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ABSTRACT

vYThis report presents an updated version of an earlier simplified mode
conversion program for VLF/LF propagation in the earth-ionosphere waveguide.
The new program includes the provision for calculating at an arbitrary height
within the guide all three electric field components generated by an electric
dipole of arbitrary orientation and height within the guide. The program is
designed for treating air to air, ground to air or air to ground VLF/LF
problems involving a waveguide channel which is horizontally inhomogeneous

along the direction of propagation.
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I. Introduction

This report is a continuation of a series (references1, 2 and 3) which
describes computer programs developed for calculating VLF/LF field strengths in
the earth-ionosphere waveguide when allowance must be made for horizontal
inhomogeneity in the direction of propagation. Thus these programs are
particularly relevant to the problem of propagating across the terminator as well
as to the problem of propagating in an artifically disturbed environment. As
in the previous works, the present program is based upon a slab model, assumes
waveguide invariance in the direction normal to the great circle path between
transmitter and receiver and neglects reflections resulting from inhomogeneity
along the direction of propagation. The field calculations, principally
through waveguide modal constant inputs, do allow for vertical inhomogeneity
as well as anisotropy of the ionosphere. In the previous works, field strength
calculations or mode sums are generated for the vertical electric field, Ez,
at the ground produced by a ground based vertical dipole. The present program
differs from that of reference 3 only to the extent that the present program
can be used to calculate all electric field components EZ, EX and Ey for any
receiver height within the guide (x-z is the plane of propagation). Further-
more, the field strength calculations can be made for electric dipole exciters
of arbitrary orientation located at any height within the guide. Thus air to
air, ground to air or air to ground VLF/LF propagation problems involving a
horizontally inhomogeneous waveguide channel may be treated using the present
program,

In addition to familiarity with the simplified mode conversion model
concepts documented in references 2 and 3, familiarity is assumed with reference
4 which describes a Fortran IV program for obtaining mode constants as well as

excitation factors for electric dipoles of arbitrary orientation located at
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any height within the earth ionosphere waveguide. Crucial inputs from the
latter program are the ground eigenangles, four independent quantities from
which a tensor array of nine excitation factors relating to end-on, broadside
or vertical dipole excitation of Ez’ Ex and Ey may be determined, and a polari-
zation factor which introduces the proper amount of TE wave into the modal
height gains. These quantities for each mode and slab serve as input for the
present program.

Principal outputs of the present program are mode conversion coefficients
(in a generalized sense) and mode sum plots as a function of distance from
the transmitter for the three electric field components for four orientations
of the electric dipole exciter. The transmitter and receiver must be within
the earth curvature dominated portion of the guide but otherwise their altitude
is arbitrary. Since the mod nversion coefficients are independent of the
location of the horizontal inhomogeneity relative to the transmitter,
provision is made for moving the inhomogeneity in increments and plotting mode

sums for the incremented distances (this option is useful only if the ground

conductivity and geomagnetic orientation may be regarded as constant over the path).

In section II the mode conversion model is reviewed and relevant formulas
summarized. A description of the program is given in section III and results

presented in section IV, The appendix contains a program listing.




II. Summary of Equations

Inputs to the present program for each slab and mode are the ground
eigenangles, the Tj's defined below and the polarization ratio f also
defined below. The Tj's are readily obtainable from the waveguide program
documented in reference 4 as are the eigenangles and polarization ratio. These

quantities are
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S is the sine of the eigenangle and F' (en) the derivative of the mode equation
evaluated at the eigenangle, 6 The R and R's represent, respectively, ele-
ments of the reflection matrix looking into the ionosphere and towards the
ground from ground level. Consistent with the usual notation, the first sub-
script refers to the polarization of the incident wave and the second subscript

refers to the polarization of the reflected wave. Equation (5) gives




the ratio of ey to hy

program. The Dijls are functions defined below which are negated in the present

at the ground. The function f is also called F#FR in this

program by defining

tth\Tl 3 ?:z= DZZTZ 2:3:: D""T.; (6)

)

In terms of the preceding quantities the excitation tensor elements are

ExciteR
-~ q(lo CQMPON‘NT-'—) Ez E‘ Ey
ts® %S -%,8/f \vermicar
(7)
A= (()\N)) = -5 -7, Q—sl,p END-ON
- 4T s/f - 2:’T*/-F ?’l/ﬁl BROADSIPE

The columns relate to excitation of the electric field components Ez, Ex and

Ey and the rows apply to excitation by a vertical dipole, a horizontal dipole

end-on and a horizontal dipole broadside. Recall the geometry of the situa-

tion is such that z is taken positive into the ionosphere, that positive x is

the direction of propagation and that y is normal to the plane of propagation.
The excitation factors must be supplemented with definitions of the

height gains. These along with the definitions of the Dij‘s are

£(2) = exp(/a) (Fn) + Foh )/ h(90) + Fh,(42) (8)

4;(1) 3 Eki %;% (9)
£l)= (Rh@)+Ehale/(Bhig + Foha(90) (10)
0, = (Fhign +Fhi) (11)
D, = ( EW (4 + Rhy(8) (fhigs) +Fyh,40) (12)
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N;' = ¢/ - iT/we, (21)

C = cosine of the ground eigenangle

k

the free space wavenumber

s/eo = dielectric constant of the ground




o = the ground conductivity
w = the circular radio frequency
a = the earth's radius

The functions h] and h2 are modified Hankel functions of order 1/3 (which

are linearly related to Airy functions) as defined by the Computation Laboratory
at Cambridge, Massachusetts (reference 5) and the primes on these quantities
denote derivatives with respect to the argument. Equation (20) is the

modified refractive index which is chosen to be unity at the ground. The

subscript, o, which appears on n2 in equations (14) and 15) signifies that
Eq (20) is to be evaluated for z = 0. Similarly the subscript o which appears
on q in Eq (8) and Egs. (10) through (17) signify that Eq. (18) is to be
evaluated for z = 0. It should be pointed out that f] (apart from a sine of
the eigenangle) is the height gain for the vertical electric field E,» f, the
height gain for the horizontal electric field component Ex’ and f3 for the
electric field component Ey which is normal to the plane of propagation.
Unlike the eigenangles, the Tj's and the polarization ratio, the height gains
are generated in the present program.

The final quantities required for the mode sum evaluations are the
generalized mode conversion coefficients Agk which are also calculated in the
present program. Details of their calculation are described in references 2

and 3 and we will remark here only that the quantities relate to the amplitude

of the jth mode in slab p generated by virtue of a unit amplitude wave
incident in the transmitter region (slab NTR in the present program - see
zl\
Fig. 1).
g. 1) —
o . '
T ' | |
! ) e : 1
. — ! NTR T " :
Mo Me) TN : : !
! i . A H 1 - ")
Xva-1 XMTR Xy X

Fig. 1T MODE CONVERSION MODEL
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In terms of the excitation factors, height gains and generalized mode

conversion coefficients the electric field components E P in the pth slab may

L
be written as follows

NTR ~NTR

Q N NTR
NTR Z ( Al;: \tw.(z*) cosy *'>‘uk z(kz,) sy cosd (22)
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NTR, p\ (P 4
+ X‘;;: g‘g;‘.) SWY sm¢)( §,2+ (1-82)S, /5..' )&6(2‘),4”‘
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The receiver altitude is Zp and the transmitter altitude 7. The final sub-
script on the 1's and f's denotesmode indices whereas the index ¢ takes on

the values 1, 2 and 3. Consistent with the previous definition ¢ = 1 > Ez’

L =2~ Ex and 2 = 3 > Ey. The constant Q is

Q = 0.03248k/yF
with the free space wavenumber, k, in inverse km and F the frequency in kHz.
The symbol Sij represents the Kronecker delta. That is
=] i=3
i S B 8

The angles y and ¢ determine the orientation of the electric dipole source

Sij

relative to the x, y, z coordinate system as shown in Fig. 2




Sy '[J; Fig. 2. Dipole Orientation

< W

Two distinct options are available with the present program. One is for
field calculations (amplitude and phase) as a function of range for a fixed
location of the horizontal inhomogeneity. The second allows for field
calculations at two distinct receiving points along the same great circle
path as a function of position of the horizontal inhomogeneity (this option
is useful only if the ground conductivity and the geomagnetic parameters are
invariant over the path). Amplitude is expressed in dB above a microvolt
per meter for a one kilowatt radiator and phase in degrees relative to free
space. Both of these quantities are printed outputs of the program. Amplitude

plots may also be requested.




III. Description of Program

A. General Comments

To handle horizontal inhomogeneities, the ionosphere is divided into a
series of vertical slabs, as described in section II. These slabs are labeled
1,2, « +« + , M as shown in Fig. 1 and the boundaries between the slabs have
coordinates X], XZ’ e e XM-]’ For each slab and for each mode the
ground eigenangle, the Tj's defined by Eqs. (1) through (4) and the function f
(called F@FR) defined by Eq. (5) must be provided.

B. Description of Input

A1l input to the mode conversion program is given in a data deck on the
standard input unit. A listing of sample input, showing the data deck setup is
given on pages 17 through 19.

There are two parts to the input. The first part is read in by means of
a Fortran IV NAMELIST input format. The first card of each set of input must
contain a blank in column 1 and &DATUM in columns 2- 7. This is followed
by at least one blank and then data items separated by commas. The data items
have the following forms: (all cards must have a blank in column 1)

variable name = constant,

or

array name = set of constants, (all separated by commas), where
successive occurrences of the same constant can be represented by ks« constant;
for example, in the sample input, sigma = 9+4.64 means that the conductivity
for all nine slabs is 4.64 mhos/m.

The following variables and arrays may be specified in the NAMELIST
input:

FREQ - frequency in kHz.

SIGMA - ground conductivity in mhos per metre. Note that a ground

10




conductivity for each slab is required and that SIGMA is dimensioned for 25.

EPSLPN - permittivity of ground in Farads per metre. Note that a ground
permittivity for each slab is required and that EPSLON is dimensioned for 25.

RHAMAX - maximum horizontal distance in km at which field strengths are
desired.

RHPMIN - minimum horizontal distance in km at which field strengths
are desired.

DELRHP - horizontal increment in km for which successive field strengths
are computed.

IDPLAT - literal constant up to 40 characters which is printed on plots
produced. For example, in the NAMELIST input data, place the card IDPLQT =
'"FIELD STRENGTH PL@PT'. If IDPLQAT is set to zero or if IDPLPT is omitted from
input no plots are produced.

NRSLAB - Number of slabs in the model.

NRM@DE - Number of modes to be handled in the program.

NTMAX - Number of times the transmitter - terminator separation is in-
cremented.

DELTAX - Distance in km by which transmitter - terminator separation is in-

cremented.

XVAL - Horizontal position in km of boundaries between adjacent slabs.
Note that XVAL can be negative and that it is dimensioned for 25.

IFIRST - Is set to 1 in the first set of NAMELIST input. If more than
one set of input is used set IFIRST = 0 in the second set.

LAST - Is set to 1 in the last set of NAMELIST input. If the user has

requested plots this causes the end of file to be written on the plot tape.

IPLT@P - Plotting option flag. If IPLTPP = 1 two plots (field amplitude

in dB above a uv/m for 1 kw radiated power versus transmitter - terminator

1




distance for two receiver positions) are produced for each set of input, If
IPLTPP = 2, NTMAX plots (field amplitude in dB above a uv/m for 1 kw versus !

distance from transmitter) are produced for each set of input.

XMIN - minimum value of X on plot.

XINC - increment of X scale in km/inch.

YMIN - minimum value of y on plot.

YINC - increment of y scale in dB/inch. i

SIZEX - size of X axis in inches.

SIZEY - size of y axis in inches.

GAMMA - dipole orientation angle relative to z axis (see Fig. 2). Note
that GAMMA is dimensioned for 4.

PHI - dipole orientation angle relative to X axis (see Fig. 2). HNote
that PHI is dimensioned for 4,

NRP - number of GAMMA-PHI pairs up to 4.

ZT - transmitter altitude in km.

ZR - receiver altitude in km.

INTFLG - Printing option flag. INTFLG must be set to 1 if printout of
height gain integrals is required. See reference 2 for an output of height
gain.

IPRNTA - Printing option flag. IPRNTA must be set for 1 if printout of
generalized mode conversion coefficients is required.

The end of the NAMELIST input is signaled by &END.

The second part of the input follows the NAMELIST input. Three cards per
mode are required. The first contains the eigenangle at the ground and T] and
T, (see Eqs. 1 and 2). The second contains the eigenangles at the ground
(duplicate input) and Tyand T, (see Eqs. 3 and 4). The third card contains
f (see Eq. 5) and TPPHT. The latter in this program is a real variable and

12




represents the height above ground in km above which height gains are dis-

carded. T@PHT is dimensioned for 25. There must be 3xNRM@DE cards for each

slab. The 3x*NRM@DE cards for slab 2 follow those for slab one and so on up

to slab number NRSLAB. Although ordering of modes is not critical, we have
followed the practice of ordering them according to their real parts. (The
mode with the largest real part is called mode 1).

C. Description of Qutput

The sample output shown on pages 20 through 42 begins with an abbreviated
listing of the NAMELIST input variables. This is followed by a printout of
THETA, Tj's and FPFR for all slabs and modes., THETA is the eigenangle at the
ground, the Tj's are the complex quantities given by Eqs. (1) through (4) and
FOFR is the complex quantity f defined by Eq. (5).
The principal output of the mode conversion program begins on page 21
where the total mode conversion coefficients defined by Eq. (24) of reference
2 are printed for each slab (we remark that they are mode conversion coefficients
in the generalized sense that the modes are not an orthogonal set). The
tabulation represents the conversion from k to j and appears as printout
because IPRNTA was set to 1 in the input. On the other hand height gain
integrals have been suppressed in the output because INTFLG was not set equal
to 1 in the input. Since IPLT@P was set equal to 2 the sample output shows
mode sums for the three electric field components E,, Ex and Ey as a function
of transmitter-receiver distance ranging from RHAMIN to RH@MAX at DELRHP intervals.
The mode sums are listed in dB/uv/m for a one kilowatt radiator and the phases
in degrees relative to free space. Because NRP = 4 in the input, there are
four GAMMA-PHI pairs (i.e. four antenna orientations) for which the mode sums
are computed. Shown on pages 45, 46 and 47 in section IV are reductions

of the plots generated by the mode conversion program for this case along with

13
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WKB results. The mode conversion results and WKB results are shown together

for program check purposes as discussed in section IV.

D. Program Layout

This subsection describes the basic features of the mode conversion
program listed in the appendix.
Reading and printing of input quantities occurs in MAIN as does calculation

of constant factors. These quantities are assigned to common areas MCINPT or

MCSTPR. MAIN calls HTINTL and HTGAIN for each slab MM.

SUBROUTINE HTINTL (CAPI, N@RM, IFLG, M, INTFLG)

HTINTL calculates the height integrals defined by Eq. (4) in reference 3.
NORM is an array of 25 by 5 by 5 which contains all combinations of modal
integrals for the slab M. Also CAPI is an array of 25 by 5 by 5 which con-
tains all combinations of modal height gain integrals for the slab M and the
previous slab M+1. [IFLG is a control flag set to zero in MAIN if the slab M
equals NRSLAB. It is set to 1 if M is not equal to NRSLAB. INTFLG is a
printing option flag. It must be set to 1 if printout of N@RM and CAPI is
desired. NPRM and CAPI are assigned to the common area CAP in MAIN where they
are called TNORM and CAPI. HTINTL calls MDHNKL

SUBROUTINE MDHNKL (Z, H1, H2, HIPRME, H2PRME)

MDHNKL calculates for argument Z two independent solutions (H1 and H2) and
their derivatives (HIPRME and H2PRME) of Stokes' equation by methods described
in reference 5. MAIN next calls HTGAIN.

SUBROUTINE HTGAIN (Z)

Z is dimensioned for 2. Z(1) is set equal to the transmitter height ZT
and Z(2) is set equal to the receiver height. The height gain functions f],
f, and f; defined by Egs. (8), (9) and (10) respectively are computed for the

14




transmitter and receiver heights. These are made available to MCFLD and MCFLD2
through COMMON/HTGN/.

MAIN next calls MCSTEP for slabs equal to NTR (transmitter slab), NTR-1,

. «» 1 with allowance for changes in NTR consistent with the input data.

SUBROUTINE MCSTEP (M)

MCSTEP calls for CLINEQ and provides as its output the mode conversion
coefficients for the slabs NTR, NTR-1, . . . , 1 for all values of NTR con-
sistent with the input data. The mode conversion coefficients defined by
Eq. (24) of reference 2 are printed out under the "A = TOTAL CONVERSION CO-
EFFICIENTS" label.

SUBROUTINE CLINEQ (A, B, X, N, NDIM, IFLAG, ERR)

CLINEQ computes the solution of simultaneous linear equations with
complex coefficients. That is it solves the matrix equation

AxX=8B
for the vector X of length N, given the matrix A of size N by N and the vector
B of length N by Crout's L-U decomposition (reference 6). The A is destroyed
by CLINEQ, NDIM is an integer variable which must be greater than or equal to
N. IFLAG is an integer variable normally set to zero. Setting IFLAG = 1
bypasses the L-U decomposition of A when solutions are required for different
B's. ERR is a real variable computed by CLINEQ which indicates the relative
errors in the computed solution vector X.

SUBROUTINE MCFLD

MCFLD called from MAIN if IPLT@P = 1 computes the field components Er
defined by Eqs. (22) and (23) for transmitter height ZT and receiver height ZR
for as many as four (3AMMA, PHI) pairs. GAMMA and PHI describe the orientation
of the electric dipole source. Calculations are made for ranges RHPMIN and

RHPMAX for distances between the transmitter and the start of the horizontal

15




inhomogeneity ranging between XVAL (NRSLAB-1) and NTMAX*DELTAX +XVAL(NRSLAB-1)
at intervals of DELTAX using Egs. (22) and (23). Field amplitude outputs are
in dB above a uv per metre for 1 kw radiated power and phase angles are in
degrees relative to free space phase.

SUBROUTINE MCFLD2

MCFLD2 called from MAIN if IPLTPP = 2 computes the field components ET
defined by Egs. (22) and (23) for transmitter height ZT and receiver height ZR
for as many as four (GAMMA, PHI) pairs. Calculations are made for transmitter-
receiver distances ranging from RHPMIN to RH@MAX at DELRH@ intervals using
Egs. (22) and (23) for a fixed horizontal inhomogeneity. Field amplitude
outputs are dB above a uv per metre for 1 kw radiated power and phase angles
are in degrees relative to free space phase.

SUBROUTINE MCPLTS

MCPLTS generates six plots (three field component amplitudes in dB above a
uv per metre for 1 kw radiated power versus distance between transmitter and
start of the horizontal inhomogeneity for two receiver ranges). As many as
four (GAMMA, PHI) pairs are possible so that each plot can contain as many as

four curves.

SUBROUTINE MCPLT2

MCPLT2 generates three plots (three field component amplitudes in dB above
a uv per metre for 1 kw radiated power versus transmitter receiver distance
for a single location of the horizontal inhomogeneity). As many as four (GAMMA,
PHI) pairs are possible so that each plot can contain as many as four curves.

SUBROUTINE MAGANG (ARG, MAG, ANGLE)

MAGANG converts complex number ARG to polar form with ANGLE in degrees.

16
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SAMPLE INPUT

6DATUM
IDPLOT=*HPRINME = T70C
FREQ=21.7%,
RHOMIN=25,yRHOMAX=5
NRSLAB=9, NRMODE=5,
SIGMA = 9%4.64, EPS
XVAL=1025.9837.5,71
GAMMA=0e 99041904945
L7=5,,2LR=104.,
XHIN=0..K[NC=500.'Y
IPRNTA=1, IPLTOP=2,1
LAST=1,

&END

1l 89.43090 -3.45987

2 89.43090 -3.45987
89.43090 -3.45987

1 87.19352 -1.77741

2 87.19352 -1.7T7741
87.19352 -1.77741

1 82.3264% -1.03410

2 82.32644 -1.03412
82.32644 -1.03410

1 79.02547 -1.34370

2 79.02547 -1.34370
79.02547 -1.34370

1 75.47092 -1.35774

2 75.4709¢ -1.35774%
75.47092 -1.35774

1 890"2156 -3.44563

2 89.4275¢ -3,445063
89.42754 ~3.445063

1 8T7.16147 -1.76119

2 87.16147 -1.706119
87.16147 ~1.76119

1 82.29943 -1.03634

2 82.29943 -1.03634
82.29943 ~1.03634

1 78.99378 -1.34503
78.99378 ~1.34503

1 75.43374 -1.30379

2 75.43374 -1.30379
75.43374 ~1.36379

1 89.42413 -3.43135

2 89.42413 -3.43135
89.42413 ~-3.43135

2 87.12937 -1.74541
1 82.27200 -1.03930

2 82.27200 -1.03930
82.27200 -1.03930

1 78.96096 -1.34548

2 78.96296 -1.345438
78.96096 -1.34548

1 75.39648 -1.36988

2 7539648 -1.36988
79.39648 -1.36988

1 89.42067 -3.41703

2 89.42067 -3.41703

TO HPRIME = 71 'y
000.9DELRHO=254+yDELTAX=0eyNTMAX=1,

LUN = 9%,T71L72014E-09,
2:¢51587¢5¢402¢5133729212¢912%¢14000
e 9PHI=0e106990.945. DNRP=”'

MIN=-80e ¢ YINC=20e9SIZEX=10.¢4SI12EY=8.,
FIRST=1,

4¢32973430D0-03-2.119766360-02-1.41204521D-14~2.46847286D-14%
2.175780870-08 1.890151640~-08 1.310387010-01 7.290033340-01
4.61230D0-02 1.77108 -0.547118400-07 1.16015319D0-06 71.00
4.82515778D-05-1.84202518D0-05-64046535120-11~2.407738400~-11
~4.263745280-08-5.212645140-08 1.365817340-01 7.28501361D0-01
1.09558D-04 2.77387 -+4.11¢882030-04 -1.2373¢2110-03 71.00
1e511146650-03-3.752447000-02 2.822266770-14~3.372784090-13
7.596839750-08 1.068389410-07 1.54794747D-01 7.23226265D-01
T.838110-02 1.60618 -2.761173930-06 2.13569802D0-06 71.00
1.178668510-04-1.05381567D-05-3,266061990-10~9.727339090-11
=1.251140150-07-1.96725758D-07 1.746201820-01 7.210867230-01
2.424100-04 3.04333 -9.05025258D-04 —-1.74997603D0-03 71.00
L.582716240-03-3.386069990-02 2.468936600-13~3.541508280-12
2.225136400-07 3.340343850-07 2,058807710-01 7.180996150-01
6.75171D-02 1.60522 -9.53695935D0-06 7.01721882D-06 ,71.00
4.34238331U-03-2.1317118U0-02-1.332274610-14-2.40385125D-14
e 11904692D-08 1.86635947D0-08 1.330342780-J1 7.38057194D0-01
4.637650-02 1.779055 -0.400777220-07 1.12566747D~06 170.88
4.695543950-05-1.732591240-05-6.103696T7D-11-2.42565594D~-11
=4.16237489D0-08-5.14515564D-08 1.385277180-01 7.376607840-01
1.061610-04 2.78506 -4.24343247D-04 -1.252345120-03 70.88
1.50104026D-03-3.759237960-02 3.11800874D-14-3.30051333D~-13
T¢433049690-08 1.054259470-07 1.551452550~01 7.333350670-01
7.851200-02 1.60581 -2.721160080-06 2.085929880~-06 70.88
1.14919035D-04-9.220245020-06-3.288871380~10-9.769304600-11
=1.222199410-07-1.940660810-07 1.773261630-71 7.30777892D-01
20361150-04 3.05240 -9.221101710-04 -1.762719940-33 70.88
1.60316533D0-03-3.392035650-02 2.36670941D~13-3.46599972D-12
2169576250~-07 3.29943884D-07 2.07635648D0~01 7.28359341D0-01
6.701530-02 1.060566 -9.423711090-00 6.84053837D-06 70.88
4¢355064960-03-2.143658070U-02-1.256500750-14-2.339916500-14
24063839250-08 1.842180470-08 1.351600070-01 7.47005957D0-01
4.663000-02 1.77203 -0.37459436D0-07 1.09227167D-36 10.75
4¢50799934D-05-1.629093290-05-6.161136910~11-2.4%3743370-11
~4.063561990-08-5.078578300-08 1.406L11950~-01 7.467098770-01
1.02861D-04 2.79597 —4.374240600~04 -1.26780403D-03 70.75
14513964290-03-3.7637384720-02 3.388119150~14-3.230285920-13
7+4259834420-008 L.041350600-07 1.571289570~01 7.427766200-01
7.85979D-02 1.60608 -2.684848640~06 2.036806222D0-06 T0.75
1.12042267D-04-7.693680490-06-3.31328544D-10-9.847235680~11
=1.193065250-07-1.910658280-07 L.787470910-01 7.403314440-01
2429956D-04 3.006387 -9.4925222540~04 -1.77540461D0-03 70.75
1.62360782D-03-3.398030050-02 3.23724829D-13-3.391881290-12
2.115508380-07 3.25950655D-07 2.095727700-01 7.38486679D0-01
6.771390-02 1.60608 -9.,273700980~06 6.068796000-06 T70.75
4.367801590-03-2.15559704D-02-1¢ 184485220-14-2.276T774930~14
2.010105360-08 1.818570540-08 1.37416971D-01 7.558491620-01

i X s e ai s i N A -




89.42067 -3,.41703
1 87.09728 -1.7300%
2 87.09728 -1.73005

87.09728 -1.73005
2 B2.24464 -1.04249

82.24464 -1.04249
1l 78.92935 -1.34075
2 78.92935 -1.3467>

78.92935 -1.34675
1 75.35909 -1.37587
2 75.35909 -1.37587

7535909 -1.37567
1 89.41716 -3.402006
2 89.41716 -3.402006

89.41716 -3.40266
1 87.06508 -1.71514
2 87.06508 ~1.71514
87.06508 -1.71514
1 82.21715 -1.04550
2 82.21716 -1.04550
82.21716 -1.04550
1 78.8969% -1.34785
2 78.89694 -1.34785

78.89694 -1.34785
1 75.32087 -1.38223
2 75.32087 -1.38223
75.32087 -1.38223
1 89.41454 -3.39001
2 89.41454 -3.39001
89.41454 -3.39001
1 87.03294 -1.70078
2 87.03294 -1.70078
87.03294 -1.70078
1 82.18966 -1.04853
2 B2.18966 -1.04853
82.18966 -1.04853
1 78.86419 -1.34868
2 78.86419 -1.34868

