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( SECTION 1
INTRODUCTION - ‘

f
The WEDCOM code is a digital computer program that provides

calcu lations of IiLF , VLF , and LF electric and magnetic field strengths
in ambient and nuclear disturbed environments. The code is intended

for use when a relatively detailed analysis of the propagation between
two terminals is required in nuclear disturbed environments. The code

can be used alone to study effects of weapon , atmosphere , and propaga- —

tion parameters on received signals or can be used in conjunction with

receiver antenna and signal processing models to evaluate system
performance.

Opera tional inf ormation for WEDCOM IV is given in Vol ume 1

(IJ ser ’s Manual). In this irolume a description of computer routines is

given for use in conjunction with FORTRAN source listings. A inathe-

4 matical description of computational models used in the routines is

given in Volume 3.

S 
- The WEDCOM IV code consists of a main driver routine and a

number of subroutines and functions. The FORTRAN names and a brief

description of the purpose of each rout ine are given in Table 1. As

indicated in Table 1, many of the environment and geometry routines

are taken directly from the WEPH VI code. These routines are des-

cribed in Reference 1 and are not further discussed here.

Section 2 of this volume contains intermediate level descrip-

tions of each routine . Except for the main driver routine, which is
described first, the descriptions are presented in alphabetical order.

A number of the routines are the same as routines used in a code de-

veloped for the MEECN office designated DCOM (Reference 2) and the
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I:
descriptions given in Section 2 for these routines have been taken
from the DCOM documentation . Table 2 lists WEDCOM IV routines ,

l ibrary routines , and labeled common blocks used by each routine .
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Table 1. Description of WEDCOM IV routines .

Name of Rou tine Descr i ption

Control Determines sequence of calculations

ABFACR Computes terms used in an approximate mode
equation

AIRY Computes the Airy functions and their deriva-
tives

*ANLYT2 Computes solution to differential equation
used in deionization above 100 km

APPROX Computes eigenvalue solutions to the approximate
mode equation by employing the Newton iteration
algorithm after an appropriate initial value is
derived

*ARRLIM Determines debris location and size from
debris marker particle locations

*ANOSF Provides properties of the normal or heaved
atmosphere above 100 km

Provides properties of the normal atmosphere

*AZELR Computes true azimuth , elevation , and slant
range of one point relative to another point
(points specified by vectors)

*AZF Determines azimuth of vector from the x-axis
measured in x-y plane

*BFIELD Computes properties of magnetic dipole field
at a point

BHRHS Computes starting and stopping altitudes for
the reflection coefficient integration for LF
propagation

* Unmodified WEPH VI routine.
(Continued)
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Table 1. (Continued)

Name of Routine Description

*BLKAN Block data for atmospheric routines

*BLKC[1J4 Block data for E- and F-region chemistry
rout ines

*BLKDEP Block data for heavy particle energy deposi-
tion calculations

*BLK1JV Block data for UV energy deposition
calculations

BUDDEN Driver routine for determining value of reflec-
tion coefficient for ELF or VLF propagation

CAN G Calculates the argument of a comp lex number

Driver routine for D-reg ion chemis t ry module

CIII MI)Q Driver routine for steady-state D-reg ion
chemis try

*CHEMEF Determines chemistry and ionization for E- and
F-reg ions

*( • III MQ De termines steady-state ionization above 100 km

*CHMION Determines species concentrations in E- and F-
regions

*CHXLOS Determines energy emitted in  charge exchange
par t ic les

*CHXSPC Determines energy histogram for charge exchange
par t ic les

*CLOSE Determines location of closest point of approach
between two vectors -

*CMFEDT Edits burst list for bursts to he used in E- and
F-region chemistry calculations

CONFPtC Computes ionospheric convergence factor

CONMA P Contains a modified version of the ITS ~or I d
conductivity map

*Unmod i fied WEPI-I VI routine. (Continued)
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Table 1. (Continued)

Name of Routine Description

*CONSET Sets constants used in low-altitude fi reball !
debris models

*CONSPC Determines energy histogram for loss-cone
particles

*C~~RDV Determines vector coordinates from latitude ,
longitude , and altitude

*C~~RDX Transforms coordinates of a point in one
coordinate system to any of the other three
systems ; the coordinate systems are

1. Ground range , azimuth , altitude

2. X (east), Y (north), Z (verti cal)

3. Slant range , az imuth , eleva t ion
4. Eleva tion , az imu th , altitud e

*CROSS Calculates cross product for two vectors

*DATE Computes Gregorian date and zone time after
specified time interval

*DBMJ.IT Determines time-dependent debris region quanti-
t ies for h i gh-al titude bursts

*D~4LT Determines time-dependent debris reg ion quanti-
ties for low-altitude bursts (RAN C model)

*D~~ LTR Determines time-dependent debris reg ion quan ti-
ties for low-altitude bursts (ROSCOE model)

*DBSTAM Driver rout i ne for post-stabilization debris
geome t ry

*DEBRJS Driver routine to determine energy deposi tion
by heavy particles

*DEDEP Determines delayed energy deposition rate

DELTAT Computes correction to an approximate root of
the mode equation

*DISTF Computes normalized debris radial distribution
parameter

*DOT Calculates vector dot product

* Unmodified WEPH VI routine . 
(Continued)
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Table 1. (Continued)

