
documentation of which is in the next two chapters. Samples of the
information on the tapes are given in Chapter VIII.
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Description of the Program PCOEF
(sent via nine track tape)

A complete listing of the Fortran Source of the program PCOEF
is in Appendix II.

nge at Berkeley the MNF4 compiler was used. The input consists of the
file of coefficients to be read, TAPE 18, and the instructions by the
user which are in the file input which has been made equivalent te TAPE
10, by the Program statement in the main part of the Program.

TAPE 18 should be positioned at its beginning.
Below is a typical input for TAPE 10:

500.0 05.0 30.0 00.0 2.0 2.
ETAQ*HPHI EZEE

123456789012345678901234567890123456789G12345678901234567890

111111111122222222223333333333444444444455555555556

The input, TAPE 10, is read by subroutine READIN. The reader should
refer to that subroutine now. The first logical record contains the
desired frequency (in Mega Hertz), the per cent water content of tne
soil, the angle of incidence in degrees, the angle of polarization

in degrees, the height in inches, and the number of components desired.
The above example in Item 4 indicates 500 MHz, 5% water, 30° incident
angle, 0° polarization, 2 inches above the ground and 2 field components.
Subroutine READIN will then call subroutine RCNAME; it reads the

names of the components in the order they are to be printed. Note

the names must be exactly as 1listed in array ACOMP, which is set

by the third data statement in the main part of the program. Again,
for the sake of clarification, the names must be the same as the
elements in array ACOMP, such as ETAQ*HPHI for noH¢, EZEE for Ez etc.,

but any order is allowed. Note, the first character of each element
of ACOMP is a blank.

The subroutine READIN uses subroutine EOFILE to be sure the input
which is TAPE 10 will be positioned at the start of the next file.
A user at a computer center other than LBL's may have to change
EOFILE, since it calls EOF.

This program has been successfully run here at Berkeley.
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Description of the files Containing Azimuthal
Coetficients sent ija the nine track tapes

The tapes were written by using LBL's ENCODE. A record length of 80
characters and a blocking factor of 45 was used. The tapes are
written in ASCII.

Each file containing azimuthal coefficients is for a mine buried
in silt loam having either 5%, 10% or 20% water content. The
frequency of the incident fields is one of the following: 400,
500, 600, 700, 800, 900, 1000, 1100, 1200, 1300, or 1400 Mega
Hertz.

The air-ground interface is taken to be the xy plane, with the
mine being buried and centered on the negative z axis. The incident
planar field's Poynting vector is taken to always lie in the xz
plane. Incident angles are with respect to the vertical axis

(the z axis). Plane waves whose incident angles are 0, 30, 45,

60, and 75 degrees were used. Note that an incident angle of 0
degrees corresponds to a planar wave whose Poynting vector is

in the negative z direction. For each incident angle, two polar-
jzations are considered. The polarizations are defined by a polar-
ization angle. The angles of 0 and 90 degrees were used. A
polarization angle of 0 degrees means that the incident H field

is polarized in the -y direction. A polarization angle of 90
degrees means that the incident E field is polarized in the +y
direction.

To obtain the total fields, add the incident field and the field
scattered by the air-ground interface to that defined by the azimuthal
coefficients. The magnitudes are normalized so that the electric

field of the incident plane wave has a value of 1 volt per meter.

The azimuthal coefficients for the phi, rho, and zee components of

the electric field are given in units of volts per meter. Azimuthal
coefficients for the phi, rho, and zee components of the magnetic field
are given in n H, (no = 377Q). These coefficients are also in units of
volts per meter.

The files containing the azimuthal coefficients, when printed, can

be read by a human being, although this would certainly be a tedious
task. The results are grouped by incident plane wave. For each
incident plane wave, the results are grouped by a particular height
above the air-ground interface. For each particular height above

the air-ground interface, the results are grouped by field components.
For each field component, the results are grouped by a particular
value of rho. For each value of rho, the most negative azimuthal
order appears first.

What now follows is a line by line description of such a file.

The reader may now wish to refer to a 1isting of TAPE 18.

The first part of Chapter VIII of this report contains a listing of
the first part of one of the files.




Plnbd S AR
..........................
................................
.....................................................
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7. First appears a heading. The first line of this eight line heading is
as shown directly below:

FREQMH,PCENT ,ZINCH,AOFI,AOFP ,MM3,NPTU

FREQMH indicates frequency in Mega Hertz

PCENT indicates per cent water content of the soil

ZINCH indicates height above the air-ground interface in inches

AOF1 indicates angle of incidence in degrees

AOFP indicates angle of polarization in degrees. (As stated above,
there are only two values used. 0 corresponds to the incident
H field polarized in the -y direction; 90 indicates the
incident E field is polarized in the +y direction.

MM3 indicates the total number of azimuthal coefficients. This
number is always a positive odd integer, since the absolute
value of the most negative azimuthal order used equals the
value of the largest, with all azimuthal orders 1ying between
these 1imits being used as well.

NPTU indicates the number of rho values used for the height.
The number used is always 16.

8. The second 1ine of the heading 1ists the values of the first line, in
the order of the first line. Referring to the first heading of the
file shown in Chapter VIII, we have freq. = 1400 MHz, 20% water, 1 inch
above ground, 0° incident, 0° polarization, MM3 = 11, NPTU = 16. The
third Tine prints the format to be used to read the first three lines
of the heading. )

9. The next line is as shown below:

e & (RHO(I),d=1,NPTU,1) --- IN FORMAT(4(1X,E10.4))

;; ) RHO indicates the rho values used in centimeters. The format is the

X format used to read the next four lines, which contain the various

- rho values used. The rho values used are always the same 0 through

f! = 15 centimeters in increments of 1 centimeter.

;ﬁ 10. These first eight lines then are what are referred to as the heading.

) A heading then always appears before the results for each particular

- height.

i_ Ef 11. Following the heading are two lines. These two lines indicate the

K field component and the format to use to read these two lines.

3 Following this is a line shown below:

f ((WAVEH(IROW,ICOL), IROW=1,MM3,1),JCOL=INPTU,1) --- IN FORMAT((6(1X,E10.4))
H -25- '
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13.
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(cont.)

This indicates that the two dimensional array for storing the
azimuthal coefficients are written out in groups of MM3(=11 in

the example shown in Chapter VIII) complex numbers, (22 real numbers).
The first block of coefficients refers to JCOL=1, which represents
EPHI at p = 0. The first two numbers in JCOL=1, represents the

real and Imaginary part of the most negative azimuthal order,

j.e., M=-5 for MM3=11. The next two numbers correspond to M=-4,

etc, and the last two numbers corresponds to M=5. The next block

of numbers, JCOL=2, represents EPHI at p = 1 cm, and each sub-

sequent blocks represents the field at 1 cm increment in p.

Following these coefficients are two lines which indicate the next
field component, which are in turn followed by its azimuthal coefficients.
This pattern is then repeated throughout the tape.

Appendix I illustrates the application of the data base to compute
scattered and total fields on planes above the ground.

-----------------
......................
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VIII. Typical Portions of the data Base
n of Azimuthal Coefficients

The incident field in this report refers to the incident plane
wave. The primary field refers to the incident field plus the reflected
field from the interface without the buried object. The scattered field
is meant to be the total field less the primary field. The azimuthal
coefficients are for the scattered fields. To obtain the total fields,
add the primary field to that defined by the azimuthal coefficients.

The magnitudes are normalized so that the electric field of the incident
plane wave has a value of 1 volt per meter. The azimuthal coefficients
for the phi, rho, and zee components of the electric field are given

.- in units of volts per meter. Azimuthal coefficients for the phi, rho,
= and zee components of the magnetic field are given in n H, (n. = 377Q).
v These coefficients are also in units of volts per meter?® °

o The coefficients shown are from the beginning of a file where the

] Incident field's frequency is 1400 Mega Hertz and the soil is Silt Loam
having a 20% water content. The near field is for a distance of 1 inch
above the air-ground interface. Coefficients in Set I are for 0° incidence
and those of Set II are for 30° incidence. Both sets of data are for
polarization angle of zero degree.

£y 1
» "

.......................................
R e T T W T e e T A e R A A O SO T U A




e N R DN N R T SIS .:: g\-‘ - :\ : “r': d_-’".’\:‘ -:, _:_{‘-'.-__‘_. _‘_,_ ‘_'_ _:_~:‘.-':_§_:_._ _______ - ORI At AT " :3
e Data Set I
~ -
FAEQPH PCENT, ZINCH AOFD, ADFP, MM3 NPTU
19008404 12000402 '1000£401°0. 0. 11 16
) romn ane. s snx no 9) 2 1%.110).7,45%)
CANOLT), nﬁ Y1) So- N POMMALO W 1% £10.4))
-~ 0. ko 1 .zooo:oo: . 30006401
.nooctool .sooo:»ox .S000E+01 . 70D0E+01
+8000E+01  (9000E+0} .1000E+02 .3)00E+02
1200E+02 13006402 .1800E+02 .3500E+02
THE NEAR FIELD comonzm 15 EPNI :
N FORMATL 29X A10,7, 25X)
o to(mmmncu Jcot) IRON=1,MM3,1) JCOL=1,NPTU, 1) -~ TN FORPAT(6(1X,E10.4)) :
(" . U. [+ :
0. 0. .22026-01 .66TEE-01 O, 0. — ~
~12202E-01 ~.6676E-01 O, 0. 0. 0 ~—JCOL=1 ;
S 0 0 g. lg. g. :
5o .23'00!-:-0! o.sws:—ox 0. g a.zauoz-ox 564980l }
i : 0. : 7 0 g JCOL=2
SIS v - 0. 0. .2693E-01 .5928£-01 ;
Y . 0. ~.2693E-01 -.5928£-01 0. 0. e
i IRE . 0. 0. 0. 0. 0. !
= . °. 0. 0. 0. 0. i
o 0. 0. .3095E-01 .49494E~01 0. 0. i
- ~.3095E~0) -.4944E-01 O, 0. 0. 0. :
b 0. 0. . 0. 0. 0. 3
s 0. o. 0. 0. 0. 0. :
ORI .3378E-01 . 3664E-01 0. 0. -, 3348E-91 ~.3664E-01 ;
,':3 . °o °o D. 0. o i
s . 0. ; 0. 0. 0. 0. :
! . 0. 0. 0. .3326E-01 .2318E-01 :
. 0. -.3326E-01 -.2318E-01 0. 0. :
YO . . 0. 0. 0. 0.
‘:: . N 0. 0. 0. 0. :
. 0. o. .3025E-01 .11226-01 0. 0. f
-.3025E-01 -.1122E-01 ©. 0. 0. 0. :
N . 0. 0. 0. 0. 0. ;
. . 0. 0. . 0. 0. 0. :
L .252TE-01 .2013E-02 0. 0. -.252TE~01 ~.2013E-02
0. 0. . 0. . 0.
. m 0. 0. . 0. 0 0. ;
SRS 0. 0. 0. 0. .39%0E~01 -.4148E-02 j
S 0. 0. ~.1940E~01 .41%8E-02 0. 0. ;
.2 e. o. 0. 0. 0. 0.
.- 0. 0. 0. 0. . 0. |
S 0. 0. .1355E-01 ~.T547E-02 0. 0. ;
SR -.1355£-01 .71S4TE-02 0. 0. 0. 0. |
by 0. 0. .. 0. 0. 0. ;
] 0. o. 0. 0. 0. 0. v :
.BAONE-02 ~.87T92E-02 0. 0. -.BHOHE~02 .8742E-02 ;
SR 0. 0. 0. 0. 0. . ﬁ
RS 0. 0. . 0. 0. 0. ;
SR 0. 0. 0. 0. -43B9E-02 ~.B432F-02 |
bl 0. 0. -.4389E~02 .8432E~02 0. 0. |
A 0. 0. 0. 0. 0. 0. 4
s 0. 0. 0. 0. 0. 0.
N o. 0. J16126-02 ~. T36SE-02 0. 0. ;
o -.1612E-02 .T365E-02 0. 0. 0. 0. g
e 0. 0. . 0. 0. 0.
e 0. 0. 0. 0. 0. 0. :
-5 -.1600E-03 ~.6150E-02 0. 0. J1800E-03 .4150E-02 :
& 0. 0. 0. 0. 0. 0. ;
\.: ..‘ .
S
2, :
’:_; %
..28_
NIRRT RGN e L e




R T Rt ot e e T B O i
R W T T N e e e T A AT R T T A T SN T R N T T e
_— D T i e  tar S-S Znia B S0 S A M TG S e MR P R L S I T L E L E A, A" -
N S -t At L AL S e LI N S A - A, CIE e L R LI . * Te fe TN vt e
-, e S e . .t U N L . - - s Te T T Me e ] - -
id L I T - - > - * - o T . - . " - . a - . - x - -~ - - B -
A A R S
. -

G
e 0. 0. 0. 0. 0. 0.
. 0. 0. 0. 0. - 1346E~02 ~.5071E-02
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- THE MEAR FIELD COMPONENT 1S ER
. IN FORMATI 29X Ai0 /. 25%) 5 ERNO

- CCHAVEEM xm,:coh:mgm,ma,n mm:l,mg,n ~=~ IN FORMAT( 6( 1X,E10.4))

. - 66T6E-01 .2202E-01 O,
.2202£-01 0. 0. 0.
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e e
o
o
S
3
=
L]
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o 0. 0. 0. 0. 0. 0.
- 0. 0. 0. 0. - 156TE-08 .1694E-02
0. 0. « 136TE-01 . 1694£-02 0. 0.
0. 0. 0. 0. 0. 0.
" 8 3' °°1szxz 01 °'sms 02 3 8'
5 aE-01 o 53ME-02 8' g. . 0.
THE NEAR FIELD COMPONENT 1S HPM!
e IN FORPATC 29%,A10, 7, 25X)
CCMAVEEH mgu,mob,mg»:x,ms,n JCOL=!,M’Tg,X) - mosonmm 1X,E10.4))
0. 0. ~.6A%0E-01 .2979E-01 0. 0.
~.69%0E-01 .2979E-01 0. 0. 0. 0.
: 0. 0. 0. 0. 0. G.
: 0. 0. 0. 0. 0. 0.
. ~.6225E-01 .2092£-01 0. 0. -.6225E-01 .3092E-01
0. c. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0.
0. 0. 0. 0. -.5615E-01 .3342E-01
o 0. 0. ~.5615E~01 .3342E-01 O, 0.
&l 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0.
0. 0. - AT20E-01 .3554£-01 J. 0.
~.WT20E-01 .355ME-01 0. 0. 0. 0.
0. 0. 0. e. . 0.
0. 0. 0. 0. 0. 0.
- ~.3683E-01 .3631E~01 0. 0. -.3683E-01 .3631E-01
0. 0. 0. - 0. 0. 0.
. °. 0. 0. 0. 0. 0.
! °. 0. 0. 0. -.2633E-01 .3569E-01
9. 0. -.2633E-01 .356%E-01 0. 0.
0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0.
) 0. 0. - 1649E-01 .3396£-01 0. 0.
- 1699E-01 .3396E-01 0. 0. G. 0.
0. 0. 0. °. . 0.
' °. 0. 0. 0. 0. 0.
~.TTO2E-02 .2131E-01 0. 0. - T702E-02 .3131E-01
0. 0. 0. 9. 0. 0.
] 0. 0. 0. 0. 0. 0.
0. 0. 0. 0. - 1689E-03 .2779E-01
- 0. 0. ~.1684E-03 .2779E-01 ©. 0.
9. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0.
o 0. 0. JSONSE-02 .2344E-01 0. 0.
JSINSE-02 .23%6E-01 O, 0. 0. 0.
o 9. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0.
-10995-01 .1851£-01 0. 0. .1049E-01 . 1851E-0}
= 0. 0. 0. 0. 0. 0
0. 0. 0. 0. 0. 0.
= 0. 0. 0. 0. J13%0E-01 .1328E-01
0. 0. J1340E-01 .1328E-01 0. 0.
0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0.
3 °'xmz o1 °’ams o2 o 11T o $129E-02 0. 0.
= 0. 0. 0. 0. 0 0.
0. b 0. 0. 0. 0.
o 118%E-01 o.zsm-oz 0. 0. o 14O5E-01 - JIHE-02