78.86419 -1.34868
1l 75.2849¢ -1.38792
2 75.28492 -1.381792

75.28492 -1.38792
1 89.41093 -3.37555
2 89.41093 -3.37555
89.41093 -3.37555
1 87.00067 -1.68670
2 87.00067 -1.68670
87.00067 -1.68670
1 82.16221 -1.05178
2 82.16221 -i1.05178
82.16221 -1.05178
1 78.83179 -1.34989
2 78.83179 -1.34939
1 75.24741L -1.39414
2 T5.24741 -1.39%14
1 89.40604¢ -3.35923
2 89.40604 -3,35923

G bk e o e v

4.68834D0-02 1.76951 -6.288805040-07 1.059932750-06 70.63
4.441751000-05~1.529170710-05-6.21990025D-11-2.46270613D0~-11
=3.966465770-08-5.01687>020-08 1.43112228D-01 7.54870227D-01
9.962600-05 2.80697 -4.50725518D0-04 -1.28465322D-03 70.63
L.527754700-03-3.76875832D-02 3.64606545D-14-3.15915448D0-13
T.08728697D-08 1.02928849D-07 1.596239940-01 7.51297758D-01
71.869270-02 1.60636 -2.650520210-06 1.93798140D0-06 70.63
1.091964290-04-6.538902380-06-3.336740410-10-9.890797890~-11
=1.165503390-07-1.890994420-07 1.81708653D-J1 7.49879976D-01
2.239450-04 3.07259 -9.601867100-04 -1.78920169D-03 70.63
1.643696850-03-3.403994490~-02 3.538217870-13-3,314067460-12
2.06357159D0-07 3.21679043D-07 2.11491905D-01 7.48337854D-01
6.78L17D-02 1.60650 -9.136010300-06 6.50335953D0-06 79.63
4.38069202D0-03-2.167535030-02-1.116011410-14-2.21459713D0~-14
1.957808150-08 1.79523216D-08 1.39803558D-01 7.64534657D-01
4.7T1366D-02 1.76901 -6.203482710-07 1.028617130-06 170.50
4.318689660-05-1.43578363D-05-6.2T77947520-11-2.481362T6D~-11
=3.872261380-08~4+952447840-08 1.454045030-01 7.636470610-G1
9.65120D0-05 2.81756 -4.64087034D-04 -1.301037210-03 70.50
1.54061837D-03-3,77331583D-02 3.88186318D0-14-3.090937710-13
6.92206598D-08 1.01684947D0-07 1.61844433D0-01 7.604610030-01
7.877860-02 1.60662 -2.615582500-06 1.94127072D-06 70.50
1.06436378D0-04-5.315815950-06-3.360740090-10-9.952781380-11
=1.138402000-07-1.86703742D-07 1.839210800-01 7.59182693D-01
2.18114D-04 3.08246 -9.79509326D-04 -1.80305609D0-03 70.50
Le666511590-03-3.410825100-0Z 3.83897798D-13-3.245080470-12
2.01614036D-07 3.18133718D-07 2.13229738D-01 7.57175903D0-01
6.792630-02 1.60698 -9.01684358D-06 6.35156315D0-06 70.50
4.387896040-03-2.176591060-02-1.046874670-14-2.147844920-14
1.902140900-08 1.772999138D-08 1.438232790-01 7.71326704D-01
4.73278D0-02 176852 =-6.13469045D0-07 9.975804700-07 70.38
4.201186820-05-1.34765793D-05-6.338101980-11-2.500689950~-11
-3.78178704D-08-4.89490726D-08 1.482274170-01 7.715752830-01
9.355630-05 2.82811 =-4.77304177D0-04 -1.318236260-03 70.38
1.55367998D-03-3.77790849D-02 4.10064086D-14-3.02374145D0-13
6.760595900-08 1.0046206000-07 1.64200187D-01 7.69519739D-01
7.88653D-02 1.60688 -2.581252230-06 1.895662620-06 70.38
1.037119060-04-4.04812261D-06-3.38515028D~10-1.00320994D-10
-1.111102760-07-1.84427662D-07 1.85780328D-01 7.683216070-01
2.12380D-04 3.09331 -1.000402090-03 -1.81732048D-03 70.38
1.676943850-03-3.415389620-02 4.212465750-13-3.170248610-12
1.95862938D0-07 3.13993710D0-07 2.162126950-01 7.68621458D-01
6.799600-02 1.6071l4 -d.89049061D-06 6.171236230-06 70.38
4.40064592D0-03-2.188558190-02-9.854194800-15-2.087940810-14
L.853165740-08 1.750452050-08 1.463878390-01 7.79560853D0-01
4.,75817D-02 1.76802 -6.05094324D-07 9.684212780-07 70.25
4.082757820-05-1.263681390-05-6.396701660~-11-2.519778530-11
-3.09212234D-08-4.832400460-08 1.50718863D-01 7.80059380D0-01
9.06193D0-05 2.83834 -4.909399680-04 -1.33556631D0-03 70.25
1.56788845D0-03~3.78283054D-02 4.303002200-14-2.956029260-13
6.600L04300-08 9.931271130-08 1.671367300-01 7.776279210-01
7.895900-02 1.60717 -2.54865661D-06 1.850385330-06 70.25
1.01067223D0-04-2.975298190-06-3.409503280-10-1.009541670-10
-1.085305940-07-1.821277670-07 1.882256780-01 7.773985590-01
2.068510-04 3.10286 -1.01991231D0-03 ~-1.832071870-03 70.25
1.697368900-03-3.421313350-02 4.493915100-13-3.10056661D-12
1.909331770-07 3.102959060-07 2.188188820-01 7.783317290-01
6.80926D-02 1.60756 -8.771041090-06 6.015843870-06 70.25
4.420440L00-03-2.20377663D-02-9.311760080~-15-2.033977720~14
1.810228430-08 1.72816453D-08 1.47677538D0-01 7.89068206D-01
4eT90630-02 1.76754 =5.95460844D-07 9.408613810-07 7T0.13

18

S —

i




1l 86.96840 ~1.67302
86.96840 -1.67302
1L 82.13465 ~1.05486
2 B2.13465 ~1.05486
82.13465 -1.05486
1 78.80017 ~-1.35144
2 78.80017 ~1.35144
78.80017 -1.35144
1 75.21009 ~-1.40015
2 75.21009 -1.40015
75.21009 ~-1.40015
1 89.40230 -3.34468
2 89.40230 -3.34468
89.40230 -3.34468
1 86.93613 -1.65973
2 86.93613 -1.65973
86.93613 -1.65973
1 82.10705 -1.05796
2 82.10705 -1.05796
82.10705 -1.05796
1 78.76777 -1.35287
2 T8.76777 -1.35287
T8. 76777 -1.35287
1 75.1724% -1.40645
2 T5.1724% -1.40645

3.966676790-05-1.184206380-05-6.455704780~-11-2.539022580-11
=3.604729870-08-4.77075913D0-06 1.53318704D-01 7.884301680-01
8.77678D-05 2.84839 -5.046981470-04 -1.353358810-03 70.13
1.58076736D-03-3.787469400-02 4.490554560-14-2.89095112D0~-13
6.446578390-08 9.813217990-08 1.697020000-01 7.863812420-01L
7.90463D0-02 1.60742 -2.515548250-06 1.80707151D-06 70.13
9.844396530-05-2.098645220-06-3.433342270-10-1.01430144D-10
-1.06005413D0-07-1.797533470-07 1.91778641D-01 T7.864274100-01
2.013970-04 3.11094 -1.03741248D0-03 ~-1.848061890-03 70.13
1.712966110-03-3.42715738D0-02 4.750391360-13-3.02917158D0-12
1.860756900-07 3.064550540-07 2.214261990-01 7.880236290-01
6.81871D-02 1.60784 -8.648978060-06 5.861741220-06 70.13
4.43326464D-03-2.215766690-02-8.760028570-15-1.976004110-14
1. 76354484D-08 1.70575264D0-08 1.50462458D0-01 7.972816400-01
4.81608D-02 1.7670> -5.870798310-07 9.133691130-07 70.00
3.85313176D-05-1.10906033D-05-6.514991120-11-2.55845214D~-11
=3.519411630-08-4.709895890-08 1.56021586D-01 7.966881270-01
8.50031D-05 2.85823 -5.18997636D-04 -1.371629700-93 70.00
1.59426593D-03-3.792107190-02 4.662367560-14-2.826931210-13
6.29646116D0-08 9.696915790-08 1.723808420-01 7.95022083D-01
T.913370-02 1.60769 -2.48293611D-06 1.764799060-06 70.00
9.589639210-05-1.156973540-06-3.457724180-10-1.020825090-10
=1.03528354D-07-1.775312650-07 1.945133390-01 7.951944260-01
L.961110-04 3.12015 -1.05710225D0-03 =~1.864040470-03 70.00
1.733162560-03-3.43307J180-02 4.99243657D-13-2.96178549D-12
1.813806980-07 3.02886026D-07 2.24327458D-01 7.97410365D-01
6.82832D0-02 1.60824 -8.53412287D-06 5.71417740D0-06 70.00
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T

TOTAL CONVERSION COEFFICIENTS

5

5

K

K

K

1

4

5

A=

A=

A=

A=

A=

A=

A=

A=

0.32025D 00
=0.120220-01
0.19543D-02
-0.62145D0-03
0.45805D0-03
-0.102610-03
-0.341100 00
d.15638D-04
J.81234D-03
0.619370-05
-0.39335D-02
0.588830-02
0.310320 00
=0.249970-02
-0.62846D-03
0.24376D-05
=J.250790D0-02
=0.919300-05
-0.87304D-01
3.61099D-05
-0.81859D0-03
0.20984D-02
0.664620-93
0.12152D0-02

-0.344340-01

TOTAL CONVERSION COEFFICIENTS

K =1
K = 2
K = 3

A=

A=

A=

0.392100 00
-0.311250-01

=J0+214330-02

21

SLAB NUMBER =

0.668610 00
-0.505130-01
-0.570360-03

0.202400-02

0.18273D0-03

0.1169010~-03

0.415040 00
=0.258600~04
=0.41084D-03

0.167650-05

0.197570-02
=0.763210-03
=0.790640-01
=0.856210-02
=Js114473-03
-0.165480-05
-0.558980-03

0.135200-04
=0.100690 00

J.904520-06
=0.8260060-03

0.140900-02

0.373030-03

0.460090-903

=0.4906220-01

SLAB NUMBER =

-0.677470 Q00
0.3887<0-01
=0.170770-02

1

2




5
5

K

K

4

5

0.221190-02

-0.107620-03
J.148350-03
2.60193D 00

-0.340310-04

-J.84786D-03

-0.51536D-05
0.69095D-02

-0.78831D0-02

-0.387600 00
0.354520-02
0.925730-03

=0.50274D-05
0.253930-02
0.101820-04
0.192700 00

-0.773620-05

=0.147620-02
0.15595D-02

~0.151210-02
=0.293660-02

0.59296D-01

TOTAL CONVERSION COEFFICIENTS

1

K

K

A=

A=

A=

A=

A=

A=

A=

A=

J.74853D 00
-0.434430-01
-04137170-02

0.18503D0-02

0.i7119D-03

0.107740-03

0.60694D 00

-0.40345D0-04

-0.116350-02
-0.548390-03
0.359350-05
-0.731100-01
0. 166040-04
0.250250-04
-0.561920-05
0.1565£0-02
-0.263920-02
2.731880-01
0.1c1062-01
2.400570-03
-0.293000-05
0.325050-02
-0.2£5260-04
0.254220-01
-0.390130-05
0.864290-03
~0.377140-02
-0.134300-02
2.100330-02

-0.817100-01

SLAB NUMBER =

=0.316010 Q0
0.1381c0-01
=0.311170-02
-0.133210-03
=0.443360-03
0.777620-04
0.247230 00

0.674430-05




|
J 2 K = 4 A= -0.318410-03 -0.330030-03
J 2 K =5 A= -0.16289D-06 -0.612650-05
J 3 K =1 A= 0.59591D-02 0.578120-02
J 3 K= 2 A= -0.728360-02 -0.564410-02
J 3 K =3 A= -0.448920 00 0. 669860-01
J 3 K = 4 A= 0.63419D0-02 0.141250-01
J 3 K =5 A= 0.122150-02 0.117200-03
J 4 K =1 A= -0.301260-05 -0.561400~-05
J 4 K =2 A= 0.284200-04 0.41557D-02
J 4 K= 3 A= 0.104710-04 =0.271990-04
J 4 K= 4 A= 0.23399D0 00 -0.867150-01
J 4 K =5 A= =0.234640-04 0.183840-05
J 5 K= 1 A= -0.17661D-02 0.830280~-04
J 5 K =2 A= 0.300370-02 -0.279150-02
J 5 K =3 A= -0.16473D-02 -0.156700-02
J 5 K = 4 A= =0.375260~-02 0.324800-02
J 5 K =5 A= -0.86601D-01 -0.113360 00
A TOTAL CONVERSION COEFFICIENTS SLAB NUMBER = 4
J 1 K =1 A= 0.817960 00 3.205590 00
J 1 K=2 A= -0.390130-01 -0.108330-01
J 1 K =3 A= 0.003060-06 -0.38568D0-02
J 1 K = 4 A= 0.630000-03 0.739180-03
J 1 K =5 A= 0.447470-03 =0.14018D0-03
J 2 K =1 A= 0.393900-04 0.108450-03
J 2 K= 2 A= Je444420 00 0.550940 00
J 2 K =3 A= -0.41372D-04 =0.47395D-05
J 2 K= 4 A= 0.%45250-03 -0.626480-03
J 2 K =5 A= 0.571540-05 -0.730860-05
J 3 K =1 A= 0.287370-02 0.879550-02
J 3 K =2 A= -0.477640-02 -0.833040-02
23
-




5

5

K

K

= 4

=0

A=

A=

A=

A=

=J2.519400 00
2.987140-02
0.936200-03

=0.44l16D-08

=0429473D-02
0.90101D0-05
0.211950 00
=0.28193D-04

-0.122580-02
J.408570-02

-J0.18765D0-02

-0.173840-02

-J.18829D0 00

TOTAL CUNVERSIUN COEFFICIENTS

1
1

K

K

=1

= 2

A=

A=

0.55033D0 00
=J.22736D-01
0.147920-C2
-0.12503D-02
Je62556D-03
~0s23409D-04
0.133630 00
-2.371950-04
0.12705D=-02
J.78175D-05
-J.13310D=-92
-V.187860-02
~0.600690 00
Jel36830-01
0¢292200-03

).25436D-05

=0e574750=0¢

24

0.591320-01
0.153110-01
-0.263090-03
=0.57608D-05
0.427090-02
=0.317060-04
-0.240780 00
0.332830-04
=0.723040-03
=0.268410-03
-0.180590-02
0.7¢6160-02

0.73263D-01

SLAB NUMBER =

0.661000 00
=2.259730-01
-0:368150-02

D.13459y0-02

Je 1508¢0-03

0.951160-04

Jde.753300 00
=-J.148780-04
=0e91lb450-03
=0.807540-05

0.939900-0¢
=0.940590-0C¢

0.494270-C1

De l4¢790-01

Oelaco670-03
=0.357060-05

Je311790-02




x—

b

5

K

K

4

5

A=

A=

0.53667D-05
0.910690-01
J.976610-05
0.15483D0-03
0.512660-02
-0.19122D0-02
0.45141D0-02

0.283670-01

TOTAL CONVERSION COEFFICIENTS

A=

A=

A=

A=

A=

0.32346D-01
-0.411230-02
0.24615D-02
-0.314200-02
0.458340-03
-0.572620-04
-0.264140 00
-0.285660-04
2.19570D0-02
0.490450-05
=J.454380-02
0.116890-02
-0.69449D 00
0.164460-01
0.610550-03
0.493000-05
-0.763190-02
0.52563D-06
-0.14827D0 00
JeT18460D-04

2.587850-03

25

-0.345500-04
-0.402510 00
0.64378V0-04
=0.17099V-02
0.202250-02
-J0.218010-02
0.914880-02
0.265570 00

SLAB NUMBER = 6

0.906070 00
=0.273840-01
-0.278110-02

0.154150-02

0.238190-03

0.487450-04

0.763630 00
-0.210470-04
=-J.118380-02
=0.344850-05

0.769830-02
=0.841650-02

0.379620-01

0.108000-01

J.151880-02

0.667090-06

0.136970-02
=04335950-04
=0.51006u 00

J.391970-04

=0.226680-02




. ¢ o« o

5

5

K

K

4

5

0.43634D-02
-0.229080-02
0.41251D-01

0.40306D 00

TOTAL CONVERSION COEFFICIENTS

1

ww v wvWwm

K

1

& 0w

2
3
4

5

A=

-J.538580 90
0.80052D-02
0.259980-02

-0.41633D-02

-0.121690-03

-0.51933D0-04

-0.65604D 09

-0.177610-04
0.211340-02
0.389280-05

~0.58830D-02
0.300270-02

-0.803170 00
0.162540-01
0.23719D-02
0.44381D0-05

-0.747830-02

-0.32726D-05

-0.48875D 00
0.784760-04
0.739950-03
0.10315D0-02

-0.263180-02
0.12206D-01

0.23669D 00

TOTAL CONVERSION COEFFICIENTS

26

o

0.30987D-02
=0.273560-02
0.488890-02

0.667000-01

SLAB NUMBER =

0.77454D 00
=0.179770-01
=0.15264<0-02

0.149590-02

0.32831V-03

0.505900-05

0.607390 00
-0.209880-04
=0.134540-02

0.744470-05

0.452300-02
=0.61111D-02

0.24601D-01

0.54558D0-02

Q0. 148430-02

0. 4¢0020-05
=0.850940-03
=0.286770-04
=0.479460 00
=0.392660-04
=0.962390-03

0.363160-02
-0.320570-02
=0.408860-02

-0.533080 00

SLAB NUMBER =

7




5

st
(39
"

J=5

o ey sy
[N
"
—

[
"
—

K

K

K

4

5

A=

A=

A=

A=

A=

A=

A=

A=

A=

A=

A=

A=

A=

A=

0.99708D 00

-0.104270-01
-0.190520-02
0.427380-02
0.83337D-03
0.209130-04
9.101920 01
0.496920-05
-0.198910-02
-0.639260-05
0.44515D-02
-0.321030-02
0.99844D 00
-0.130080-01
-0.361720-02
-0.360670-05
0.666980-02
2.893460-05
0.10068D 01
0.189900-04
-0.285520-02
-0.454270-03
0.56547D-02
0.120200-02

0.997360 00

A = TOTAL CONVERSION COEFFICIENTS

0.130000 01
0.0
0.0

0.9

27

0.206320-03
0.314820-02
0.199060-04
-0.145220-03
-0.383280-03
0.188540-04
-0.468240-02
0.16288D0-04
0.398070-03
=0.170560-04
-0.26536D0-03
0.256260-02
-0.556770-03
0.447650-03
0.733230-03
-0.416340-05
0.160700-02
0.164980-04
-0.600810-02
0.80004D0-04
0.447270-04
-0.809120-02
0.922370-03
0.124380-01

=0.172700-02

SLAB NUMBER = 9

0.0
0.0
0.0
0.0




[

e & & - e & b t

& W oW ww N NN

+

& &

w v v

0.0
0.0

0.0
2.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0

5 A= 0.
1 A= 0.0
2 A= 0.100000 01
3 A= 0.0
4 A= Q.0
5 A= 0.0
1 A= 0.0
2 A= 0.0
3 A= 0.100000 01
4 A= 0.0
5 A= 0.0
1 A= 0.0
2 A= 0.0
3 A= J.0
4 A= 09.100000 01
5 A= 0.0
1 A= 0.0
2 A= 0.0
3 A= 0.0
4 A= 9.0
5 A= 0.100000 01
28
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TR

ELECTRIC FIELD STRENGTH AS A FUNCTION OF RHO

GAMMA( DEG) = 0.0

RHO (KM)
25.00
5C.00
75.00

100.00
125.00
150.00
L175.00
200.00
225.00
250.00
275.00
300.00
325.00
350.00
375.00
400.00
425.00
450.00
475.00
500.00
525.00
55¢.00
575.00
600.00
625.00
650.00
675.00
700.00
725.00
750.00
775.00
800.00
825.00
850.00
875.00
900.00
925.00
950.00
975.00
1000.00
1025.00
1050.00
1075.00
1100.00
1125.00
1150.00
1175.00
1200.00
1225.00
1250.00
1275.00
1300.00
1325.00
1350.00

i
AMP(DB)
T76.29234
72.98376
T0.7887¢
68.98273
67.35411
65.82755
64.38651
63.047061
61.84721
60.81107
59.95270
59.25110
58.65680
58. 10954
57.54008
56.90408
26.16014
55.27319
54.20961
52.93150
51.39867
49.55347
47.32220
44.63403
41.63359
39.46725
39.954l6
41.94011
43.81900
©5.29208
46.39511
©T.21843
47.83922
©8.31659
©8.70630
©9.03757
©9.33565
49.61635
49.88675
50. 14691
50.39211
50.61794
50.81192
50. 96849
51.08234
51.15012
51.17041
5l.14354
51.07132
50.95685
50.80411
50.61781
50.40297
50.16458

PHI(DEG) = 0.0 ZT(KM)=

ANG(CEG)
263.2088
257.5801
252.3931
24T.8470
244.0912
241.2690
239.4891
238.7764
239.0170
239.8885
240.9785
241.68292
242.0927
241.5722
240.3263
238.4413
236.0790
233.4316
230.6798
228.1687
226.,20206
225.3099
226.4329
231.4045
244.3454
269.7253
298.2769
315.4939
323.06453
327.3501
329.0024
329.7319
330.0955
330.4138
330.7258
331.0835
331.4578
331.7844
331.9897
332.0081
331.7952
331.3523
330.06411
329.7109
328.6028
327.3650
326.0486
324.7034
323.31752
322.1050
320.9265
319.8655
318.93%0
318.1558

RHU(KM)
25.00
50.00
75.00

100.00
125.00
150.00
175.00
200,00
24%.00
<50.00
275.00
300.00
325.00
350.00
375.00
400.00
425.00
450.00
475.060
500. 00
525.00
550.09
575.00
600.00
625.00
©50.00
675.00
700.00
725.00
750.09
775.00
800.00
825.00
850.00
875.00
900.00
925.00
950.00
975.00
1000.00
1L025. 00
1050.00
1075.00
1100.00
1125.00
1150.00
1175.00
1200.00
1225.00
1250.00
1275.00
1300.00
1325.00
1350.00

2.000 ZR(KM)=

X

AMP(DB)

29.90491
56.25709
53.75735
51.617069
©9.58498
4T.52316
@9.32722
“2.80458
©0.02911
36.53989
31.8407)
25.12791
24.67183
29.65500
32.82829
34.76332
35.9952¢
36.708L1
37.22258
37.36682
37.31810
37.08209
36.67429
36.13287
3539701
34.498%
33.42958
32.17734
30.79295
29.14931
2T7.2669%
25.14587
22.87070
21.91863
19.80577
19.75130
20.46809
2136862
221569
22.75043
23.14766
23.42491
23.48744
23.42499
23.25829
23.00464
22.67813
22.28987
21.84828
21.35965
20.82889
20.26102
19.66304
19.040646

29

ANG( DEG)
122.2¢87
135. 7691
L19.4766
LU3. 3704
37.3927
Tle4oB2
9%.4832
39.2385
Z43.0221
4.6600
34l.5400
297.7227
209.2661
lo6.0424
Le4.T7204
127.9352
L12.9103
98,4009
8% .3595
71,8263
59,1317
46,7381
34.0322
22.7550
11,2109
0.0290
349.285«
339.1038
330.0586
3¢le5T710
314.6301
310.1309
309.5270
315.1108
323.9875
332.7961
336.9707
356.7334
331.3999
324.3045
315.76806
30640242
295.5928
2684.6973
273.4995
202.1365
25V0.7361
239.4254
228433517
217.6042
297.3739
L97.7929
189.0123
1l.1795

10.000

RHO(KM)
25.00
50.00
75.0C

100.00
125.00
150.00
175.00
200.00
225.00
250.00
275.00
300.00
325.00
350.00
375.00
400.00
425.00
4©50.00
475.00
500.00
525.00
550.00
575.00
600.00
625.00
650.00
675.00
700.00
725.00
750.00
775.00
820.90
825.00
850.00
875.00
900.00
925.00
950.00
975.00
100%.00
L025.00
1050.00
1075.00
1100.00
1125.00
1150.00
1175.00
1207.90
1225.00
1250.00
1275.00
1302.00
1325.00
1350.00

Y
AMP(DB)
4l.454c4
37.85649
35.510068
33.77069
32.39372
31.28989
30.41103
29.72945
29.16455
28.83185
28.64261
28.57390
28.60027
28.57823
28.73222
28.90077
29.06299
29.20108
29.28441
29.33116
29.31720
29.23508
29.07872
28.883¢1
28.55882
28.14732
27.64729
27.05814
26.44009
25.68810
24.80755
24.00182
¢3.12830
22.36522
21.65184
21.09418
20.72151
20.52293
20.45189
20. 44556
20.44417
20.44395
20.33031
20.11635
19.78918
19.34108
18.76810
18.07005
17.25197
16.32759
15.32566
14.29841
13.32873
L2.52348

ANG(DEG)
238.2237
212.8739
187.0150
161.0755
135.1018
L09.1563
83.3227
57.7085
33.4116
8.5596
344.3025
320.9485
298.4187
276.8580
256.3191
236.7713
218.1858
200.5223
183.4644
L67.5499
152.4182
138.0355
124.3776
111.2962
99.0160
8744632
76.6715
6646955
57.7078
49.5037
42,4046
3645465
3240445
29.1504
27.1271
26,0126
25.3085
24,4713
23.0804
20.9269
17.9951
14.5671
10.3539
5.8188
l.1468
356.5193
352.1216
348.1531
344.8381
342.6343
34l.2273
341.4915
343.3853
346.7732

S i b i )