I
Name of Routine Description

*D~~TE Determines reaction rate coefficients for D-
region chemistry solutions

*j)TNE Computes positive ion and electron concentra-
tions at a point at or below 100 km

*DTNEP Computes ft-region positive ion and electron
concentrations due to prompt radiation

*DTNEQ Computes steady-state D-region posi t ive  ion
and elect ron concentrations due to delayed
ra d i a t i on

* IflJ S’I ’M I Computes dust  s c a l i n g  t iwInt i t  i es

*EDEPB Determines ener gy deposit ion rate due to beta
part i c l e s

*EDEPC Deter mines energy deposit ion rate due to
Compton elect ron s

*EDEPG Determines energy deposition rate due to gamma
rays

*EDEPM Determines energy deposition rate due to
Bremsstrah lung rad ia t ion

*E DEPNB Det ermines energy deposition rate due to neutron
decay beta par t ic les

*EDEPND Dete rmines energy deposition rate due to neutron
elas t i c c o l l i s ion s  and capture reactions

EHOP Computes vertical and horizontal field strength
for J th hop in LF propagation

*EI F  Calc u la tes  the exponential  integra l funct ion
for posi tive arguments j

I.IGLNV Calculates the eigenvalue and derivative to the
mode equation using Newton-Raphson procedure

F.IG~RH Computes VLF mode characteristics from NELC
mode search model

* Unmodified WEPH VI routine. (Continued)
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Table 1. (Continued)

Name of Routine Description

ELCOL Compu t es c ol a t i t ude an d east lo n g i t ude of a
point on the earth

LLULN2 I)river rout inc for chem i st rv and ion i :at ion
calculations

*ELF Dete rm i n es ele va t i on of vector from the x-y
plane

ELFMOI 1 Driver routine for the calculation of ELF

EMATRX Computes element s of a susceptibility matrix
including magnetic field effects and earth
curvature for ELF propagation .

*ENEF Driver routine for E- and F-reg ion chemistry
module

ENVIRM Driver rout ine for c a l c u l a t i n g  environment
qua n t i t i e s  a long a given path

ENNU Computes electron and ion d e n s i t i e s  and c o l l i -
sion frequencies through an exponential inter-( po lat ion between data poin ts

EPR I ME Computes ref lect ion coefficient derivatives
wi th  respect to a l t i t ude

*EQRAT Determines effective ambient photodissociation
rates for D-region

ERINT Fi nds r e f l ec t ion  c o e f f i c i e n t s  us ing  Runge-Ku tta
in tegra t ion for ELF propagation

ESMAT Computes coe f f i c i en t  m a t r i x  for the re f lec t ion
coefficient differential equation

ESTART Computes starting values for reflection coeff i-
cient integration for ELF propagation

ETGAIN Calculates height gain function for ELF

I XCI r\ C Ca lculates anisotropic excitation factors

EUXFIT Determines total UV radiation and fraction
radiated in five radiat ion groups

* Unmodified WEP II V I  routine . (Continued)
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Table I. (Continued)

Name of Routine Description

*EXINTP Provides exponential interpolation

*E2 Evaluates funct ion used in beta pa r t i c l e
energy deposit ion routine

*FB~4~Jl Determines time-independent fireball quant i-
ties for hi gh-altitude bursts

*FBIII}IT Determines time-dependent fireball quanti-
ties for high-altitude bursts

*FBML I Dete rmines t ime-independent  f i r eba l l  quanti-
ties for low-altitude bursts (RANC model)

*FBMLT Determines tine-dependent f i r eba l l  quanti-
ties for low-altitude bursts (RANC model)

* Determines top and bottom altitude of a tube
fireball and altitude of fireball at magnetic
equator if fi reball reaches equator

*FZET Solves heavy particle range-energy equation

FDELH Computes ionospheric incidence angle and half
the hop and ray path distances

FG Computes the value of a variable in the approxi-
mate mode equation

FINDHP Finds the minimum altitude for re f l ec t ion  of
LF propagation

F I N GE O Computes hop geometry between LF t ransmit ter
and receiver antennas

FMAG Computes h o r i z o n t a l  and vertical groundwave
multi p l i e r s , and d i f f r a c t i o n  losses

*GEOCOR Computes l a t i t u d e  and longi tude  of p o s i t i o n
vector

GNDWV Computes the ground-wave attenuation function
for a specified path length , wave frequency,
and ground impedance

GREFL Computes the Fresnel ground reflection coeffi-
cie nt

* Unmodified WEPH VI routine. (Continued)
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Table  1. (Continued)

— Na me of Rout ine  Description

GUESS Computes e igenvalue assuming an isotrop ic

j  ionosphere

J *HDPART Driver routine to partition hydro energy
into heavy particle energy sources

*HEAVE Computes .the vertical velocity and time his-
tory of the altitude , expansion ratio , and
density scale height of a cell in a vertically
heaving atmosphere

*HELP Prints an error message and can continue or
terminate the problem

HPCHEM Partitions energy lost by heavy particles and
determines change in neutral and ion species