- - e e e e R i Lok R
T T AT T B T e T W, S e g i G T R YT & g T TETYIRS T T ey . - woR s .
s S e T WL WL RN YWY €, L W Ay W e R St Thrih Sl Mol JAall B Sk AR SR .t T
o Mo S VT ST WY " - e e B . L I A IR D . hd -« v,
DR T T e e T S T A PP -

. 0. 0. 0.
. 0. <1386E-01 -.81235E-0
+1386E-01 6.8!25’!-03 g 0. :

oSO oo

. 0. 0. 0.
. J1203E-01 -.4294E-02 0. :
11202801 51 a29E-02 0. o 12E-02 o S
THE KEAR FIELD COMPONENT IS hn

IN FORMATC 29X, 410, 7, 25X ) Ho
CCMAVEEN xnou,aco[),xngm,mz,n JCOL=1,MPTY, 1) ~-= IN FORMAT( 6 1X,E10.4))

(=] OO0.000
PP .
OQ.OOOO

o o .

Pa O

] e L ANTE

» . AT
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0 0. . . 0. 0.

0. 0. ~.2979E-01 ~.64%0E-01 O, 0.
& <2979E-01 . 6440E-01 0. 0. 0. 0.
0. 0. 0. 0. . 0.
0. 0. 0. 0. 0. 0.
TN 53082801 5 s020E-01 8' g. o J082-01 o.&ozas—ox
.~ 0. 0. 0. 0. - 0. 0.
SN 0. 0. 0. 0. =.3086E-0) -.4935E-0}
v, 0. 0. .3066E-01 .4935E-01 0. .
= I 0. 0. 0. 0. 0. .

0. 0. 0 0. .

0 0. .

* ol
~.2486€-01 -.3580E-01 0.
0. . 0.

0. - 1945E -0}
0.

3580€-01

-2486E-01

.
.

o0
o0
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14905E-01 -.24728-01 -28T28-0)
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0. o 0. 0 ) 0.
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: 0. 0. 0. 0. 0.
0. 0. 0. 0. ~.9716E-02
- 0. 9. o FT16E-02 5:599E-03 8'
< 0. . 0. 0. 0.
RN 0. 0. ~. 7304502 .2824E-02 0.
o T30NE-02 5 202002 0. 0. 0.
THE MEAR FIELD COMPONENT 15 HIEE
~ IN FORMATE 29X 010, 7, 25X
o CCMAVEER TRON, JCOL)) TRON=1,Mm3 1)
0. 0. 0. ) 0
. 0. . 0. 0.
. 0. . 0. 0.
) . 0. . 0. 0.
. . 0. . 0. 0.
.12286-0% .1351E-01 O. 0. -.1220£-01
. 0. 0. 0. 0.
= . 0. . 0. 0.
o . 0. 0. 0. .2783E-01
™ . 0. ~.2783E-01 -.2160€-01 O,
. 0. . 0. 0.
3 0. 0. 0. 0. 0.
] 0. 0. .M300E-01 .2115E-01 0.
; ~.4300E-01 -.2)15E-01 0. 0. 0.
g 0. 0. 0. 0. 0.
; 0. 0. 0. 0. 0.
3 5126E-0Y .1282E-01 O. 0. -.5126E-01
e, 0. 0. 0. 0. 0.
I! 0. 0. 0. 0. 0.
! 0. 0. 0. 0. .5016E~01
i 0. 0. =.5016£-01 -.1198E-02 0.
¢ 0. 0. 0. 0. 0.
b 0. 0. 0. 0. 0.
- 0. 0. .4211E-01 -.9056E-02 0.
I -.4211E-01 .9058£-02 0. 3. 0.
e G 0. 0. 0. 0. 0.
. 0. 0. 0. 0.
.3112E-01 -.1560£-03 0. 0. -.3112£-01
B . 0. 0. 0. 0.
TSR 0. 0. 0. 0. 0.
T 0. 0. °. 0. -2022£-01
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_25ME-02 .T3IS5E~02 -.T303E-03 -.179%€E~03 .1452E-04 - 2205E-04
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SN ~ 66TTE-03 -.5251E-04 .37626~02 .6351E-02 .30526-03 ~.2644E-0)
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4835E-02 .39326-02 .ssrae-oz ~-.2317E-01 .30786-02 .4372E-02
=L - SSTEE-02 -.231TE-01 .AGISE-02 .4932E-02 ~.5TNE-03 .53TE-04
S TGE69E-05 ~.2012E-O8 -.3650E-06 .5428E~06 .5209%E-~07 .TH43E-DH
S C2WTE-D5 -.1916E-04 ~.4805E-03 .1397E-03 .5095E-02 .331%E-02
¥ - 1027E-01 ~.1863E~01 .397TE-02 .2B10E-02 -.102TE-01 ~.1863E-01
: (509502 .33196-02 ~.4805€-03 .1397E-03 .2347E-05 -~ 1916E~04
T e 5209607 .T%9E-06 .43TOE-06 .5048E-06 ~.2641E-05 ~.1658E-04
Lo —.3Te6E-03 .20296-03 .5103-02 .1722-02 -.133%E-01 -.133%-01.
SR "4111E-02 .1275E-02 ~.1333%€-01 -.133%-01 .5103-02 .17226-02
A - 3TALE-03 .2028E-03 ~.2641E-05 ~.1656E-04  43TEE-D6 SO4BE 06
™ ‘aBLIE-06 .B8307X-07 -.6254€-05 ~ 119TE~04 -.26T6E-03 .23526-03
L TNTI6E-02 .3229E-03 ~.1468E-01 ~.80T9E~02 .3T62E-0(2 .5651E-0%
E - mee-ot -.80T9E-02 .4T16E-02 32295-03 -, 26T6E-03 .2352E-03
S - 625405 ~. 119TE~-O% . A861E-06 026-07  .2362E~06 —.1740€-08
3 - 1111E-05 ~.6652E-05 ~.1T40E~03 .23618—03 _4064E-02 ~.THTSE~03
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- 18ME-02
.1991-03

OO

145308
- 4612602

- 14T5E~02
.1597TE~01

. 2523E ~04
JAT13E-05
.1165E~01

- 7208E-03

= IN5HE-0) ~ 3242E-02 . I219E~02 ~.B069E<03 =, 145401 ~ -0
HOBHE-02 ~ TOTHE~03 ~.1THOE-03 .2361E-03 ~ 711‘1%-0; - 2%2%—0;
.2362E-06 ~ 1T40E~0b ~.3BITE~0T ~.133TE-0b 5624£-05
~.10596-03 .21806-03 .3300€-02 -.1535&-02 -.133~01
«2635E-02 ~. 1428€-02 -.13326~01 .B1S5E-03 .3300£-02

~.1055E-03 .21806-03 ~.5624E-05 ~.3214E~05 ~.3B3TE-07

= 11328-06 . 6253E~07 ~, 358105 ~.190%~05 ~. 6163E-04
<2525E~02 ~.203BE-02 ~. 1140E~01 .4032-02 .2022F-02

- ll‘OOE-Ol H032E-02 . 252%5E-02 -.203&-02 ~.6163E-04

A o R

IN FORMAT( 29X,A10,7,25X)

S(NAVEEN( TROW, JCO(.) !ROH"! ,M3, I)OJCOL =1, NPTg 1) — IN FORMT(6( 1X,E10.4))

0. 0 - 5‘0822-01 .217T5E~01 O

~.5482E~01 .2175E-01 O. 0. 0.

0. 0. 0. 0 H8IE-07
1073605 ~.1826E~06 .173TE-03 .2961E-04 .9984€-03

-.5320£-01 .2275E-01 .1665£-02 ~.2080E-02 ~.53206-01
99B4E-03 ~.4612E-02 .1737E-03 .2961E-O4 .1073E-05
4833E-07 .1453E-08 .5895E-06 -.4728E~07 .4591E-05
J55322~03 .115TE-03 .1260E~-02 -, 8150E~02 ~.4852£-01
2921€-02 ~.3973E-02 ~.4852E-01 .2504E-01 .126CE-02
55326~03 .1157E-03 .4591E~05 ~.1671E~05 .5895E-06
1890£-05 ~.51906~06 .2350E-05 -.4306E-05 .89B86E-H]
.5981E-03 ~.1011E-01 ~.4138E~01 ,2734£E-01 .3501E-02

~.#138E-01 .2T34E-01 .5981E-03 ~.1011E-01 .8986E-03
L235CE-05 ~.4306E-05 .1890£-05 -,51906-06 .3077E-05

~. 1229604 - 2445E~05 .1111E-02 .2991E-03 ~ 69469E-03
=-.3281E~01 .2870£-01 ,3320€-02 ~.6580£-02 ~.3281E-01
~.696%~03 ~.10586-01 .1111g-~02 .2991E-03 - 122%6-0h
-307TE~05 ~.1B3BE-05 .290TE~05 ~.3617E-05 ~.313%-04
(1204602 . 2496E-03 ~.220%~02 ~.9912E-02 ~.2387TE-01
29496E-02 ~. TH0E-02 -,.23BTE-01 .2890E-01 -, 2209%~02
. 120402 H96E-03 ~.313%~04 .1073E-04 .290TE-G5
LI4TE~05 ~.4698E-05 ~.3933€~04 .3330E-04 .118LE-02

-.35796-02 ~.B4T2E-02 ~,1534E-01 .2803E-01 .107%-~02

-.1534E~01 .2803-~01 ~,3579%-02 ~.84T26~02 .1186E-02

~.393%-04 30E-04 .114TE-05 - 4598605 - 1172605

~.28172-04 . 5353E~CH 1043E-02 ~.17B3E-03 ~.45475-02

~.T661E~02 .2620E-0) ~.5007E~03 ~.7037E~02 ~.T£L1E-02

- 4542502 ~.6603E-02 .1043F~02 ~.1783E-03 - 2B17E-O4

- 1172E-05 —.4221E-05 -.268TE~05 —.2394E-05 -.3920E-05
.TBT9E~03 ~.3B20E~03 -.4966E~02 ~ . 4638-02 - 1076E~02

~.1993-02 ~.609%-02 ~. 1078602 .2349%-~01 - 4966£-02
L78T%-03 ~.38206~03 ~,3920€-05 .5924E~04 - 2687E-05

~.2T2C6-05 ~.2T42E-06 .1G41E~04 ~.4733E .488%-03

~.4880€~02 ~.2868E-~02 .4263-02 .2001E-01 -.3150:-02
426302 ‘ZOOIE-Ol ~-.48806-02 ~.2868E~02 .4889E-03
JAGHIE-O8  (HT33E-04 ~.27206-05 ~.2T42E-Cb ~.1609E-05
S3042E~04 .2523-04 .2326E-03 -.4254E-~03 ~.4450£-02
8258€E~-02 .1597E-01 -.383TE~02 -.3302E~02 .8258£-02

- 445C6-02 -, 14T5E-02 ,2320€-03 ~.4254E-03 . 3042E-04

- 16005 .10T2E-05 ~.2681E~06 .1252F-05 27005-0‘4
LTT41E-04% ~.3116E-03 ~.3892E~02 ~.4882£-03 .108%-0)
-~ 4051E-02 -.1854E-02 .108SE-01 .1166E~01 ~.3892E-02
LTTHIE-O8 -, 3114E~03 270004 .4T13E-05 -, 2681E-06
.52206-06 .6330E-06 .1546E-04 -.6143E-05 .249TE-04

~.3368E-02 .1939-03 .12238-01 .736%5E-02 -.288%E-02
L1223 ~01 .7369E~02 -.3368£-02 ,193%£-~03 .2497TE-04
1546E-04 ~.6143E-05 .52206-06 .6330E-~06 .5546E-06
4524605 - 6TTOE-05 .3310E-04 ~.1337E-03 ~.2924E-02
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JE-01  (IIBEE-02 - INTEE-02 .4449E~03
- 292’!-02 .720&-03 JI3106-~04 = 133TE-03
SB4E ~.9384E-07 . 14A5E-06 ~.431%E-0b
Q%TE-O‘O - 12\%-03 - 2508E-02 ,1194E-02
~.290%-02 .1241E-02 .\178E-01 -.2140E~03
ANTE-O4 - 1219%E~03 ~.6483€-06 ~.2193E~05
~.2035E-06 - 3211E-04 -, 3041E-06 .1882E~05
~.203%E-02 1629%-02 .1035E-01 ~.3231E-02
1035E-01 ~,3231E~02 - 2035‘54)2 .16295—02
= 3001E-06  18326-05 ~.2435E-~06 -.3211
THE NEAR FIELD COMPONENT IS HRHO

IN FORMTC 29X, /10,7, 25X)

(O(H\VEEK TROM, JCO() mgu-l m3, \)OJCOL‘l PPTg 1) ~ IN FORMT(b( 1X,E10.4))