= ™ IR U T e
L375.00 49.90724 317.5159 1375.00 108.43004¢ 174.4257 1375.00 11.97878
1400.00 +9.03486 1317.0127 1400.00 17.84206 108.8399 1400.00 11.72717
1425.00 49.35028 316.6345 1425.00 17.32045 104.4494 1425.00 11.71518
1450.00 49.05519 316.3669 1450.00 16.90714 161.0745 1450.00 11.83764
1475.00 48.75000 316.1960 1475.00 16.63916 158.5040 1475.00 11.98946
1500.00 48.43399 13le.llle 1500.00 16.53325 150.3272 1500.00 12.09305
1525.00 48.10559 316.1091 15¢5.00 16.57874 154.1279 1525.00 12.10005
1550.00 47.76273 316.1919 1550.00 16.74065 151.5Tle 1550.00 11.98307
1575.00 47.40327 316.3713 1575.00 16.97197 148.4663 1575.00 11.72742
1600.00 47.02544 316.0677 1600.00 17.22643 1l44.7589 1600.00 11.32553
1625.00 46.62828 317.1091 1625.00 17.46609 140.4926 1625.00 10.77408
1650.00 46.21207 317.7302 1650.00 17.66344 135.7019 1650.00 10.07345
1675.00 45.77864% 318.5693 1675.00 17.80031 130.6794 1675.00 9.22959
L700.00 45.33167 319.606063 1700.00 17.86580 125.3573 1700.00 8.25928
L725.00 44.87686 321.0579 1725.00 17.85414 119.8995 1725.00 7.20053
1750.00 44.42197 322.7742 L750.00 17.76328 114.3994 1L750.00 6.12912
1775.00 43.97664 324.b5335 1775.00 17.59373 108.9400 1775.00 5.17413
1800.00 43.55182 327.2371 1800.00 17.34813 103.595¢ 1809.00 4.50492
1825.00 43.15898 329.9651 LB825.00 17.03081 98.4320 1825.00 4.25525
1850.00 42.8088b6 332.9751 1850.00 16.64783 93.5071 1850.00 4.42739
1875.00 42.51033 336.2039 L875.00 16.20094 88.4699 1875.00 4.89522
1900.00 4<2.26901L 339.5735 1900.00 i5.71765 849. 5577 1900.00 5.50215
1925.00 42.08691 342.9993 1925.00 15.19100 80.5925 1925.00 6.13425
1950.00 41.96231 346.40006 1950.00 14.63950 To.9758 1950.00 6.73100
1975.00 41.89052 349.7078 1975.00 14.07575 713.0839 1975.00 7.26907
2000.00 4l.86484¢ 352.86069 2000.00 13.51171 70. 6640 2000.00 7.74556
2025.00 41.87776 355.8413 20¢5.00 12.95681 ol.8374 2025.00 8.16704
2050.00 41.92177 358.6086 2050.00 12.4l0643 05.0991 2050.00 8.54330
2075.00 «1.98990 L.159¢ 2075.00 11.89073 ude3342 2075.00 8.88384
2100.00 42.07603 3.4903 2100.00 Ll.37442 29.4272 2100.00 9.19609
2125.00 42.17485 5.6049 2125.00 10.85737 20.2744 2125.00 9.48461
2150.00 42.28177 T7.5088 2150.00 10.320607 22.79006 2150.00 9.75109
2175.00 42.39275 9.2090 2175.00 9.76520 48.9110 2175.00 9.99476
2200.00 42.50415 10.7162 2200.00 9.15905 44.5863 2200.00 10.21315
2225.00 42.61272 12.0391 2225.00 B8.49265 39.7748 2225.00 10.40284
2250.00 42.71545 13.1498 2250.00 T.75243 34.4323 2250.00 10.56021
2275.00 42.80971 l4.1817 2275.00 6.92681 48.4990 2275.00 1C.08198
2300.00 42.89316 15.0291 2300.09 6.00704 21.8882 2300.00 10.76501
2325.00 42.96381 15.7479 2325.00 4.98885 le.4642 2325.00 10.80947
2350.00 43.02008 L6.3544 2350.00 3.87602 6.0301 2350.00 10.81299
2375.00 43.06079 16.8655 2375.00 2.68745 356.3123 2375.00 10.77662
2400.00 43.08517 17.2981 2400.00 1.46979 3+44.9751 2400.00 10.70183
2425.00 43.09276 17.6685 2425.00 0.31462 351.7158 2425.00 10.59095
2450.00 43.08350 L7.9922 2450.00 =-0.63272 316.5171 2450.00 10.44716
2475.00 43.05756 18.¢<836 2475.00 <-1.20742 300.0037 2475.00 10.27423
2500.00 43.01535 18.5556 2500.00 ~-1.31864 283.4971 2500.00 10.07642
2525.00 42.95746 18.8200 2525.00 =1.01906 208.3994 2525.00 9.85818
2550.00 42.88458 19.0869 2550.00 =-0.45701L 255.4790 2550.00 9.62397
2575.00 42.79747 19.3650 2575.00 0.22197 24%.7899 2575.00 9.37792
2600.00 42.69690 19.6620 2600.00 0.92247 256.0135 2600.00 9.12360
2625.00 42.58363 19.98406 2625.00 Le59561 228.7473 2625.00 8.86379
2650.00 42.458306 20.3388 2650.00 2.22134 222.6308 2650.00 8.60033
2675.00 42.32:131 20.7302 2675..00 2.79415 2i7.3746 2675.00 8.33408
2700.00 42.17461 2l.1640 2700. 00 3.314064 212.7545 2700.00 8.06500
2725.00 42.01743 21.6455 2725.00 3.78530 278.5988 2725.00 7.79233
2750.00 41.85091 2241802 2750.00 4.20851 204.7787 2750.00 T.51482
2775.00 41.67580 22.71736 2775.00 4.58593 20l.1976 2775.00 7T.23103
2800.00 41.49289 23.4313 2800.00 4.91838 197.7858 2800.00 6.939%5
2825.00 41.30309 24.1590 2825.00 520608 194.4948 2825.00 6.63970
2850,00 41.10747 24.9621 2850.00 5.44893 191.2934 2850.00 6.33079
2875.00 40.90723 25.8456 2875.00 5.04677 188.1634 2875.00 6.01319
30

351.0781
355.3843
358.8298
0.9493
1.7006
L.2926
0.0219
358.1875
356.0647
353.9082
351.9678
350.5076
349.8293
350.2927
352.3196
356.3398
2.6043
10.8328
19.9726
28,5775
35.6199
40.8360
ee.4632
46.8907
48.4757
49.4885
50,1131
50.4632
50.6000
50.5491
50.3149
49.8925
49.2767
48.4675
47.4735
46.3120
45.0079
43.5922
42.0998
40.5675
39.0319
37.5284
36.0892
34.T74206
33.5115
32.4131
3l.4578
30.6491
29 .9841
29.4539
29.0456
28.7436
28.5320
28 .3969
28.3277
28.3186
28.3695
28.4852
28.6751
28.9524
29.3320




2900.00 40.70374 20.b138 2900.00 5.79960 185.0970 2900.00 5.68795 29.8293

2925.00 40.49852 27.8700 2925.09 5.90771 182.0933 2922.00 5.35685 30.4591
2950.00 40.29324 29.0162 2950.00 2.97176 L1719.1%67 2950.00 5.02233 31.2332
2975.00 40.08963 30.2526 2975.00 599279 17642943 2975.00 4.68733 32.1600
3000.00 39.88948 3L.5780 3000. 00 5.97223 173.>148 3000.00 4. 35510 33.2438
3025.00 39.69460 32.9891 3025.00 5.91181 170.3268 3025.00 4.02926 34.4837
3050.00 39.50665 34.4807 3050.00 5.81353 168.2382 3059.00 3.71298 35.8744
3075.00 39.32729 36.0459 3075.00 5.67950 1l05.7551 3075.00 3.40945 37.4064
3100.00 39.15790 37.6760 3100.00 5.51188 lo3.3814 3100.00 3.12143 39.0668
3125.00 38.99965 39.3611 3125.00 5.31270 lo6i.l188 3125.00 2.85125 40.8406
3150.00 38.85349 «1.0900 3150.00 5.08378 158.9663 3150.00 2.60083 42.7110
3175.00 38.72003 “2.8511 3175.00 4.82655 1%0.9210 3175.00 2.317170 4%.6606
3200.00 38.59964 44.6323 3200.00 4.54195 154.9783 3200.00 2.16511 46.6711
3225.00 38.49236 46.4214 3225.00 4423035 153.1330 3225.00 L.98202 48.7237
3250.00 38.39798 48.20068 3250.00 3.89143 1,1.3801 3250.00 1.82314 50.7984
3275.00 38.31601 49.9774 3275.00 3.52421 149.7159 3275.00 1.688385 52.8740
3300.00 38.24576 51.7229 3300.00 3.12703 148.1391 3300.00 1.57913 54.9277
3325.00 38.18633 53.4342 3325.00 2.6975 146.6521 3325.00 L.49341 56.9361
3350.00 38.13667 55.1034 3350.00 2023290 145.20624 3350.00 l.43047 58.8750
3375.00 38.09560 50.7238 3375.00 L.72963 143.9830 3375.00 1.38838 60,7217
3400.00 38.06183 58.<901 3400.00 L.18389 142.8343 3400.00 1.36452 6244553
3425.00 38.03407 59.7984 3425.00 0.59149 14l1.8452 3425.00 1.35563 64.0590
3450.00 38.01096 6l.2461 3450.00 -0.05201 141.0548 3450.00 1.35875 65,5201
3475.00 37.99115 62.0319 3475.00 =0.75115 14d.5147 3475.00 1436783 66.8315
3500.00 37.97336 63.9559 3500.00 ~-1.51041 140.2928 3500.00 1.38103 67.9913
3525.00 37.95636 65.2191 3525.00 =2.33375 140.4774 3525.00 1.393384 69.0025
3550.00 37.93900 06.4237 3550.00 -3.,22392 l4l1.1843 3550.00 l.40282 69.8723
3575.00 37.92023 67.5724 3575.00 =-4.18100 142.5648 3575.00 1.40491 7d.6114
3600.00 37.8991¢ 68.6690 3600.00 =%.19974 144.8158 3600.00 1.39760 71.2328
3625.00 37.87485 69.7177 3625.00 -6.264583 148.1853 3625.00 1.37885 71.7512
3650.00 37.84671 70.7229 3650.00 =-7.34159 152.9622 3651.00 1.34715 72.1819
3675.00 37.8l1412 TL.6896 3675.00 =8.36735 159.4207 3675.00 L.3013e6 72.5401
3700.00 37.77664 72.0228 3700.00 =9.24117 1l67.6756 3700.00 1.24086 72.8407
3725.00 37.73387 73.5275 3725.00 -9.83776 177.4518 3725.00 l.16527 73.0975
3750.00 37.68559 T4.4087 3750.00 -10.05761 187.9402 3750.00 1.07449 73.3237
3775.00 37.63161 75.2713 3775.00 =-9.88961 198.0253 3775.00 0.96860 73.5307
3800.00 37.57182 76.1203 3800.00 -9.41850 206.8054 3800.00 0.84784 73.7294
3825.00 37.50623 76.9603 3825.00 =-8.76787 213.9015 3825.00 0.71252 73.9293
3850.00 37.43486 77.7956 3850.00 -8.04357 219.3659 3859.00 0.56320 T4.1390
3875.00 37.35782 78.6306 3875.00 =T7.31455 223.4476 3875.00 0.39908 T4.30607
3900.00 37.27530 79.4693 3900.00 -6.61859 220.4289 3900.00 0.22295 74.6199
3925.00 37.18745 80.3156 3925.00 =5.97347 228.5564 3925.00 0.03322 T4.9058
3950.00 37.09459 8l.1732 3950.00 =5.38582 230.0253 3950.00 -0.16927 75.2316
3975.00 36.99698 82.0454 3975.00 ~4.85659 230.9846 3975.00 -0.38346 75.6044
4000.00 36.89497 82.9355 4000.00 ~4.38403 231.5467 4000.00 =0.60943 76.0315
4025.00 36.78897 83.8463 4025.00 ~3.96529 231.7970 4025.00 -0.84639 76.5201
4050.00 36.67938 84.7805 4050.00 =3.59719 231.8010 4050.00 -1.09367 77.0776
4075.00 36.56668 85.7404 4075.00 =3.27660 23l.06i02 4075.00 -1.35044 77.7114
4100.00 36.45135 86.7279 4100.00 =3.00057 23l.2056 4100.00 -1.61578 78.4286
4125.00 36.3339¢ 87.T4417 4125.00 -2.7664L 250.8006 4125.00 -1.88860 79.2362
4150.00 36.21500 88.7919 4150.00 =2.57164 230.2429 4150.00 =-2.16765 80.1405
4175.00 36.09506 89.8703 4175.00 =2.41403 229.6157 4175.00 -2.45157 8l.1474
4200.00 35.97473 90.9802 4200.00 =2.29151 228.9391 4200.00 -2.73881 82.2617
4225.00 35.85457 92.1216 4225.00 -2.20218 228.2301 4225.00 =-3.02770 83.4873
4250.00 35.73515 93.2936 4250.00 -2.14431 227.5036 4250.00 -3.31646 84.8268
4275.00 35.6L702 94.4955 4275.00 -2.11628 2¢o0.7727 4275.00 -3.60322 86.2815
4300.00 35.50069 95.7255 4300.00 =~2.11662 226.0488 4300.00 -3.88601 87.8513
4325.00 35.38664 96.9819 4325.00 -2.14399 2¢25.3421 4325.00 -4.l16286 89.5342
4350.00 35.27534 98.c623 4350.00 -~2.19715 2£4.6620 4350.00 ~-4.43174 9l.3207
4375.00 35.16716 99.5642 4375.00 <~2.27500 224.0169 4375.00 -4.69067 93.2233
4400.00 35.06244 100.8847 4400.00 ~2.37655 223.4149 4400.00 =-4.93775 95.2167
31
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4425.00
4450.00
©475.00
4500.00
4525.00
4550.00
4575.00
4600.00
4625.00
©650.00
4675.00
4700.00
4725.00
4750.00
4775.00
4800.00
4825.00
4850.00
4875.00
4900.00
4925.00
4950.00
4975.00
5000.00

34.96144
34.86435
34.77133
34.68243
34.59760
34.51692
34.44011
34.36702
34.29739
34.23094
34.16736
34.10628
34.04732
33.99007
33.9341l0
33.87918
33.82475
33.77051
33.71609
33.60l18
33.60547
33.54869
33.49063
33.43100

GAMMA(DEG)= 90.0

RHO (KM)
25.00
50.0C
75.00

100.0C
125.00
150.00
175.00
200.00
225.00
250.00
275.00
300.00
325.00
350.00
375.00
400.00
425.00
450.00
475.00
500.00
525.00
550.00
575.00
600.00
625.00
650.00
675.00
700.00
725.00
750.00
775.00
800.00
825.00

z

AMP(DB)

50.12587
46.,62431
44.24640
42.23627
40.,34470
38.44202
36.43317
34,2368
3l.682306
28,65649
24.82620
19.89055
16.80251
20,08025
23.30537
25.45798
26,88760
27.83131
28.,42650
28,74255
28.83633
28,73862
28.46931
28,04149
27.46289
26,73857
25.87073
24.86089
23,71315
22.43643
21.05009
19.60040
18.17712

T I—— ~ - -
102.<206 4425.00 -2.50092 222.08635%
103.5087 ©450.00 ~-2.64T32 222.3107
104.9¢5%06 4475.00 ~-2.81501 2¢l.9443
106.2878 4500.00 -3.2033¢ 221.5926
107.0520 4525.00 =3.21163 221.3245
109.0148 4550.00 -3.43921 221.1497
110.3732 ©575.00 -3.085%33 221.0787
1117242 4600.00 =3.999L1 221.1¢29
113.0050 2625.00 -4.2295%2 221.2946
114.3933 4050.00 -4.52529 2cl.0068
L15.70069 «675.00 ~-4.834084 2£2.0733
117.0042 4700.00 =-5.15%623 222.7982
L18.2838 @T29.00 =59.48709 2c3.5¢54
119.54406 4750.00 ~-5.482455 2<4.53483
120.7859 4775.00 -0.1065920 225.7589
122.0076 4800.00 -06.505006 227.1968
123.2090 ©825.00 -0.83957T 22d.4579
124.3922 850,00 ~-T.16370 230.1437
1¢5.5%60 @875.00 ~T.4T20L 232.8490
1267020 +900.00 ~T.75894 235.1017
127.6311 4925.00 =8.01902 237.00lc¢
128.9447 4950.00 ~-d.24731 240.3l80
130.0441 4975.00 -8.43973 243.0973
13l.1310 2000.00 ~-8.59344 245.9544
PHI(DEG) = 00 LT(KM)= 5.000 ZR(KM)=
X
ANGIDEG) RHOIKM) AMP(DB) ANG( DEG)
339.¢913 25.00 42.71786 228.9590
323.84b64 50.00 39.01591 209.30619
308.7957 75.00 3o0.54716 Lo9. 7149
29441172 100,00 34.51863 lo9.9487
279.54538 125.00 32.09846 149.9716
266.0344 150.00 30.98608 129.6560
252.79%06 175,00 29.33362 108.8566
240.0518¢ 200,00 27.72240 ole4l31
229.057s 225.00 26.085238 63,4363
219.7790 ¢50.00 <4.59290 42.3459
21l9.9024 275.00 23.213Q0 18.2811
222.6733 300.00 22.00006 353.3096
261.1855 325.00 ¢21.00266 327.9573
289.50637 350,00 20.14536 302.6050
292.23306 375.00 19.60420 277.8572
286.00638 400.00 19424394 254.0066
278.2070 ©25.00 18.93776 231.4101
26845425 450,00 18.68539 209.88206
258.3020 475.00 18.37082 189.2922
247.8815 500,00 18476393 169.7370
237.4101 525.00 1769263 150.8935
22649955 550.00 17.24289 132.0246
216.7173 575.00 16.70468 114.8108
206.6302 600.00 16.03992 97.4098
196.8406 625.00 15.30481 30,2623
187.4042 650.00 14.4580¢ 0342791
178.4198 675.00 13.48899 40,3686
L7C.0174 700.90 12.38424 29.4257
1L62.3765 725.00 11.10239 12.6022
155.7158 750.00 9.67964 355.2122
150.3474 775.00 8.05382 337.1929
146.6409 800. 00 6.18925 318.0837
144.9353 825.00 4.05174 297.0745
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10.000

4425.00
4450.00
4475.00
4500.00
4525.00
4550.00
4575.00
4600.00
4625.00
4650.00
4675.00
4700.00
4725.00
©750.00
4775.00
+800.00
4825.00
4850.00
4875.00
4900.00
4925.00
4950.00
4975.00
5070.00

KHO(KM)

25.00

50.00

75.00
100.CC
125.00
150.00
175.00
200.00
225.00
<50.00
275.00
370.00
325.00
350.00
375.00
400.00
425.C0
450.00
475.00
500.00C
525.00
550.00
575.00
600.00
625.00
650.00
675.00
700.00
725.00
750.00
775.00
800.00
825.00

-5.17118
-5.38934
-5.59084
-5.77458
-5.93983
-6.08622
-6.21386
-6.323206
-b.4l538
-6.49154
-6.55340
-0.60286
-6.64196
-6.6728%
-6.69T05
-6.71840
~6.73702
-6.75527
-6.77470
-6. 7960606
-b.82231
-6.85258
-6.88822
-6.92982

Y
AMP (DB)
28.16039
24454335
22.21384
2046371
19.06551
17.9191%
L6.97090
16.18588
12.51073
14.93362
L4.54688
14« 17793
13.85535
13.52044
13.24250
12.95739
12.65184
12.31454
Ll.92619
11.50248
11.02089
10.4T74306
9.85599
9.16008
8.37870
7.50127
6.51679
5.41149
4.19222
2.78945
L.18947
-0.65876
-2.83500

97.2974

99.4544
10L.6745
103.9431
106.2442
108.5613
110.8772
113.1753
L15.4398
117.6564
L19.8128
121.8992
123.9081
125.8348
127.6768
129.4343
131.1090
132.7048
134.2265
135.0802
L37.0728
138.4115
139.7039
140.9578

ANG (DEG)
316.5537
292.3921
267.8088
243.21006
218.6546
19¢.2121
169 .9663
146.0188
L22.9182
99.8135
77.2719
55,3418
34.0494
13.5921
353.5791
334.1758
315.3464
297.0525
279.3635
262.0205
245.0972
228.5589
212.3753
196.5747
181.0140
165.7384
150.7354
135.999¢
121.5877
107 .3620
93 . 4495
79.9252
0b+9439




1
8%0.00 16.93253 145.3040 830.0 Le%382) <dT3.4b%4 850.00 =-5.41980 94.9953
872.00 16.01123 147.08a7 815.00 ~0.92556 243.5523 875.00 =-8.T0640 4%.5380
900.0C 15.51180 149.C718 900.U00 =2.T70B6¢ 2Ub.U00S 900.00 -13.4035¢ 38.6397
922.20 12.38691 149.0441 925.00 ~-Z.98l47 105.0085 925.00 -20.44501 52.9764
950.00 15.48910 l48.5804 950.07 ~-1.88040 i31.2336 959,00 -21.06740 120.0637
975.00 15.66892 145.1890 $79.00 =0e20272 10443537 975.00 -15.38521L 134.2345
1000.00 15.82633 139.9269 1000.00 J.67603 62.4lb4 1000.00 -12.10774 123.5356
1025.00 15.90991 133.1055 1€25.0) lLeoouo8? L3.3818 1025.00 -10.12247 118.4%13
3 1050.00 15.90829 125.1824 1050.2) 2elwlul «5. 7867 1050.00 =-8.84773 126.8211
] 1075.00 15.80011 1llo.340v 1075.00 2.52508 29.7507 1075.00 -8.06194 94.4345
3 L1100.00 15.60522 1Cob.7560 L100.00 2.09951 Le.«7706 1100.00 ~=T.6L7L7 8l.6596
1125.00 15.3357¢6 96.7105 1125.00 £e09403 329.1027 1125.00 -7.43875 63 .6442
1150.00 15.0059¢ Boed 252 1159.09 2.22401 345.4807 1152.9C -7.48195 55.4601
LL75.00 14.63044 75.47b62 1175.00 2020148 331.2535 1175.00 =~7.71972 42.1405
1200.00 14.22325 64.0llo 1200.00 Le 72992 3L7.9348 1200.00 ~-8.13667 28 .6946
1225.00 13.79670 53.7772 1225.00 1.11072 3)4.0718 L225.00 =-8B.72607 15.1133
1£50.00 13.306078 43.4339 1¢50.00 0.34014 291.5515 1250.00 -9.48858 l.3680 F
1275.00 12.92300 32.0455 1275.00 =-0.59066 278.4025 1275.00 -10.43219 347.4060 %
1300.70 12.48924 é3.0716 1300.00 ~-le.09678 200.4001 1300.00 -11.57321 333.1370 =
1325.00 1<¢.06435 13.9591 1325.20 =3.0018% 254.4300 1325.00 -12.93859 316.4077
1350.00 11.065449 2.0319 1320.00 ~-4.54172 2435.0204 1350.00 -14.56965 302.9470
1375.00 11.26843 358.1804 1375.00 =0.57100 252.54177 1375.00 -16.52730 ¢86.2471
1400.00 12.91862 351.0499 1400.00 =-8.57298 223.4955 1400.00 ~18.89290 267.2744 3
1425.00 10.62090 346.0259 1425.90 -1l.20961 217.1488 1425.00 -¢le72650 243.7563 k
1450.00 10.39218 34l.cd51 1450007 =1%.>7807 216.5953 1452.,00 -24.75992 210.9310
1475.00 10.24653 337.0942 1475.00 -18.08344 229.14%lb 1475.00 -26.39537 165.5042
1500.90 10.19055 333.4260 1500.00 -19.08339 2>0.842b 1500.00 -¢5.18336 122.1428 1
1525.00 10.22027 329.9932 15£5.00 ~16.81729 274.0483 1525.00 -25.00887 91.8895
1550.00 10.32110 326.5674 [550.00 =~14434780 270v.2989 1550.00 -21.14726 70.0159
1575.00 10.47087 323.05i> 1575.00 -12.48160 271.1980 1575.00 -19.74744 52.2964
1602.00 10.64434 319.¢908 160090 =11.13879 203.2432 1600.00 -108.73433 36.7877
1625.00 10.81732 315.27C38 1625.00 =1N.18744 <53.7978 1625.00 -i8.02769 22.5991
1650.00 10.96918 311.0012 1650.00 <=9.53353 243.5677 1650.00 -17.56822 9.2901
1675.00 11.08393 300.5217 L675.00 =9.11454 232.9162 L675.00 -17.31342 350.6284
1700.00 11.150C6 30l.006¢ 1700.00 -8.88854 <242.0544 1700.00 =17.23424 344.4880
1725.00 11.16008 297.1558 17¢5.00 -8.82681 2il.1<05 1725.00 -17.30902 332.8030
1750.00 11.10973 292.3918 1750.00 -8.92938 230.216C 1750.00 -17.52184 321.5447
1775.00 10.99737 287.6531 L775.00 =9.12225 189.4¢55 1L775.00 -17.86020 310.7107
1800.00 10.82350 282.Y944 1800.00 =9.45557 1l78.0827¢6 1800.00 -138.31363 300.3203 E
1825.00 10.59039 278.404¢ 1825.0) =9.90237 1068.5037 1825.00 -18.87234% <90.4104
1850.00 10.30181 274.1004 L850.00 10445750 158.2437 1852.00 -19.52583 281.0359
1875.00 9.96290 269.9548 1875.00 -1l.11654¢ 149.0533 1875.00 -20.26129 272.2661
1900.00 9.57992 <266.0356 1900.00 -L1.87437 1+40.i008 1900.00 -<¢l1.06172 <c64.1812
1925.00 9.16002 262.50633 1925.00 =12472300 132.0231 1925.00 -21.90370 256.8604
1950.00 8.71035 258.9380 1950.00 ~1l3.0485¢ 124.8304 1950.00 -22.75577 252.3632
1975,00 8.24001 255.7459 1975.00 ~14.62548 118.7993 L975.00 -23.57738 24%.6937 4
2000.00 T.75435 252.75517 2000.00 -15.01059 1ll4.l430 2000.00 -24.32249 239.7608
2025.00 7.25911 249.9214 2025.00 -16453687 112.9991 2025400 -24.94719 <¢35.3461
2050.00 60.75721 247.1845 205).00 ~-17.31018 129.2937 2050.00 -25.42149 231.1133
2075.00 0.,24862 244.4790 2075.00 =17.86099 Llov.ol89Y 2075.00 -25.73880 220.6726
2100.20 5.73009 24l.7368 2100.00 -18.12370 1J8.c468 2100.00 -25.91696 221.6782
2125.00 5.19532 238.3940 2125.00 -18412409 127.3798 2125.00 -25.98973 215.9018
2150.00 4.63527 235.8947 2150.00 =17.93935 172.4592 2150.00 -25.99504 2929.25206
21 75.00 4.03888 ¢32.06930 2175.00 =17.05921 132.2831 2175.00 -25.9006l6 <201.7515
2200.00 3.39348 229.2525 2200.00 =-17.306082 17.9191 2200.00 =25.92789 193.4902 %
2225.00 2.68531 225.>430 2225400 =17.29007 Ve« 2624 2225.00 -¢5.896T0 184.5963
2250.00 1.89953 221.5351 2250.00 -16.89549 36.4370 2250.00 -25.88240 175.2102
2275.00 1.02007 217.1927 2275400 -16,77505 19.7494 22T75.C0 -25.8920¢ 165.4724
1 2309%.0C 0.02909 212.4614 2300.00 ~16.74182 72.0749 2300.00 =-25.92776 155.5177
i 2325.00 -1.09387 207.2525 2325.00 ~16.79761 0543586 2325.00 -25.99246 145.4720 E
3 2350.00 -2.37285 201.4150 2350.07 -lo.94130 2T.9212 2350.00 -20.08832 135.4512
i
| ;
1
33




| 2379.00 =-3.83600
I 2600.00 =-5.51333
2425.00 ~=17.4c341
2450.00 -9.52037
247,00 -11.52898
2500.00 -12.70789
2525.00 =12.3745¢2
| 2550.0C -10.99698
| 2575.00 =9.39437
i 2600.00 =7.92583
E 20£9.00 =-6.66339
3 2650.00 =5.992069
2075.00 -4.,0005C
2700.0C -3.89940
2712%.00 -3.2¢57¢
2750.0C -2.64195
: 2775.00 -2.13524
2300.00 ~-1.69639
g 2825.00 -1.31877
3 2850.00 -0.9975%
2875.00 -0.72918
2900.00 -0.5i0806
2925.00 -0.34027
2950.00 -0.21536
2575.00 -0.13414
3000.00 -0.09465
3025.0C =-0.09451
3050.00 -0.,13292
3075.0C -0.20667
3100.00 -0.31424
3125.00 -0.453461
3150.00 -9,62375
3175.00 -0.82271
3200.00 ~-1.04966
3225.00 -1.30395
3250.00 -1.58538
3275.00 -1.89¢l4
3300.00 -2.23088
3325.00 -2.59663
3350.00 -2.99276
3375.00 -3.42090
3400.00 -3.88235
3425.00 =-4.38040
3450.,00 -4.91546
3475.00 -5.48934
3500.00 =-6.10300
3525.00 =-6.75645
3550.00 -7.44819
3575.00 -8.17444
3600.00 -3.92789
3625.00 -9.69509
3650400 -10.45939
3075.00 -11.18908