HTGAIN Calculates antenna height gain factors for
VLF propagation

*HTOS Calculates slant ranges along vector to points
that are at specified altitude

*HYDMRG Determines time-independent parameters for
fireball formed by hydro merge

*INITAL Determines D-reg ion neutral species concen-
trations at end of Phase 2 following a burst

INPUT Reads and writes input quantities and performs
preliminary geometry calculations

*IO NLE K Dete rmi nes energy i n ion leak p a r t i c l e s  and
spatial distribution parameter

IONOSU P rovides norma l ionospheric q u a n t i t i e s

I SOREF Computes VLF isotrop ic ionospheric reflection
coe f f i c i ent

ISORLF Compu tes LF isot rop ic ionosp her ic re f lec t ion
coeff ici ent

*JUL I AN Computes Gregorian calendar date to a Jul ian
day number

*LAGRAN Computes the initi al location and fina l prop-
erties of a Lagrang ian cell

* Unmodified WEPH VI routine. (Continued)
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Table 1. (Continued)

Name of Rou t ine  Description . 
—

*LEKSPC Determines energy histogram for ion leak
particles

LENTRP Interpolates linearly to obtain electron and
positive ion density values for norma l and
disturbed conditions

LFHOP Driver routine for the calculat ion of LF propa-
gation

LINKER Used on the Honeywell machine for linking
(overlay)

*LOCLAX Calculates vector transformation matrix

*LOSCON Determines energy in loss cone particles and
spatial distribution parameter

*MAGFIT Fits a di pole magnetic field to the local
magnetic field at specified point

*MAGFLD Determines location of the point on a magnetic
field line that is at a specified altitude

Solves a set of linear simultaneous equations

*MATMUL Performs matrix mul tiplication between two
real matrices

MDHNKL Computes terms used in forming modified
Ha n kel f u nc t ions

*IATRX Computes elements of a s u s ce p t i b i l i t y  m a t r i x
inc l uding magnetic field effects and earth
curvature for VLF and LF propagation

MODCON Computes mode conversion coefficients

*M0DEL Driver routine for ROSCOE low-altitude f ire-
ball/debris model

*l~40DELT Determines time-dependent fireball/debris
quantities for low-altitude bursts (ROSCOE
model)

* Unmodified WEPH VI routine. (Continued)
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Table 1. (Continued)

Name of Routine Description

MODEZ Computes VLF mode characteristics from TEMPO
mode search model

*~~ DLON Dete rmines t ime- independent  f i r e b a l l / d e b r i s
quant i t ies  for l o w - a l t i t u d e  bursts  (ROSCOF —

model )

*OFFSET Determines effects  of shock wave on low-
a l t i t ude fi r eba l l s

*ONE~~5 Calculates magnetic field at specified point

OUT I ON Computes the ionospheric p r o f i l e  index of
refract ion va lues , the reference a l t i t u d e  for
VI F r e f l e c t i o n , and th e top and bot tom a l t i -
t ude s for VLF and VLF reflection coefficient
calc u l a t i on s

*PCH EM Dete rm ine s cha n ge i n species den s i t i e s  a t
a l t i t udes above 100 km due to prompt r a d i a t i o n

*PEDEP Computes the energy deposited due to prompt
radiation

*P 1IFA~ F Det ermines the heave disturbed atmosphere
p r o f i l e

*PHENOM Driver routine for the RAN C phenomeno logy
( f i rebal l , deb r is , and dust) model module

*PHEN0R Driver rout ine  for the ROSCOE phenomenology
( f i rebal l , deb r is , and dust ) model module

*PHOTOD Compu tes the fraction of 03 remain ing  a f t e r
thermal r ad i a t i on

*PHOTOR Calc ulates the ne ga t ive  ion photodetachment
and photodissoc iat ion rates due to therma l
r a d i a t i o n

*PIONF Obtains the in itial ion conce n t r a t i o ns a t a
point above 100 km

*pLl~Tp Obtains the power law interpolat ion ,
y = ax b

* Unmodified WEPFI vi routine. (Continued)
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Table 1. (Cont~.nued)

Name of Routine Description

*PMASS Computes the mass penetrated between two
points assuming that the air density varies
exponentially with altitude

*PSDM Driver rout ine for post-stabilization debris
module for specified debris region

QSWH Computes the normalized ionospheric surface
impedance

REFLCO Driver routine for determining value of re-
flection coefficient for LF propagation

*RADMRG Determines time-independent quantities for
fireball formed by radiation merge

*RA~~UT Computes the radiation power for a burst of
a given yield at a specified altitude

*~~TE Calculates the reaction rate coefficient for
a specified reaction

REORDR Reorders environmental data for use by propa-
gation modules

RGND Calculates the ground reflection coefficients
for ELF and VLF propagation

*RICATT Computes the transient electron density
based on an approximate solution to the
R i c a t t i  eq uat ion

R INT Calc ulates  ref lect ion coeff ic ients  using
Runge-Kut ta  integrat ion for VLF and LF
propagat ion