_-‘~_‘~

1
JH266E
-, 2237
-H266E

P4

«

0. 0 ~.21T5E~Q1 ~.54826-01 0. 0.
0.2175E-Ol ‘5482€-01 8 8 0 4T98E~09 0.
. 4681E-07
L219E-08 97‘!&—06 ~.3026E~04 .1626-03 Wl$—02 .9340E-03
~.22626-01 ~.51B6E~0 0. JR226ZE-QY 518401
~.8813%-02 - 93"0&-03 ~3026E~04 ~.1628E-03 ~.2193-0b ~.IT43E-06
ATIBE-09 - 4681E~07 .862Tc~07 .5131E-06 .22T%~05 .2422E-05
~.1226E-03 .N264£-03 .6807’E~02 .9835E-03 ~ 227'5E-01 ~43T3E-01
0. 0. 2275E~01 .4373E-01 ~.6807TE-02 ~.9835E-03
(1226603 ~.4264E-03 ~.2279E~05 ~.24226-05 ~.862TE~07 ~.5131E~06
JT025E-06 .1310E-05 .53026~05 -.6270£~05 .2‘+3ZE-03 .50326-03
-664TE-02 _4509%-03 ~.1870E-01 ~.330ZE-~01 0.
.187CE-01 .3302E-01 -.664TE~02 -.‘450%-03 -24372E-03 ~.50326-03
~.53026-05 .627CE-05 -.TO25E-06 ~.13106-05 [195TE-05 .1225E-05
.5896E-07 ~ 250&—0‘0 ~.29146-03 .415TE~03 .4780E-02 .141%E-03
~.1099-01 -.2348E~01 0. 1099801 .2348E-01
~.4780E-02 -. 1‘619!-_'-03 -2914£~03 ~.415TE~03 ~.5896E-07 .2508E~04
~195TE~05 ~.1229E~05 .2716E~05 —.4530E~0b ~.1813E~04 -, 3394E~04
~.1868E~03 .2T11€-03 .23TCE-D2 .4504E-03 - 3164E-02 ~.1762E£-01
Q. 0. 3164802 L 1T62E-01 ~.237CE-02 ~.4504E-03
-1866E-03 ~.2711E-03 .1B13E-04 .33GKE-04 ~.2T16E-05 .45306£-06
<1679E-05 ~ 263205 ~.353%E-04 - 1708€-04 .1134E-04 .5403E-04
2761603 [1393E-02 .18B3E~02 -.1538-~01 0. 0.
-188%-02 .1538%~01 ~.2761E~03 ~.1393E-02 ~.1139E~04 -.5403E-04
-353%E-00 [ 1TOPE-O4 ~.1679%E~05 263205 ~.8944E~-06 —.3359E—05
~.3122E-04 .1614E-~CY .1244E-03 ~.25686-03 ~.9325E-03 .2823E-02
.3403€~02 ~. 1515601 0. 0. ~.3403E~02 .1515E-01
.93IBE-03 -.2823E~02 ~.1244E-03 .256BE-03 .3122E-04 ~.1614E-04
SBMHE-06 (335905 -.3191E-05 ~.180BE-05 ~ 149%E~05 .3922E-04
.9808E-05 ~.5554E~03 - . G024E-03 . 436TE-02 .2195E-02 ~-.1528E-01
0. 0. <. 2195E~02 .15286-01 .9024£-03 -.4367E-02
~.9808E-05 .5554E-03 .1496E-05 -~ 3922E-04 .3191E-05 .18086-05
—.3501E-05 .42IE~06 .352:¢-04 [ 3296E-04 - 303%-—03 ~.6632F-03
JB/ABE-03  .5393E~02 -.5394E-03 ~.1481E-01 0.
S539%€-03  _1481E-01 ~.354CE-03 ~.5393E-02 .303%-03 .65325-03
-,35212-0’0 -.329E-04 .3501E-05 ~ 942TE-06 - 1698E-05 .2BHE-05
S33%-04 _178X-05 ~ 62775-03 ~. H821E-03 .2302E-02 .5290£-02
-.3B08E-02 —.1334-01 O. 0. .380BE-02 .1334E-01
~.23026-02 ~.5290E~02 .62T7TE-03 .4891E-03 -.533%E-04 ~.1782E-05
(169805 ~.2B94E-05 .T5106-06 .2B812E-05 .4188E-04 -.3128E-04
.7‘5615—03 - 1212E-C3 .4024E-02 .3910£-02 ~.46819%E~02 ~.10726~01
0. L6819~02 .(1072£~01 - 4024E-02 -.391CE-02
7561E-03 L12126-03 ~ 4188804 |, 3128E-04 ~-.7510£-06 ~.2812E-05
2107%-05 .1106E-05 .1170E-04 —~.44286~04 ~.6215E-03 .23724E-03
MT20E-02 .1TT2E-02 ~.8815E-02 ~.T15TE-D2 0. 0.

819602 .7T157TE-02 ~.47206-02 ~.17726~02 .6215E~03 ~.2324E-03
~. 11T0E-04  H42BE~O4 ~.2103E~05 ~.1106£-05 .1TO7E-~05 —-.7191E-06
~.1497E-C4 - 328SE-04 -.3315E~03 .3976E-03 .4200£-~02 -.2231E-03
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~. 92602 -, 3275E~-02 O, 0. L9263E-02 ,3275£-02
~.4200E-02 2231E-03 JI3BE~0] ~.39T4E-03 . 149TE-Q4 , J285E-04
- ~. A T07E-05 «3020E~06 ~.1392E-05 ~.2306E~04 -, 1042E-~04

~. 701 TE-O% .3‘0965*03 2960E~02 - 13768—02 ~.8189%-02 -~ 5T6BE~D5
L ° 0 %“02 .

. BT6SE~05 ~.29606-02 .1376E~02
JTOITE-OM ~ 3494E-03 2306E-0‘P 1042604 ~ 3026606 .13926-05
~.8213E-06 - . TBOSE~0b ~.1420E-04 JHI9IE-04 L 2009E-03

AT66E-02 =.1613E-02 ~.6307E-02 .19986-02 0. 0.
.630%-02 ~.1998¢~02 ~.1766E-02 xgégjz ~.4391E-04 -.2009£-03

RN
Ay

. J1420E-0% ~ 5476E-05 .8213E-06
o THE NEAR FIELD coworem' 1S HZEE
IN FORMATC 29X,410,/
. %(mvsmmou Jcot.) lnnw-l ,m3, 1)0.!::01.—1 rmg 1) —- moronmr(é( 1X,E10.4))
» 0. 0. o. 0. o. 0.
- 0. 0 0. 0. 0.
0. 0. 0. 0. 132608 -.1352E-07
JTEHZE-OT ~ 5590E~06 .2873E-06 ~.6904E~04 — 16005-02 ~.1649E~03
0 19836E-02 .104TE~01 O. 0. -.9836E~02 ~.1047E~01
& J16006-02 .1649E-03 ~.2873E-06 .6904E~04 ~.TB42E~07 . 590E-06
. - 41326-08 1352607 .5965E-07 -.328LE-~06 .9I42E-07 ~.5515%-05
J1254E-04 ~.R054E~03 -.sases—oz ~.15558-04 .2221E-01 .173%-~01
0. 0. 2221E-01 -.17395-ox .53586~02 .1555E~04
~ 1254E-0% .HO0S4E-03 -.9142E-07 .5519E-05 ~.5965E-07 .3285E-06
<. 3508E-07 —.1572E~05 —.2966E-05 ~.1069E~04 .TO43E-04 ~.B663E~03
- ~.9113E-02 .1311E-02 .3444E-01 .1803E-01 O.
-, 3444E-0]1 -~ 1803E~01 .9113E-02 - 13115~oz ~. T043E-04 .B66IE~03
. (2966E-05 .10696-04% .3506E-07 .15726~05 ~.1119E~05 ~.3409€~-05
~.T66BE-05 12785-06 166TE-03 —. 1222602 ~.1124£~01 369302
“415TE-01 .1238E~0 0. - 1 ~.12386-01
- L11246-01 - 3693€-—02 ~ 166TE~03 .1222E-02 76685-05 ~.1278E~0b
T111SE-05  .3H09E-05 ~.3533E-05 —.4104E-05 ~.26TTE-06 .2943E~04
mse-oa <. I448E-02 ~.1122F-01 .63T9E-02 .4143E-01 .3412E~-02
0. ~ 4143801 ~.3412E-02 .1122E-01 -.63T9E~02
- mas-os JI4HSE~02  .267TE-06 —~.2943E-04 .3533E-05 .4104E-05
~5925E-05 ~.2299E-05 .2954E-04 .5449E-04 .1070E-04 -.156TE-02
~ 929502 .B643E-02 .3556E-01 -.5194E-02 O.
~.3556E-01 .S1946-02 .9295E-02 -.B6435-02 ~.107CE-04 .1567TE~02
~. 295404 —.5449E~04 .5925E-05 229905 ~.624%E-05 .1300E-~05
LS .69BIE-O4 _4919E-04 - 38!0!-:-03 - 14925-02 - 6007:—02 98B4E~0D
NS .2693E-01 ~.11186-01 -.2693-01 .11186-~01
- -6007E-02 ~.9BB4E~02 .38101»:-03 - 1492602 -.6981E~0‘9 ~-. 491904
624905 ~.13006-05 ~.3B12E-05 .4356E-05 .92686-04 .1051E-04
AN ~.80%6E-03 ~.1136E-02 ~.21TTE~02 .9645E~02 ,1801E-01 -, 1404£-0]
., 0. 0. -.1801E-01 .1404E-01 .217TE-02 -.9645E-02
SERSE {8ON6E-03 .1136E-02 -.9268E-04 ~.1051E~04 .3B12F-05 -, 4356E£-05
f= ~ 32ME-OT .48TSE-05 .T911E-04 - 3TTIE~O4 -.1016E-02 ~.5605E-03
& ‘116TE-02 .785TE-02 .1023-01 -.1422.-01 O. 0.
SR - 102%-01 .14226-01 —-.116TE~02 ~.7857TE~02 .1016E~02 .5605E-03
-~ ~ 7911€-0% .37TTIE-O4 .3624E-07 ~ NBTSE-05 .2713E-05 .2785E-05
Lo .3589E-04 .wszz—oq - 88895—03 C1207E-0% .3123E-02 .5068£-02
¥ M299E-02 ~.124EE-01 O. ~ 4249602 . 1246E-~01
» ~.3123-02 ~.50686-02 88892-03 ~ 1207E~04 ~.3589E~04 .6452E-04
b3 - 2T1%E~05 -.2T85E~05 .3002E-05 —.1720E-06 -.9970E-05 ~.56126~04
-.5121E~03 .3465E-03 .3376E—02 12295£-02 .3973E~03 ~.96T6E-02
i 0. 0. ~.3973E-03 .96T6E-02 ~.33T6E~02 ~,2295E-02
- ! 5121€-03 —.3%55-03 .9970E-05 .5612E-04 -.3002E~05 ,1720E-06
e 1285E-05 ~. 1949605 —.3288E-04 ~.2424E-04 -.1164E-03 .3603E-03
o (241302 .4B4BE-03 ~.14126-02 ~.6819%E~02 O. o.
-\ C14126-02 .6819E-02 ~.2413E-02 - 48485-—03 .1164-03 -.3603E-03
"9280E-04 .2H24E~04 ~.1285E-05 .1949E-05 ~.7263E~06 -.17326-05
X -~ 26HE-04 .6153E-05 .9665E-04 .1663E-03 .1204E~02 -.5656E-04
33 ¥
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=~ 1815E-02 ~. #T626-02 0.

0. 1815E~02 4762602
~.1209E-02 . 5656E-08 ~.9665E~04 ~.1663E-03 .2694E-~04 - 6153E~05
JT263E-06 1732605 ~.154TE~05 ~.2908E-06 ~.6416E~05 .1731E-04
esuae«-o« 5 32226 -04 ssqgg_—gg g%zzgjg - égl§£3§ ~. 3T54E-02
~.5545E~03 - 2224F~03
SRy e HIEE I CRES e
-. - - -04 ~-.968
SR M I R o Creron
- - E 3830E-04 .9682E~
~.9136E-05 ~ 9T29E-05 .94B89E-0b ~.94T7E~0 % 204
FREOMH_PCENT ) ZINCH, AQF1 , AOFP .M ,m
400 20006402 . 2000+01° . 3000402 0, 11 16
IN FORMAT( 38X,/ St 1x exo 4),201%,110),7,45X)
(am( ), 1=1 MS{: N FORmATC4C 1% £10. zm
0. bt-: 01 . o 0E+01  .3000E+0
-§00CE+01 sooos+ox .6000€ +01 7ooo£+ox
.8000E+0] .9000E+01 .1000E+02 .1100£+02
L1200E4+02 .130CE+02 .1400E402 .15006+02
THE NEAR FIELD COMPONENT IS EPHI

IN FORMAT( 29X,A10,/7,25X)
%(GHVEEH IR0W, JCO() IRON‘I M3, 1), JC0L=1,NPTY,1) ~— IN FORMT(G( 1X,E10.4))