3700.00 -il1.84680
3725.00 -12.381752
3750.00 -12.76797
3775.00 -i12.959l6
3800.00 -12.95714
3825.00 -12.784306
3850.00 -12.48071
3875.00 -12.09069

L94.0d04d
lso.0d44
L76.3518
l62.5908
142.0%40
llbe0863
89.00175
£9.2060
D9 .0491
449.4035
36.8870
Jl.00ho
20el093
2243410
13.5%0608
15.0877
12.0136
J.1048
Ge3llo
3.0083
05054
358438060
355.0547
353.370¢
35095041
34645945
345.5037
34400889
341l.954¢0
339.90067
337.94¢c¢
336,081t
334.3079
332.6270
331.0386
3295432
328.lwls
3Z0.8364
32%.0335
324.5417
32545740
32247483
3240884
321.625¢
321.3972
3214524
32lecayl
322.6577
3l3.v0ch
32540591
32844539
331.8521
330.1372
34l.5372
34743792
354.053¢
L.0189
T.8709
l4.2438
19.8909
24.7048

2375.00
2400.00
245,00
2450.00
2475.90
29500.0u
29525.00
2550.20
25715.00
2¢00.00
2625.00
2650.90
26T75.2)
2700.00
2725.00
2750.00
27T5.900
2800.20
2845400
2853.20
2875.00
2900, U0
2925400
2950.00
297500
3000.0

3025400
3€59%429
3C75.09
310U. 00
3125.00
315000
3175.00
3200400
3445400
3250.20
3275.00
3300400
3325.00
3350.00
3375.00
3400.20
39cdeuUV
3450.09
347500
3500.00
3525.00
3550.00
3975.00
3600.00
3625.00
3650.00
3675.00
3700.00
3725.90
3750.00
3775.00
3800.00
38¢5.00
3850.00
3875.00

~iT.l0992
~l7.4792>5
~11.86380
-18.31l071
-18.6¢933
~19.39087
=19.98759
—4).0)284
-21.21Tl6
-21.80939
-224392878
~22.84813
~d3.20092
~c%.01331
~-23.89410
—24.12202
~44.31530
~l4e+d91%
~24.05852
-2%4.33501
~¢De J20060
~25.23837
-25.47238
~<¢5. 12870
-20+02580
-20430075
~£be0 )%
-20e92171%
-27.2404%1
~¢éle20738
-2 Te37734%
— &8l T30
~2 8¢ 443064
~d3.6 77198
-28.9.41776
-29.10587
=-23s2623%
=29:3 8939
-29.49124%
~29.57317

~<49.0439%
-29.723906
-¢9. 717640
=29.35200
~29.94345
-30.05308
=304lb009
-30e34557
-30.5311l06
-30.T44l0
-30.98441
=31l.25024
=31.54062
=31.85350
~32.18602
-32.53645
=32.90248
-33.28229
~33.0674506
-34.07863
=34.49445

34

2).90655
+3.06800
32.84084
‘84068430
léolsroa
15.790¢C
Je85T0
“4.3051
329.3513
3,4.7581
35042408
3a0. 02183
392.5%45
330.5801
35+.3203
39,0958
3449.0348
319.11l1le6
3L3.4279
3Jdo.1524
332.901025
292.9158
285, TLTO
21343035
210,08040
CUILLSS
292.3400
&0 200
2+1 42235
Crvecanl
227+ $55¢
dede 7488
2i8e.0B826
€JleP348
L37.3932
192.015%
L36.757¢
lole.5739%
W16 coT
L71.486¢6
iooelsal
Lo0.9601
125. 763y
15045523
L+5.3371
140.1334
L34.9577
L¢9.8266
124.7252
LL9.7564
Ll4.8398
117.0109
135.4704
130.0l130
96.0305
915056
87.0185
82.54306
76.0531
73.5161

2371».00
2400.N0
d4¢2.00
249J).00
2475.C0
2530.00
2525.00
2520.00
2575.00
2620.00
26¢5.00
2650.00
267%.00
27192.00
27125.00
2750.0C
277520
2890.00
2825.00
285J.00
2875.00
2900.00
2925.00
2854.20
297520
3022.20
3025400
3050.00
3C715.00
3122.290
3125.00
3i92.00
3175.00
3202.00
3225.00
3250.00
3275.00
3330.00
3325.00
3350.00
3375.00
3400.00
3425.00
3450.00
3475.00
3520.00
3525.00
3550.00
3575.00
3600.00
3645.00
3650.00
3675.00
3700.00
3725.00
3750.00
3775.00
3822.00
3825.00
3850.00
3875.00

=26+21759
~204382u9
~dbe2853>
~20.082834
-27.14238
~¢1.43505
=27.79559
~c8.18031
~¢8.59850
=29.01915
-¢9.43117>
-29.81752
=30.15770
-30.43715
-30.04172¢
=30+ To85U
-30.817041
-3J.90892
-30.92314
-30.93195
=30.95109
=32.99519
=31.07135
=3l.1854¢%
=31.33961
-31.53342
~3l.T64217
-32.02798
-34.31935
~3¢c.03209
-32.962>9
~33.30455
~33+655715
~34.01553
-34.38580
-34.77037
-35,1777¢
-35.,01l407
-36.,09250
~36.62201
=37.21538%
-37.837506
~38.05240
-39.523821
~40.53699
~41.70760
~43.08049
~44. 71604
~46.71603
~49.261906
-52.75185
-58.35716
-75.,03317
~01.59955
=55.10034
=51.62610
~49.30907
-47.60980
~46.29502
=45.24432
~44.38373

12%.5013
115.8983
L06 . 5494
97 .5943
89.1%05
Bla1545
73.8021
6T.1069
Glelle2
2%.80017
Sle3437
471.5305
44.3390
41.6399
39.26063
37.0417
34.80438
32.4342
29.8585
27.0543
24.0358
20.8422
I17.5268
19.14890
12.70628
7.4229
+. 1714
1.0403
353.048¢
355.20i2
352.4875
349.58840
347 .3545
344.8535
34243400
337.7651
331.0913
334.2505
331 .3447
328.2476
325.0020
321.6179
3ld.ll121
314.5042
310.8149
307.0057
303.2742
299.4514
29545942
291.6633
287.5029
282.3506
257.3833
104.5586
93.7084
94.9171
91.6770
88.7205
85.95606
83.3401
80.8414




B g w

3900.00 -11.65378 28.6882 3900.00 -34.92261 68.9007 3900.00 -43.60T777 T.4373
3925.00 -11.20037 31.%9091 3925.00 -35,36418 64,1747 3925.00 -43.06555 To. 1081
3950.00 -10.7516¢2 34.40635 3950.,00 -35.820065 59.3066 3950.00 -42.59560 73.8373
3975.00 -10.32127 36.4516 3975.00 -36,29355 D4.2659 3975.00 -42.12268 71.6113
4000.00 =9.91769 37.9662 4000.00 -36.78429 49.0227 4000700 -41.75580 69.419¢
4025.00 ~9.54559 39.0885 4025.00 ~37.29379 +3.2483 4025.00 -4l.44693 67.2546
4050.00 -9.20733 39.0873 4050.00 ~37,82224 37.8141 40%0.00 -41.19028 62.1129
4075.00 -8.9C378 40.49201 ©«075.00 ~38.36861L sL7917 4075.00 -40.98070 62.9934
4100.00 -H.63492 40.7351 4100.00 ~38.93040 25.4527 410000 -40.81517 60.8979
4125.00 -8.400le 40.8725 4125.00 ~39.50319 18.7696 4125.00 -40.069021 58.83C2
4150.00 -8.19860 40.8603 4150.00 -40.08023 L1.7183 415000 -40.00¢l3 50.7955
4175.00 -8.02915 40.7451 2175.00 ~40.05222 4.2794 4175.00 -40.553617 24 .8001
4200.00 ~T7.8%506% 405335 4200.00 -41.27715 356.4458 4207.00 -40.53087 52.8500
4225.00 ~T.7bldo 40e29217 4cdH5.00 ~4l.73059 348.2483 422500 -40.551306 50.9512
4250.00 ~7.70159 39.9210 4250.00 ~42.2065T7 359.6028 429%0.0C =-40.59560 49.1085
4275.00 ~T.b4866 39.5544 4¢75.00 ~42.61913 330.8164 4275.00 -40.66710 471.3256
4300.00 ~T7.62191 39.10671 4300.0) ~42.954417 321.17881 433000 -40.76402 45.6045
4325.00 ~T7.6402¢4 38.7716 4325.00 -93.20329 312.7021 4325.0C -4).88466 43.9458
4350.00 ~T7.64264 38.3790 4350.00 ~43,306246 3J3.0960 4350.00 -4l.0217506 42.3483 :
4375.00 ~T.685)¢ 37.9997 4375.00 ~43.43550 274.9011 4375.08 -41.19150 40.80938 f{
4900.0C <~7.755%02 37.0430 4400.00 ~43,43195 280.42068 4400.00 -4l.37506 39.3271 k]
4425.00 ~=7.84447 37.31178 442500 ~43.306488 <2T14.3501 4429.00 -41.57957 37.8966
4450.00 ~T7.95380 37.0326 4450.00 ~43.24933 273.7129 4450.00 -41.80322 3045150
4415.0C ~-8.0828¢ 30.7958 4475.00 ~43.10004 203.5261 4475.00 =4¢c.04691 35.1799 4
4500.00 ~8.2307y 36.6155 4500.00 ~+¢«93039 256.17Tu 4500.00 -42.31137 33.8901 ]‘
4525.00 =-8.390694 36.2004 4525.00 -42.7517> 250.43908 4525.00 -42.59763 32.6467
4550.00 ~8.58052 36.4591 4550400 =42.57344 244.4764 4550400 =42.92697 3le4e529
4575.00 -8.78069 36.20006 4575.00 ~42.40280 238.84389 4575.00 -43.24088 3J3.3150
4600.00 -8.99655 30.0343 4600.00 -42.24553 233.5193 4600.00 -43.60092 29.2423
4625.00 =-9.22705 36.6698 4625.00 =42.10600) 2£8.4528 4625.00 -+3.98877 28.24T74
4050.00 =9.47102 372173 4650.00 -4l.98750 223.0l181 4650.00 -44.40604 27434606
4675.N0 =-9.727% 37.0808 4675.00 -41.39243 218.9884 46T5.00 -44.85423 2645601 ‘j
4700.00 -9.9935¢ 3B.<4880 470000 -41.8225¢ 21+4.5410 470000 -45.33475 2549119
4725.00 -10.26861 39.0324 472500 =4l.T7TT7904 21J.2568 «T295.00 -45.84866 22.431C
4750.00 -10.55002 39.9274 4750.00 -41.762T9 200.1199 4752.00 -46.3967« 25.1512
4775.00 -10.83528 40.9818 4775.00 =41.77409 202.1171 4775.00 -46.97923 25.1122
4800.0C -11.12153 42,2020 4800.00 -41.81334 198.¢573 4800.00 -47.59%01 25.3606
4825.00 -11.40558 43,5921 4825.00 -41.8805¢2 L94.4707 4825.00 -48.24431 25.9501
4850.,00 -11.68398 45.1535 4850600 =4[.97559 {90090 4850.00 -48.92213 20.9431
4875.,00 -11.95393 46,6837 4875.00 -42.09837 LoT.24943 4875.00 -49.62366 28.4096
4900.00 -12.20893 48.7760 4900.00 -42.24879 133.7693 4900400 -50.34015 3J0.4260
4925.00 -12.44792 50.0191 4925.00 -42.+2679 180.3770 4925.00 -31.05844 33.0699
4950.00 -12.66043 52,9905 4G650.00 -42.63239 i77.0603 4950.00 -51.75%9061 36.4094
4975.00 -12.86128 55.¢869 4975.00 -42.86580 173.0123 4975.00 -52.41853 40 .4853
500,00 -13.02993 5T.0648 5C00.00 -43.12744 L70.0461 5000.00 -53.00342 45.2854
GAMMA(DEG)= 90.0 PHI(DEG)= 90.0 LT(KMI= 5,000 ZR(KM}= 12.020
Z X Y
RHO(KM) AMP(DB) ANG(DEG) RHU(KM) AMP( DB ) ANGIDEG) KHO(KM) AMP (DB) ANG(DEG)
29.00 27.51953 179.5762 25.00 20064450 02.8635 25.00 03.08800 244.l0672
50,00 23.71263 152.9835 50.00 22.91521 38.9513 50.00 60.18823 234.2179
75.00 21.24971 125.9061 75.00 20.57001 l4.5238 75.00 57.91200 224.2904
100.00 19.39833 98.5973 100.00 18.79927 3500767 10000 56.08687 214.3877
125.00 17.93675 Tl.1025 125.00 LT7.37453 325.66006 125.00 54.4781l¢ 204.4572
150.00 16.77313 43,4766 150,00 16419525 301.3340 150,00 52.97903 194 .4384
175.00 15.86622 15.7935 175.00 15.20720 277.1655 175.00 51.53078 184.2567
200.00 15.19932 348.1660 200. 00 L4.37761 253.2531 200.00 50.09673 173.8283
225.00 14.68836 320.7561 225.00 13.53481 229.8249 225.00 48.61355 163.2431
250,00 14.48950 293.9148 250.00 12.95894 2J6.7140 250.00 47.15327 151.9935
4 275.00 14.50465 267.8486 275.00 Ll2.647722 184.0815 275.00 45.65547 140.0463
[ 300,00 14.70259 242.b386 300.00 12.07032 1ol.9906 300.00 44.12817 127.1591
i
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325.00
350.00
372.00
400.00
425.00
450.00
475.00
500.00
525.00
550.00
575.00
600.00
625.00
650.00
675.00
700.00
725.00
750.00
775.00
800.00
825.00
850.00
875.00
900.00
925.00
950.00
975.00
LUC0.00
1025.00
105C.00
1072.00
1100.00
1125.00
1150.00
1175.00
1200.00
1225.00
1253.00
1275.00
1300.00
1325.00
1353.00
1375.00
1400.00
1425.00
1450.00
1475.00
1500.00
1545.00
1550.00
1575.00
1600.00
1625.00
1650.00
1675.00
1700.00
1725.00
1750.00
1775.00
1800.00
1825.00

15.04035
15.44227
15.91372
16.39468
16.85536
17.27397
L7.64844
17.93361
18.14555
18.27980
18.33372
18.32005
18.20772
18.01485
L7.74373
17.39825
L6.99300
16.519%0
15.99590
15.43928
L4.86887
14.31038
13.78281
13.30845
12.90063
12.56144
12.280285
l<.Q03916
1l.81143
11.56729
11.29702
10.974%4
10.58460
10.11718
9.56024
8.93065
8.21519
T.43295
6.60830
5.78028
5.00335
4.34077
3.84725
3.54630
3.41837
3.41034
3.45772
3.50321
3.50453
3.43423
3.27662
3.02454
2.67735
2.24008
1.72384
1L.14713
0.53789
-0.06510
-0.61325
~1.05448
~1.34563

219.0932
196.3342
L75%.44067
155.8847
L37.55448
120.3515
103.9474
88.7210
T4.3519
60s7705
47.9472
35.7356
24.3050
13.5038
3.5181
354.1858
345.5003
337.7314
330.7112
32445293
319.1953
314.6685
310.59006
307.7170
304.901 4
302.4120
299.8728
297.1919
294.2852
291.11785
28T.0381
284.3507
280.8347
277.5931
27441702
27152006
269.0164
26T.4424
26647839
267.1917
268.721¢
2Tlecn44
2T4.4450
27747913
280.7560
282.9800
284.3213
2B4.8274
284.6519
283.9922
283.0547
282.0403
28l.1421
28045479
280.4426
281.0049
282.3940
284.7227
288.0117
292.1438
296.8435

325.00
350.00
375.00
400.00
425.00
450.00
«75.00
500.00
925.00
550.02
575.00
600.00
625.00
650.00
675.00
700.00
7125.00
750.00
7175.00
800. 00
825.00
850.00
8675.00
900.00
G¢5. 00
950.00
975.00
1000.00
1025.00
1€50.00
1075.00
1100.00
1125.00
1150.00
1175.00
1200.00
1<25.00
1290.09
L275.20
1300.00
13¢5.00
1350.00
1375.00
1400.00
1425, 20
1450.00
1475.00
1500.00
1525.00
1550.00
1575.00
1600. 00
1625.00
1650.00
1675.00
1700.00
1725.00
1750.00
1775.00
1800.00
1825.00

LL. 71879
11.28092
10.98483
L0.09120
10.38532
10.05420
9.069236
9.23174
8.75738
8.22102
T.61479
6. 94424
6. 17437
5.31045
4.34158
3.25%451
2.05814
J.69364
-0.82393
-2.02532
~4.079d4
=7.27410
-9,3954891
-13.44832
-17.14798
-18.42049
-16.40982
-“14.15699
-12.50782
=LL.50663
~10.77415
-10.35609
-10.19070
-10.23702
-12.40999
-10.87000
-ll.42896
-12.13978
-13.00195
-14.01779
~15.19204
-16.52971
-18.23075
-19.07679
-2l.40003
~23.03203
~244.2 5844
-24.70881
~24.50995
-23.96211
=23426505
=22.64091
-22.15285
-21+81560
-21l.62531
-21.517225
~2l.64574
-21.83565
-22.13268
-22.52800
-23.01260
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L40.4885
L19.2268
99.0874
19.5525
00.0026
42.2093
23.8539

0e5422
349.6807
353.2390
317.1899
301e3247
239%.9973
271490051
204 3447
242.02406
24342207
214.6572
221.5730
189.1£03
Li7.5853
Lo7.8870
Lud.5397
158.9014
L10.1273
176.5004
212.9942
214+ 1594
2J8.1913
199.48906
L8d.8375
L7T7.1459
lu4.849%0
122.0954
138.9739
1¢5.5246
111.7520
976202
¥3.1021
u8.2706
5243833
35. 80406
17.9734
358436479
33041809
310.70406
Z0l«9048
25106417
22249995
177.8021
176.0130
150.8653
139.6210
L23.7505
108.9058
Y94.8656
dle4934
68.7097
36.4754
44.7827
33.6482

325.00
350.00
375.00
400.00
425.00
450.00
475.00
50%.00
525.00
550.00
575.00
600.00
625.00
650.00
675.00
700.00
725.00
750.00
775.C0
820.00
825.00
850.00
8715.00
900.C0
9¢5.00
950.00
975.00
1000.00
1025.00
1050.00
1075.00
1102.00
1125.00
1150.00
1175.0C
12290.00
1225.00
1250.00
1275.00
1300.C0
13¢5.00
1350.00
1375.00
1430.00
1425.00
1450.00
1475.00
1500.00
15¢5.00
1550.00
1575.00
1600.00
1625.00
1650.00
1675.00
1700.00
1725.00
1L750.00
1775.00
1800.00
1825.00

©2.59467
“l.03471
39.67424
38.50801
37.83057
37.49753
37.42128
37.02994
37.92076
38.21210
38445778
38.60204
38.70047
38.71852
38.65631
38.515J0
38.28123
37.98572
37.61470
37.1675%0
30.64273
36.02940
35.34258
34.56577
33.09054
32.170526
31.29383
30.33357
28.89162
¢T.231317
25.27055
22.870060
19.80550
15.53839
9.20515
8.45759
l4.11843
LT.71310
20.06847
2leT206ST
22.94249
23.84908
24452505
25.01978
25.36607
25. 586065
25.69774
2%. 71137
25.63533
25.47685
259,24030
24.92903
24.54543
24.09108
23.56718
22.97476
22.315006
21.59032
20.80461
19.96550
19.08627

L13.0393
97.6712
80.3513
6l.4453
4l .6498
22.0940

3.6771
347.2573
332.0479
319.6008
307.8118
256.8706
286.8965
277.5239
268.63106
260.12%6
251.9228
244.0466
236,404
228.9685
221.7189
2le.7128
237 .8142
201.C710
19+.4840
L88.0603
181.81%5
175.7719
169.9984
L64.5296
163.0508
1560 .0451
153.8077
150.2572
L78.0092
247.5210
271.7388
274.9158
273.2195
209.80064
205.6294
261 .0096
25043098
251.4503
246.5521
Z4l.6503
236.7936
231.9890
22T1.2651
222 .6440
218.1490
213.8057
209 .6435
205.6970
202.0082
198.6279
195.6192
193.0595
191.0443
189.6888
189.1203
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1850.00
1875.00
1900.00
1945.00
1950.00
1975.00
2000.00
2025.00
2050.00
2075.00
2100.00
<125.00
2150.00
2175.00
2200.00
2225.00
2250.00
2215.00
2300.0C
2325.00
2350.00
2375.00
2400.00
2425.00
2450.00
247>.00
2500.00
2525.00
2550.00
2575.00
2600.00
2625.00
2650.00
2675.00
2700.00
2725.00
2750.00
2775.00
2800.00
2825.00
2850.00
2875.00
2900.00
2925.00
2950.00
2975.CC
3000.00
3025.00
3050.00
3075.00
31020.00
3125.00
3150.00
3175.00C
3200.00
3225.00
325000
3275.00
3300.00
3325.00
3350.00