*R I NTER  Comput es intersections between ray path and
r i ght ci rcu la r and skew ed spheroid s , cones ,
ma gn e t i c a l l y def i n ed t ube s , and torus

ROOT Computes root of approximate characteristic
equation , using Newton ’s procedure

RPR!MI Computes reflection coefficient derivative
with respect to altitude

RSTART Computes starting values for reflection coeffi - j
cient integration for VLF and LF propagation

* Unmodified WEPH VI routine . (Continued )
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Table 1. (Conti nued)

Name of Rout ine Description

RUNG Performs Runge-Kutta integration in ground-
wave calculation

*SEPA Calculates the angle between two vectors

SMAT Computes coefficient matrix for the reflection
coefficient differential equation

*SOIL Provides the mass density and dielectric
constant for a given soil

*soLcyc Computes the 10.7-cm solar flux

*s0L0RB Computes the latitude and longitude of the
subsolar point

*SOLVE Solves a set of linear algebraic equations
using the Gauss-Jordan method

*SOLZEN Calculates the cosine of the solar zenith
angle

*spCMIN Computes the minor neutral atmospheric species

*SPECDP Computes the neutra l species concentrations
at the end of Phase 3

*SPECDQ Computes the mod i f i ca t i on  of the neu t ra l
speci es due to delayed radiat ion

*STRIAT P rovides the s t r i a t ion  ion iza t ion  parameters
in a la te- t i me , hi gh-altitude fireball

*SUBVEC Calculates the difference between two vectors

*SUB2 Determines region center altitude for ROSCOE
fireball model

*SUB3 Determines debris parameters for ROSCOE model

*SUB4 Determines smoothing parameter for ROSCOE low-
altitude fireball model

*SUBS Determines region altitude for ROSCOE fireball
H 

model

*SUB6 
- 
Determines region radii for ROSCOE fireball
model

* Unmodif ied WEPH Vi rout ine.  (Continued)

17
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Table 1. (Continued)

Name of Routi ne Description

*SUBlO Determines time for region radius to grow by
specified factor during power-law expansion

*StJBll Determines time for region radius to grow by
specified factor during deceleration phase

*suBl2 Determines time when radius reaches specified
value in a specified direction

*sUB13 Determines vortex radii at specified time

*SUB14 Determines offset of fireball

SURFQ Computes normalized surface impedance for
vertical or horizontal polarization

TEM Calculates transverse electromagnetic mode
field value at reveiver for ELF propagation

*TEXK Computes the excitation temperature for a
given energy density equilibrated between the
N2 (VIB) , 0(

1D), N(2[)), and the electron kinetic
energy

FEIELE) Computes total electric field from hop fields
for LF propagation

*TOROID Computes the intersection points of a ray
path with a toroidal region

*TUBE Computes the intersection point of a ray path
with a magnetically contained region

LJANTD User supplied routine to determine transmitter
antenna orientation as a function of time

*UNITV Computes a unit vector from a given input
vector

*UVWAV Determines average wind velocity over a verti-
cal mixing length

*UVWPH Determines horizontal wind field above 25-km
altitude

*UVWDL1 Determines average horizontal wind field be-
low 25-km altitude for months of January ,
February , March , and April

* Unmodified WEPH Vi routine. (Continued)
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Table 1. (Continued)

Name of Routine Description

*UVWLD2 Determines average horizontal wind field be-
low 25-km altitude for months of May , June,
July, and August.

*1JVWL03 Determines average horizontal wind field be-
low 25-km altitude for months of September ,
October, November, and December

*U25 Determines average horizontal wind field at
25-km altitude

*VECL I N Computes the linear combination of two vectors
each mu lt i~~ ied by an arbi t ra ry constant

*VECM Computes the product of a vector with a scalar

*VECSLJ•r4 Computes the sum of two arbitrary vectors and
adds i t  to a gi ven vector

*
VFUNC1 Computes a function used in ROSCOE fireball

model

*VFUNC 2 Computes a fun c t ion used i n ROSCOE f i r eb a l l
model

VLFMC V Determines VLF electric and magnetic field
strengths including effects of mode conversion

VLFMOD Driver routine for calculation of VLF
propagation

VLI :WKB Determines VLF electric and magnetic field
strengths neg lecting mode conversion

*VOLUME Computes the volume of a given geometrical
region

WDNATN Driver routine that determines ambient atmos-
phere and ionosphere properties

WFCTVL Determine F function values at mesh points
for NOSC mode search model

WFDFDT Determines F function values for NOSC cod’
search model

WF I NDF Used i n finding roots i n \OSC mode cea rch mod e I

* Unmodified WF.PH VI routine . (Continued)
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Table  I .  (Cont inued)

Name of Routine Descri ption - / -

WFS INT Pe rforms integrat ion for the ionisphere re-
f lect ion ma t r ix  for ~OSC mode search model

WFZERO Det ermin es zero ’s of complex function for
NOSC mode search model

WINIFS Multiple entry of routine WFS INT

WI~ !LG Multiple entry of routine WLGRNG )
WINIRB Multi ple entry of rout i ne WRBARS

WLGDER Multiple entry of routine WLGRNG

WLGRNG Determines Lagrange interpolation of re~Iec-
tion coefficients for NOSC mode search model