0. o .30655-01 ~2680E-01 O, o.
~_3065E-01 ~.2680E~01 0. 0. 0. 0.
o. o. 0. 0. J1298E-09 .3098E-10
.375%-07 xoszz-os J1B20E~04 ~.1501E~04 ~.1514E-02 ~.2220E-03
-3065E~01 .2585€-01 0. ~.3065E-01 ~.2589%-01
S15146-02 .zzzoe—os -.1820E~04 .1501E~0% —.3759%-07 ~.1052E-06
~.1298E-09 ~.3098E~10 .1236E~08 ~.TO36E-10 .2831E-06 .7486E-06
L6282E-04 ~.STHOE-O4 —.2866E~02 ~.2635E~03 .3056E-01 .2324E-01
o. 0. -.3056E~01 ~.2324E~01 .2866E-02 .2635E-03
~ 6282604 .5TH0E-04 ~.2831E-06 ~.T4G6E-06 ~.1236E-08 .T7036E-~10
S99135-09 ~.2751E-08 .8913E-06 .2091E-05 .1103€-03 ~.1194E-03
~.3906E-02 ~.1561E~04 .3015E-01 .1913E~01 O, 0.
-.3015E-01 ~.1913E-01 .3906E-02 .1561E~04 -.1103E-03 .1194E-03
~.8913E-06 ~.2091€~05 -.9913€~09 .2751E~08 ~.1081E-07 ~.1028E-07
J1991E-05 .3B19E-05 .1369€-03 -.I1891E~03 ~.4516E~02 .5216£-03
.29145-01 . 1402e-0 0 R -, 2914E-01 ~.1402£-01
-4516E-02 -.szwz-oa ~ 1369603 .1891E-03 -.1991E-05 ~.381%-05
J1081E-07 .10285~07 ~.4412E~07 —. 1504607 .3664E-05 .5288E-05
.xzm-os ~.2520E~03 ~.46426~02 .124BE~02 .2734E-01 .8502£-02
~.2TIHE-0Y ~.8502E-02 .46H2E-02 ~.1246F~02
- 12942-03 zszoe-oa ~.36b4E~05 ~.5286E~05 .4412E-07 .1504E~07
~.9191E-07 .2645E-09 .57726-05 .snee-—os aeass-o« ~. 2%41E-03
~. 4308602 ZOO‘fE-OZ “24686-01 . 31B0E-02 0.
- 2469601 ~.3180E~02 .4308E-02 —~.2004E-02 ~ aaasa-ou L2941E-03
—ETT6-05 ~.5TT6E-05 .9191E-07 ~.2645E~09 ~.1265E-06 .4413E-07
JTTBNE-05  .4823E-05 .2560£-04 —.3052E~03 - moe-oz 2633-02
2132601 ~.1449€-02 0. 0. -.21326-01 . 1449E-02
S3610E-02 ~.26336-02 -.2560E~04 .3052E-03 -.779«:-05 ~ 482305
T1265E-06 ~.4413E-0T ~.1201E~06 .9952E-07 .B8922E-05 .255%E-~05
~ MOT9E—04 —.2834E-03 -.269TE-02 .30196-02 .1T49E-01 ~.506%€-02
0. - ITH%E-01 .50696-02 .269TE-02 ~.3019€~02
4OTHE-O%  .2834E-03 -.8922E-05 ~.2559%E-05 .1201E-06 —.9952E-07
— TIISE-OT .1323-06 .B6I14E~05 —.2460E-0b -.93B2E-04 -.235TE-03
A - 172%-02 3120{»:-02 J1349E-01 ~.T557E-02 0. 0.
SIS - 134%~01 .T55TE-02 .172%-02 - mos—oz 19382E-0% .2357E-03
- ~.8b14E-05 .24606-06 .T115E-07 ~-.1323E-06 ~.9523E-08 .}197E-0b
28 -6924€-05 ~ 2556€-05 - 123TE-03 ~.1761E-03 ~.B454E~03 .2967E-02
S 9619602 ~.8947€-02 0 0. -.96196-02 .BY4YE~02
SN 8454603 ~ zem-oz J123TE-03  .1761E~03 -.6924E-05 .2556E-05
SEEEN 952%-08 ~. 1197E-06 .2678E-07 .T127E~07 .4561E-05 ~-.3660E-05
F
= 1
I
.
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a; IX. MICROFICHE OF THE LISTING OF THE FORTRAN SOURCE OF PROGRAM
' PCOEF AND LISTINGS OF THE AZIMUTHAL COEFFICIENTS

The microfiche is 48X. There are a total of thirty-four fiches.
. Thirty-three are listings of the azimuthal coefficients that were
45 written on the nine track tapes. The other fiche is the Fortran

Source 1isting of the Program PCOEF. Program PCOEF's source was
~ also included on one of the nine track tapes. It can be used to
T read the azimuthal coefficients from the tapes.
‘ The azimuthal coefficients are for a mine buried in one of three
~ soil types (silt loam either at 5%, 10% or 20% water content) where
= eleven frequencies are used for the incident field (400, 500, 600,
& 700, 800, 900, 1000, 1100, 1200, 1300 and 1400 Mega Hertz). Each

fiche contains the 1isting of the azimuthal coefficients for one of
) the thirty-three combinations of soil type and frequency.

Each fiche comes in its own package. A1l packages are labeled
“ as well as each fiche.
The package, for the fiche containing the Fortran Source 1isting

i! of the Program PCOEF, is labeled "SOURCE". The fiche is labeled
= "SOURCE OF PCOEF",
o~ The label on the package for the fiche containing the azimuthal
coefficients consists of the letter "C" followed by six digi 5. The
= first four digits are the frequency in Mega Hertz. The last two digits
: are the water content in percent for the soil. Thus, the label

"C040005" is for 400 Mega Hertz silt loam having 5% water content.
Zf While the label "C130020" is for 1300 Mega Hertz silt loam having
~ 20% water content. The fiche containing the azimuthal coefficients
is labeled with the frequency and the water content in percent. For
example the fiche for the azimuthal coefficients corresponding to an
incident field of 400 Mega Hertz for silt loam having 5 percent water
content is Tabeled "400 MHZ 05 PERCENT"; while the one for 1300 Mega
Hertz 20% water content is labeled "1300 MHZ 20 PERCENT".

For a detailed description of the azimuthal coefficients see
Chapter VII "Description of the files containing Azimuthal Coefficients
(sent via the nine track tapes)". For a description of the Program PCOEF
see Chapter VI "Description of the Program PCOEF (sent via nine track

v
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X. CONCLUSION AND RECOMMENDATION .

The Unimoment method was used previously to calculate the
scattered fields by a buried land mine [8]. There was some doubt on
the credibility of the results because scattered fields were found
to be stronger at lower frequencies, contrary to the experiences of
MERADCOM scientists. By using a more realistic model of the grdund
parameters, we have indeed discovered that the scattered fields of
the dielectric mine buried in silt loam having a water content of 20%
are stronger at 1000 MHz than at either 600 or 1400 MHz which is
consistent with the experiences of MERADCOM scientists. This result
suggests that the operating frequency of the existing mine detectors
have been éppropriate]y chosen.

The massive amount of calculated results obtained in this
work deserves attention, since it contains information that may be useful
for the improvement of mine detectors. Ve recommend: 1) that a program
to study these results be initiated to utilize it for engineering
purposes and 2) that an experimental program to verify the data be
initiated.

The present results are limited to mines which are buried at
least 1.6" deep. In warfare, antipersonnel land mines are buried
almost flush. . The Unimoment method may be modified to compute flush
buried land mines. It is expected that a shallow bufied Tand mine will
yield greater scattering than a deeply buried mine, thus enhancing the

probability of detection from shallowly buried mines. A third recommenda-
tion is that the present computer program should be generalized to compute

electromagnetic scattering from flush buried antipersonnel land mines.

.........
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)| Appendix 1
A. Computation of Primary Fields
A primary field is defined as the sum of the incident field
- and the reflected field from the interface, without the scatterer.
B Well known formulas of primary fields are available (for example
pages 299-301 of reference [11]). For the sake of completeness
i we list the fields of both polarizations in MKS units as follows:
) (i) The case of magnetic field perpendicular to the plane of
= incidence, (0° polarization angle):
T
. Referring to Figure I-1, the incident field is
i ine _ -1 IBX 38,2
H =—= e e Al
) y T (A1)
where B, = k_sind, B_ = k_ cosé k = 2n
X (o} >z 0 i >‘o ?
! }‘o = %, c = 2.99793 x 108 meters/sec
. The primary fields for z 2 0 are:
g ' B x [ JB z -iB,z '
E£.= cosg e X [e Z 4 ope Z} (A2)
- 8 iB
jB.z -jB.z
o P:.:.l_eZ-eZ_] A3
2 N Hy T [ ° (A3)
2 Bx[ iBz  -jBz
& Ez = sing e * [—-e Z 4 pe 7‘] (A4)
:.:. B p } p ) p )
- Ey H Hz 0
o

7l
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1
fun
o
[#]
Q
[
@D
-
3
i)
=
~
o

() e o' e
Yo
n, * T 376.73 ohms
)
P - Ef cos¢ (A5)
P - _pP s
E¢ E, sin¢ (A6)
p = p 3 ~
Hp Hy sing (A7)
P - P
H¢ H.y cos¢ (A8)
(ii) The case of electric field perpendicular to the plane of
incidence, (90° polarization angle):
Referring to Figure I-1 , the incident field is,
. B x B,z
ENC = o X o2 (A9)
y
where By = k0 sind, B, = ko cos6
The primary fields for z >0 are:
3B, X JB,z -iB,z
Es = e % [e Z 4+ e z] . (A10)
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j8.x r JB.z -jB.z
Hg ]—,‘L cosé e X [e Z . oe z] (A11)
o 0

JB x| jB.z -jB_z
Hg = --ﬁl— e X [e Z 4+ pe 2] (A12)
0

Yo
n. = |— =376.730,
>
0
Eg = E§ sing (A13)

P = Es COS¢ (A14)

P
Hp = Hz coso (A15)

< WP = ~H§ sing (A16)
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The primary field for the case of 6 = 0°, polarization
angle = 0°, for 1400 MHz, at Z = 1 in. when the soil
is silt Toam having & water content of 20% as used in
the sample data, may be found as follows:

;. g, = 15.6 - j1.869 (From Table 2 on page 12)
% gs k, = 29.34 koZ = .7453 (in MKS units)
g : ng = 95.083 e3°%°% omms

Q o = .5977 ¢33-110

b -Ei sing = (-.3089 - j1.0974) sin¢
= -(1.140 &91-%%) sine  for o = 0° (A17)
& (iv) The primary field for 6 = 30° of the same -ase as in
3 - (ii1) we have
¢ Bx[ 3Bz  -iBz
L Ey = cos 30°e X [e Z +pe ° ]
5 . where B = k sin 30° = 14.671 [meter™ 1]
E ] B, = k, cos 30° = 25.410 Imeter™ )
L
- BZZ = ,64541
o
AN
5 —
s
:2; ’-11
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n.\2 172
Ne [1 - (-£> sinze]
Mg

95,03 oJ- 0596 [.98416 - j.0016]1/2

95.043 3-05% (9904 ~3-0008)

94.29 ej'0587

N cosd = 376.73 cos 30°

L =1, 94,99 ¢3:0587 _ 306 57
7 ¥ 7

Lt 2. 94,29 e3-0587 4 306 o7

326.27

]

e53.118
ej.01315

-232.13 + j5.527 _ 232.20
§20.38 ¥ 35.527 ~ 1p0 4

.552333-105

866 oJ14.671x [ej.64543 + 5523 oJ3-105 e-j.64543]

eI14-671x  geg [(.7988 + j.6015) + (-.4286 +-j.3483)]
(.3206 + j.8226) eJi4-671X . guog o31.199 j14.671x

£P sing = -.ga2ed 11991 # 14,671

for 6 = 30°, (A18)

...............
.......
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B. Example of Computing the Scattered Fields for 0° Inciderce

Using Set I of the file in Chapter VIII (polarization angle
0°) EPHI component at Z =1 in. can be computed as follows:

(i) To compute EPHI for ¢ = 0°, (positive x-axis)
at p =0, add the 11 complex numbers in block
labeled JCOL = 1. The summation of the block
labeled JCOL = 2, gives EPHI for ¢ = 0°,

p =1 cm, etc. For this particular incident
plane wave polarization, EPHI = 0 on the
x-axis as to be expected.

(ii) To compute the same field for ¢ # 0°, say

¢ = 30°, we use the formula,

Since this is the case of 0° incidence, only
a with m = %1 are non-zero,

O b R e

m

% For p =0,

) s _ ~330° 330°
: E¢ ay e t a4

(.02202 + j.06676) e 339° - (.02202 + j.06676) eI30°

-23(.02202 + j.06676) sin30°

]
[an ]
()]
(=]
~
(o))

1

[
o
N
~N
[
N

-
-h
o
S

D

]

[}

°

-
-
i
|78
o
1
-
ko)
i
(e
°
-
lo~]
pary
A g
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For o

L5 SR ~ AORY 2
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= .06498 - j.02340, for o = 0°, ¢ = 30°,

(B2)

p = lcm
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Example of Computing the Scattered Fields for 30° Incidence

Using Set II ¢f the file in Chapter VIII, the scattered EPHI
component can be computed as follows:

(i) To compute EPHI for ¢ = 0° (positive x-axis)
at p = 0, add the 11 complex numbers in block
labeled JCOL = 1. The summation of the block
labeled JCOL = 2 gives EPHI for ¢ = 0°,

p =1 cmetc. For this particular incident
plane wave polarization, EPHI = 0 on the
x-axis as to be expected.

(ii) To compute the same field for ¢ = 0° say
¢ = 30°, we use the formula

M
s . Jmd
E¢ :}E: a, e
! -M
| =
N for p =0, (only a, with n =£1 are non-zero)
x5
s _ -330° j30¢
; E¢ ay, e ta,e
;
i = (.01663 + 5.05757) e™330° _ (.01663 + 3.05757) 330°
=
o = -2j(.01663 + j.05757) sin30°

.05757 - j.01663 for 6 = 30°, ¢ = 30°, p =10 (C1)

C -53-
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for p =1 cm (use data in block JCOL = 2 in set II)

+ +

+

i St Aol frong 2t

Pl Rl et It 4 i)

T IS T R

............
..............
......