Er———— rr—— .Hmunu-!--nu-I-l-uunxamrﬂvwsni‘
|

« L DAt T
~1.46635 301.7234 1850.00 -23.57629 23.110c¢ 1850.00 18.189%9%0
-1.42564 306.3882 1875.00 -24.20651 13.2239 1875.00 17,30827
=1.25578 310.5422 1900.00 -24.88675 4.0564 1900.00 L16.492006
=0.99862 314.0366 1925.00 -25.59488 355.6755 1925.20 15.8021¢
-0.69298 316.0506 1950.00 -26.30173 348.1316 1950.00 15.29598
-0.30837 319.0422 1975.00 -26.97098 341.4280 1975.00 15.00812
-0.04397 320.7031 2000.00 -27.56192 335.4880 2000.00 14.93944
0.26933 321.9255 2025.00 -28.23612 330.1¢92 2025.00 15.049%4
0.56634 322.7883 2050.00 -28.30693 3¢25.0088 2050.00 1>.28099
0.84509 323.,50511 2075.00 -28.54767 319.9758 2075.00 15.57442
1.10599 323.0560 2100.00 -28.5931> 3l4.>460 2107.00 15.883v90
L.34615 323.7314 2125.00 -28.53366 3)8.5703 2125.00 46.177609
L.56708 323.5964 2150.00 -28.40532 301.9509 2150.00 16.43>578
1. 76849 323.2651 2175.00 -28424210 294.0904 2L75.00 lo.64693
L.940679 322.7515 2400.00 ~28sJTlol 230.8562 2200.00 16.80551
2.10041 322.0703 2229400 -27.91437 278.5496 2225.00 16.9n932
2422707 321.23917 2250.00 -27.78474 209.8820 2250.00 16.95819
2432459 320.¢810 2275400 -27.69246 260.9653 2275.00 16.95317
2.39117 319.2185 2300.77 -27.04400 2>51.9C1¢ 2300.2C lo0.89597
Le%c555 318.0789 232500 -21.04377 242.7833 2325.00 16.78864
2.42705 316.08901 2350400 -¢T.09470 233.0960 2350.00 1lo6.63351
2.3957C0 315.0809 2375.00 -27.79886 224.7154 2375.00 lo.433.12
2.33221 3l4.4790 2400.00 -27.95750 215.9115 2400.00 16.19019
2.23794 313.3108 2425.00 =28.17125 2°7.3498 2425.0C 15.90779
2.11485 312.200¢2 2450400 =28443994 199.0927 2450.00 15.58931
L.96543 3ll.1680 2475.00 -28.70247 171.2015 2475.00 15.2387>
L.7925% 310.2314 2500470 -29.13644 133.17306 2502.00 14.86075
1.59940 309.4031 2525.90 -29.55779 176.7581 2525.00 14.46080
1.38923 308.0912 2550400 -30.02029 170.3242 2550.00 1404540
1.16529 308.0996 257900 -30.51503 low.4885 2975.00 13.62209
0.93061 307.0272 2600.90 =31.02998 159.293s 2602.00 13.19945
0.68786 307.c700 2625.00 -31.5499 124.7640 2625.00 12.78689
0.43920 307.u¢210 2650400 -32.05708 120.8954 2650.00 12.39421
0.18627 306.8711 2675.00 -32.53239 1+7.6416 2075.00 12.03093
-0.06991 306.8115 27C0.07 -32.95837 1+44.9125 2790.00 1l.70541
-0.3288¢2 306.6337 2725.00 =-33.32227 1+2.5753 2725.00 1l.42338
-0.59036 300.9312 2750400 -33.61861 140.4711 2750.00 11l.18900
-N.85474 307.0999 2775.00 -33.85107 138.4392 2775.00 11.00279
-1.12229 307.5381 2800420 -34.03098 1lio.3434 2800.00 10.586000
-1.39330 307.0477 2825402 =34.17480 134.0893 2825.00 10.75539
-1l.66787 308.0317 2850.00 -34.30089 131.6¢97 2850.00 10.68122
-1.94584 308.4950 2875.00 -34.42653 128.9002 2875.00 10.62887
=2.22669 309.0457 2900.07 -34.56019 1Zlo.1C80 2900.00 10.58976
-2.50953 309.088¢2 292500 =34.73065 1c3.1205 2925.00 10.55591
=2.79311 310.4282 2950400 -34.92694 120.0550 2950.00 12.52037
-3.07592 311.2095 2975.00 -35.15858 110.9710 2975.00 10.47737
-3.35619 312.2140 3000.00 -35.42607 113.9237 3000.00 10.42235
=3.63209 313.20625 3025.00 =35.72742 110.900« 3025.00 10.35188
=3.90176 314.41006 3050.00 -36.05867 108.1165 3050.00 10.26353
~4.16339 315.0543 3075.00 -36441458 1lU5.4124 3079.00 10.15575
~4.41534 316.9871 3100.00 -36478947 1.2.8524 3100.00 L0.0277«
~4.65612 318.40006 3125.00 -37.17761 10J.4229 3125.00 9.379306
~4.88444 319.8060 3150.00 -37.57503 78.0941 3159.00 9.7L11
-5.09915 321.4333 3175.00 -37.97948 ¥3e3¢25 3175.00 9.52300
=5.29928 323.0320 3200.00 -38.39166 935566 3200.00 Y.3ld46
-5.48398 324.0704 3225.00 -38.81538 Jle2421 3225.00 9.0973¢
=5.65257 326.3362 3250.00 -39.25708 88.8291 3250.00 d.8623¢
-5.80453 328.0164 3275.00 -39.72838 80+2764 3275.00 8.61590
=5.93959 329.0958 3300.00 -40.,23988 8345550 3300.00 8.36075
-6.05776 331.3596 3325.00 -40.800659 30.0493 3325.00 8.099485
-6.15946 332.9915 3350.00 -4le44495 17.555 3350.00 7.83632

189.4990
190.9321
193.4891
197.0908
201 .4622
206.1354
210.5670
2l4.3063
217.1014
218 .8959
21l9.T76¢5
21v9.8332
219.2533
218.1582
2l0.6653
2l4.8732
212.8641
210.7067
208.4591
2)o.1717
203 .8892
¢01.6519
199.4977
197.4622
195.5798
193.8336
192.4053
191.1741
190.215>
189.5493
137.1867
189.1271
189.3553
18¥.3392
190.529¢6
191.3621
192.2624
193.1534
193.9630
194.6305
195.1113
Lv5.3777
195.4187
195.2367
194.8447
194¢.2628
193.515¢8
192.631C
191.063064
192 .5599%
189.4284
L88.26178
187.1022
185.9540
184.38437
183.7898
182.8085
181.9134
18l.1152
180.4215
179.8362
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3375.00 =06.245% 334.5750 3375.00 -42.173063 T4.2807 3375.00 7.57335 179.3595
3400.00 ~-6.31724 336.0950 3400.00 -43.01454 70.9393 3400.00 T.31411 178.9872
3425.00 =-6.37639 337.5374 3425.00 -493.99%03 ol.2509 342%9.00 7.06157 178.7114
3450.00 =-0.42511 338.b5499 3450.00 -4%.14917 63.2374 3450.00 6.81840 178.5199
3475.00 -6.46584 340.143s 3475.00 -46.5217483 29.7199 3475.00 6.58681 178.3975
3500.00 =-6.50124 341.¢935 3500.00 -+8.20097 2%.8153 3500.00 6.30843 178.3259
3529.00 =-6.5340¢ 342.3302 3525400 -50.31540 210279 3525.00 b.l0426 178.2855
3550.00 -0.506083 343.2729 3550.00 -23.10341 «1.7270 3550.00 5.97457 L78.2558
3575.00 -6.602l0 344.1077 357500 =5T.17L<o 4343490 3575.00 5.79894 17d.2171 -
3600.00 =-0.064229 344.b402 360000 -04.717711 37.2020 3020.00 5.03634 178.1514
3622.0N -6.68918 345.4971 30625.00 -73.59723 2cT.10064 3629.00 9.4851l8 178.0432
30650.00 =6.74450 346.0098 3650400 -00.40248 215.8077 3650.00 5.34351 177.8893
3075.00 -0.809%8 346.5750 3675.00 =59.508057  24les555 3675.00 2.27911L 177.06540
3700.00 -0.8b% % 347.0232 3700400 =52.05T02 2071.5714 3700.00 %.07905 L77.3591
| 3725.00 -0.972385 347.4200 3725.00 =52.62876 2)4.0711 3725.00 4.9%5281 170.9941
| 3750.00 ~-7.07230 347.7937 3750.00 -49.00798 2.7.765¢ 3750.C0 4.82641 1To.50605
| 3775.00 =-7.18408 3438.i307 377500 -47.8008¢ Ll7l.0214 3775.00 4.69847 170.00625
3800.00 =7.30830 340.4040 380000 =46.88991 L179.06225 3800.00 4.50720 LT72.2058
38325.00 =-T7.44494 348.7374 3825.90 -40.094806 Lyl.T75061 38¢22.00 4.93136 1T4.8989
3850.00 =7.59380 349.1130 365000 -45.43504 L89.229% 382).00 4.28700 LT4.2507
L 3875.00 =7.75480 349.9495 307900 -44.0838431 loo.371l5 387%.00 4el@l37 173.5707
3900.00 =~T7.9¢704 349.5044 3900+ 00 -+4.42078 1s3.8283 390V.00 3.98599 L7c.8069¢
3925.00 =-8.11138 350.1855 39£5.0) -44.03029 lol.36175 3925.00 3e02334 172.1560
3950.00 =-8.30717 350.2991 3990400 =43.77189 173.9771 3950.07 3.69350 LTL.4an7
3 3975.00 =8.51307 35140225 397500 -43.4274s Llo.0407 3975.00 3.47680 17).7325
3 4902.00 =-8.729008 35l.5518 400000 -493.20082 Ll/l4.30T0 4000.00 3.29378 170.039«
4 4C25,00 -8.95404¢ 352.1035 4029600 =43.0L79) L172.43317 4022.00 3.109%0 lov.3087
é 4050.,0U0 =9.18929 352.7139 405000 =42.87405 1o9.9413 4050.00 2.9L195 lb6s.72063
4075.00 =-9.43170 353.38389 4075.00 -42.70782 lol.7895 4075.00n 2.715%0 lbd.lleS
4100.,00 -9.b6ulb6 354.1345 410000 -4leb9004 Llude0ul94 4l00.00 2421565 lol.5437
4125.,00 -9.938)4 354.9%01l @ld24d) —42.658069 lou3d.ol42 4125.00 2.3l4350 167.0004
E: 4150.00 -10.19981 355.0984 4150407 -92.05231 1lole»985 4157.00 2.1i380 lbe.olle
4175.00 ~1Ge4%t585 350645459 @175.00 =42.67989 1>9.0379 4175.00 1.91378 lo00.72511
4200.00 -10.73494 357.9226 420000 =42.72778 157.7380 4220.00 le71560 165.0253
4225.,00 -11.0C576 359.0913 422500 =42.80035  122.9044 4229.00 Le5¢U9t 10242500
4250,00 -11.27693 0e3942 4250400 -9<+9299) lo4.l4ls 4250.00 L.32881 lo%.8604
4275.00 -11.54701 Lel1lc0 4275400 -493.03067) 1v2.4536 «275.00 lol4led lo4.5108
4300.00 -1LL.81450 3.l 049 430000 -43.148510 L>J.8420 «300.00 0.9587¢ lo4.1750
4325.00 -12.07787 4.71106 4325400 =43435359 149.3074 4325.00 D. 78331 1l63.8407 |
4350.,0C -12.33562 be3497 43950400 -43.54079 L+4T.8487 4350.00 Je60TT1 16345195 |
4375.00 -12.56024 BeUT55 +375.00 -93.74261l 140.4037 4375.00 0.4392) lo3.l874 C {
440).00 ~-12.82827 Je0840 «400+00 -«3.90724 led.1491 4400.00 0.27490 1lo2.845C |
4425.0C -13.06732 l1.7089 4425.00 -444¢07929 1+3.9012 4425.00 Oell%3l loc.4877
4450.00 -13.2b114 13.7226 4450400 44445972 1+2.17167 4450.00 =-).04321 lol.llls
4475.00 ~13.48959 15.7303 4475400 =+4.73083 1+1.5933 4475.00 =-0.19837 16l.T7147
45C0.00 -13.6b471 17.7998 4500.00 -45.01930 140.2499 4500.00 =0.35190 1lol.2947
49¢5.00 ~13.865T0 19.9022 4525.0) -45.32029 134.5281 4525.00 =0.5045¢ 160.8513
4950.0C -14.C3226 22.0317 4550,00 -45.05282 138.5918 4550.00 =7,657271 1060.3848
4575.00 -14.,18398 4.4 7061 4575.00 -46.00031L 1>7.7283 4575.00 -0.80998 1%9.8966
4600.00 ~14,32100 2643230 4600.00 =46.3701l5 Lls0.9484 4600.00 -0.96404 159.38806
4625.C0 ~14,4437C 28.4603 4625.00 ~46.763606 136.£0665 4625400 =-l.ilYo8 158.8635
4050.00 -14.55%5272 30.5763 4650,00 -47.18204 135.7009 465000 =-1.27729 150.3244
4675.00 -14.64898 32.66006 4675,00 -¢T7.62617 135.2741 4075.0C =~1.43718 157.77406
4700.00 ~l4.73364 34.7038 4700.00 -48.09654 135.01206 4700.00 =1¢59922 157.2177
4725.00 ~14.80803 30.6981 4725.00 =48.59309 134.9473 4725.00 =1.76437 150.6572
4750.00 ~14.87361 38.063706 4750.,00 -49.11502 135.1133 «750.C0 =-1.93171L 1506.09067
4775.00 -14.93191 405179 4775.00, =49.66058 135.5499 4775.00 =-2.10141 159.5394
4800.,00 ~14.98451 42.3364 4800.00 -50.220676 13643005 4800.00 =-2.27325 154.9883
4825.00 ~15.03294 44.0924 4625.00 -50.80890 Ls7.4lll 4825.00 =-2.44696 154.4459
4850.00 ~15.,078068 45.7804 4850.00 -51.40027 138.9286 4850.00 =-2.062219 153.91¢1
4375.00 ~15.12311 47.4204 4875.00 -51.99101 140.8975 «875.00 =-2.79857 153.3947
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4900.00
4925.00
4950.00
4975.00
5000.00

=15.16748
-15.21292
-15.26039
-15.31072
=15.36457

GAMMA(VDEG)= 45.0

RHO(KM)
25.00
50.00
75.00

100.00
125.00
150.00
175.00
200.00
225.00
250.00
273,00
300.00
325.00
350.00
375.00
400.00
425.00
450.00
©75.00
500.00
525.00
550.00
575.00
000.00
625.00
650.00
675.00
700.00
725.00
750.00
775.00
800.00
825.00
850.00
875.00
900.00
925.00
950.00
975.00
1000.00
1025.00
1050.00
1075.00
1100.00
1125.00
1150.00
1175.00
1200.00
1225.00
1250.00
1275.00
1300.00

z
AMP(DB)
73.36125
70.08977
67.92786
66.15047
04.544606
63.03299
61.59627
60.24879
59.02640
57.95911
27.06750
56.33910
55.73026
55.18227
54.62460
54.01028
53.29570
52.44432
51.42180
50.19116
48.71306
46.93167
4. 77299
42.15192
39.12422
36.56781
36.55359
38.49928
40.48842
42.06168
43.2371¢
44.11003
44.76305
45.25908
45.65749
45.99010
46.28499
46.56055
46.82620
47.08368
47.32916
47.55850
47.75908
47.92465
48.04921
48.12877
48.16132
48.14668
48.08629
47.98289
47.84032
47.66312

48.9977
50.5224
51.9992
53.4338
54.8318

PHILDEG) =

ANG(DEG)
265.0391
259.2070
253.8484
249.0989
245.1070
242.01%90
239.9552
238.9600
238.9763
239.7065
240.7672
241.06918
242.0953
261.7367
240.6379
238.8656
236.5711
233.9409
231.1504
228.5324
226.30670
22544315
225.6509
229.5369
240.4841
263.0447
293.9934
313.0938
323.02006
327.1875
328.9873
329.7283
330.0427
330.2913
330.5378
330.8499
331.2070
331.5488
331.7981
331.8826
331.7485
331.389¢6
330.7501
329.8936
328.8403
327.06431
326.3525
325.0198
323.6917
322.4111
321.2139
320.1277

4900.00
4925.00
4950. 00
4975.00
5000.00

©5.0 2T(KM)=

RHO(KHM)
25.00
50.00
75.09

100.00
125.00
150.00
175.00
200.00
«25.00
250.00
275.00
300.00
325.20
350.00
375.00
400.09
425.00
450.00
475.00
500.00
525.00
550. 00
575.00
600,09
625.00
650.00
675.00
700.00
725.00
750. 00
775.00
800.00
825.00
850.00
875.00
900.00
925.00
950. 00
975.00
1€00.00
1025.00
1050.00
1075.00
1100.00
1125.00
1150.00
1175.00
1200.00
1225.00
1250.00
1275.00
1300.00

Bl ol ey,

-52.57071
~53.12230
=53.62843
=54.06989
-54.42841

143.3540
146.3179
l«9.7822
153.7025
157.9899

5.000 ZR(KM)= 10.000

X

AMP( Dd)

57.11514
53.49205
21.01920
48.91153
40.91699
44.90222
©2.76662
©0.40565
37.67102
36.37202
30.01935
23.72365
29.4928¢
25.65434
29.25513
3l.41409
32.78314
33.65111
34.15388
34.37071
34.37863
34.18842
33.82356
33.32089
32.062607
31.76903
30.743206
29.53743
28.19783
26460365
24.706787
22.67577
20.36671
18.306006
L6.71956
16.33151
16.95714
L7.91704
18.80157
19.48572
19.95906
20.30281
20.41367
20.39037
20.25542
20.02751
19.72183
19.35040
18.92¢42
L8. 444067
17.92241
17.36058

39

ANG(DEG)
156.0898
140.1229
123.7443
107.5658
91.5318
75. 5724
59. 5856
«3.3987
2T.3144
9.4327
347.9233
312.0378
226.4470
172.5098
l4v.1073
13l.0532
Ll6.3058
101.9943
87.8769
T4. 7264
6l.9221
49.0188
37.1980
25.1764
13.4951
2e1542
35l.2156
340.7849
3s5l.3821
322. 49406
316.8567
309. 3911
307.3909
3il.5066
319.9011
33%.1516
336.4089
336.9797
333.2344
326.7056
318.4048
308.8118
298.4812
28T.6433
276.4707
265.1055
253.6769
242.3113
231.1390
220.2960
209.9243
200.1723

4900.00
4925.00
4950.00
4975.00
5000.00

RHO(KM)
25.00
50.00
75.00

100.00
125.00
150.00
175.00
200.00
225.00
250.00
275.00
300.00
325.00
350.00
375.00
400.00
©25.00
450.00
475.00
502.00
525.00
550.00
575.00
600.00
625.00
650.00
675.00
700.00
725.00
750.00
775.00
800.00
825.00
850.00
875.00
900.00
925.00
950.00
975.00
1000.00
1025.00
1050.00
1075.00
1100.00
1125.00
1150.00
1175.00
1200.00
1225.00
1250.00
1275.00
1300.00

-2.97568
~3.15311
-3.33046
-3.50734
-3.68340

Y
AMP(D8)

58.60384
55,07178
52.70839
50.75159
48.96678
«7.24698
©5.53255
©3.78535
41.96317
«0.078¢41
38.09776
36.01187
33.82320
31.51431
29.25627
27.18816
25. 60826
24.78053
264.54012
26.92218
25.50070
20.12001
26.70790
27.13791
27.59230
27.95822
28.22745
28.39357
28.39462
28.34650
28.1839%
27.90222
27.49591
26.91833
2624445
25.42175
24.43529
23.26511
21.88472
20.26039
18.35500
16.1213¢
13.72663
11.69327
11.11564
12,1373
13.68418
15.10115
16.23962
17.11160
17.75919
18.22292

152.8885
152.39%61
151.9173
151.4516
150.9978

ANG(DEG)
264.4052
232.9102
221.4883
210.2073
199.0488
187.9899
176.9999
106.0356
155.2063
1644.0976
132.7166
120.8413
108.1289
94 .6895
78.5070
59.9062
38.6601
17.1617
357.251¢
340.8103
327.489%
3l0.4548
306.9026
298.1245
290.0906
2%2.2388
276.4153
266.5317
258.5354
250.5148
262.3339
233.9868
225.4664
216.7983
207.9541
198.8510
189.4142
179.5198
168.9588
157.3678
144.0893
128.1220
106.9029
78.0407
43.9152
1.0309
352.2346
336.2466
323.7063
313.2551
304.1621
296.0198




1325.00 47.45625 319.1721 1325.00 L16.76563 191.1921 1325.00 18.53625 288.58064
1350.00 47.22479 318.3572 1350.00 16.14803 143.1353 1350.00 18.72600 281.7083
1375.00 46.97346 317.0855 1375.00 12.52505 L1l76.1412 1375.00 18.8135¢ 275.2795
1400.00 40.70638 317.1514 1400.00 14.92334 170.3143 1420.00 18.816%6 269.2212
1425.00 40.42665 316.7437 1425.00 14.37974 105%.06858 1425.00 18.74724 263.4680
1950.00 46.13620 316.4482 1450.99 13.937%6% Lol.i65b 1450.00 18.61778 ¢57.9639
1475.00 45.83569 3l0.<507 Le75.20 13.63709 159.5098 1475.00 18.43570 252.6578
1500.00 45.52463 3l06.l390 1500.00 13.50081 1>57.3369 1502.00 18.206760 247.5033
1525.00 +5.20154 13l6.1086 1525.00 13.22376 125.2159 1525.00 17.9341l3 242.4584
1550.00 44.86438 310.1592 1550.00 13.67415 122.7005 1550.00 L7.619ly 237.4872
1572.00 44.51093 316.3010 1575.00 13.99%09 149.87%52 1575.00 17.261l47 232.5607
1600.00 44.139¢1 3l0.5522 1600.00 14.l079% l46.2126 1630.00 16.85910 227.6581
1625.00 43.74302 316.9397 1625.00 14.42235 1+2.0338 1625.00 16.40894¢ 222.76178
1092.0C +3.33723 317.49%08 L650.00 14.63827 1s7.35917 1650.00 15.90699 «<«17.8882
1675.00 42.90820 318.c6¢0 1675.00 14.79572 132.3040 1675.00 15.34805 213.0284
1700.00 42.46429 319.2747 L700.00 14.38251 126.982C 1720.00 14.72885 208.2083
L725.00 42.01051 320.5740 L725.00 14.89204 1¢l.5011 1725.00 14.0423¢ <203.40602
1750.00 41.55423 322.1924 L750.00 14.32165 115.95Ts L750.00 13.28375 195.8300
1775.0C 4l.10404 324.1519 L775.00 L14.67140 11J.4375 L775.00 12.44789 194.3798
1800.00 40.67255 326.4590 1800.00 1l4.44303 1J)5.0l67 182J0.00 11.53007 19).1917
1825.00 40.26942 329.0994 1825.00 14.14230 v7.1631 1825.00 10.22675 160.3739
1852.0C 39.9C643 332.0306 1850.00 13.77298 Ye.T568 1850.00 9.43676 183.0672
1675.00 39.59306 335.¢<1L19 L875.00 13.3430+ 89. Y094 1875.00 8.206364 18J.45%44
1900.00 39.33594 338.5498 1900.00 12.8ul50 822019 15J0%.00 7.21978 178.7662
19¢2.00 39.13805 34l.%000 1925.00 12.33929 ole4oll 1925.00 5.73334 178.2740
1950.00 38.99855 345.5787 1950.30 1ll.70838 T1a7548 1950.00 “.45833 17v.2513
197>.0C 38.91338 348.7129 1675.00 1l.22109 Ta. 3068 1972.07 3.2814C 131.8535
2000400 38.87622 351.9104 2000.00 10.65162 TL.2727 202).00 2.318>3 185.9451
2725.00 38.87901 354.9307 2025.00 10.0885%59 0843990 2025.00 1.67370 190.8284
2750.00 38.91591 357.7480 2C50.00 953934 09.04T¢ 2050.00 1.38150 192.5597
2075400 38.97797 0.350¢ 2075.)0 9.00558 02.9226 2075.00 Le3o3se 195.1903
2100.00 39.05943 2.7330 2100400 B8.483490 wJledaTe 2133.00 led0847 <J1.2352
2125400 39.15480 4.0985 2125.00 T.90401 209721 2125.00 L.835005 20l.6584
2150400 39.25931 648519 2150.00 Te43434 93. %355 2150.00 2.0937y 200.6715
2175.00 39.30880 B.6CO7 2175.00C 6.87928 +9.8163 2175.00 24317¢5 198.5569
€200.00 39.47900 101535 2200. 00 028295 +%.0l1lc 2220.00 2.48024 195.5798
2245.00 39.58835 11.5203 2225.00 262991 4J.9267 2225.00 2.575T6  191.9600
2250470 3%.69272 12.7124 250.2) 490599 3%.7198 2250.00 Z.00306 187.8720
£¢75.00 39.781787 13.7420 2275.90 4.)9088 29.9356 22175.00 2.568l1 lo3.45%24
2300.,00 39.87349 l4.0251 2300.00 3.1988« 23.4933 23J3%.CC 2.47361 178.8083
2325.00 3G.94684 125752 2325.00 2.20012 10.¢T705 2525.00 2.32583 174.0255
235).,00 40.00620 lo.0091 2350.2) 1.10400 3.0845 2350.00 213000 169.1732
237>.00 40.05031 L6.24306 2375.00 =0.07529 353.677C 2375.00 1.8917%4¢ lo+4.3088
2400.0V 40.07829 L6.9956 2400400 =1l.298l8 347.7180 2420.00 Leol272 159.4811
2425.00 40.08%0l 17.33l0 242500 -2.43415 334.4770 2425.00 Le293l6 154.7320
2450.0C 40.08411 17.7173 2450400 =3.49920 3¢0.0366 2450.00 0.94944 150.1020
2475,00 40.00192 18.0172 2475.00 =4.1725) 3)3.0572 2475.00 D.506760 l45.6202
2500.00 40.02339 LBe294B 2500400 ~-4.380%0 2d06.9529 2572.0C JUe12205 14l.3424
2525.00 39.96910 18.5019 25£5400 -4.16c6L <2T1l.4023 2525400 =0.29635 137.2909
4550.00 39.89967 l8.8290 2550400 =3.63940 257.9551 2550.00 =0.7b6ll0 133.5177
2575.00 39.81590 19.1052 2575400 =2.9713) 246.7942 2575.00 -1.37395 130.0782
2600.00 39.7185¢ 19.5984 2600400 =2.26623 <237.0445 2620.00 -1.806726 127.0410
2625.00 39.60829 19.7153 2625.00 -1.58173 230.1005 2625.00 -2.47270 124.4928
2650.,00 39.48595 20.00621 2050400 =-0.94242 2£3.73839 2650.00 =-3.12026 122.5435
2075.,20 39.35217 204443 2675.00 =-9.355738 218.3870 2675.00 -3.80572 121.3307
2700.00 39.20763 20.8673 2700.00 0.L7818 213.0708 270J0.00 -4.51879 121.027°C
2725.00 39.05293 2le3362 2725.00 0.0619L 209.4521 2725400 =5.23481 121.7950
2750.00 38.88870 2l.8504 2750.00 L.09797 205.5923 2750.00 =5.91649 123.8241
2775.00 38.71577 22.4335 2775.00 L.48821 271.9876 2775.00 =-6.59337 127.1898
2800.00 38.53474 23.0730 2800. 00 L.83358 198.5025 2800.00 -6.92322 131.7800
2825.00 38.34654 23.7807 2825400 2.13435 145.2040 2825.00 -7.09649 137.1981
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2850.00 38.15218 24.5021
2875.00 37.95282 25.4225
2900.00 37.74976 20.3665
2922.00 37.54451 2T7.3976
2950.00 37.33368 28.5183
297,00 37.13399 29.7296
3000.00 36.93224 31.03006
3025.00 36.73520 32.4106
3050.00 36.544%00 33.6891
3075.00 36.36223 35.4356
3100.00 36.18941 37.0499
3125.00 36.02744 38.7224
3150.00 35.87733 ©0.4422
3175.00 35.73982 42.1979
3200.00 35.6l1530 “3.9772
3225.00 35.50404 45.76481
3250.00 35.40>70 4T.>5585
3275.00 35.3.010 49.5373
3307.00 35.240641 21.0939
3325.00 35.18388 52.8186
3350.00 35.13145 54.5033
3375.00 35.08800 50.1408
3400.00 35.05225 5T.7¢53
3425.00 35.02290 99.2227
3450.00 34.99858 007190
3475.00 34.97798 62.1251
3500.00 34.95975 63.4083
3525.00 34.942063 64.7501
3550.00 34.925%0 05.9724
3575.00 34.9C717 oT.1379
3000.00 34.88676 08.2501
3025.00 34.86340 09.3131
3620.00 34.83633 70.2313
3675.00 34.80498 Tl.30906
3700.00 34.76881 72.¢530
3725.00 34.72740 73.1064
3750.00 34.68063 T4.0551
3775.00 34.06<814 T4.9240
3800.00 34.56937 75,7779
33825.00 34.50578 76.6215
3850.00 34.43591 T7.4594
3872.00 34.36034 Td.2958
3900.0n 34.27922 79.1350
3925.00 34.19275 79.9807
3950.00 34.10117 80.b308
3975.0C 34.00470 8l.7067
4000.00 33.90387 82.%9306
4025.00 33.79887 83.5005
4050.0C 33.69019 84.4301
4775.00 33.5762% 853049
41C7.00 33.46359 86.3008
4125.00 33.3406068 87.3770
4150.00 33.22310 88.4186
4175.00 33.10840 89.4907
4200.00 32.988l14 90.5943
4225.00 32.86792 91.7293
4250.00 32.74829 92.8953
4275.00 32.62981 94.0914
4300.00 32.51392 95.5163
4325.00 32.39841 96.5679
4350.00 32.28642 97.6443
ST