WNOMES Determ ines lo cat ion of ze ros of the function
F for NOSC mode search rout i ne

*WOB I ) Computes the beta energy d e p o s i t i o n  coeffi-
c i e n t , i ) a r t i c l e  release ra te , and average
energy

*WOGI) Computes the delayed gamma-ray  energy
d e p o s i t i o n  pa rameters

*l~O(;p Prov ides prompt gamma energy’ deposit ion
parameters

*WOG l I n i t i a l i z e s  the gamma-ray  energy d e p o s i t i o n
parameters

*l~O\ t } P rovides  the t ime-dep en dent  neutron energy
depos i t  ion pa ramete r s

*l~ONl ) P rov ides  prompt neutron energy d e p o s i t i o n
parameters

*lcON l m i t  j a i l  :cs the  neutron energy deposit ion
parameters

Computes the N- ray’ energy con t a  I ument

* Unmod i f i ed Wl 1’ll V I  r o u t i n e .  (Cont inued)
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lab le 1. (Continued )

Name of Routine Description

Computes the  prompt X-ray’ energ~’ d e p o s i t  ion
parameters

*woxl I n i t i a l i z e s  the neutron energy’ deposition
I)~1rafl1et e rs

WQ I JA I ) I ) e t e rmincs  roots of a q u a d r a t i c  e q u a t i o n  for
NOSC mode search r o u t i n e

IcRBARS 1) e te rmine s  v a l u e s  for  v a r i a b l e s  used in  R H AR
matric for NOSC mode search program

ws~’t t,(~ M u l t i p l e  entry’ of rout inc  WLG RN G

WSI TRII D e t e r m i n e s  g i v e n  p o i n t s  in  Lagrange  in te rpo-
l a t i o n  for ~OSC mode search program

XFI:R T r ans f e r s  one array’  to a n o t h e r

*\~1,~( computes the  a b s o l u te  m a g n i t u d e  ( l e n g t h )  of
a vec to r

*:FTOIJT Conver t s  a local  t i m e  and Gregor i an  c a l e n d a r
da te  to the  loca l  t i m e  and Gr e g o r i a n  c a l e n —
dar  da te  to Greenwich

* Un mod i f i e d  WEPII V I  r o u t i n e .

_ _ _ _  _ _ _ _ _ _  _ _ _  -



Table 2. WEDCO I’i IV rou ti nes , library routines , and common blocks
called directly in WEOCOM IV routines .

WEDCOI’i IV Routines Library Routines Common Blocks
Rout ine Ca lled D irect ly Ca ll ed Di rect ly Used ,-

Control AIRY FXOPT* ATMOSN
ATMOSU LENTRY** ATMOUP
AZELF < SQRT BREG
COORDV BURST
COORDX CINPUT
LINKER CM PLXJ
MAGFIT CONBB
VOLUIiE CONST
ZTTOUT OBREG

DCREG
DEPOAT
DEV I C E
EDTOVL
FBREG
FDP AR
FILES
FRE QX
GC OND
HE ACON
IONOSN
MAGLNK
OPTION
ORIGIN
PARA M
PATH
PHEN
RANTEN
SYSP A R
TANTEN
TI M E
USECB
WE DE P0
WOG 3

I 

WON
WOX

*
FXOP T is a Honeywe ll system subro ut i n e used to contro l err or
messages in the event of underfiows and overflows .

~LENTRY is a Honeywell system subroutine used in linking
(overlaying).

t

4 ~
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Table 2. Continued .

WEDCOM IV Routines Library Routines Common Blocks
Routine Called Directly Called Directly Used

ABFACR AIRY AIRY 1
FREQX
GESCOM

AIRY CABS A IR Y 1
CEXP CMPLXJ
CLOG
CSQRT

APPROX ABFA CR CABS CNPLXJ
FG CEXP CONST
QSUB I CSQRT FREQX
ROOT GESCOM
SURFQ GND

BHR H S ALOG CI NPUT
FR EQ X
IONOS N
PATH IN

BU DDEN ENNU COS CONST
ERINT SIN FI ELD
EMATRX FR EQX
ESTART IN N M
MMATRX RCCOM
RINT SEBUG
RSTART TCURVE

CANG ATAN2

CHEIIDQ ATMOSU ALOG ATMOSN
DRATE EXP ATMOST
DTNEQ SQRT CINPUT
IONOSU FOSRAT
SPECDQ

CONFAC COS CONST
SIN GEOCOM
SQRT PATHIN
TAN PROPO

- - - - 
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Table 2. Continued .

WEDCO N IV Rou ti nes L ib rary Rou ti nes Common B loc ks
Routine Called Directly Called Directly Used

CONNAP COS CONST
SIN

DELTAT CMPLXJ
FREQX
GESCOM

EHOP CONFAC CEXP CMPLXJ
FMAG COVER 1
LENTRP COVER2
REFLCO FREQX

FVCOM
GEOCOM
OPTION
OIJTREF
SEB UG
TCURVE

EIGENV BUDDEN CABS CANGLE 4
H ELP C EXP CMP LXJ
RGND CONST

FREQX
RGNDOU
RPRIME
SEBUG
SYST EM
TC IJRVE

EIGSRH EXCFAC CABS CANGLE
HELP CCOS CMPLXJ
HTGA I N CEXP CONS T
RGND CLOG DCOM
WFDFDT COS EXCCOM

t WFZERO CSIN FREQX
WIN IFS CSQRT F1F2C
WIN I RB SQRT HCOM
WSETRH HTGMC

INTEGR -
‘

MODCOM }OPTION
PARAMC
PAT H
RBC OM

24
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Table 2. Continued .