At
~~~~~~~~~

9 -j5 x 30°

(-.7005 x 1072 + 3.1122 x 1077) e

6

(.2098 x 1075 + 3.1158 x 1075) "3 x 30°

(1166 x 1073 - j.3785 x 107%) ¢33 X 30°

-2

(-2997 x 1072 - §.2090 x 1072) ™92 * 30°

(.1775 x 1077 + 3.5615 x 1071) ¢7930°

-+

-1

(.1775 x 107" + j.5615 x 107}) £J30°

+

(2997 x 1072 - 5.2090 x 1072) ed2 X 30°

t

(.1166 x 1073 - j.3785 x 107%) I3 x 30°

(.2008 x 1078 + j.1158 x 1075) ¢34 X 30°

(-.7005 x 1079 + i.1122 x 1077) pd5 x 30°




..................

) Since the coefficients for m > 4 are negligible in comparison
to the lower order ones, we shall omit them in the following
summation, which gives:

ES = -[2;1(.1156 x 1073 - 3.3785 x 107%) sing0°

¢

-2

+ 2j£.2997 x 1072 - 3.2090 x 10°2) sin60

Ty
e

’(. P

-1

s
.
+

23(.1775 x 1071 + §.5615 x 1071 sin30c]

= -[(.0000757 + j.0002332) + (.003619 - j.005190)

+ (-.05615 + j.01775)] = .05245 - §.01279

for 6 =30°, ¢ =30°, p=1cm (c2)




.........................
L A R T T T P

Example of Computing Total Fields for 0° Incidence

Using the file of Chapter VIII, the total EPHI component
z = 1 in. can be computed as follows:
(i) To compute total EPHI for ¢ = 0°, (positive x-axis)
at p =0, simply add the primary field to the
scattered field computed in (B). Using formula (A6)
at ¢ = 0°, we find EPHI primary to be zero. From
Section B(i) the scattered field for this component is
zero. Thus, as expected, the PHI component of the
total electric field is zero along the x-axis.

(i1) To compute the same field for ¢ # 0°, say ¢ = 30°,
we add the primary field to the scattered field
already computed in (B). Using the formula (A2),
(A6) and (A17),

o Eg = (-.3089 - j1.0974) sing

! v - -.1545 - 5.5487 for 8 = 0°, ¢ = 30° (o)
gﬂ The primary field is independent of p because

: g Using B1, we find the total field is

R Ey = E; + Eg = (.06676 - j.02202) + (-.1545 - j.5487)

PR |

k7 S0

Ly E, = -.08774 - §.502 = .5769 e™1.723

. for 6 =0° ¢ =30°, p=0° (p2)
s
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In the time domain

Ey(t) = Re{5769e"~"1'723 eJ‘*’t} = .5769 cos (wt - 1.723)

for 6 =10°, ¢ =30°, p=Q° (D3)

Using (Di) and (B2) we find

E¢ = E; + Eg = (.06498 - j.02340) + (-.1545 - 3.5487)
= - ,08952 - j.57210 = -57918-‘].1'7260

for 6 =0°, ¢ =30°, p=1cm (D4)

In the time domain
Ey(t) = Re{5791e'31'7260 eJ“’t} = .5791 cos (uwt - 1.7260)

for 8=10°, ¢ =230°, p=1cm (D5)
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!! E. Example of Computing Total Fields for 30° Incidence

The total EPHI component at Z = 1in. at 30° incidence can
be computed as follows:

- (i) To compute total EPHI for ¢ = 0°, (positive axis) at

p =0, simply add the primary field to the scattered
field computed in (C). Using formula (A6) at ¢ = 0°
& we find EPHI primary to be zero. From section C{i), the
scattered field for this component is zero. Thus, the
PHI component of the total electric field is zero along
the x-axis.

(ii) To compute the same field for ¢ # 0°» say ¢ = 30°,
E: we add the primary to the scattered field already
N computed in (C). Using the formulas (A2), (A6), and

ﬂ (A18),

ji1.1991 + 14.671x]

L EP = -.8828 e sing

¢

and since x=0 at p=0

n ..
: EP = -(.3206 + j.8226) sin 30° = -.1603 - j.4113 = -.4414¢7 1+ 1991

for 6 =130°, ¢ =30°, p=20 (E1)
for P # 0, we use X = p cos¢

E Eg - - ggog ol91.1991 + j14.671(p cos 30°)] i 300
E - = -.8828 }(1-1991 #1271} 4 300
=
= -.8828 e91-3262 o5 300 = - 1069 - j.4283
for © =30°, ¢ =30°, p=1cm (E2)
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Using (C1) and (E1) we find that the total field

E, = E; + Eg = (.05757 - j.01663) - (.1603 + j.4113)

= -.1027 - j.4279 = .4401¢1-806

for 6 =30°, ¢ =30°, p=0 (E3)

et it

In the time domain

{ = Ey(t) = Re{24401e'j1'806 et 4401 cos(ut - 1.806)

A

A for 6 =130°, ¢ =30°, p=0 (E4)
3

Using (C2) and (E2) we calculate for the total field

E =E

A + Eg = (.05245 - 3.01279) - (.1069 + j.4283)

S
¢
= ~,05445- j.4411 = _4444e’j1.694

for 6 =30°, ¢ =30°, p=1cm (E5)
In the time domain
Ey(t) = Re{34444e“j1°694 ejwf} = 0444 cos(wt - 1.694)

for 6 =230°, ¢ =30°, p=1cm (E6)

....................
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Source of PCOEF
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FROGRAM FGOEF(INPUT,TAPEL1G=INPUT TAPELSR,
1 QUTPUT +TAPELB=0UTPUT)

et 1 s i At

THE PURPCSE DF THIS PROGRAM IS TO FRINT THE AZIMUTHAL COEFFICIENTS
THAT ARE GOING 7O 3& DZLIVERED TO THE ARMY.

THE MAIN PART OF THIS 9RCGRAM WAS LAST CHANG-=D OAN
- 14 JANUARY 1932 -

COMPLEX AZIC(15415+86)

QOO OO0 OOOOOO0

o CIMENSICM RHO(1€),HOC(16) yACOMP(B) yHCCMF(B)RCOMP(E) 4M (15}

NOTE ONLY UP TO THE FIRST 45 AZIMUTHAL COEFFICIENTYS FOR EACH
COMPONENT AT EACF RHO Z POINT PAIR CAN BE USED, ALSO NCGTE THAT
THAT TAPE, ITAPEIy MUST HAVE EXACTLY 16 RHO VALUES FCR EACH 7,
FURTHER MORE THEY MUST BE APPRGXIMATELY AS LISTED IN THE ARRAY,
RHOC »

DATA IR/1/+ITAPEI/L8/+MDIM/1S/MAXFTS/L16/4NPTSC/16/,IFLAGEZL/

(] DOOOOOOO

> .‘ DATA RHOC/0e11 042093018095+ 90ee703809¢3i0erlies 12021309184+ 915./
THE ALLCWED NAMES OF THE FIELD COMPONENTS WILL NCW BE S¢¥7T,

DOO

G% DATA ACOMP/13H EPHI +10H ERHO +1C4H EZEE )
i 19+ ETAQ*KEPHI.19H ETAD*HRHOy10H ETAUG*KZEF/

THE MMES OF THE FIELD CCHMPONENTS WFICH HILL BE USED BY
SUBROUTIME WAZIC IN WRITING THE RESULTS IN A HUMAM REACABLE
FORM WILL NOW 8t SET.

OO

DATA WCOMP/10H EPHI v 10H ERHMO v1CH EZEE ’
LR 1 10H HPHI »10H HRHO +10H HIEE /

DATA IUNITR/13/,TUNITE/16/,IUNITO0/16/

TR
o (]

DATA ISET/0/

il

] =‘r ﬂu"-“:-‘h:i-:-'::v’q: l.'.'! LT’T-:‘ T .. -‘,.-. v

1 CONTINUE
THE DESIRED COEFFICIINTS HAVE SCEIN O3ITAINED FLAG WILL 2F UNSET.
IFDES=ISET+L

SUBROUTIME READIN READS THE INPUT FILE. THE INFUT FIL

HAS THE INFORMATION CONCERNING THE FREQUENMCY IN MECGCA HERTZ,

THE WATER CONTENT OF THZ SCIL IN PER CENT, THE ANGLE OF THCINENCE
IN DEGREES OF THE INCIDENT PLANE WAVE, AS WELL AS YHE ANCLE OF
POLARIZATION IN DEGRIES CF THE INCIDINT PLANE hAVE. ALSGC, THEZ
DISTANCE IN INCHES A30VE THE GROUND WHERE THE NEAR FIELDS APE
EVALUATELC IS READ. SUBROUTINE READIN REAQDS THE NUMBER CF DIFFERFNT
COMPONENTS OF ThHz NEAR FIELD THAT ARc TC 3f PRINTED IN &00ITICAN 7O
THE NAMES OF THE COMSOMENTS IN THE ORDEF THEY ARE TO BE PEINTED,

[t
v NeNrloNeoleNeNeoRoNeo N @] OO0 a0
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CALL REACIN(IUNITE,IUNITR,
FMHZW o FCENTHyAQFIWLAOFP RN, 2 INCHH 4 HCUMF4RCCHUD)

SUBROUTINE COMCHK CHZCKS TO 3£ SURE THZI COMPONENT NAMTS ARET
ALLOWED.

CALL COMCHK{IUNITELACOMP4NCOMP,RCCMP)

SUSROUTTIME RWLW1Z MAKES THE FIRST READ TO TAPEI, THE TAPE WHERE
THE AZIMUTHAL COZFFICIINTS ARC STORED. SU3IROUTIME RWiW4Z WILL
READ IN THE AZIMUTYHAL COEFFICIENTS OF THE NEAR FIELDS THAT
CORRESFOND TO OM INCIDENT PLANE WAVE,

CALL RWIWIZ(IR,ITAPETI,IUNITE,
MAXPT Sy FRENMEHy PCENT 4 ZINCHLACFL AQFF,
MUSED 4y NPTSJU 4 RHCyMDIM, AZIC)

SUBROUTINE TCHECK MAKES SURE THAT THE USER HAS SFECIFIED A
FREQUENCY AND A PERCENTAGE WHICH IS IN THE FILE.

CALL TCHECK(IUNITE FHHZA,FREQMHPCENTH,,PCINT)
CONT INUE

SU3RCUTINE IPZCHK DETEZRMINES IF THE LAST READ OF TAPZ, TAPZI,
READ THE DESIRED COEFFICIENTS,. :

CALL IPZCHK(AOFIW,AOFI,AO0FPW,ACFP,ZINCHW, 2ZINCH,
ISET,IFDES)

IF IFDES IS SET THZN THE LAST READ DID OBTAIN THE DESTRECL
COEFFICIENTS,

IF(IFDES .EQe ISET) GO YO 4
CONT INUE

THE LAST READ WAS NOT FOR THE DESIRED COEFFICENTS.
SO ONc MCRE READ WILL BE ATTEMPTED.

CALL RWIWI1Z(IR,ITAPEILIUNITE,
MAXFTSFREQMHy FCENTZINCHyAOFIZACFF,
MUSED 4 NPTSU, RHO, MDIM,AZ IC)

GO 10 2

CONT INUE

THE LASY FEAD HAS FOR THE DESIRED COEFFICIENTS,

SUSBROUTINE RHOCHX MAKES SURE THAT THZ RHO VALULS ARE
AT LEAST APPROXIMATELY AS EXFECTED.

CALL RHGCHK(IUNIYEWN2TSU,RHD4NFTSC,RHIC)

SUBROUTINE LOADM LOADS THE ARRAY M WITH THE AZIMUTHAL CRODERS
OF THE CCEFFICIENTS.

CALL LCACMCIUNITE «MUSED M)

EACH LOCF TO 5 CONTINUE WILL PRINT THE AZIMUTHAL COEFFICIEMNTS
OF THE SERIES WHICH REPRESENTS ONE OF THE COMFONENTS OF THE
SCATTERZL FIELD.

00 5 I=1,NCOMP,y1
PCOMPE=RCOMP(I)




......
---------

C
c SUBROUTINE CHUME WILU RETURN THE COMPONENT IMNDEX.
c
CALL CNUMB(IUNITEWRCIMPE,ACOMP,ICOMP)
c
C SUBRCUTINME WAZIC WILL PRINY THEZ COEFFICIENTS.
C
IFLAG=IFLAGE
IF(ICOMF oGT. 3) IFLAG=IFLAG+)
CALL WAZIC(IUNITO+MDIMyRHOyIFLAG,MUSED,
i MeAOFIyAOFPy Z INCHyRCOMPE yWC CMPUICOMP ) 4AZIC (1,14 ICOMF))
5 CONTINUE
& CONT INUE
srore
END
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SUBROUTIMNE CNUME(IUNITE,RCOMPE,ACQOMP,ICONP)

THIS SUIRCUTINE SETS ICOMP EQUAL TO THE INDEX NUNMBER OF
THE ELEMENT OF ARRAY, ACCMP, THAT IS ZQUAL TC RCCMPE.

IF RCOMPE IS NOT EQUAL TC ANY OUF THE ARRAY ELEKMENTS THEN
THE USER IS SO INFORMED AND THE PROGRAM IS STOFPED.

YHIS SUSROUTINE WAS UAST CHAMNGED ON 5 NOVEMBER 1¢81.

DIMENS IChN ACOMP(B)

CONY INUE

FOR THE SAKE OF EFFICIENCY SCME LOCAL VARIABLES WILL BE SET EQUAL
70 SOME CF THE PARAMETERS,

IUNIT=IUMNITE

RCLOC=RCC MPE

D0 2 I=14641

INDEX=I

IF(RCLCC +EQs ACOMP(YI})) GO TO 3
CONT INUE

RCOMPE DUCES NOT VMATCH ANY OF THE ALLOWED VALUES.
HRITE(I''NIT931C02) (ACCHNP(IY9I=1+641),%CLOC

1002 FORMAT(itFi,

11H 4 25HTFIS IS SUBROUTINE CNUMB.,/,
2iH ,29HA} ERROR HAS 3EEN DISCOVERIED.+/
31H +48HRCOMPE DOES NOT EQUAL ANY OF THE ALLOWEL VALUES.+2(1H ,/),

L1H 911HACCHMP(1) = ,A210,43H ACOMP(2) = ,A10,130 ACOVMP(3) = ,A1D
S v/
H5IH ¢ 1LHMACOMP(L4) = ,Ai64134 ACOMP{S) = LA10,13H ACOMP(6) = ,A10D

7 o/
81H 411iH RCOMPE vA1G42(1R 4/,

9;? 2 43 PTHIS SUBROUTINE WILL NEXT STOP THE PRCGRAM,)
op

CONTINUE
ICOMP=INTCEX
RETURN

END




SUBROUTINE COMCHK ( TUNITE ACCMP4,NCONP, RCOMD)
C
c
C THIS SUBFOUTIN: CHiICKXS THE FIRST NCOMP ELEMEANTS OF THE ARKAY,
C RCIMPy CIMPARING THEM TO THE ALLOWABLE SETINGS. IF FACH OF THE
C FIRST NCCMP ELEMENTS EOUAL ONE OF THE ALLOWABLE VALUES THEN THIS
c SUSROUTIMNE TAKES NG FUTHER ACTION. IF JUST ONE OF THE FIRST
C NCOMP ELEMENTS GF RCOMP GOES NOT EQUAL ANY OF THE ALLOWASLE VALUES
c THIS SUBRCUTINE SO INFORMS THE USER AND THEN STOFS THE PRGGRAM,.
c
c
c THIS SUSRQUTINE WAS LAST CHANGED ON 5 NOVIMBER 41581
c
c
DIMENS ICM RCOMP (NCOMPY,ACOMP(B)
C
c
1 CONTINUE
c
c FOR THE SAKE OF EFFICIENCY SOME LOCAL VARIABLES WILL BE SEY FCUAL
- C T0 SOME CF THE PARAMZITERS.,
C
JUNIT=IUMNITE
NUMB=NCCMP
C
c EACH OF THE FIRST NCOMP ELEMENTS OF RCOMF WILL NCK Ef CHECKEC.
C
Do 7 I=21,NUMB,1 !
RCOMPI=RCCMP(I)
DO 2 J=14641
ACOMPI=ACOMP(J)
IF(RCONMPI EQ. ACOMPJ)Y GO 70 &
2 COMTINUE
3 CONTINUE
c
c THE ITH ELEMENT OF THE ARRAY, RCO:?, DOES NOT EQUAL
C ANY OF TFE ELEMENTS OF THF ARRAY, ACQ%P.
c

WRITE(IUNIT,1083) I,(ACOPP(K)yK=14b5,1)
1003 FORMAT (it1,
11H 426HTFIS IS SUBROUTINE COMCHKes/,
21H 429HA} ERROR HAS BEEN DISCOVEREDes/
o 31H +13HTFE ELONENT NUMBER 4144264 OF ARRAY, RCGMFs DOES NGT e/,
s 41H 955HECLAL ANY OF THE ALLOWEC VALUES PASSED IN ARRAY, ACOMP,,

- 5 201t 47),
S 61H +11HACGCHP (L) = LA10,13H ACCMF(2) = 2A10413K  ACCYP(3) = 4213
. _~: 7 ,/’

= 831H »11HACCMP(4) = +A40,13¥ ACOMP(5) = 2R10+13H ACGHEP(H) = ,A1D)

-. % CONTINUE

A 00 5 K=1,NUuMBy1

w WRITE(IUNITH1008&) X,2COMP(K)
1004 FORMAT

;§ 11H o EHRCCMP(, T2,y 4H) = ,A10)
A 5 CONTINUZ
‘ WRITE(IUNIT,40(5)
- (’ 1005 FORMAT (Lt 7/,

11H , 43HTHIS SUSFOUTINE WILL NEXT STCP THE PRCGRAM.)
SToP
5 CONT INUE

C THE ITk ELEMENT CF THE ARRAY, RCOMP, EQUALS YHE JTH
- -65-
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ELEMENT CF THE ARRAY, ACOMNP,
7 CONTINUE

EACH OF THE FIRST NCOM® ELEMENTS GF THE ARRAY, RCOMP,
EQJAL CNE OF THE ALLOWABLE VALUES.

RETURN
END
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SUBROUTIMNE ECFILE (IUNIT, ISET.IENCF)

THIS SU3ROUTINE CETERMINES IF CN A PREYIOUS READ OF UNIT,
THE ENC CF THE FIL< WAS FEACHED.

THIS SU3RGUTINE WAS LAST CHANGED ON 24 JANUARY 1G81.

CONT INUE
IF(EOF (ILNIT)) 24342
CONT INVE

PREVIOUS READ ENCOUNTERED THE END OF THE FILE.

IENDF=ISET
CONT INUE
RETURN

END

......
......

IUNIT,
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3 i
L SUBROUTINE IPZCHK (AOFINyAOFIG,AOFPh,AOFPG,ZINChH,ZINCHG,
o ISET, IFLAG)
po - C
SR
- (¢ THIS SUSROUYTINE COMPARES AOFIW T0 AOFIG, AOFPW Tr ANFPE, ANG
1w ¢ ZINCHW TC ZINCHG. IF ALL CCMPA®ISONS ARE CLOSE THEN IFLAC IS
s . ¢ SET EQUAL TO ISET. OTHERWISE THE VALJE OF IFLAG IS NOT CHANGED.
- c
3 c
3 c THIS SURROUTINE WAS LAST CHANGED ON 5 NOVEMBER 1931,
< c
J:
T DATA SMALL/L.E=3/
b c
- c
SO CONT INUE
C o ABSIC=ABS (AOFIW=AOFIG)
3 = IF(ABSI0 4GT. SMALL) GO TO 5
A CONT INUE
G ABSPD=ABS (AOFPW-AOFP5)
- IF(ABSPC .GT. SMALL) GO 70O 5
L CONT INUE
g v ABSZC=A3S (ZINCHN=ZINCKG)
y IF(ABSZC oGT. SMALL) GO TO 5 |
¥ CONT INUE |
;’E -:‘; c i
i C ALL COMPARISONS ARI CLOSE. ;
i, C ?
) IFLAG=ISET |
CONT INUE ;
RETURN :
END |
S ?
-68- |
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SUBRCUTIMNE LOAOM(TIUNTITE MUSEDW M)

THIS SUBROUTINE SETS THE FLEMENTS OF THE ARRAY M TG THE AZIMUTHAL
ORDERS OF THZ COEFFICIINTS THAT WILL BZ PRINTED. THEY WILL EE IN
THE ORDER THEY ARE TO BE PRIN.ED.

THIS SUIRCUTINE WAS LAST CHANGED CON 17 NCVEM3ER 21981,

DIMENSIOM M(4USED)

CONTINUE

FOR THE SAKE OF EFFICIEZNCY SUMZ LCCAL VARTIASLES WILL BE SET ZNUAL
TO SOME CF THE PARAMETERS.,

IUNIT=IUNIVE
MTOTAL=%USED

MUSED IS THE NUM3ER AZIMUTHAL ORDERS USEC. THIS MUMBFR ShHOULD B
0DD SINCE IT IS ASSUMED THAT ThE SMALLEST ORDER USED IS THE
NEGATIVE OF THE LARGEST ONE USED AND THAT THE ALL THE ONES IN
THESE LIMITS ARL USED AS WELLe IT IS ALSC ASSUMEC THAT THE
AZIMUTHAL CRDERS ARE IN ACSENDING ORDZIR.

MPOS=MTOTAL/2
MCHECK=MTOTAL~ (2#4MPQS)
IF(MTOTAL +GTe C +ANDe MCHECK +EQe. 1) GO TO 3
CONT INUE
WRITE(IUNIT,1002) MTOTAL

1032 FORMAT (1F1,

Ui £

14H 3 25HTHFIS IS SUBROUTINE LCADHes/s
21H 929HAL ERROR HAS 3EEN DISCOVEREDe/,

31H 9 39HMUSED SHCULD BE A POSITIVZ 00O INVEGERLy2(1H 4/),

4iH 9 3H MUSED = +Ii042(%H +/),
51H 2 43HTH IS SUBROUTINE WILL NEXT STOP THE PROGRAN,)

STOP

CONMNT INUE
MVALUE==-¥POS

00 4 IM=1.MNTOTAL,2
M(IM)=MVALYUE
MVALUE=MVALUE+1

CONT INUE

CONT INUE

RETURN

END

-69-




T _-s~ _.; i _'.1.-', .,. ..-_ _:_,—‘- __? _..-_ __:._“.._ :'__h\_ “\ - ‘,-._-‘\'_T::—?;':"\‘_':.'t;: 3‘:.2:.‘-?.“;:.%;:A‘:w:f\:.‘"1:'-: .’.‘:‘::‘::.“;‘:'?.":': “:‘_-‘;‘-r_\’.';;'-‘. .T."_ ".':“.‘.‘:'."_L."‘:‘.‘ .‘-'__Ta‘.:‘\_-‘, .w L |
Eﬁ : A

T

M SUBROUTTNE RCNAME (IUNTTR 4NUM.RCOMP)

k o THIS SUSROUTINE READS FRCM UNIT, IUNITR, THE NAMES CF THE

i g! COMPONENTS TO 3f PRINTEDS

THIS SU3ROUTINE WAS LAST CHANGZD ON 13 NOVEM2ER 1981.

DINMENS ICN RCOMP(H)

YIS ~ AR
A

QOO0 D Ny Nole Ry Neolo Ny Ayl

S 1 CONTINUE

E R FOR THE SAKE OF EFFICIENCY THE UNIT NUMBFR PASSED AS A PARAMETER
3 R WILL BE SET TO A LOCAL VYARIABLE.

e TUNIT= JUNITR

. READ(IUNITS4001) (RCOMP(TI)aT=14NU41)

L 1001 FORMAT (HAZ2G)

: 2 CONT INUE

RETURN
END
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SUSROUTINE READIN(IUNITETUNITR,

1 FR.QMH,PCENTA0F IyA0FP,ZINCH4 NCCMP4CCWMP)

THIS SU3RCUTINE READS FRCM UNIT, IUNITR, THZ INFCRMATIGN NETEDEC
TO SFECIFY WHAT THE USER WANTS PRINVED. THE INFORMATION IS THE
FREQUENCY IN MEGA HERTZ, THE PrRCENTYAGE CF THE WATER CONTENT THaT
IS IN THL SOIL,. THT HEIGHT A30VE THE GROUND IN INCHES THAT THE
NEAR FIELDS ARE TC 3K PRINTED, THE NUMBER OF DIFFERENT COMPONENTS
70 BE PRINTED, ANC THE NAMES OF THE COFMPONENTS YC EE PLOTYEC.

THIS SURCUTINE WAS UAST CHAMNGED ON 18 NOv. . ER 1981.
CIMENS IChN RCOMP(5)
DATA ISET/0/4+IUNSEY/ZL/

CONT INUE

FOR THE SAKE OF EFFICIENCY THE UNIT HNUMBERS PASSED AS FARAMETEKS
WILL BE SET 70O LOCAL VARTARLES,

IERR=IUNITE
IREAD=IUMNITR

THE FOUNC END GF FILE FLAG WILL NOW 3% UNSET.
IENDF=IUNSET
THE FIRST READ OF UNIT, IUNITR, WILL NOW 3E CONE,

READ(IREABC,13501) FMH74PCyAI9AP+ZyRNUM
FORMAT (1X ¢FOe 44 5F 134 %)

IF THE END OF FILE MARK WAS READ BY THE LAST REAIL A SERIOQUS ERRCR
HAS BEEN CISCOVERED. SUBROUTINE EOFILE DJETERVMINES IF THE PFREVIOQUS
READ OF LMITs IUNITR, ENCOUNTERED THZ ENC OF FILF MArK.

CALL ECFILE(IREAC,ISET.IENDF)
IFLISET o0Ee IENCF) GO TO 3
CONT INUE

THE ENC CF FILE MARPK WAS ENCOUNTERED DURING THL FIRSYT READ
CGF UNIT. IUNITR, THE USER WILL BE SO INFORMED ANLC THEN THE
PROGRAM ®wILL 3E STCPPED.

WRITE(IERRV1J0Z)IREAD

1002 FORMAT (1t1,

'''''
....... - = ] . N - 7 A
IR S R S IR SR N PRV, Pl Py, S

3

. e s s
~~~~~~~ w5 e