2850. 00
2675.00
2900.00
2925.00
2950.00
2975.00
3000.00
3025.00
3050.00
3075. 0
3100.00
3125.00
3150.00
2175.00
3200.20
3225.0)
3450.00
3275.90
3300.00
3325.00
3350.00
3375.00
3400.00
3425.9
3450.00
3475.00
35C00.00
3525.90
3550. 0
3575.00
3600.0
3625.00
3¢50.00
3675.00
3700.072
3725.00
3750.00
3775.00
3800.0)
3825.0)
3850. 00
3075.00
39C0.00
3925.00
3950.00
3975.00
4000. 90
4C25.00
4050.00
4075.00
4100.C)
4125.00
4150.00
4175.00
4¢00.00
4225.99
4¢50.00
4275.00
4300.00
4325.00
4350.00

2.39039
2.601l%0
2.76745
2.88852
2496521
2.9984>
2.989517
2.94024
2485240
2.728106
2.50968
2.37900
2.15319
L.90864
l.63148
1.32724
0.99580
0.03634
0.24737
=de L T3c7
=Jde.02034
=lel2113
-l.05538
=2.2352)
~2.8649>
=3.54913
-4.29221
=%.09827
=5.97038
=6.90940
=T.91166
-8.%0473
10.04030
11.08376
12.70408
L2.08218
13,00503
12.93582
12.53720
Ll.92772
1L1.22000
L0. 49221
-9.78909
~9.1327«
~d.23218
-1.98961
-7.50390
-7.207240
~6.69224
-6.36012
“b.373143
-5.32850
-5.62390
-%.45087
-5.32539
=5.22752
=5.16151
=5.12512
=5.11864
-5.13890
-5.18%206

41

192.05173
l3d.9219
L85, 8479
182.38337
L79.8829
L77.0025
L74.2013
171.4884
L.8.8723
loo. 3590
L63.995%2
lol.ool3
159.4770
1>T.4022
155.4304
153.5572
Lole7775
190.0870
148.<84C
lL4oe909b
145.5504¢
Ll+9.2376
1+3.0497
142.7134
Ll9lelobl
1+J.5532
14J.2409
L4J.3108
140.0707
L42.0618
l44. 673
lel.1208
151.5008
157.4908
lob.2018
L74.06002
155.0171
195.2035
2)4.4269
211.9312
211.7954
222.2127
2¢%.4627
2.T.8018
229.4371
230.2480
23be 1949
231.2293
23l.00lc¢
23l.4051
23lelb4?
23041349
230.2050
£¢942993
24849385
22842405
22745207
22647927
2040684
2¢543583
224.0719

¢850.00

2875.00
2902.20
2925.00
2950.00
2975.00
3023.00
3025.0C
3050.00
3075.00
3100.00
3125.00
3150.0C
3175.00
3220.00
3225.C00
3252.00
3275.00
3320.00
3325.00
3330.C0
3375.00
3420.00
3425.00
3450.00
36¢75.00
3500.00
3525.00
3550.00
3575.00
3600.00
3625.00
3650.00
3675.00
3700.00
3725.00
3752.00
3775.00
3800.00
3825.6C
3850.00
3875.00
3900.00
3925.00
395%.0C
3975.00
«000.00
©025.00
+J)50.00
4075.00
4100.00
4125.00
4150.00
4l75.00
4200.00
4225.00
4250.00
4275.00
4300.00
4325.00
©350.00

-6.99779
-6.64539
-6.10488
~5.45520
~4.76389
~4.07814
-3.42011
-2.82505
-2.28007
~le79359
- le36446
-0.98992
=0.660634
=0. 38908b
-0.15577
0.03959
0.<20046
0.33075
Q.4934l0
J.5l«l6
J.57396
0.61647
0.64434
2.069992
2.66528
0.66225
0.62229
D.63675
Jd.0l606
0.59283
0.50536
De530613
0.50381
Qe408389
O.4311l5
0.39024
Je34504
Ue29670
0.24291
Ne.183+1
Jell700
0.04409
=0.03519
-0.12296
-Ne21353
-0.32182
-0.43251
-0.55006
-J.06730617
-0.80235
-0.93490
-1.072)0
-l.20618
=le3419¢
-l.47576
=1.62620
=1.73192
-l.85176
-1.96479
-2.07031
-2.16791
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L42.80106
147.9101
152, 0447
155.0186
156.8727
157.7642
L57.8821
157.4049
L50.4840
155.2452
153.7652
152.1827
15).4990
l+48.7824
L«7.0705
l45.3927
L43,7710
l42.2221
140, 7577
139.3854
138.1095
136.9317
135.8510
134.6649
133.969¢
133.1592
132.4285
131.7705
131.1785
130.6451
130.1632
129.7257
129.32517
128.9570
128.6138
148.2913
127.9859
1247.6951
127.4177
127.1538
126.9056
120.6757
126.40684
140.2892
126+ 1440
i20.0394
125.9823
425.9793
126.030%
l2o0.1595
120.3525
l2o.018%
120.9580
L2T.3727
127.8584
128.4117
129.0207
129.6962
130.4117
131.1637
131.9424




4375.00
4400.00
4425.00
4450.00
4475.00
4500.00
©525.00
4550.00
4575.00
4600.00
4625.00
4650.00
4675.00
4702.00
4725.00
4750.00
4775.00
4800.00
4825.00
4850.00
©375.00
4900.,00
4925.00
4950.00
4975.00
5000.00

32.17747
32.07191
31.97092
31.87202
31.77806
31.68823
31.60255
31.52095
31.44331
31.369406
31.29918
3l.23216
31.16811
31.10664
31.04741
30.99092
30.93405
30.87914
30.82486
30.77087
30.71670
30. 602429
30.60707
30.55086
30.49339
30.43440

99.1429
100.4608
101.7950
103.1423
104.4992
105.8623
107.2283
108.5938
109.9555
111.3105
112.6559
113.9893
115.3086
Ll6.0118
117.8975
L19.1045
120.4122
121.0402
122.6483
124.0368
125.¢003
126.3570
127.4917
128.0099
129.7134
130.0039

4375.00
4400.00
4425.00
4450400
4475.00
4500. 00
4525.00
455000
%575, 00
4600. 00
4625.00
4650.00
4675.00
4700. 00
4725.20
4750.00
4775.00
4800.00
4825.09
4850.00
4575.00
4900.00
4925.00
4950.00
4975.00
5000. 00

-5.25658
-5.351434
-5.47015
-%.,61070
-5.77276
-5.95%64
-6.15870
-0.38128
~0.62266
-6.88200
~T.1583¢4
-T.45047
~7.75691
~8.07582
-3.40497
-8. 74161
-9.08249
~9.42377
~9.76103
-412.08935
=10.4J330
-10.69747
=1J.76061>
=11.2042>
-11.407338
-11.57233
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224.0178
223.4043
222.8391
24243299
221.8845
2l1e5112
221.2188
221.0166
22J.915¢2
220.9255
2¢1.0598
221.3310
221.75217
é2243390
223.1041
224.0017
22%.224%
22046025
2¢3.203¢2
250.029%
232.0780
234.3387
236.7935
239.4155
24241700
245.0155

©375.00
4400.00
©425.09
4450.00
44¢75.00
4500.00
4525.00
4550.00
4575.00
4600.00
4625.00
4650.00
4675.00
4700.00
©725.00
©750.00
4775.00
4800.00
4825.00
4850.00
4875.00
4900.00
4925.00
«950.00
4975.00
5000.00

=2.25746
-2.33907
-2.41311
-2.48018
-2.54121
-2.59651
-2.64765
~2.09544%
-2.74091
-2.78508
-2.82891
-2.873¢28
=2.91991
-2.96681
-3.01730
-3.07099
-3.12830
-3.1895¢6
=3.25%00
=3.32479
-3.39903
~3.4777«
-3.56092
~3.64859
=3. 74054
-3.83684

132.7311
133.5397
134.3393
135.1283
135.8992
136.6463
137.3646
138.0508
L38.7024
139.3194
139.9006
140.4474
L¢2.9613
Lel.4446
lel.8999
l42.3304
142.7392
143.1295
143.5047
145.8679
lee.2221
l44.5701
144.914%6
145.2577
L45.6017
145.9482
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IV. Program Checks and Some Results
The sample input output case discussed in the previous section is an

example of one of a number of checks made of the current program. That par-
ticular case represents propagation in a very slightly inhomogeneous guide in
which the horizontal inhomogeneity begins just 25 km from the transmitter (i.e.
XVAL(8) = 25.0 km since a nine slab model was used for the inhomogeneity) and
is 1000 km in extent. The ionosphere is described by exponentials and in the
convention of Wait and Spies7varies linearly over its 1000 km extent from H' =

70 km to H' = 71 km with constant 8 = 0.3 km™ .

This is a sufficiently modest
inhomogeneity that one would expect the mode conversion and WKB results to be
identical for all practical purposes. Figures 3 through 5 show the mode con-
version and WKB results for the electric field components Ez, Ex and Ey for
four orientations of the transmitter. The latter was at 5 km and the receiver
at 10 km. Examination of the plots will show that the mode conversion and WKB
results are indeed very nearly identical.

As an example of a more realistic terminator problem, Figures 6 through 8
show the Ez’ Ex and Ey results for a Hawaii-San Diego path as a function of
terminator location (i.e. the abscissa is the distance from the transmitter to
XVAL (20) since 21 slabs were used to model the terminator) for a transmitter and
receiver altitude of 15 km. The terminator extends 1000 km and the ionosphere

(again assumed exponential) varies from H' = 86 km, g = 0.5 km']
g

8= 0.3 kn ).

to H' = 70 km,
Curves for four orientations of the transmitter are shown on

each plot. Some jaggedness in some of the plots occurs as new slabs pass over
the transmitter or receiver. However, the jaggedness would have been much worse

for the E, case except for the fact that the fundamental input from the wave-

¥
guide runs (i.e. the program of reference 4 ) was generated using tolerances
of 10'5 degrees for both real and imaginary partsof the eigenangle as compared
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with our usual tolerances of 0.01° for the real part and 0.005° for the
imaginary part. The increased tolerance results in only a slight increase in
execution time of the waveguide program and we would recommend using the smaller

tolerance when generating data for the present program and when Ey fields are

of interest.

44




e e St STV T i W T DO KD AR T WL VR A s e - -
PZPRIPE - 7? T0 HPRIME -~ 71
FREQ - 21.794
21 = S. - 10.00
GAMMA - 0.0 PHI - 0.0
GAMMA - 90.0PHI = 0.0 . .
GAMMA - 90.0PHI - 90.0 ___
GAMMA - 45,0 PHI = 45.0

-wd
-60 4
-60 T T T T T T v )
0 S00 1000 1500 2000 2500 000 500 4000 4500 5000
RHO (KM)
L T T T T T T T T T
\
\
\
ke
Qj \\ -
N WKB
3 D
7 N e
" / =
01’- - /4 \\\ _________ -
i, =t BT Sty R S I A e
= \ o, i
x Y
— zqh\ e -
S \/ \ ,,,,,
o \\ L) s S P
> s e
3 01 ol e, E
- ' \\_—I
—— e ER G, 3
g \‘——
'”T -
-0+ E
-nw- -
-0 + —4— + + + + + + +
[ 800 1000 1800 2000 200 3000 %00 000 %00 00
RHO (KM)

FIGURE 3

" 45




7 7 R ”
i JEY. I o
.. m.\\ ' L 7
; . - ....\ -.m
..~. L i
P i _/ 1§
i s &0 § o
i =
) T8, oo s | " Ik
g Scc8¢e /
m e r \ 1.“
o FEEE k } i
ooo =
o-88258¢ g f £ s ¢
B - R ) £ 3
j of! 8 z 3 =
—QO00 = R 4+
 £BuRRE 5 i g
"
X (
v vm = \/ JrM
E ...m
18 o
L 18
-8
e + —+ + —+o
— = il ‘ 5 pe ; . s @ 8 ¥ 8 8
8 8 ¢ R 6, 8 $ $ 8 MY 1 803 W/AN T 3A08Y 80
b e DN T RN




HPRIME = 70 TO HPRIME - 71

Y COMPONENT

T WY RN T TRI W X

MODE CONVERSION

—
e

RHO (KM)

A5 - ——
el i e i i i ol T
8 8 ? 8 2 8 ¥ 8 8 M 1 ¥04 W/AN T 3A08Y 80

M1 ¥04 WAN T 3A08Y 80
e e £ -y it e e I TR T r—— e e e — o

RHO (KM)
FIGURE 5

47

dheon




8y

9 33N914 ﬂ
(WX)3ONULSIO HOIUNIWYIL-¥3LLIWSNUNL 5 m
"o onss v oo oo o i Dot o i g e o A -
-
- 02~
m A
o
@
-0 %
2 %
i
=
m
= g
Lot v m
=
X m b
- 0g 9
d
Los
........... 0042 = IHd0'Sh = WWWYI 0°1285 - 3ONWISIO ¥IAIZOY
————  0°08] = IHd0'SF = HWWH9 00°St - ¥z00'ST = 1Z
..................... 0°06 = [Hd0'ShF = HWWY9 ¥6L 12 = 034
0°0 = IHd0'Sh - HWWY9 IN3NOJWOD Z

(1 8471S)04-3UI¥dH O (128571S)98=3WIAdH




— T T—— TP
114
L 3¥N914
(WX) JONULSIO HOLBNIWM3L-Y3LLIWSNUYL
R.Bm Bva Q.BO wmn R.Bn 00S2 0002 00st 0001 00s 0 00S- 0001~ 00S1-
A v n . - el 0s-
- 02-
- 01~
o
@
] w
o
<
™
Lor &
3
-
o
2
- 02 —
=
x
+ 0%
o
Los

[Hd 0°SF = HWWYY 0°128¢ = 30ONUYISIO ¥3AI3]3Y

e 0°081 = [Hd0°'SF = HWWY9 00°St - ¥zZ00°St = IZ
..................... 0'06 = IHd0°'SF = HWWUS $6£°12 = 0383
e 0°'0 = IHd0°S¥ = HWWY9 IN3INOJWO] X

(T 84716)04=3UIN¥dH 0L (128YTS) 98=3WINdH




8 3WN9I4
(WX)3ONBLISIO YOLBNIWY3L-Y3ILIIWSNEYL

s oS oob oo o oo o oot oon 0% 0 oo oo oo
val
- 01-
o
@
-0 w
o
<
m
Lot S
~
~ 4
-
o
2
|a —
=
b=
- 0S
- O%
- 0S
........... 0°04C = [Hd0°'SF = BUWY9 0°128C = 3ONUISIO ¥3AI333Y
— 0°08] = [HdO0°SF = BWWYY 00°St - ¥Z00°ST = IZ
................... 0°06 = IHd0'Sk = HWWH9 ¥6.°12 = 0344
0°0 = IHdO0°'Stk = HWWY9 IN3NOJW0OD X
(T 8U71S)04=3WI¥dH 01 (128571S)98=3UI¥dH
oy . i REPTE 4 i S e e e e T T ST A TS SN il




References

RO o i

1. Pappert, R. A., L. Shockey (1972), "Mode Conversion Program for an In-
homogeneous Anisotropic Ionosphere," Defense Nuclear Agency Interim Report

g 722, prepared by Naval Electronics Laboratory Center.

2. Pappert, R. A., L. R. Shockey (1974), "A Simplified Mode Conversion
Program for VLF Propagation in the Earth-Ionosphere Waveguide," Defense
Nuclear Agency Interim Report 751, prepared by Naval Electronics Laboratory
Center.

3. Pappert, R. A., L. R. Shockey (1975), "Effective Ionospheric Height for
a Simplified Mode Conversion Model at VLF," Defense Nuclear Agency Interim i
Report 761, prepared by Naval Electronics Laboratory Center. |

4, Pappert, R. A., W. F. Moler and L. R. Shockey (1970), "A Fortran Program
for Waveguide Propagation which Allows for Both Vertical and Horizontal
Dipole Excitation, DASA Interim Report 702, prepared by Naval Electronics
Laboratory Center.

5. Staff of the Computation Laboratory at Cambridge, Massachusetts, "Tables
of the Modified Hankel Functions of Order One Third and their Derivatives,"
Harvard University Press, Cambridge, Massachusetts, 1945,

6. Ralston, A., H. S. Wilf, "Mathematical Methods for Digital Computers,"

Vol. II, Wiley, New York, New York, 1967, p. 121.

7. Mait, J. R., K. P. Spies (1964), "Characteristics of the Earth-Ionosphere

Waveguide for VLF Radio Waves," NBS Technical Note No. 300.

51




s

APPENDIX:
LISTING OF PROGRAM

C SIAPLIFIEL MUDE CONVERSICN MOLEL MODIFIED TU CALCULATE FlcLOS
C rUK AN ANTENNA OF ARBITRARY HEIGHT AND URIENTATION,
IMPLICIT REAL *B(A-H,uU—<)
CUMMUN/HGTEMP/FFLI(ZYy ) 9 FE3( LDy
CUMMUNZTERM/INT o NTR
COMMUN/CAP/CAPI(259595) 9 TNOKM(¢549595)
CONMMUNZMCINPT/THETA(e D99 ) v FUFR(IZD99 Vs ATRAL393¢2295),TUPHT(25),

¥ XVAL(Z2Y) yFRED yRHOMAX , RHOMIN,DELRRO yDELTAXyEPSLUN(Z2D10,

$ SIGMA(cL) yNRSLAByNRMUDE ¢ NTMAX
COMMUN/ZMCSTOR/AL299915) 95102299090 (2595) yNTHSGQ(25) ¢+KVRAUTynVRATT,

$ AVRKOT yAVRKTT yCONSTyUMEGA, WAVEND :

CUMMUN/MCFLOT/R(400)y0B(3949400) yANG(3949400) 2 10PLUT(1D)y[SUByNKRP
COMMUNIXPLOT/AMINGXINCyYMINGYINCySTZEX,SIZEY
CUMMUNZRGINPT/GAMMA (4 ) yPhI(4d 92T 4R
$ sSINGAM(4) 4CUOSGAM(4)»SINPHI(4) yCUSPHI(4)
OUIMENSICN EBUFFER(2V00)
UIMENSIUON £(2)
KELL*q BLD(ZD),yOUT/Y GEN'/
REAL*G RoyDRgANGyXMINyXINCyYMINgYINC 9SICEX,SIZEY
CUMPLEX®LL FFL1,FF3
COMPLEX*16 THETAyA¢SyCyFUFRe IM/(0s0L0y1.0D0)/4CAPT,TNURM
COMPLEX®16 XTrRAZNTHSWeT13T729T39T4
DATA TwOP1/6.46318500/yVELITE/2.997928D5/ yALPHA/3.14D-4/,
$ DEOLKRAD/1.7453290-¢/
VATA LAST/ZU/, IPRNTA/C/
wRFAL*o KVFACTKVRAT]
NAMEL LST/DATUM/ RHOMAX »
KrUMINg DELTAXNyNRSLAB g NKkMUDE ¢y NTMAXA 9 XVAL yFREwy IOPLUT g EPSLUNy
SIGMADEELRHC'XFlRSI'LAST'IPLIOP'
XMINgXINCoYMINGYINCySIZEX,SIZEY,
GAMMAPHIZZT yZRoivk Py IPRNTA
¢ INTFLG

Lol B e

[OPLOT(L) = 0
10 ull 250 K=1,200
RE&L(5,201) BCD
wkITE(09202) BCD
nk1TE(L,2C1) ECD
IF(bCD(1) <EQ. QUT) GO TO 260
250 CONTINUE
260 REWIND 1
SEAD(1,DATUM)
YEWIND 1
U0 200 N=1,4NRP
CAMMA(N) = GAMMA(N)*DEGRAD
PrI(N) = PHI(N)*0EGRAD
SINGAM(N) DSIN(GAMMA(N))
CUSUAM(IN) JCCS(GAMMA(N]))
SINFHI(N) USIN(PHLIND)
CCSPHIIN) DCUS(PHI(N))
200 CONTINUE
PRINT 102

INTFLG=0 1




L2

LU2
10u
2L

112

L35

OC 11D M=1,NRSLAY

Ueowle R=1yNEMUDE

rtAL Luuy Th'rTA(i"I.'\),TL 2 12

SRAL 100y THETA(MyKIeT3,74

CFAC L1y EPFE(MyKI s TUPUIT (M)

ernl vl ;ijTHE]A(W'K)'TL'TZ'TJc r%'f‘ufk(MpK,pTiJPﬂT(M)

P ORMe T (DA " THETAY JLOA 9 TL g20A9 " T 92009 T39920Xe T4 g 0Xy'burr?,
10X, CTOPRTY)

FURMETLY 9 ,2FTe39cny 2(cP10e31cX)oFael)

iL"'MA](1A'dF‘J.>'LX"'U15-O,

.‘ghn."f-T(‘le';\)lboO'g)\lFbo;)

SIV oK) COSIN(THETA(M,n)*¥DEGRAD)

LiMend COCOS(THETA(M,yK)*UEGKAD)

ATRA(LyL o MyK) TLaS(M,K)%%2

ATRALLyZ9yMyK) = TL%S(M,K)
XTREA(Ly39MyK) = =T3%S5(MyK)
ATRA(CoLyMyK) = =TL1%5(M,K)
A‘RA(&:Z,M)K) = 'tl

Tk n(ioagMyk) = 13

ATAA Sy a9y = =To%TaxS{Myn)

ATRA( 39 MyK) = =T3%]4
XTRA(D939M,,K) = T2

CUNTINUE

i"‘lL"L';](l) ONF. (8} QANU- lFlKST cl\‘Eo (',CALL PLOTS(ﬁU""CK’(OQJ’l))
NY = |

WAVE Nt = Twl PI*100ued%FrREW/VELITE
CONST Cel3248%wAVE NC/USQRTIFREW)

UMz Ui = Twl PI%XFREQ*1J0U0.

KVhR (T = DEXPILLUGERaVE NOZALPHAD)/3 )
AvKATT = KRVKADTHxR2

AVRERLT = 1o/KVRADT

AVRRTIT = AVRKUT®*%2%(,5

DU L30 L=1yWRSLADB

WTHSGIL) = Lle+ALPHAXICOFPHT (L)

IrLe = 0

DO Ll.b M=1,NASLAD

Moo= NKSLAL=M+1]

LFC MM oNEe WNRSLAJZ) iFLOGL=1

CALL HTINTL(CAPLyTNURMy IFLGy MMy INTFLG)

L(1) = 27

Liz) = LR

CALL FTOLAINCL)

20 13u M=]1,NRSLAB

U0 156 K=1,NRMUDE

ATRAL L9l oyMeK) = XTRACLy LoMyKIXFFL(MyK)*%2

XTRA(Ly29MyK) XTRA(LoZ2oMoR)IXFFLIM K )®%X2

XTRACLy34MyK) XTRA(L)3yMaR)¥FEL(MoKIXFFI(MyK)/FUFRIM,K)
XThalcylyMoK) XTRAVE, LyMeK)®*FFLIMyK ) %¥%2

XTRAL2429Myk) XTRA(Cy L oMoKD XFFL(MyR)®x%2

XTREL(Zy39MyK) XTRALLyIsMeR)XFFLIMyR)XFF3(MyK)/FOFR({M,K)
KTRL(D919MeK) XTRA(CI o LoMyK)*FFLIMyK)*FF3({MyK)/FOFK(M,K)
XThk bl D9 29MyK) XTRA( 39 yMoR)EFF LM oK) X¥FEI(MyR)/FCFRIMyR)
ATRAL2934MyK) ATRA(393yMyK)*Fra(Myn) %%/ (FOFR(M,K)%x%2)
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136
113

L1

L13

1l
W17

L10

+01

451

91

100

il

» CONTINUE

{

CUNTINUE

IF(XVAL(NRSLAB-1) .Gte O&) GU TO 111
U L1122 J=1,NRMUDE

Ul 112 K=1, NRMUDF

Dt Lle L=1,.NKSLAB

alleskod) = Je0

DG 113 L=2.NRSLAB
IF(XVALINRSLAE+L-L) «GEe. Q.) GO TO 1l4
CONTINUE

n‘Th = 1

GO TG 4117

NTR = NKSLAB+Z-L

CUNTINUE

DL Llo J=1,NRMODE

DG 116 K=1,NRMODE

[FIK oEWe J) AINTR)KyJ)=(1.040.01
NKMO = NkSLAB-1

20 401 MM=1,NTR

M = NTR=MM+1]

CALL MCSTEP(M)

LF( IPKNTA LEQ. 0) GU TU 9i

PRINT 905

DG 451 L=1,NTR

PRINT 900,L

OC +51 J=1,NRMODE

00 451 K=],NRMUDE

PKINT 90lsJeKeA(LyJdyK)

CCNTINUE

IFC(IPLTOP +EQe 1) CALL MCFLD
IF(IPLTUP JEQ. 2) CALL MCFLDRZ

NT = NT+1

JU 1C6 ME=1,NRMO

XVAL(ME) = XVALIME)+DELTAX
ITFIXVALINTR) <GEe O¢ oANDe NT oLE. NTMAX) Gu Tu 118
IFCNT JLEs NTMAX) 6O TU 91

LFILAST .fwe. O0) GU TU 10
ITF(IUPLUT (1) «NEe 0) CALL PLOT(De904.9999)

RETURN

NTR = NRSLAB

DO 150 J = 1y NRMUDE
DO 150 K = 1, NRMODE
DO 120 L = LyNRSLAB
AlLikyJd) = 0.0
CONTINUE

IF(K «EQe J) AINRSLAbyKygJ) = (1le090.0)

NRMU = NRSLAB - 1

THE (OOP 400 DETERMINES(A)
IN SUCCESSIVE SLABS.