WEDCOM IV Routines Library Routines Common Blocks
Routine Called Directly Called Directly Used

RGNDOU
SIDESC
SYSTEM
TCURVE

ELDEN2 DATE LENTRY* ATMOUP
JULIAN BIUBE
LINKER CHMOVL
RINTER CINPUT
SOLORB CONST

- SOLZEN DBREG
UNITV OPTION
VECLIN ORIGIN
VECM PROP
XMAG TIME
ZTT OUT

ELFMOD BF I ELD CEXP CANGLE
BUDO E N CLOG CINPUT
E I GENV CSQRT CMPLX J
GEOCOR CONST
OUTION ENEENP
TEM FIELD

FREQX
GCON D
GND
ION OSN
OPTION
PATH
RCCO M
RGNDOU
RPRIM
SEBUG
TANTEN
TCU R VE
XNINS

*
LENTRY is a Honeywel l systeri~ subroutine used in linking
(overlaying).

25
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Table 2. Continued .

WEOCOM IV Routines Library Rou ti nes Common Bloc ks
Routine Called Directly Called Directly Used

EMATRX CABS CMPLXJ
EOUTM
FIELD
FREQX
I NMM
SEBUG
TCURVE
XMINS

ENNU ALOG
EXP ENEENP

INMM

ENVIRN ATMOSU ACOS AThOSS
AZELR COS BREG
CONMAP LENTRY* CINPUT
COORDV SIN COMINT
COORDX SQRT CONST
DATE DTUBE
EDEPNB EDTOVL
ELCOL FREQX
ELDEN2 GCOND
GEOCOR IONOSN
LINKER MAGLNK
LOCLAX OPTION

• N AGFIT ORIGIN
MA GFLD PATH
MATMUL PRECAL
SUBVEC PROP
UNITV RANTEN
VECM SOURCE
XMAG TANTEN
ZTTOUT TIME

WRATE

EPRIME CEXP CANGLE
EOUT
FIELD
FREQX
RPRIM
SEBUG

*LENTRY is a Honeywel l system subroutine used in linking (over-
laying).

—-  
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Table 2. Continued .

WEDCOM IV Routines Library Routines Common Blocks
Routine Called Directly Called Directly Used

ERINT EMA TRX CLOG CINPUT
ENNU SQRT F IELD
EPRI M E OUTRST
ESIIAT RPRIM

SEBUG
TCURVE
XM I NS

ESNA T CANGLE
EOUT
EOUTM
FIELD
SEBUG

ESTAR T HELP CABS CANGLE
CEXP CONST
CLOG EOUT M
CSQRT FIELD

OUTRST
SEBUG

OTGhN C EXP CMPLXD
FREQX
HGCOM

EXCFAC CSQRT CANGLE
EXCCOM
RGNDOU

FEDEL A ASI N CONST
COS PROPO
SIN

F INDHP F EDELH ALOG PAT HI N
COS

F INGEO FDELH COS CON ST
FINDHP SIN FGNDC

TAN GEOCOM
PAIl-UN
PROPO

j  

_ _  _ _  
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Table 2. Continued .

WEDCOfl IV Routines Library Routines Common Blocks
Routine Called Directly Called Directly Used

FG AIRY ATAI12 AIRY1
CABS CMPLXJ
CEXP CONST
CLOG
CSQRT

FMAG AIRY CABS AIRY 1
GREFL CEXP CMPLXJ
RUNG COS CONST
SURFQ SQRT COVER 1

FGNDC
FREQV

• FVCOM
GEOCOM
PAIl-tIN
PROPO

GN U WV FMAG FVCOM
GCOND
OPTION

• PATHIN

• GREFL COS PROPO
CSQRT
SIN

GUESS ABFACR CLOG AIRY1
AIRY CSQRT CANGLE
APPROX CMPLXJ
ISOREF CONST

~ QSUB I EXCCOM
SURFQ FREQX

GESCOM• GND
MODCOM
RGNDO U
SYSTEM
TCURVE

‘
1
I
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Table 2. Continued .

WEDCOM IV Routines Library Routines Common Blocks
R o u t i n e  Ca lled Di rec t ly Ca lled_Direct ly Used

t-ITGAIN AIRY CEXP AIRYI
CSQRT CANGLE
EXP CMPLXJ

CONST
EXCCOM
FREQX
GND
HTGMC
RGN DOU
TCURVE

IONOSU RATE EXP
SIN
SQRT

INPUT AZELR EXIT BURST
COORDX C INPUT
GEOCOR CONST
HELP DEVICE
LOCLAX FILES
?~IATMUL FREQX
UANTD GCOND
VECLIN ‘ OPTION
VEC M ORIGIN
XIIAG PATH
WOG 1 RANTEN
WON 1 SYSPAR
WOX 1 TANTEN

US EC B

ISOREF CANG ALOG CINPUT
ENNU CABS CMPLXJ

CEXP CONST
• CSQRT FREQX

EXP GESCOM
I NMM
SEBUG
TCU RV E

29
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Table 2. Continued .