11H 926 HTFIS IS SUBROUTINE RCADIN, s/,

21H ,29HA} ERROR HAS 3EEN DISCOVEREDes/»

3id ¢ 38HREACHED YHE END OF THE FILE ON UNIT = ,1I3,7,
LiH 425 HAFTER ONLY THZ FIRST READe s/

S1H 2 43HTHLIS SUBFOUTINE WILL NEXY STOP THE PRCGRAN,)

SYOP
CONT INUCZ
NUM=IF I (RNUME.S)
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o ij c NUM SHCULD BX A POSITIVE INTEGIR LZSS THAN OX LQUAL YO 6.
5 C
i IF(0 oLTe NUM JANDe NUM oLEe 6) GO TO 5
NN 4 CONT INUE
','.‘ - C
i ( c AN ERROR HAS 3EFN JISCOVERED.
c
:s ﬂ WRITE(CIERR,23d%) RNUMGNUMYFMHZ,P0AT,40,7
2 1004 FORMAT (Lb2, )
A 114 926 HTFIS IS SUBRGUTINE FEADIN. ./,
A 21H y29HA} ERROR HMAS 2EEN DISCOVERED.+/»
B J1H 453HRCOMP SHOULD 3E A POSITIVE NUMBER LESS THAN CF ENUAL TC 6.
E 4 s 2U1H /),
> - 1H » 3H FRNUM = +E1Gels1iXy GH NCOMP = 4I1GC 4/,
g 6iH o BHFFFQMH = 2 EL0e4¢14%y OH PCENT = 4E1Cely/
- 71H 4 9H AOFL = 4E40.4911X,y SH ADFP = ZEi10ely/,
AN BiH o 9H ZINCH = s ELLeLy2CiH o/ )0
T 9iH ¢29HNCCH® WILL 3L ST EQUAL TO 1)
'! - NUM=1
3 5 CONT INUE
! c .
SRR SUBROUTINE RCNAME 4ILL NCOW READ FROM UNIT, IUNITF, THE FIELD
. c COMPONENTS THE USER WANTS PRINTED.
c
CALL RCNAME(IREADYNUMyFRCCMP)
c
c IF ON TH: LAST FZAD CF THE UNIT, IUNITR, THE EAND OF FILf MARK WAS
C READ THEN A SERIOUS MISTAKE KAS JCCURED. SUSROLTINE EQFILE
c CETERMINES IF THE PRFVIQUS REAC OF UNIT, IUNITR, ENCOUNYCRED THE
c EN) OF FILE MARK.
c
CALL EOFILE(IREAC,ISET, IENDF)
IFCISET onte IENCF) 60 TO 7
5 CONTINUE
c
c THE END CF FILE MARK WIS ENCCUANTERID JURING THi SECOND RZAD
c OF UNIT, IUNITF, THE USER WILL RE SO INFGRMED ANL THEN THE
3 c PROGRAM hILL SE STOPPEN,
T C
. WEITE(IEFFs4336) IREAD
. % 1006 FORMAT (1h4.
. 11H 4 26HTHIS IS SUBROLUTINE READIN../,
) 24iH 423HA! ERROR HAS 3EEM DISCOVEREDe+/+
S 32H ¢3BHREACHSD THE LND OF THE FILE ON UNIT = ,13,7,
SR 41H 9 27HAFTER ONLY THE SECOND READes /s
% S5iH yL3FTEIS SUBROUTINE WILL MEXYT STOP THE PRCGRAM,)
b: .':‘ STG?
SR 7 CONTINUE
.- C
- c DEMONSTFATE THAT NIOTHING ELSE READ FROM THE UNIT, IUNITR, IS USEC.
b C
ol 3 CONTINUE
3 c
: - c THE LAST <EAD DI0 NOT ENCOUNTER? THE END GF THE FILE.
= ¢
. KREAD (IREAD,1008)DU MY
b (. 1093 FORMAT (410)
0 C
¢ CHECK TO CETIRIMINE IF THE PREVIOUS READ CF UNIT, IUKITR,
e c ENCOUNTERELD THE EMND CF THE FILE. SUBSOUTINE EOFILE PERFOSMS
= ¢ THIS TASK,
P C

........................

~




] B CALL EOFILE(IREAC,ISETIENDF)

IF(ISEY LEQe IENOFY 50 VO 10
3 CONTINUE

. GO TO 8
(“ 13 CONT INUE

c
c
C
c
c

AT END OF FILE
BEFORE FITURNING SIV<RAL 9F TH: PARAMETERS WILL NKOW 3% SET.
FREQMM=F M k2

PCENT=9C
AOFI=A]

el AOFP=AF
SHE ZINCH=2
- NCOMP=NL M
& C

. RETURN

END
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o L. SUSROUTIMNE RYOCHK {IUNTITE NPTSUWRHNGNFTSC,RHOC)
i c

c

c THIS SURBRQUT INE CETERMINES IF THE RHC ARRAY IS CCRPECT,

c IF IT IS NOT TH: UScF IS ST INFORMED AND THE PROGRAM IS STCPPLD.

C

C

c THIS SU3ROUTIN: WAS CAST CHANG=D ON 5 NOVIM3IP 1G81.

C

c

DIMENSICN RHOUNPT S LRH0C(NPTSS)
c
c
DATS SMALL/1.E-3/
C
c
1 CONT INUC

c

c FOR THE SAKRE OF EFFICIENCY SOME LCCAL VARIASLES WILL SE SET EQUAL

c TO SOME CF THE FARAMETERS.