00 429 MM = 1 ,NRSLAB

M = NRSLAB = MM ¢+ 1|

CALL MCSTEP(M)

IF(NKSLAb «LEs L) RETURN
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40J CUNTINUE
[t { IFRNTA JiEde O) GL TJ 90
'f)‘\ll\T fO)
NE «5) L=1yNRSLAZ
PrnlinTt 900, L
U ab) J=1yNRMUDE
JO 459 K=1,ARMODc
PelNT GO0LleJdeKeA(LyJd oK)
459 CONTINUE
C1s IFCIPLTOP oEWe L) LALL MCFLD
FELIPLTUP oBEoe 2) CALL #CFLDZ
NT = NT ¢+ L
JU 109 ME = 1,y NRMO
AVAL(ME) = XVAL(ME) + DELTAX
125 CUNTINUE
[FINT oLE. NTMAX) GC TO 90
IF(LAST .EQ. V) GUu Tu 10
IF(I0OPLOT(1) oNEe 2) CALL PLOT(Ce9der999)
~ETURN
221 FlLkMAT(20464)
Z0e FlrnMaT{? *,20A4)
900 FURMATLLR oleX,
$ 'A = TOTAL CCNVERSIUN CCEFFICIENTS *90Xe*SLAB NUMBER = *41cy/)
CLaN FURMATELAN? U =30 9Xet K =%y 1295X ! A=? J(E1lDeD29ClDe2) /)
905 FORMAT(1H])
tND




T ———————————

SUBKUUT INC HTINTL(CAr I, NORMy IFLG oMy INTFLG)

CALCULATE NUKMALIZATIUN INTEGRALS AND INTEGRALS OF nEILAT GAINS IN
AUJACENT SLABS.

IMPLICIT KEAL %3(A-H,0-2)
CUMMUN/NMCINOT/TRET AL S92 ) o FUFK( 2290 ) 9o XTRALD93920195) 9 TIPRT(2D)

» XVALGCY) o FREJyRHUMAX yRAUMIINJUELRHO yOELTAX,EPSLUNI(ZDO)

$ SIGMA(2%) yNRSLABy NRMODE s NTMAX
COMMUN/MCSTOR/A(R259595) 9S(2590)9C 125950 yNTHSWULZ25) yKVRAST )R VRATT,

$ AVRXKOT gAVRKTTyCONSToyOMEGAy NAVEND

CUMFLEX*10u NTHSQ

CUMPLER®L6 PTHAZHLITAZH2TAVHLPRTA HZPRTA yHYTHA(S ) yeYTHA(D) »

$ HYTHPA(S) EYTHPA(S)

COUMPLEX®Lle THETA,FUFR, AgSeCeSSQrCSQIM/(0e0041eU0)/nNUSWY
SUKCGUTyRTIURT ¢POsPTHoHLOyH2O yHLPRMO4H2PRMO,CAPHL1D,» CAPHZ0,

AIST'“ZNF'ABRDpAQTH'DENIZ'DEN34'DENMF'NUKMF,

HLIToH2T yHLPRMT s HZP RMT yHYTH(D ) y EY TH(2 ) yHYTHPK (S )y EY THPR(5),
HYOPR{S) ,EYOPRIL),EYD(5) yMULT yFACLFACZyNORM(Z229595)9PS(5)
CAPLI(£99595)yPHYTH(S5 ) yPHYTHPIS) s PEYTH(S) yPEYTHP(2) 4PEYI(5),
PEYOPK (D) yPHYOPR IS ) y XTKA

KREAL%*8 KVRAOT KVRATT

DATA EPSLNO/B8.85434D-12/

[t B SOl <o B SRl g

DU 130 K = 1y NRMGDE

SSQ S(MyK)*%2

CSG& CiM,yK)*%x2

MGSG = (EPSLON(M) - IM%SIGMA(M)/UMEGA)/EPSLNO
SUKCLUT = LDSQRTINLGSw = SSQ)

KSRk = Swr0OT

IF{RSQR «LTe Co) SQKUUT=-SQROOT
RTIOKT = 14/NGSQ®*SQROOT

PO = KVRATT*({SQ

PTH = KVRATTX(NTHSLIM)-SSQ)

CALL MUHNKL(POyHLOyHZQyHAPRMOyH2PRMO)
CAPHLIU = HLPRMO + AVKKTT*HILO

CAPH2GO = Rn2PRMD ¢ AVKKTT*H20

ALST = CAPHZ2D - IM:KTIORT*KVRAUT*H20 :
AZNC = CAPHLD - IM*KTIORT*KVRAUOT*H10
A3RD = H2PFMO - [M*KVRAOT*SQROOT*HZO0
A4ThH = HIPRMD — IM®KVRAOT*SQROOT*HL1O

DEN1z = H2C*A2ND - HiJ*ALST

DEN34 = HZO*A4TH = HiLO*A3RD

CALL MOHNKL(PTHALT 2T yHLPRMT yH2PRMT)

HYTH(K) = (H2T*A2ND - H1T*ALST)/DENI1Z2

SYThHIK) = (H2T*A4TH ~ HIT*A3RD)/UEN34*FUFR(MyK)
HYTHPRIK) = (HZ2PRMI*4a2ND - HLIPRMT*ALST)/IENLCZ
EYTHPR(K) = (HZPRMT*A4TH = HLPRMT*A3R0D)/DENIG*¥FOFR(MyK)
HYOPK(K) = (H<PKMO%XALND = HLPRMO*ALSTI/DENLZ

EYOPK(K) = (H2PRMO*A4TH = HLPRMO®A3RD)/DEN34*FOFR(MyK)
IFUIFLG Jtwe C) GG TO 100

PTHA = KVRKATTE(NTHSGI(M+])=-SSQ)

CALL MDHNKL(PTHA,HITA,H2TA HLPRTA,H2PRTA)

HYTHA(K) = (HZTA®AZNU-HLTA®ALST)/DENLZ




140

(9]
4
L)

42
2 J9D

9Co
904
i)

S+HY TRA(KI*FRYTHP(J)—FHY TH{J ) *HYTHPA(K)

tYTHA(K) = (H2TAXA4TH~HLITA*A3KD) /DEN34%FUFR (MyK)

nYTehalK) (hePRTA*a cND=HLPRTA #ALST)/DENLZ

eYTnFA(K) (HEPRTAXAGTH=HIPRTA®AIKD) /DENS4*FUFR (M)

s1ldin) = FUFR(M,K)

FLIMTHLL ofde 1) PRINT SU0eM

Ooeqd J o= Ly NRMODE

sO 240 KR = 1y NRMUDE

IFlg JEU« R} GO TO L.Q

oLl = AVRRCTZ((3(Meu) = S(MyKII*WAVENUI

thacl EYTHIK)I*EYTHFR(J) = EYTH(J)ZEYTHPRIA) ¢+ nYTHIR ) ®HYTAPE(JG)
~HYTH(J 1 %nYTnPKIK)

Fele = =tYOUK)*:YOPR(J) ¢ EYOU(JI®EYOPF(K) = HYUPK(J) ¢ HYUPK(K)

NUFMUMyJdeK) = MULTx(FACL+FACZ)

L CINTEFLG oFQe 1) PRINT SO89MyJd Ko NCRMIMyU )

oli 10 240

MULT = 2.0%S(MyJ)xKVRAUT/ WAVENU

PTH = KVRKATTR(NTHSQ(IM)=-S{(M,J)*x2)

PN = KVRATT®C(MyJ)*%x2 ]

FAaCl EYTHPR(J)*%2 ¢ RYTHPR{J)I %% + PTHE(EYTH{ G *%2 + HYTIH({J)*%2) .

FalL2 “EYUPR{J)I®%s = HYOPR(JI%*%Z = POX(EYULJI**. + 1l.J)

NORM(MeJeK) = MULT*(FACL+FACZ)

LFCUINTRLG oFBWde L) PRINT SGOByMoJdyKyN{RM(MyJUoeK)

CONTINUE

I (IFLG «EQe 0) GC TO 50v

JC 4030 K = 1, NRMODE

DU 400 J = 1y NKMUDE

AUL T = AVFRUT/Z((PS(J) = S(MyeK)I®NAVENUJ)

FACL = EYTHA(K)IXPEYTHP(J)=-PEYTHIJI*EYTHPA(K)

FACL = =EYUIKIXPEYOPF(J) # PEYD(U)EEYOPKIK) =PHYUPR(JI + HYOPK{K) i
CAPT(MyKyJdd = MULT*({FACL+FAC2) F
IFCINTELL oEQe 1) PRINT GLOIMyK 3 JyCAPLIMeKgJ) m
CUNTINUE

Jd 600 J = 1y NRMUDE
»S(Jd) = S(hed)
FRYTHEL) = HYTHI(JY)
PHYTHP(J) = HYTHPR(U)
FEYTRIJ) = EYTH(J)

PEYTHPU) = FYTHPK(J)
PHYCPPR(J) = HYDPR(J)

VEYD(J) = EYO(J)

PEYOPK(J) = EYOPR(J)

CONT INUE

CONTINUE i
KETUKN

FORMAT (90" 920Xy " INTEGRALS IN SLAB'y13,4/)
FORMAT(2LXy *NORM( "y Il y? 9 glly?'s*yIls*) ='42013.0)
FURMAT(2IXy'CAPT( " oIl 9 9?9 llo®s*ylly?) ='4ycDlioe0)
END
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o0

35

SURKQUTINF MCFLD
IMPLICIT REAL *blA=hyU-{)

COMPUTE FLELDS FROM AvAL MIN TO XvAL MAX FUR TWO XMTR-xCvk UISTANCES
AT OGELTAAR INTERVALS

CUMMLINZTERM/ZNT o NTR
COMMUN/SPLUT/ZSAVED(4U2) 9 YLI394940d) 9Y2(394,402)
CUMMUN/MUINFT/THETALC D95 ) 9FOFR{2995) s XTRA( 393922920 TUPHT (251,

$ XVAL(29) yFREW)RHUMAX y RHOMIN) DELRHO yDELTAX,EPSLON(ZS) »
$ SIGMA(Z2) sNKSLAByNRMUDE » NTHMAX

CUMIBUNZMCSTORZA(LS9592) 9502595090 (2545) yNTHSG( 24 oKVKAUT ynVRATT,

$ AVKKOT 'AV'-\KTT'CONSTpUML’GA|NAVENU

(COMMUN/MCPLOT/ZR (400 ) 90E(39499400) yANG( 39494000 9 IDOPLOTIL2)y ISUbyNRP
COMMON/HTIGN/F (34925959 2)
CUMMUN/HUINPT/GAMMA (4 ) s PHI(4 )2 2T, ZR

$ +SINGAM(4),COSGAM(4) o SINPHI (4) ¢CUSPHI(4)

REAL*4 RyDbyANGySAVEU 2 YL Y29 ANGL(3944402)yANG2(344,402)
KEAL*E3 KVKAOT,KVRATT
(,UMP’LEA*L() S\JLNA‘ D'Jl"l ’]HETAVAISQC !)\TkA'TB’TUBLoTAQFD"'K'f’yNTHSH7

$ IM/(V.0D0y1.0DI)/

JATA EKAD/w.377D3/

{sud = |

Mp=-’10

RHO = rRKHJ MIN

CONTINUE

DU 1 LL=¢yNKSLAY
JF(XVAL(NKSLAD¢L=LLI=RHO oLEe 0.) GL TO 2
CONTINUE

M=1

Gu TG 3

M = NRSLAB+2-LL

CUNTINUE

iF(M JCGe MP) GU Tu 720

0O 710 N=1,NRP

DO 710 L=1,y>

DG 71C 4 = 1 oNRMQDE

SULN A(JsLyN) = (0eGy0.0)

DO 710 K = 14NRMUDE

[FIM (NE. NTR) GO TU 3>

SOLN A(JyLyN) = SOLN Al JeLoN)

Y FA(MoJop K)X(XTRA( Lo LyNTRoKIXF(LyiNTRykyl)%
$CUSGAM(IN) +XTRA(C oL yJNTRyK)®F {2 yNTRony L) *SINGAMIN) *
$COSPHI(N) tXTRAC3 )L aNTRoRI*®F (3 yNTRyKy L) XSINGAM(N) *
$SINPHA(N))

TFIL oNE. 1) SOLN A(JdsLsN) = SOLN A(JsLoNIESINTR,K)
GU TG 710

SOLN A(JsLyN) = SCLN AlJyLsN)
FA(MyJyK)R(XTRACLyLoNTRyKIXF(LyNTRyKy1)%

b
$COSGAMIN) tXTRA(C oL yNTRyK)*F (29 NTRy Ky LI XSINGAM(N) *
$CUSPHAIN) +XTRA(3 )L gNTRyK)*F { 39NTRy Ky L) #SINGAMIN) *

$SINPHI(NI I
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45

739

S0

9217

903

$ SCUFXP(=IM*WAVENC*SINTR,K)®XVALINTFE=-1))
LECL oeNEe L) SULN alugbleN) = SOLN A(J oL oNIESINTR,K)
CuNTINUE

LuniTINUE

D S0) N=1yNRP

2C 900 L=1,2

TA = (UoU'0.0)

GO 130 J = 1yNEMODE

LF(M it e NTR) Gu TO 4o

T =CUEXP(=IMXnAVENG*S(M J ) ¥xHU)

A = TA+SOLN A(JoL o NIXTREF{L M 42Uy )

1FCL enEe L) TA = Ta/S(M LI

oL TU 730

Tit =CUEXPIIMERAVENUERS (M JudX(XVOLIM ) - Kndiid
TA = TA+SCLN A(JyLoNIXTBEF(L WM yJy<)d

IF(L oNEe 1) TA = TA/SIM LJ)

CONTINUE

TA = TAXCONST/OSQKRT(USINIRHU/ERAU) )

ToBL = TA %CDEXP (IM * AAVE NO * RKRH(C)

CALL MAGANG (TuoLy TUMAGy TUANG)

TSMAG = TOMAG

TSANG = TDANG

TSOB = B.6K58%0 * DLUG (TSMAG * 1.,0EO)

R1SUB) = kHO

OB(LyNy1lSUR) = TSDR

ANG(L ¢Ng1SUE) = TSANG

SAVECINTS = XVALINKSLAb—-11
[F{MO00LISUB92) eEwe 1) YLILeNsNT)
IF{MCDLISULs2) oEwe ©U) Y2UL,NyNT)
ITF{MUD(TISUBS2) JEBWQe L) ANGLUILyNyNT)
IF{MCUIISUDY2) otwe O) ANGZILNyNT)
CONTINUE

KHD = RPHC + DEL RHC

1SUB = ISUB+]

MP = M

IF (kHUSLE.RHL MAX) GO TO 600

1SUb = 1Sub-1

IF(NT oNEo NTMAX) RETURN

UG 930 N=1,NRP

PGAMMA = GCAMMA(N)/i.7453.90-2

PPHI = PHI(N)/1l.T7453c90-2

PRINT 912

PRINT 9274PGAMMA,PPHI yZT,4ZR

PRINT 920

PRINT 925

FORMAT(® GAMMA(DEG)=" yF6ely* PHI(DEGI="9FLely"' cT(KM)=',F10.3,
$* ZR(KM)=',F1C.3)

DU 930 JJ=1,NTMAX

PRINT Y089 SAVED(JI I oYL LoNoJJdi s ANGLELyNJI) 9 YLEIeNsJI)
$ ANGL(3yNoJJd s YLUCoNgJJID)sANGLI2¢NeJI) oY lLoNsJI) s ANGZ(LINIJI)
% Y2U34NgJI) g ANGZ2 I3 9NsJI) s Yl 2oNyJI) v ANGC 29Ny dJ)

FURKMAT(Y *4F7airolLlXyFBe3sLlXyFTa2))

VE(LyNy 1SuUB)
OB{LsNy ISUB)
ANo (L oNy I>UB)
ANG(L.N;[SUB’

"won
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CONTINUE

I1F (IOPLOT(L) aEweU) RETURN '
CALL MCPLTS *
<ETURN

ruRMAT(* 0Lt
$ ' BELECTHIC FICGLD STRENGTH AS A FUNCTIUN uF TRANSMITTE~-TERMINATOUR
» UlSTANLE(U)?y//)

FORMAT (' *4loXxe'FIELL AT RHOMIN® ;34X 'FIELU AT RHUMAX')

FORMAT (Y g 3Xy 0 93X92(2Xe EZ(DB) Y 92Xy ELIANG)! 42Xy 'cY(JD)* veXy
5 TEY(LANUG) "y 2x,'EX(DD)* 92Xy *EX(ANG) *))

ceihND




SUBKUUTINE MCFLDZ2

IMPLICIT Kb AL *8(A=-Fy0L=2)
C LCOAPUTE FIFLUS FROM ®hL MIN TGO KHU MAX ;
AT VDEL ~tiL INTEKVALS. i

O C

CUMML NZ TERMINT GNTR
CUMMONZMUINPT/THET 20229209 FOFR(209 5 )9 XKTRAUS9392295) 9 TUPATLLD),

L3 AVAL(Z2) oFFEQyRHOMAX y RHUMIN, DELRHC 9 DELTAX,EPSLON(25)

b SIGML122) pNRSLAB, NRMUDE s NTMAX
CURMUN/MUOTURZAIZ2S99990 05029950 90(299909NTHSJI(29) oKVRA Ty KVRATT,

b LVRKOT ,NVFKTT'Cl"’.‘ST1L'L1EGA"NAVE'QU

CUMMUNZMUFLOT/K(900) 9080092940 0) yANGE 39 49400) o IOPLOT( L)y ISUBNEP
CUMMUNZHTGN/F(3429999%2)

COUMMUN/ZRGINPT/oAMMAL4 ) yPHI(4) 2T ,2R
$ oSINGAN(4)COSOAM{4) s STNPHI(4) o CUSPHI( +)

<EAL*4 RyUEyANL E
COMFLEX®10 SOLNA(D¢3y4) ’
CUMPLEX%®1ec THETA A Sy CsxTRA, TosTUBLy IM/(QeUdyLleDJ)/sTA,
s FOFXsFyNTRSY

SEAL%E KVRAUT yKVRATT

JAT A EFAD/ce370D3/

OO

PRINT <910

[sug = 1

UbMAX = —-1CC0.0

KHi = KREU N

M o= NTR

X = f\HO = L-O

(BN COUNTINUE

3 ’O" ]" ‘FhU.'.Cox) olJ T'\.' 720
i DU T10 N=1,yNRP

DU T1J L=1,3

ou 710 U = 1,NRMODt

SULN A(JslsN) = (Qe0y060)

DU 710 w = 1yNRAOLE

IFIM oivFe NTR) GJ TU 3D
! SOLin AlusbLeN) = SCLN A(JdyL,yN)
: $ FAMMpJy KIF(XTRAC Ly LaNTRyKI¥FLLaNTH Ky L)%
$CLSGAMINI tXTEALC oL o NTRyKI®F (2 9yNTRyKy L) ¥ SINGAMINY *
$LUSPHILIN) +XTRA(S 9L JNTR o) %RF (3 yNT oKy LIXSINGAMINI *
$STNPHLI(N))
IF(L oNEe i) SULN AluslslN) = SOLN AlusL yNIESI{NTRynN)

! o0 TC Tlu
[ 35 SOLN A{JsLsN) = SCLN ACJyLoN)
i % FA(MyJyK)F(XTRACLYLONTR oK) XF (L oNTRoeKyLI*
: $CUSGAM(IN) FXTRALc oL yNTRyK)*F (2 9y NTRy Ky L) XSINGAA(N) *
| sCOSPHLIIN)  #XTRA(3 4L yNTR9yK)I®F (3 ¢NTRyKy i) *SINGAMIN) %
] j $SINPHI(ND)
| s ®CUEXP(-IMXWAVENU*SINTR yK)®XVALINTR=1))
i IFGL oNSe 1) SULN AGJgLyNI = SULN ACJ L oNI%RS(NT?,K)
| 710 CUNTINUE

M= B =1
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Téu

45

/390

9 (\ )

92l

924
929

932

400
9L

A= louth
IF (MeGTL0) X = XVAL(M)
6 TU 7CN

LUNTINUE

vl G0N0 N=1,4NKF

DU 900 L=1,3

TA = {(0.0,0.0)

OO0 T30 J = 1lyNKMUOE

LF(M#L oNEe NTR) GU TO 45

TR =COEXFL~IMENAVENURXS(M*+Ll,J)%RHU)

TA = TA+SULN A(JyL NI *¥TOXE(L yM+LlyJy <)

1F(L oNFe 1) TA = TA/S(M+1,J)

Ga YO0 730

Tb =COEXF(IMEWAVENUXS (M+LyJd) ®*(XxVALIM+L) - ®dD))
TA = TA#SOLN A(JyLyNIXTBRF(L M+l ,J02)

1F(L eNEe 1) TA = TA/S(MtL,y4)

CONTINUE

TA = TAXLCNST/OSQART(USINIRHO/EXAD)

TubL = TA %(DEXP (1M % wAVE Nu * wkHQ)

LALL MAGANG (TODsL, TDMAG, TDANG)

TSMAG = TODMAG

TSANC = TDANG

TSDo = 8685890 * DLUG (TSMAG * 1.0Eo)

K(ISUR) = KHO

ANG(L 9N ISUBI) = TSANG

CONTINUE

KHO = KhU + UEL RHO

ISUb = [SUb+l

IF (FHO oLE. RHOMAX) GU TO 609

iSus = IsSuB-1

DU 9320 N=1,NRP

CGRMMA = GAMMAIN) /1 e7453290-2

PPHL = PHI(N)/Ll.7423.6D=2

PRINT 9279 POAMMA W PPHL 9L T9LR

PRINT Y28

PrEINT 929

FORMATIYCY J 11Xy "GAMMA(UEG) =" yF0o el PHIIDEG)="yFlaly? LT(KM)=1,
$ FiOe39*® ZREKM)=",F10.3)

FURMAT (22X %28 437Xy "X 337Xy YY)

FORMAT (22X 939Xy *RHO(RM) " y3 X, *AMP(UB)* 43Xy *ANGIDEG) "))
JU 939 J=1,ISUB

PPINT SOBk(J)sDB(LoNgJI o ANGILyNyJ) sR(JI2OBI2yNsJ)9ANGIZ2yNyJ) yRTJ)
2oOB LA yN9J) s ANGI3yNyJI

CONTINUE

F (IDPLUTI(]) «EQLC) RETURIY

CALL MCPLTZ

~ETUKEN

FORMATU2X93(TXyFLO G2y FLNDS54F10e%4))
FOURMAT(¢19,10xy

 YELECTRIC FLIELD STRENGTH AS A FUNCTIUN OF RHO',//7)
ENU
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T AR TSI

eNaNg

20U

ofln

SUBRLUTINE MCPLTS
MUEPLTS GENEKATFES TWO PLUTS (FIELD AMPLITUDE InN DB ABOVE A
MLuki) VLLT Per METER FOk 1 K RADIATED PUWER VERSUS TRANSMITTER-
TevalinkTOe DISTANCE FOK TWO RECEIVER PUSITIUNS).
Cuir it N/ TERMINT G NTE
COMALNZSPLUTZSAVEDL4ug) 9 YLI3,049402) 9 Y2l o9 9940c)
COMMUN/MoPLOT/Z2(400) 9 D81 59494000 yANGE3y«940)),I0PLAT( LUy [SUDyNKP
CUMMONSXOLUT/XMINGXINCyYMINGYINC,STZEX»SIZEY
LOAMUNZRGINPT/ZGAMMA(G ) yPhI(4) o 2T 4 LR
i ¢SINGAM(4) yCCSGAM(4) ySINPHI(4) s COSPHI(4)
CUMMUN/MLCINPT/THETA(CS 920 9 FUFK (2592 )09 XTRALI39392593)9T3PAT(D),
1 XVALIZY) s FREQoRHOMAX 9y KHUMINYDELRHO #DELTAX EPSLUN(LZS 4
b SIGMA(25) yNRSLAByNRMODE, NTMAX
COMPLEX*(0o THETAPFIOFR4XTHRA
KEAL% S XVAL gy FREQWRHUMAX y RHCMIN)DELRHU yUELTAASEPSLUNSS IUMA, TOPHT
EAL%¥Y SINUVAMCUSGAM, SINPHL ,COSPHI
REAL*b G[~MMA'PH10LT.LR
REAL XCURVE(2)/Oeygle/ s YCURVLI(21/2%0a/9YCURV2(2)/¥*42/,
b3 YLURV3L2)/2%e4/ 9y YCURVA(2)/ 2%/
SIMENSTUN Y(400)
JIMERSTUN GAMMAD(SG) 4PRID(4)
CuMPLEAY LG COMP(3)/'¢c COMPUNENT 4, X CUMPUNENT LIS
4 'Y CUMPCNENT L
230 900 I=1,2
Ny 900 ILEGIN =143
CALL uuoNPLIEIBEGINY
CALL YAXANG(D .9
CAal L INTAXS
CALL PAGE(SILEX+32.4512EY+34)
CALL PHYSGOR(1lev9lel)
CALL TITLELY *, L 3'TRANSMITTER=TEFMINATOK DISTANCE(RKM) ' 4,55,
b TDE ABUVE L UV/M FUR 1 KW' el4asSTLEXSICLEY D
Call OKAPH(AMING XINCy YMINLZYINC)
0 00 J=1,NRP
OAMMAD(J) = GAMMA(J)/ 1leT45329D=2
PHIU(Y) = FHLIGJ)/1eT45390-2
1F(J obwe 1) CALL RESET('DASH')
1F(J «Ede 2) CALL DOT
IF(u ob&e 3) CALL UHNDOT
IF(J «FQe 4) CALL DASH
DG 500 K=14NTMAX
LE(] obke 1) Y(K)=YL(IBEGINyJyr)
IF(] oE@Qe 21 Y{(K)I=Y(IBEGINgJyN)
CONTINUE
CALL CUKVE(SAVED,Y,NTMAX,0)
CONTINUE
CALL MESSAG(IDPLOUT 140 9ley9.3)
CALL MESSAG(COMP( IBEGIN) y1691le99e1)
CALL MESSAGI'FREQ = 'y T79lev8e9)
CALL REALNO(FREQs341eTy8.9)
CALL MESSAG('ZT = IR = Y4 1Tyle9beT)
CALL WEAILNO(ZT 429170986 7)
L"\Ll. ﬂtALNU(‘fQ&!b-"O'b.?)
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Y

CALL MESSAG('RECEIVER DISTANCE = *92091.09865) |
(1 JbWe 1) CALL REALNU(RHUMINGL434298.5) |
TF(1l «Fue Z) CALL REALNG(RHUMAXyly3e5408e5)
CALL MESSAUL('OGAMMA = PHI = ', 2096609911
AL L Rt’blNl;‘GAMMAl)‘l)'Ll’oO'gol‘ |
CALL REALNUIPHINDIL) 329065996 1) ‘
Leb L MESSAUL(*GAMMA = PHI = '9‘0'0-0'509)
CALL REALNOCGAMMAD ) 9l 9 7eQ98e9)
CALL <EALNUIPHID(Z )9l 98e2y009)
LALL MESSAGIYUAMMA = Prl = Y4,c090eUybeTi
CALL REALNU(GAMMAD(3)91ly 7ed9Belli
CALL REALNG(PRID(2) 4yl s bedsbel)
CALL MESSAG('GAMMA = PHI = 'y2c090edy0e5)
CALL KEALNUGIGAMMAG(4) 21y 7ad908e31)
CALL REALNU(PHID(4) 9l 918e549845)
CALL ENDGK (1) i
CALL UKEL(9.790450) 3
CALL TITLE(Y "4le® *40Uy"' 'eUsleyis) 1
LALL GRAPH(O.']."O.’LO,
CALL KESET{'DASH')
CALL CukVE(XCURVE yYCURV42,90C)
LALL DOT
CALL CURVE(XCURVE,YCURV342,C)
CALL CHNDOT
CALL CUFVE(XCURVE,YLURVZy240)
CALL JASH
CALL CURVE(XCURVE, YCURVLy2yD)
CAatL ENGPLLLIBEUVIN)

991 LUNTINUE
RETURN .
END




SUBRTUTINE MCPLTZ
1 C mCPLTZ CENERATES ONE PLUT (FIELD AMPLITUDE IN UB ABZVE A MICRCG vOLTY
C 252 ATTER FOR 1L Kw RAUIATEU POwek vEKSUS UISTANCE FROM TRkaNSMITTER) .