WEDCOM IV Routines Library Routines Common Blocks
Routine Called Directly Called Directly Used

ISORLF ENNU ALOG CINP UT
CEXP CMPLXJ
CSQRT FREQX
EXP GE SX

INMM
TCURVE

LENTRP CINPUT
CONSI
ENEENP
GCOND
IONOSN
PATHIN

LFHOP AZELR ALOG 1O CINPUT
B FIEL D CABS CONST
BHRHS CANG COVER1
COORDX COS COVER3
EHOP CSQRT EN EENP
F INGEO EXP FI ELD
GEOCOR SIN FREQX
GNDWV SQRT FVCOM
OUT ION GCOND
TF I ELD IONOSN
UN I TV OPT I ON
VEC M PATH
XMAG PATHIN

PROPO
SEBUG
SYS PAR
TANTEN
VHFLD
XM I NS

I’IATINV HELP CABS
SQRT

• N DHNKL CABS
CEXP
CSQRT

_ _  
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Table 2.

WEDCOM IV Routines Library Routines Common Blocks
Routine Called Directly Called Directly Used

MATRX CABS CMPLXJ
FIELD
FREQX
INMN
OUTMM
TCURVE
XMINS

NODCON HIGA IN AIAN2 ACOM
MATINV CABS AIRY1

CANG CANGLE
C COS CMPL XJ
CEXP CONST
CSIN FREQX

HTGMC
MODCOM
OPTION
TCURVE
VLFCO N

NODEZ EIGENV CABS CANGLE
EX CFAC CEXP CMPLXJ
GUESS CONST
HTGAIN EXCCOM

FREQX
HTGMC
MODCOM
OPTION
PATH
RGNDOU
SYSTEM
TCU RVE

OUT I ON ENNU CSQR T CINPUT
CMPLXJ
CONST
FIELD
FREQX
INMM
OPTION
TCURVE
XM INS

31 
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Table 2. Continued .

WEDCO M IV Routines Library Routines Common Blocks j
Routine Called Directly Called Directly Used

QSUBI CEXP CMPLX J
CSQRT CONST

FREQX
GESCOM

REFLCO ENNU CEXP CANGLE
I SORLF COS CINPUT
MMATRX CSQRT CMPLXJ
RI NT SIN CONST
RSTART FIELD

FREQX
G ESX
I NMM
OPTION
OUTREF
PARAM
PROPO
RPR I M
TCURVE
XMINS

RGND AIRY CSQRT AIRY 1
CANGLE
CONST
FREQX
GND
RGNDOU
SEBUG
TCURVE

RINT EN NU SQRT CINPUT
MATRX FIELD

• RPR I ME OUTRST
SMAT RPRIME

TCURVE
XMINS

ROOT ABFACR CABS
DELTAT
HELP
QSUBI

32
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Table 2. Continued .

WEDCOM IV Routines Library Routines Comon Blocks
Routine Called Directly Called Directly Used

RPRIME FIELD
FREQX
OUTS
RPRIM

RSTA RT CABS CANGLE
CEXP CONST

• CLOG FI ELD
CSQRT OUTMM

OUTRST

RUNG

SMAT CANGLE
FIELD
OUTMN
OUTS

SURQ CSQRT CMPLXJ
FREQX

TEN AZELR CABS CINPUT
COOROX CANG CMPLXJ
ETG A IN CEXP CONST
GEOCOR COS FR E QX

CSQRT HGCOM
SIN OPTION
SQRT PATH

S VS PAR
TANTEN

T F I ELD CA BS CMPLXJ
CEXP COVER2
CLOG COVER3
SQRT GEOCOM

OPTION
-
• 

VHFLD
UANTD CI NPUT

TANTEN

33
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Table 2. Continued .

WEDCOM IV Ro utines L ib ra ry  Rout ines Common Bloc ks 
IRoutine Called Directly Called Directly Used

VL FMCV MODC ON A COS A COM
ALOG1O CINPUT
ATAN CMPLXJ
CABS CONST
CANG FREQX
CEXP MODCOM
CSIN OPTION
EXP PATH
SIN SY SPAR
SQRT SYSTEM

VLFCO N

VLF MOD AZELR COS ACOM
BF I ELD LE N TRY * CI N PUT
COORDX SIN CONST

J GEOCOR EN E ENP
LINKER FIELD
OUTION FRE QX
XMAG GCOND

GND
HCO M
ION O SN
MO DC ON
OPTION
PARA N
PATH
RCCOM
SEBUG f
SYSPAR
SYSTEM
TANTEN
TCU R VE
XMINS
VLFCO N

*
LENTRY is a Honeywell system subrouti ne used in linkin g (over-
laying).
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Table 2. Continued .