C

IUNIT=IUNIVE
NPTSUL=NFTSU
NPTSCL=NFTSC

c NPTSU SHCULD BE POSITIVE AND £€NUAL YO NPTSC.

IF(NFTSUL oLT, € +OR. NPTZUL +iEs NPTSCLY GO TC 4
CONT INUE

DO 3 I=14NPISUL,2

RHOI=RKT (1)

RHOCI=RFCC(I)
RKCHECK=AES(PHOI-RHICI)

IF(RCHECK 4GT. SMALL) GO VO &
3 CONT INUE

N

ALL THE RHO VALUES AGREL WITY THE CORRECT VALUES,

DOO

GO 10 7
+ CONT INUE
WRITE(IUNIT,10604) NPTSUL I NFTSCL
1536 FORMAT(iFH 1,
11H 4 2BHTFIS IS SUBROUTINE RMOCHK. 4/
21H ¢ 29HA4L ERROF HAS 3EFN DISCOVERED.e/,
JiH yS7PTHE VARIABLES WHICH DEFINE THE RHC ARRAY ARE NOT CCRRFCT.
4L v 201H /)
51H 5 3H }PTSU = 4T10+11Xy 9H NFTSC = 4,1404201H /),
BiH o 3H I 21X 48X, 34R40¢5Xy 11X 44X LHRSIC)
5 CONMNTINMU:
NLIMIT=MPTSYL
IFCMLIMIT LT, MPYSCL) NLIMIT=MPTSCL
TE(NLIMIT 7. 1) NLIMIT=}
DO 6 M=l KNLTMIYT,2
KWRITE(IUNTTWA0EDYNLRA0D(N) 4 RHOC (M)
1005 FORMAT (1F 3I391X9E12.5:1 1% 4E1248)
& CONTINUE
HRITE(IUNIT,10086)
1006 FORMAT(1t+ ,/,
1iH JW3HTEIS SUBEQUTINE WILL NEY.Y STO0® THE PRDGRAM,)
STOoP
7 CONTINUE

S LR
-------
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SUSROUTIMNE FWCOMO (IR VeI TAPEH,CCMPy MO IMy MALPTS o MMZH NPTU,
1 WAVEZH)

THIS SU3ROUTINE ®ZADS OR WRITES THE AZIMUTHAL COEFFICIENTS

FOR ALL THE AMG VALUES AT ONE Z LEVEL FOF ONE FIELD COMFCKENT.
IF IRW EGUALS TWO THEN A WRITE WILL TAKE PLACE, CYHIPWISE A

FEAD IS MalEe FCR THE SAKE OF STYLE AND POSSIBLE FUTURE REVISIOMN
WHEN A SEAD DPERATTION IS DESIRED CALL THIS SUBROUTINE WITH IRHW
£QUAL TO GNE.

THIS SU3SCUTINE WAS LAST CHAKGZD ON 23 OCTO3YR 1921.

COMPLE X WAVEZH (MDIMy“AXPTS)

1 CONTINUE

FOR THE SAKE OF EFFICIFNCY SOMF LOCAL VARIABLES WILL BE SET FQUAL
TO SOME CF THE PAPRAMiTERS.

QOO0 aOQ AAOAOOOOOOOOO0OO00

IRWL=IRW
ITLPE=ITVAPEN
MH3IL=MM2
NPT=NPTU

NOW A TEST WILL BE DONE T DEVERMINE IF A READ OF A WRITE
hAS BEEN REQUESTED.

QOO0

IF(IRAL +EQG. 2) GO TO L2

ny

CONT THUE

A READ IS RENQUESTED

e NeNe]

READ(IVYAFE,1002) CINM°
1002 FORMAT (2CXeaALDy/425X)
3 CONTINUE
READ(ITAFZ,1003)
10383 FORMAT (7€X)
4 CONT INUE
READ(IT2FL,1004) ( (NAVEEH (IROW,JCIOL) yTROW=14MN3L 913 9JCOL=1,NPT 4 1)
1304 FORMAT (S {1X4EL1Q.L))
GO 7O 15
12 CONT INUCZ

C A WRITE 13 REQUESTED

WRITE(ITAPELZLD012) CCHP
1012 FORMAT (
41H 9 28HTFZ NZAF FLIZLD COMPOKRENT IS 421097
21H 4 24HIt FORMAT(2IX4ALC,/425X) )
13 CONTINUE
WRITE(ITAPEL,1013)
1613 FORMAT(
11H ¢ UBHU{KWAVEER(IROWNJCOL) ¢IRCH=L4yMM3y1) +JCOL=Z NPTU,1),
2 P7TH === IN FORMAT(5 (1X4E10s4)) )
1+ CONTINUE .
WRITE(ITAPEZ1014) ((HAVEER(IROWWJCOL )9 IROW=14yMM3L 1) yJCCL=19NPT,H1)
1046 FORMAT(R(ZH +E1l.t))




15 CONT INUE
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SUBROUTIME RWHEAC(IRNZITAPENLIUNTITE,
MAZPTS  FREQMSy PCENTY ZINCH,AQOF I, AQF2,

' 2 qM?,NPiUvRHO)
c
c
C THIS SURROUTINE READS IR WRITES THE HEAGER TC TAFPE, ITAPEN,
c IF IRW SGUALS THWC TH.N A WRITC WILL TAKE 2LACE, CTHERWISE
c A READ IS MADE., FOX THF SAKE CF STYLE ANC FOSSIBLF FLTUPRE
c REVISIONS, WSEN A READ OPERATICN IS DESIREC A CALL THIS
c SU3BROUTINT WITH IFW _OUAL TO ONE.
c
c
c THIS SU3FGUTINE WAS LAST CHANGZO ON 27 OCTO3: K 1681 .
c
c
DIMENSION RHOLMAXFTS)
c
c
1 CONT INUZ ;
C %
c FOR THE SAKE OF EFFICIENCY SGMF LOCAL VARIASLEZ WILL RE _EY EQUBL |
c TO SOME CF THE PARAMITERS. :
c |
IRWL= IR ;
ITAPE=ITAPEN
TUNIT=IUNITE .
MPTS=MA)IFIS |
FMH Z= FRE QMH
PC= PCENT
ZI=ZINCH
AI=AQF 2
AP=AQFP
MM3 L= MM32 g
NPT=NPTU
c |
c DETERNINE IF A READ OR WRITE OPERATION IS REAUESTE. |
c
IF(IRNL «€Q, 2) GO T9 ¢2
2 CONT INUE
c
C A READ OFERATION TS REDUESTED.
c

PEAD(ITAFC1802) FMHZGPCoZIoAI4AP3MM3IL,NFT
1002 FOPMAT(3E8Ks/45 (X 4E1{ald 92 (4XaT18) 4/445X)
c
c A TEST WILL 3% MACZ 7O BL SUPE YHAD ¥hZ ARWA Y, RFO, WILL NCT
c BE CLIBSERED 3Y THE NEXT REZAC,
c
IF(MPTS +LTs HPT) GC TO 5
3 CONTINUE
READ(ITAFL,2603)
1003 FORMAT (47X)
- CC.UTINUE
READCITAFE. " JG&4: "RAC I)y1  LNPT,1)
1004 FORMAT (4 (4Xy210a4))

BEFORE IS SUBROUTINE RETURNS THE © IRAMETERT FREQMH, FCENT,
ZINCH, ACFI, AGFP, M3y AND NPTU WILL 2F SET EQUAL TC THe
VALUES PEAD FOR FM-Ze PCy ZIy AI. AP, *u3L, AND }PT FESPECTIVELY.

QOO

FREQMH=F V17

....................
----------
........
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PCENT=2C
ZINCH=1Z1
AOFI=A1
ADFP=AF

MM3= M) 3L

NPTU=NPT

GO TO 15

CONT INUE

AN ERROP HAS SEEN DISCIVERED.

WRITE(IUNIT1C05) IRUWLyFMHZ 9 PCAZIsAT APy MMIL 4 MNFTS AFY
FORMAT(LE 2452 (LE +/)

S 14H +261TFTS IS SUBROITINE RWHEADe /.
SO 21H 929HAL LFROF HAS 2LEN DISCOVEFENes/y
o 31H +S5HTHFE NUMBER CF FH(Q PCINTS IS LARCGEF T+AN TKFE AVRAY, FHOes
-:. o 4 2(1H 47),
S 54H 99H IRWL = 4I15 4/a
3 = B1H s OHFSEGMH = 2E15.395Xy3F FCENT = +E15.9,/,
. 71H 4OH ZINCH = +E165434/,
SR 84H 99H RAOFI = 2515e3,5X99H AOFP = ,515.3,/,
. 91H +9H M3 = 4115 35X, IHMAXFTS = .I15 ,/,
01H +8H NPT = 2I15 42(2H +7),
11H 42 HTFIS SUSRCUTINE WILL NOW STOP THE 2POGRAM.)

ST3P
12 CONT INUE

C A WRITE CPERATICN IS REQUESTED.

WRITE(ITAPE,1012) FMHZ,PCyZIyATI AP,y HM3L NPT
1012 FORMAT(
11H ¢ 37HFREQMH, PCENT s ZYNCHAOF I, AQFP 4 MMI 4 NPTU v/,
2 S{4H +E10e4)22{14 4T110),7,
314 s bLHI L FORMAT(IBX o/ 35 (AY9E10406) y2(1Y4T110)4/7,54LEY) )
13 CONT INUE
WRITE(ITAPEL,1N13)
1913 FORMAT (
11H G 4BHIRHO(L) ¢ IS yNPTU 9 1) o~ IN FORMAT(H4{IXE10,43%) )
14 CONT INUE
WRITE(ITACE,1014) (PHO{I)syT=14APT,1)
1914 FORMAT {4 (s, LE1C.4&))
15 CONTINUL-
RETUEN
ENO

Ay Ll wd wES O, W0
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SUSROUTINE RWIWZZ (TRASITAPEN, IUNITE,
¥ 1 MAXPTS yFREQMY4PCEINT, ZINCH,AOF I,AQF >,
S 2 UMIZMNPTUWPHD « MDIM,MAVEEH)

-’urg 2
o U

THIS SWPFOUTINE ALING WITH ITS TREE EADS OF WRITES THE
INFORMATICON ON TAPT, TTAPEN, CONCERNING THE INCIGENT ©LANE
WAVE AND THD AZiMUTHAL COEFFICIENTS FOR ALL THL RHO VALUES

AT THE 7 ZLEVFL, ZINCH. IF IRW EQUALS TWO THFN A WFITE WilL
TAKE PLACE, OTHERWISE A READ 7S MAQE. FCR THE SAKE GF STYLE
AND POSSIS3LE FUTUR:I REVISION WHEN 4 READ JOPZRATICN IS DESIRED
CALL TRIS SUBRCIUTINE WITH IRW EQUAL TO ONE.

THIS SURROUTINE WAS LAST CHAMGED ON 25 OCTOBER 1G8:,

&
s XoNoNo Xy Nol oo NoNoNoNeo Ne R

COMPLEA WAVEEH(MDIMyMAXPTS,6)

- T, TNy £y G N 2 AL, st
it 39 ST ROC RIS~ DIIPERCFCILIL A I
s Lt .
. bt

c

3 C i
DIMENSIGMN RHO(MAXPTS) ,COMPSHN(B) 4COMPUN(B)
. .. C
. . C
F 2o THE ELEMENTS OF THE AR2AY COMPWN STORE THE NAME CF EACF FISLD
- c COMPONENT
b . C
L DATA CCMFHN/1JhFPHI » 10FERHO v1JIHEZEE '
3 1 10HEFRI » 1CHHRHO v1JHHZEE /
’C
‘ch
AN 1 CONT INUE
¥ C
N FOR THE SAKE OF EFFICIFNCY SOME LOCAL VAFRIABLES WILL 2F SET €auaL
¢ T0 SOME CF THE PARAMETERS,
c

- IRNL=IRM ;
o ITAPE= ITAPEN !
) IYNIT=IUNITE %
- MPTS=MA)PTS
- F MH=F RE GNH
" PC=PCENT
ZINL= 2INCH
i AI=A0QFI
- AP=AQFP
MHU3L=MM3
o MPTUL=NPTU
i MDIML=MDIM

2 CONTINUE

C
c THE HEADING WILL NCW 3% FzAD 0° HRITTEN. SUBRPOLTINE RWHEAD
C MWILL PERFORM THIS TASK.,

. C

i CaLl RWHEAD{IRWL,.ITA?E, JUNIT,

— 3 YAPTSy FiiH 4 PC, ZINLyAZ AP,

( 2 M3 Ly N2T75L, RHO)

. c

o A TEST WILL 3E CuNE 50 BE SUFE TPAT THE FIRST DIMENSION CF
c THE ARRAY, WAVEFF, IS LARGE ENAUGH.
c

§

S JF(MM3L o5Ts 3 oANDe MM3IL JLEe. MDIMLY GO TO 4

3 CONT INULE

---------------------
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AN ERKGR HAS 3EEN HISCIVERED., SC THE USEFR WILL BE INFORMED
ANJ THE FROGRAM STOP?ED,

WRITECIUMITL003) IRWL ITAPEWMFTSy NPFTULAFYH,FCoaAT4AFZINL
1 MM3L. MO INL

1903 FORMAT(1F142(01H 4/,
11H 426HTHIS IS SUBRCUTINE FWIWLiZ. /7,
21H ¢52FTHE NUMBER OF AZIMUTHAL COEFFICIENTS FOR “HE CLRRENT 4/,
31H 952hkZ LEVEL SHOULND BE POSITIVE AUT LFSS THAN (R ENUAL T24/7,
41iH 4S3IRTHE FIRST DIMENIION CF THE ARPAY, WAVEFFR, THIS IS NCT./,
S51H o BHTFE CASEes2(1H 4/},

€14 o 9H IRW = oT10 4 34Xe SHITAPEN = +IL0 4/,
T1H o SHMAXPTS = 4,110 411Xy 9H NPTU = ,J10 4/,
81H » SHFREQMH = yE10.4911%y 9H PCENT = 4E10eUa/
91H 4 9K  AQFI = E1leLe11Xy IH ADFP = 4E10.Ue/,
0iH o 3H ZINCH = (510, l, /s

1iH 4 9H MM 3 +J10 +11Xs 9H MODIM vI110  42(2H /)y
21R 2 42HYFIS SUEROUTINE WILL NOW STOP THE OROGRAM,)
STaP

4 COHTINUE

A TEST WILL 3E DONZ TC DETERMINE IF a READ OF & WkITE
HAS BEEN REQUESTED.

IF(IRYL «.2Q. 2) GO 79 15
5 CONTINUE

A READ OFCRATIOM HAS SEEN REQUESTED.