CUMMUN/MOPLOT/R L4031 000029404 02) ¢ ANGL3944409) 4 IDPLOTE L)), ISUBNRP

M A KPLUTZXM AN g X T C g YMIN, YT WS, STLEXSidEY
] COMMUN/HOGINPT/GAAME (4 ) 9 PRI( G 9T, 2R
¢ ySINGAM{4)yCOSGAM(4) ySINPHI(4) oy COSPHI 4
CUOMMECN/MCINPT/THETA(CD99) o FUFR{2595) 9 XTRA(39392542) 9 TOPHT(25),
i 5 XVAL(25) yFREQ9RHUMAK g kHUMIN)DELRHOyUELTA X EPSLON(Z2D)
‘ Y SIGAA(2H ) yNRSLABy NKmMUDE s NTMAX
CUMPLEX%10 THETA,FOFKXTRA
REALYG AVAL 9 FREWwy KHUMAX p RHOMIN, DELRHGyDELTAXSEPSL INy ST OMA, TUPHT

) REAL%®8 GAMMA,PHILZZT,,ZR
i ~EAL*8 SINGAM,CUSGAM, SINPHL1,COSPHI
; LEAL XCUFRVELZ2I/ Dol e o YU URVLIIZ)I/2%Q e/ o YCURV2(2)/72%42/

$ YCURV3L2)/2%e4/yYCURVA(2)/2%.06/

D IMENSION Y(400)

CIMENSTUN CAMMAUL{4),,PHID(4)

COMPLEX*L¢ COMP(3)/'c CUMPINENT ¢y "X CUMPUNENT L

3 Y CUMPUNENT 1/

00 900 IBEGIN =1,3

CALL buNPL(1oEGIN)

CALL YAXANG(D.)

CALL INTAXS

CALL PAGE(Llleyals)

CALL TITLECY *4=1o'knI(KM)?y 7,08 ABOVE L UV/M FGR LI Ka'yc4y

$ SIZEX,SIZEY)

CALL GRAFHEAMINGXINC) YMINGYINC)

U 000 J=1yNRP

OGAMMAD(J) = GAMMA(J)/1.74232%90-2

PHIL(J) FRI(GJ)/1eTab3¢950-2

1F(J «EQe 1) CALL RESET(®DASHY)

IF(J «EWe 2) CALL DUT

IF(J «EQe. 33 CALL CHNDOT

IF(v +FQe 4) CALL DASH

JO 5CC K=1,1SUsB

Y(K) = DBCIBEGIN,JyK)
00 CCNTINUE

CALL CURVE(R,Y,ISUBsCQ)
0dJd CONTINUE

CALL MESSAG(ILPLUT y4094e99.9)

CALL MESSAGICUMP(IBEGINI»1l094e993)

CALL MESSAG('fFRFQ = '3 744499.1)

LCALL KEALNO(FREWQ9394e799.1)

CALL MESSAG('LT = ZR = %,17y4498.9)

CALL REALNU(ZT9294484,8.9)

CLLL ktALND(lR.L.O.bL,B.")

CALL MESSAG(*CAMMA = PHI = 24207498 7)

CALL REALNO(OUAMMAD(LI 9219509 8e7)

CALL REALNU(PHID(1) 9l 9y6e598aT)

CALL MESSAG('GAMMA = PHI = '420¢4.9809)

CALL KCALNU(GAMMAD (21 9l 99 e0y0eD)

CALL CEALNUIPHIDIZ2) 9yl 90e593.5)
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CALL MESSAG(*GAMMA = PHAI = '420¢4e00e3)
CALL RCAUNG(GAMMAD(3) 911560938631
CALL <EALNO(PHID(3)ylr0eD9843)

CALL MESSAG('GAMMA = PiHlL = 94209449301
CALL REAULNUG(UAMMAD(4) sl 9yDeUy Bl
call KEALNULPHIUL4) 91909986l
CALL ENDGHL(1)

bALL Pf'IYSOF(dQOQQ’

CALL TITLEC® "yle" *90¢" "4J9lerled
\;ALL QHAPH‘OOOLO'OO']».‘

Catl KESET(*DASH')

CALL CURVEIXCURVE,,YCURV4,240)

CALL LOT

TALL CURVE(XCURVEYLURV3,2,0)

CALL CHNOLOT

CALL CURVE( XCURVE ,YLURVZ,2+0)

CALL DASH

CALL CURVE(XCURVE,YCURVi2+0)

CALL ENLPL(IBEGIN)

CONTINUE

KETURN

END
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SUBRUUTINE MCSTEPIM)
C CUMPUTE obiverALTZEL MULe CONVERSION COEFFLICIENTS.
IMPLTICET wREAL *3(A-n,(G=2)
COMNON/TERM/NT g NTR
CuMMUNZCAR/CAPT (2095920 o TNURMEZD 954 5)
COMPL W/ MCINPTZTHETA(CS )2 )9 FUFRI29 92 )9 XTRA(39392292) 9T UPHT (D),

b AVAL(Z29) o FREQyRHIMAX gk HOMI N9 QELRHU yUELTA R ePSLUN(CD 2y
» SIGMA(Z25) ¢ NRSLABy NRMODE 9 NTMAX

CUMMUN/MCSTORZA(LO9992) 05022920 3C (25951 oNTHSWIZ25) oXVRAUTyKVRATT,
Y AVNKUT'BVRKTTQLJ“S('UMEOA'NAVCNU

CUMPLUR®le CDEAP |
CurirLeXx®xlo NTHSW ‘
COMPLEX®XL0 THETA,FUUFRpA3S,Cy TNUSM,CAPI,

$ IM/{0eDOyLatdO}/9BLS) sANSID) e TS{5,5),XTRA
REAL%®S KVRAOT 3~ VRATT

nEALX*4 ERE

OO0

P = M+ ]
EEEM obGe NIR) RETURN
DO T N = 1LyNRMUDE
17 BAN) = (Ueelel
THEMP oECe NTR) GO Tu 21
L &9 K 1,NMODE
v 53 L 1y NKMOUE
) 33 J 1Ly NxAUDRE
TSU{Ledid TNDYEM{( ML gud
23 BIL) = BLL) #AIMP 0 on ) XCOEXRP{=IMRRAVENGURSIMP ,J) =(XVALIM) -
& XVAL(MP)IIXCAPL(MyL,J)
LALL CLINFQITS e ANSyNRMUDE 9290 9ERK)
DU &7 1 = 1y NEMUDE
27 AlMgl oK) = ANS(I)I®S(Mol)/SINTRN)
VU 186 N=1,NRMUDE
| 33 BIN) = (VegJe)
29 CUNTINYE
GO TO 24
ZL DU 25

[N l,i‘ﬂ‘\c"ul)t
O Y Li=1yN<MUDE
Uu 29 L 1, NkMUDE
TSOLL L) = TNORMIMeLL L)
¢2 plL) = CAPI(M,yL,K)
CALL CLINEQ(TS, By ANSyNRMODE y5904ERR)
00 32 J = lyNRMUDE
39 Aldgd oK) = ANS(JI%ES(MoJI/SINTRyK)
23 CONTINUE
249 CUNTINUE
RETURN
END
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SUBROUTINE MDHNKL (ZyHlHZ2yH1PRME,HZPRME)
C CUMPUTE MOULIFIED HAANKEL FUNCTIONS OF ORDEK ONE THIRD

IMPLICIT kb AL *38 (A-hH,0-2)

COMPLEX*]1o CDOSJRT,CDEXP

ReAL*s (DADLS

COMPLEA*LO Z'l'HL’H‘.’HlpquE".iL’HKNIE’lPU"ER'TERMl'TERMz'
$ TERMIyZTERM) TERMy SUML y SUML g SUM3 o SUMa4 9 SQRT L by
$ EXPLICEXPLYy EAPIyEXP4yEXPS yGM2F,GPMFP,MPOWEK 4 3ETA,RTL,
3 CONSTL1,CCnNST2,CUNST3,CONST4

OIMENSIUN A(Z3)y Bl25)y C(250y DI(c3)y CAP(L4)

DATA A/
9¢304267109300000-0193613L4557230G700D0 Q19ce00670374487316CD 02,
De 14345092425490D 02966 702L705219008U0 0290648 TI13T19¢250400 02,
5¢416854374043400 0292.5794544630630200 0299¢ 345349500031000 01,
260026395187207400D 01,04121070437C50C00 009yie15928030+43000D VI,
1.840127594410000-0192.49933303096400000-02y2+ 88420801000000D0-03,
2¢71334142000000D0-0492.582749500000000-0592.025%068000009C00D-006,
le4l557COCC00J000D~-C7¢8.87C000000000000-09+5.01000002CLIVA0O-10,
2.0630C000002)0330-11,1.200099C02090090-12/

JATA B/
6e136987251400000-0191¢130497075240000 UL954283323¢1245i000 01,
1e19629404T873500 029153371031 778650D J9291.2780919s5148880D0 02,
Te47422182157200D 0193.2359935862152000 01+1.07853128738400D Gl
2.385325737403000D0 00904136037563510000-019ie093707800930000-01,
1e042293995509000-0292.105905122000000-0342433167763509J0000-04,
CedH282E99CN2I0CD=0541.S1207LNCACO000D-Corle44473203J000000-07,
Ye 12G0CL0VVIIIVOD-0995.892000003C00002D-19093.200002022J023030~-11,
¢+00000000000000D-12,0,000000000000000 00/

VATA C/
4.065¢i835840690000-0196.2029114461S0000 V09<e534540455515000 01,
5¢2213G593114000D Cly6.21584039421500D0 01y4+875108935003900D0 01,
Ce TUB42T718702200D0 01491.12150194079600D 01 15¢5945575022550000 00,
Ge LB1500645100000-0191.91281£634390000-0193.312229009900000-02,
4,842441038000000-03,0.050583082JC00C0D=-0496.5550182003000CD-05,
6.19855900000000D=0695¢102200000000000-0795.822J300022990000-28,
2e2¢500000000000D-099 1¢500000000000000-10,8.900000000UVQ000-12,
0. GOOCOCONC00N0CD CCy0.N00290002CA0OC0OD 00/

VATA D/

e T8c987251400000-01944521991500964000 0193.768326250301500 02,
1 19029404 7873500 0391953823413 1c¢500 0392.04494T709038¢060 03,
1.42010214609865D 03,47.1183006496735190 02+¢2.6963282i8400300 02,
T7.989120647290000 O1491.902171582668000 01,3.7183105233350CD 0O,
e T7648T7783230000-0198¢42¢020489600000-0291.002021486900000-02
1.U363012780007000-03,95.3867806900000000-0597¢5124350090000CD=06+
9¢35074CC0CN00000L-07+3.413500000C00000-089169620003900000CD-09,
1.02000000000000D-1045.00C000C00000000-12/

DATA CAP/
1.04166666660007D=-01986355034T7224222220-U92914282265745503270-01,
Ce915490204641400-01 9881627207443 758D-019543214082381862770 90,
1.499570296686260 0197.892301501153700 01 94.744515308080000 02,
562074 9CCS9100J0C0 03492.40865496000C000 04919892312.000C00D0 G5y
1o 79190200000000D 0691leT74E437700000000 07/

PPN

LB B R O PPN

Lk O R

L R




——

VAT A l/(roDC’loD),/

DiTe PuulT3/1el3lubunuToot8D 00/

DY ALPHA/GeD300T210063895510-01/

AT A UIMNSTLIZL 2.038¢1904210¢5220=-019=9e027¢232023%)0Tu~-0ia/
QAT COUNST L/l CeD8349045106524U=Jly 9402742023202392070=-01)/
OATE CUNSTS/(=940592582063900Tu=Uly £e203190451022220=,10/1
UATA CUNSTa/(=9ecYcstcueB8900T0=Ule=Ce2831L90421 02922001/

LP(’WER-’-I.O
SUM3=2.C
50!‘4‘0=J.O g
LMAL=CDALSLZ)
IFLEMAG «GTe 402) GG TO 70
IF(ZMALC GEe 302) GU TU 10
N=le
vu TC 5C
10 IF({MAS «GEe 4o1) GO TG 20
N=15
Gy TG 306
<0 =25
3¢ SuUMl=9,
SUM2=Q. ’
CTERM==£%%3/200.0
Cu 20 M=1yN
SUML=SUML+A (M) % LP0GnER
SUM=SUM2+B(M)I%*ZPDwEK
UL SUMI+C (M) *LPUnER 1
SUM4=SUNMG#L (M) % LPCALER
LFTpbER=ZFUCWERRZITERM
IF(CLAES(ZPIOWER) oLEe 120-30) GUL TU o0
20 CUNTINUVE
00 GM2 F=I%x(2%SUM2=2.%SuUM]l) /ROITS !
OPMFE=1%(SUM4#2 . %/ #]7%SUM3)/R0DT3
Hl=Z*%SUM2+LM2F
He=tl=c « C*¥LM2F
HMLPTME=SUML+GPMFP
HA2PKME=FHLPRME=2 s 2*GFMFP
nETURrN

70 SuMl=1l.C
SUM¢=1.0C E
RTZ=(DSGRT (Z) 1
SQURTZLB=KRTIx%Z
LTERM=1/SWRTLB
MPOWER=140
TERM==145/L
DU 80 M=lyl4
LPOWER=ZPOWER*ZTERM
MPLaER=MPOWER*(=LTERM)
FERML=CAP(M)*ZPUANER
TERMe=CAPIM)*MPOWER
SUML=SUMI#TERML
SUMez SUMc+TERMZ
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SUMZ=SUML+MXTERM]
SUM4=SUMG+MXTERMZ2

30 CUNTINUE
SUMA=SUNRRTER
SUM&=3IMa*TERM
EXPL=UDEAF (2% %5QrTLB/3)
cXPc=EXPL%CONSTY
EXP3=CUN>Te/EXP1
EXPa=CUNST3*EXP]

EXPL=CONST4/EXPL

DET/A=ALPHA/CDSWURT(RTL)

LREAL=Z

LIMAG==-1%7

If (ZRtAL.G&QOQ:)QOK.LIMAGQGEQOCO,(’U T'J 9\)
HI=BETA®(EXP2%SUM2+EAFPS5%SUML)
HIPKME=BETAR(EXP2*( SUM2%( =025/ Z+I*RTZ)+SUMG)+EXFS%{SUML*(-0.c5/2
$ -1%kTZ)+SuUuM3 ), :
oL TG 11°

40 Hl=08E TA®E XF2%®SUM2
HLPKME=BETAXEAP2* [SUM2*(=0e25/L+1*RTL)+5UM4)

119 I1F (IREAL «GEeUeDeORGZLIMAGLT 00060 TO 1420
H2=BETAX(EXP3*SUML+EXP4*SUMZ2)
H2ZPRME=BETARX{EXP3I*{SUML*(=0e25/Z-1%KTZ)+SUM3)+EXP 4% (SUM2%(-0.25/L
$ +i%RTZ)+SUM4)) :
~ETUEN

Led H2=CE TaxkEXPIxSuMl
H2F RME=BETAREXP3IX{SUML%(=-0e22/L~-1%RTLI+SUMII
RETUKN
END

e e

Ak o
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SUBKCU
INPLIC
ktAL®Q
CUMPLE
LrAlL*y
DATw =
SNTRY

AKGKAL
Ak GMAL
MAC =

I1E(MAL
LuUsSe =
IF (LU

IF(CUSQ LT 1eUoANDse COSQ oLTe 1421) CUSW = 1e9

ANGLE
TFL ARG
RETURN
COSw =
S TC
tND

TINE MAGANG(AKGyMAGyANGLE)
1T REAL *8(A-H,0-2)

DSQRT UAKLLUS
X*16 ARGy IM/Z(0.00,1.00C)/
MAL l

DTUEL/DTe292TTS 5L/

HWGNGLF ARGy MAG, ANCGLE)

= ARG

= IM®AKRo
USWKT{AKGRAL *AK GRAL + AROGMAGX*AKRGMAG)

«Ele J40) GG TO 10

AROLRAL/MAL
SO ol Te =1sQ0eAND. CASY eGTe =1e01) CUSG = ~1.C

= CARCOS(COSGI*RUTOEL
MAG .LTQ JeD) ANGLE = 300,0 - AN(’LE £

2.0
5

n
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SURRCUTINE HTGAINIZ)
U LIMPUTE EfecastY HEIGHT GAINS FOR TRANSMITTEK ANU RECEIVE<. i
IMPLIC!T CUMPILEX*LlOo(A=-H,0-4) A
COMMUNZAGTEMP/ZFFLIcD9y2)0FF3(2240)
CUMMUN/RTON/ZFL 925999 2)
COMMUNZMCINPT/THETA(C295) o FCFR(2299) 9 XTRA(39342595) s TUPHTI(25)
;) XVAL(29) s FREQyRHUMAX s RHUMINyUELRHOyDELTAX,EPSLUNI25)
SIGHMA(C2) ¢y NRSLAB)y NKMUDE ¢ NTMAX
CUMMUN/ZMCSTOR/A(299599) 95025950 9C (25950 yNTHSQ(25) yKVRAUT yKVKATT,
b AVRKOT yAVRKTT,CONST yUMEG Ay WAVEND
CUMPLEX®1l0 (DSQRT
KEAL*3 DEXP
COMPLEX*%L0 NOSWsIM/(0eU09LeD0O)/ 9 NTHSW
RELLES XVAL FREWy RHOMAX yRHUMINYDELRHUOyDELTAXEPSLON,y SIGMA
REAL®8 KVRAOT,KVRATT,AVRANOT yAVRKTT,CONSTyOMEGA, WAVEND
KEAL%X8 L(2)EPSLNO/BeBY5434D-12/+ALPHA/ 314D -4/,4FACL 3
RFAL*3 RSwk f
REAL®XS TOPKT
DO 102 M=1,NRSLAB3
NGSQ = (EPSLON(M)=IM*SIGMA(M)/GMEGLAD/EPSLND
DO 100 K=1,NRMODE
SSQ = S(MyK)*x%2
SQRUOT = COSQKTINGSQ-SSQ) :
CSQ = ClmgK)%%2 3
RSwk = SLRUCT
[F(RSGUK oLTe Celd SQRLUT==-35QKULT
VU 100 1Z4=1,42
& = KVRATT)(CSQeALPHAXZ(IL))
Q0 = KVRATTI*(CSW
CALL MDHNKL{QOyHLOyH.OyHLPRMO,HZPRMO)
CALL MDHNKL{QyHLyHZ2yHLPRMyH2PRM)
CAPHLIC = H1PRMO+AVRKTT%HI]0
CAPHZ) = HZPrMO+AVRKTT*HZ0
FAC2 = IMXKVRAOT®SQRUOT
FAC3 = +fAC2/NGSu

a

Fl = —(CAPH2)-FAC3%H0)

F2 =  CAPHLO-FAC3*H10

F3 = =(HZPRMO-FACZ%H.0) ,
Fa =

HLPKMO~F AC2#%H10
FACL = DEXP(ALPHA/2.%Z(1Z)) 1

EUloMoKelz) = FACL%(F LEHL+F2%H2)

F(2eMpKold) = ALPHA/(IM%2.*WAVENO)*F(LoMyKy iZ)¢1o/ IMKAVRKUT*FACL*

$ (FLXHLPRM+F2%|HZ2PRM)

F(3eMeKele) = FI%RHL+F4%H2 .

FFLIMyK) = FLEHLO+F2%H20

FF3(MyK) = F3%xH10+F4%H20

FllyMyKyI12) FI(LyMyKoIZ)/FFLIMyK)

FU2oMyKyIZ) = FU2oMong IZ)/FELIMyK)

F(3eMeKyoIZ) FI3 )My 1Z)*HOFR(MeK)/FF3(Men)
100  CGNTINUE

RETUFN

END
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SUBKGUUTINE CLIN EQ (Ay Be Xy Ny
5 N OIMy, IFLAGy EFF)

CUIh FEQ USES L-U UECCMEGSTITIUN TU

t 14U The TwlalNoULAK MATKICES Ly U
SuLh THAT L * U = A. L AND U ARE
STUREL In Ae THIS FOKRM IS USED wlTH
BACK=SUSSTITUTION TO FINO THE SOLN

X OJF A % X = L ¥ U * X = Be

te 1S Trt NUMEER OF EQUATIUNS AND

N oulM IS THE DIMENSLIUN QF ALL AKsAYS
IN THE PARAMETER LIST.

" ol 53 )

IF IFLAG = (Cy Ly Uy AND X ARE
CUMAPUTED.

IF IFLAs IS WON=ZERD, I T IS ASSUMED
THAT L AND U HAVE SEEN CCOMPUTED IN
A PREVIUUS CALL AND ARt STILL STOURED
IN Ae  TrHUS CNLY X IS CUMPUTED

Fu< 1S ThHE CSTIMATED KELATIVE

Sknuk (F THE SOLUTION VECTUK.

COOMO OO CONOOD T OMmg

COMPLEX*lo Ay, By Xy T
INTEGER®*2 IRGwW

JIMENSICN  A(N DIMy, N DIM),
$ plh vlm)y X(N OIM)
DIMEPSICH IRUWILC),y (5T
JAV A EPS /1.0E-15/

It (iaGTe50) GU TO 509
IF (IFLAG.NE.D) GO TO 609
V0 050 1 = 14N
J(l) = 000
DO 240 J = LyN
4@ = wwAapS (A(I,4))
049 IF (wfll)elTeww) QEl1) = QQ
1F (Cil)eEQeded OLL TO 901
350 CONTIAUE

CPR = €ePS
PPIV = 0.0
VU 100 I = 1,N

102 1R0W(I) = I

O

' D 500 L = 1N
l PIVOT = 0.0
I o= L =]

DO 240 1 = L,yN

IF (KReLTol) GU TO 250

VU 22C v = 19K

u 220 AT4L) = ALI,L) = AlgoL) * ACLydd
I 230 F = CDABS (A(I,L)) / «il)

5 iF (PIVOT.GT.F)  GU TU 240

e

|
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250

209
28V

350
400
450
5990

5600
02%

650

700

300

900

PIVGT = F
NPIVOT = 1
CONTINJF

IF (FIVET et qeOeId) Gu TO 901
IF (PPIV.LEPIVLUT) oUO TO 250

EKR = KR % PFLIV / FivVvOT

Ir (ERR.GE.1+40) GOU TC 901
PFIv = PINVCTY

It (NPIVOT.EQeL)

QINPIVOT) = Q(L)

J = I1kKOW(L)
IROW(L) = IRUWINPIVOT)
IRUWENPIVOT) = J

JC 2¢0 I = 1yN

T = A(LyI1)

A{L,1) = A(NPIVOT,I)
INPIVOT,10 = T

CONTINUE

IF (L.EQe.N) Gu TO 500

T (l.COCy0e0DV) / AalL,ylL)

K Lo+ L

M L o= 1

DO 450 1 =
IF (MesLT.1)

JC 350 Jd =

A(L,yI)
Af(L,T)

CONTINUE

CONTINUE

6L TU 280

KyN

GU TO «uo0
LeM

= A{LyI) = AlLyJdd * A(Jdyi
=T % A(L,yI)

PRINYT 998, ERR

00 020 1 = 24N

X(1) = (0.0.D0yDNDN)

J = 1RUOW(L)

X(L) = 8(J) /7 All,1)

DC 7C¢D0 1 = 24N

J IROW(I)

K Bl

DO 050 L = 1lyh

XK{L) = X{I) + A(T,L) * X{i)
X(I) = (B(J) = X(I)) /7 A(L,1)
CONTINUE
K =N-=-1
U0 8o I
J N =1
M J + 1
DO &CO L
AlJd) = xtJ
CONTINUE
HETURN

= 1yK

- M'N
P = X{L) * ACJ,L)

PRINT 999
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ERF = 1.0
ETURYN
901 PrRINT 947
ERR = 1.0
LETur N
991 rIRMLT (PLERKUR IN C(LIN Edr MATRIX IS SINGULARY)
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