NOW THE AZIMUTHAL COEFFICICNTS FCR EACH COMPONENT OF THE
NEAR FIZLD WILL 3E R7AD. THE RIPIATED CALLS 70 SLBPOUT INE
RWCOMP PERFJIRMS THIS TASK.

DO 6 ICOMP=1,641
CALL RUWCCPMP(IRWLy ITARE, COMPRN{ICOMP) ¢MIIMLMPTSy MMILWNFTUL,
b AAVEEH(1.1,ICOMP))

o CONTINUEZ

THE COVMPINENTS SHCJLS HAVE BEEN PEAD IN THE ORCFR THAT THEY
ARZ LISTID IN THZ ARZAY, CONMPHM.

00 7 ICGMP=1,6,41
IF(CCMP=N (ICOMF) oNCe COMPHUN(ICCHMP)) GO T2 8
7 CONTINLE

THL PARZPMEITORS FREAMHGPCENTSZIUCH,AGFI, AQFP,¥M3,AND NPTU WILL 2t

SET EQUAL TO THE VALUES READ F37 MPTS.FMH,PC.ZINLGAT, AP, ¥M3L, AWD
MPTUL RESFECTIVELY,

FREQMH=FVH
PZENT=PC
ZINCH=Z1INL

AQFI=A12
AOFP=AF
MM3I=MV 3L
NPTJU=NFTLL
G0 70 17
3 CONTINUE

AN ERPOR HAS 3FEN L:LUDVERED. THE CCMPONFNTS WERE NOT QFAC
IN THE CROLR E¥PZCTEZ). THE USER WILL 8E S) IMFCRMEL AND ThEM
-81-
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i f‘ c THE PRCGRAM STOFPED.
oY ¢
b HRITE(IUNITL2068) R ILy ITAPEZMETS, MFTULyFMH,FCyAIyAPL 2L,
A 1 MM3 L+ MD I ML
S 1003 FORMAT(1H4,2(1H 4/,
- (A 11H +26FTHIS IS SUBZOUTINE RWIWIZeo/,
j | ] 24H ,SLHTRE COHYPONENTS WERE NOT READ IN ThI EYPLCTEC CRLCES.,
s 3 201 /)
: 4iH 4 9H IR = »ILG +11Xe GHITAPEN = ,I10 4/,
e SiH 5 SHMAXPTS = »I10 211X, 9H HPTU = ,I10 4/,
S B1H o IKFFEOMH = +ELJeLe11Xy 9H PCENT = +E1QebLy/y
L 714 » 3H AGFI = 4 E1G.4e11Xy FH AOFF = +E10e4,/,
- 84H 5 8Bh ZIM0H = 4E10s4, /,
hp O1H 4 3H MM3 = o I40 11Xy 9H MDIM = 2J10 L 2(2H 4/),
AR 11H 4 3H I 41X, 14HEXPECTED ORDE™,1Xy ACHORGER READ)

3 CONTINUE
- DO 10 I=14+6.2
&; WRITE(IUNIT130%Y T,COMPHUN(I) CUMPRN (T}
1009 FORMAT (1F o4X9I241X91Xe2%sR10,2Xs1X,410)

2 13 CONT INUE
i WRITE(TINMNIT,1512)
- 1015 FORMAT (2 (1H +/),
- 14H ,L2HTFIS SUSROUTINE WILL NOW STIP THE PROGFAM,)
¥ STOP
[ 15 CONT INUZ
c
S A WRITE CPERATION WAS REQUESTED.
C
: DO 16 ICCMP=14+B41
- CALL RWCCYMP({IRWLs ITAPE,COMPHN(ICOMP)Y ¢MI INL,MPTS,y MM3L NETUL,
é! 1 WAVEEK{1,1,ICOMP))
15 CONT INLE
. 17 CONTINLE
?' RETURN
i END
~
-
<
i~
i
.
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E he SUBROUTIMNE TCHECK (TUNTITE FMHZW,FMHZGPCENTH,,PCENTG)
3 c
¢
E ¢ THIS SU3BROUTINE CCOMPARES FMHZW TO FMHZG, AND FCENTW TO FCENTG.
: c IF 30TH CCMPAISONS «RI CLOSE THEN THIS SUBROUTINE PETUANS TG
: g! c THE CALLING SUBFFC3FAM. OTHERWISE IT SO INFOFMS THE USER AND
= . C THEN STOFS THE FROGRAM,
: c
c
: c THIS SUBRCUTINE WA3 LAST CHANGTO ON 5 NOVEMSCR 1S81,
: c
- C
- DATA SMALL/1,E=3/
: c
c
X 1 CONTINUE
.
T ¢ FCR THE SAKE OF EFFICIEhCY SOME LCCAL VARIABLES WILL BRE SET EGUAL
. ¢ TO SOME CF THE PARAMETERS,
o C
TUNIT=IUNITE
) FW=F MF ZW
o FG=F MF 26
& PCHW=PCENTW
PCG= FCENTG
- 2 CONTINUE
C
c NOW THE (GMPARISTONS WILL BE MADE,
. C
dﬂ ABSFD=AES(FH~FG)
o IF( ABSFC .6T. SMALL) GO TO S
3 CONT INUE
ABSP CD=AES(PCH=FCE)
IF(ABSPCL .6GT. SMALL) GO TO 5
4 CONT INUE
] GO TO &
v 5 CONT INUE

WRITE(IUNITS1005) FA4PCH4FG,PCG
o 1005 FORMAT(1F1,/,
s 11H 4 26HTHFIS IS SUBROUT INE TCHECKe ¢/
) 24H 5 29HADM ERXGR HAS 3EEN DISCOVEREDes/y
3iH y47HTHE FREQUENCY OF THE IMCIDENT PLANE WAVE GF THE./,
o 4iH ,4IHPERCENTAGE DF WATER CONTENT IN THE SOIL RIAD FROM./,
o S1H $S1HTHFE FILE WITHR THE AZIMUTHAL COSFFICIENTS IS NOT THEW/.
6iH S 4SHSAME AS WHAT THE USER SPECIFIED IN THF INPUT4e2(1F 4/),

o TiIH 917 XeCX92{ sy 12HFREQUENCY INs2X42X 91Xy 13HPERCENTLCT OF,7,
Eé BLH 217 XeZ2Xe3X 9 LCHMEGA HERTZy3R42X o 1¥ L 3HWATER CONTENT s/,
91H J17HSFECIFIELC BY USERy2X 41X e E1UeBy1X 42X e1XgEL%aB 4/,
- O1H 417H IN THI FIL. 2259010 E1le 8o 1X92Xe 1Y yE1L B2l i o/ )y
. 1iH S L3IBTHIS SUBFOUTINE WILL NEXT STGP THE PROGKAM,)
- sToP
6 CONTINUE
e C
E. c THE FILOLENCY AND TH. PIRCENTAGE AQF AS DZISIRLD,.
, c
{r- RETURN
. END
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s M SUBROUTINE WAZICCIUNTITOWMC IMyR404IFLAG MUSED,

i MyAGF I A(IFPyZINCHyCOMPN1,CONPN2Z2LAZIC)

THIS SU3KOQUTINE WRIT.S 70O UMITs IUNITO, FIR dlLL THd FHG VALUES,
CNE COF THE USER SPECIFIED SETS OF AZIMUTHAL COLFFICTEMNTS,., IF
IFLAC EQLALS ONE T-HE COEFFICIENTS ARE OF ONE OF THE COMPONENTS

GF THZ SCATT:RED SLECTRIC FIZLC. IF IFLAG D0O0ZS NCT EQUSL ONE THER
THE COEFFICIENTS AXE OF THE FPRODUCY OF ETAQ AND CNE CF THF
COMPONENTS OF Tht SCATVERLD MACGNETIC FIELD,.

THE CALL ING SUSFPRCGRAM IS RESPONSI3LE FOR A CONSISTENT SETTVTING CF
THE FARAPMETERS TFLAGs COMPNLs AND COMPNZ2,.

NOTE HNO ERRCR CHECKING IS PERFCRMED.
THZ QUTPLY 7O UMNITy JUNITO, WRITTEN 3Y THIS SUSROUTINE
IS SUITAELE TO EE PRINTED ON A LINE PRINTER.

THIS SU3SRCUTINE WAS LAST CHANGED ON 1& JANUARY 15682,

COMPLEX AZIC(MDIM,. 16)

QO OO0 0

DIMENSICM RHO(L1E)44(HUSED)

C
c
L CONTINUE
c
¢ FOR THE JAKE OF EFFICIENCY SOM:z LOCAL VARIASLES WILL 35 SET ¢QUAL
c TO SOME CF THE PARAMETERS.
c
IUNIT=ILNITO
IFLAGL=TFLAG
‘ MTOTAL=MLSED
§ CNA MEL =CCMPNY
o CNAME2=CC NP2
% c
. IF(IFLAGL oNi. 1) 50 TO 3
z c
3 2 CONTINUF
- c
- WRITECIUNIT,1962) CNAMEL

1002 FORMAT (it 14/4v1H +57X,A5)

N c
i GO TO &
g c
: 3 CONTINUE
o C
¥ WRITECIUMNITS1302) CNAMEL
o c1oo3 FORMAT (1+1,/+1H 454X,A10)
E( - « CONT INUE
A .- C
S WRITE(IUMNIT,2004) AOFILAOFP,ZINCH
L 1004 FORMAT (
5 11H » 30XeS1HTHE ANGLE OF INCIDENCE OF THE PLANE WAVe IN NEGREFS,
R 2 wH IS JFl4ele/,
NG 31H 30X+ SLHT4E FOLARIZATION ANCGL® OF THE PLANE WAVE IN DEGREES,
o e e BB e e e e




11H

2
3

4iH
5
&
71H
8
S
01H
4
3iH

GO

1iH
2
3
414

no

..........

WRITE(IUNIT,1005)
1005 FORMAT (

WRITECILNYT,:0C8) MIIM) (AZIC(IM,II

Q QH IS ’Fucio/y
51H 21Xy ELHTYHE SCATTEREDZ FIELD TS CVALUATED ABOVE THE GPRPCOLND &,
6 23H JISTANCE IN INCHES OF 3F3e142(1H /1)
c
IFCIFLAGL JNE. 1) 650 70 6

5 CONTINUE

CNAaMZ24ONAMED ,CNAMT2, CNAMER

¢ 33FETHE AZIMLTHAL COEFFICIENTS OF THELAB,12F CCMPONENY OF ,
L3H THL SCATTERED FIELD ARZ LISTID UNDER THEIR,
23H CORRESPONDING VALUE OF./,

» 46HREF O IN UNIT3S IF VOLYS PER METERe TO OSTAIN TH4£6,
35HCCMPONENT OF THE TCTAL FIELD ADD THELAG,1ZHCCMPCNENT GF,
13H THE INCIDENT,/,

s 13HFIZLD AND TH: A6y 35HCOMBONENT OF THE FIrlL{ SCATTEREC 2y,
S0H THE AIR GROUND INTERFACE TO THE SUM OF ThE SERTES,
11H CEFINED BY,/.

2 SEHTHESE AZIMUTHRL COEFFICIENTS, THE MAGNITUGE WILL TRHFN RE,
57H PCRMALIZED F2R AN IMCIJENT PLANE WAVE RAVING AM ELFCTRIC.

6K FIELDs/.

122HOF CONE VOLT PER METER,)

70 7

5 CONYINUE

WRITE(IUMIT,10CE) CNAME2,CHAME2,CNAME2,CNAMEZ
1005 FORMAT (

9 S3HTHE AZIMUTHAL COEFFICIERTS OF THE °PFODUCT OF ETAQ (Iky
i4H CHMS) AND THE.AB+36HCOMFONENT CF THE SCATTERFD FIELD ARE,

7H LISTID/,

1 56HUMDEF. THEIR CORRESPCNDING VALUE OF RHO IN UNITS GF YCOLTS,
25H FER METERs TO OBTAIN THE,A6422HCOMPONENT OF THE TOTAL,
10H FIELD ACD4+/,

v JHTFEWAB93GHCIMSONENT OF THE INCIDENT FIELD AND THE . AG,
S3FCIMPONENT OF THE FIELC SCATTERES BY THE AIR GROUNG,
13H INTERFACE TC4/,

» S5LHTFE RATIC OF YHE SUM CF THE SERIFS DEFINER BY THESE,

STH AZIMUTHAL COTFFICIZNTS AND ETAQ (IN CHMS), THE MAGNITUGE,
10H hILL THEN,/,

+SCHBE NORMALIZEDC FOR AN INCIDENT PLANE WAVE FAYING AN,

384 ELLCTRIC FIELD OF ONE VOLT PER METERS)

7 CONTINUE

10 I=3144,2L

II=04% {T=1)) 1
II21=114%1
IIP2=I1¢2
IIP3=TI1+¢3
WRITE(IUNIT,1007)

1007 FORMAT (2 (i o/ 4 ),

RHOUII) yRHO(IIPL) yRHC(IIP2) ykHO(IIP3)

11H o 7X SHAZIMUTHAL W L(2X ¢6HRHO = o+Flhe1,124 CENT INETERSY o/,

21H 9 TX4CH JRDzP 445 (2X 43Xy 4HEAL 93Xy 41X 10HIMPAGINARY 2 1Y)
3 CONY INUE

D0 9 IM=1,MTOTALLY
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Appendix III

Table of Symbols

Electric field vector of the incident plane wave

j component of the electric field of the incident
plane wave, where j = x, y or z

Magnetic field vector of the incident plane wave

J component of the magnetic field of the incident
plane wave, where j = X, y or z

Electric field vector of the primary field

¢ component of the primary electric field, where
T=X,Ys2Zy,porg¢

Magnetic field vector of the primary field

¢ component of the primary magnetic field, where
L=X,Y¥YZ,pord

Scattered electric field vector

¢ component of the scattered electric field, where
T =X, Y,2,p0rgo

Scattered magnetic field vector

¢z component of the scattered magnetic field, where
L =X, Y Z,poro

total electric field vector

r component of the total electric field
C"‘xy.YaZ’porcb

total magnetic field vector

¢z component of the total magnetic field
L =X.Ys2Z,por¢

First Azimuthal potential
Second Azimuthal potential

base of natural logarithm
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permittivity of free space

Relative dielectric constant of earth

Relative dielectric constant of Tand mine
imaginary part of a relative dielectric constant
real part of a relative dielectric constant

Loss tangent of a dielectric material

o attenuation constant of a dielectric medium
k0 wave number of free space

iid .

k propagation vector

no,ETAO intrinsic impedance of free space
A free space wave length

f frequency

c speed of light

P reflection coefficient, parameter of cylinderical coordinate
system

ZL analogue for earth of transmission line load impedance
VA analogue for earth of intrinsic transmission line impedance
Re{-} real part of the bracketed expression

Im{°} imaginary part of the bracketed expression
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