WEDCOM IV Routines Library Routines Common Blocks
Rout ine Called Directly Called Directly u sed

VLFWKB ACOS CI NPUT
ALOG 1O CMP LXJ
ATAN CONST
CABS FR EQX
CANG MODLOM
CEXP OPT I ON
CSIN PATH
CSQRT SYSPAR
EXP SYSTEM
SIN VLF COM
SQRT

WDNATM ATMOSU ALOG ATMOSM
CHEMDQ SQRT ATMOSS

• IONOSU ATMOST
RATE ATMOUP

CINPUT
IONOSN
OPTION
OUT

WFCTVL W LGRNG ID ERVC
WRBARS INTE GR

RB CON
THETAC

WFDFDT WL G DER CSIN CONST
WRBARS IDERVC

• INTEGR
RBCOM
THETAC

WFINDF WF CTVL TMCCOM

WFS I NT MDHNKL ALOG CANGLE
CCOS CMPLXJ
CEXP CONST
EXP FREQX

HCOM
IDERVC
INTEGR
THETAC

_ _ _  
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Tab le 2. Continued .

WEDCOM IV Routines Library Routines Common Blocks
Rout ine Ca ll ed Direct ly Ca lled Di rect ly Used

WFZERO HELP TMCCOM
WF I NDF ZLSLOM
WNOMES
WQUAD

WLGRNG CCOS CONST
INTEGR
THETAC
WLGINT

WNOMES HELP CABS ZLSCOM
WFDFDT
WFINDF
WQ UA D

WQUAD SQRT

WRBARS MDHNKL ALOG CMPLX J
CCOS CONST
CEXP DCOM
CSQRT F1F2C
EXP FREQX

GND
HCOM
IOERVC
RBCOM
THETAC

WS ET RH BUDDEN 
• CABS CANGLE

HELP CCOS CONST
WFSINT CSIN DCOM
W I N I FS ID ERVC
W I N I LG INTEGR
WLG D ER PARAM C
WSETLG RPRIM
XFER SIOESC

TCURVE *

THETAC
WLGINT

XFER

— 
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SECTION 2
ROUTINE DESCRIPTIONS

.

CONTROL ROUTINE
This routine is the main driver rou t ine  for WEDCOM IV. A

s impl i f ied  f lowchart  for the rout ine  is shown in Figure 1.

Before s t a r t i n g  the problem , parameters , constants , and in-

put defaul t  values are defined . The problem loop refers to a g iven

input specif icat ion and the problem number is changed each t ime con-

trol is transferred to the input module and new input dat a obtained .

After  input data are obtained a check is made to see if phe-

nomenology or envi ronmenta l  ca lcula t ions  have been previously made

for the specified input condi t ions .  If pheromenology or environ-

mental  ca lcu la t ions  are required , a check is made to see if the ambi-

ent atmosp here and magnetic di pole f i e ld  parameters are to be ca l cu—

lated at only the input ori g in (input option) . If  they are (MAN B = 0)

the ambient atmosp here and ambient  magnetic f ie ld  routines are m i -

t i a l i ze d  and the t ime  of day at the  input o r ig in  determined .

Ne xt , a loop over ca lcula t ion  times is started and the phenome-

nology module (dr iver  rout ine  PHENOM for the RANC IV phenomenology or
driver routine PI-JENOR for the ROSCOE phenomeno logy) is cal led to ob-

• ta m f i rebal l  and debris  q u a n t i t i e s .  If  the atmospheric wind model

is to be used (input option) , the wind module (driver routine DBSTAN )
is called to determine wind effects on debris regions .  If the ROSCOE

phenomenology is used , the low-altitude debris regions are converted

• L to equivalent RANC debris reg ions. This is done in the current ver-
4

sion of the WEDCOM code to simplify geometry calculations required

• when determ ining ioni:ation and absorpt ion. Use of the ROSCOE

- • - 
_ -
~~•i ’•< - - — - - 

~~~~ :. •

_ _  - -- *-- • 
-
~~~~~ 

--___
---•---••---_--•~~~~~~~~~~~~•—



t
EDCO~~~

V !
~

N TRO L RO U T INE

E 
CALL INPUT

MODULE
CALCULATION TIME LOOP

0I
_____

I 
CA~LL

PHENOMENOLOGY
MODULE

[
~~~~~ tARE 1

DEBRIS FILE j
NEXT TIME
L

I’ CALL
ENVIRONMENT

MODULE

REORDER
ENVIRONMENT

FILE
FREQUENCY LOOP

~ 
1000 Hz TEST > 30 kHz )1 FREQUENCY RECEIVER LOCATION LOOP

CALL CALL CALL
ELF MODULE VLF MODULE LF MODULE

YES MULTIPLE
4 RE CE IVER LOCATION
NEXT RECEIVER OPTION?
LOcATION

NEXT
FREQUENCY NO

NEXT PROBLEM
4

Figure 1. Flowchart for WEDCOM IV control routine.
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low-altitude model retains multiburst effects and simplification of

the detailed geometry (eg, modified Oval of Cassini) is not critical.

To reduce storage requirements the debris reg ion data are stored in

a weapon f i l e .  Nominal and detailed outputs describing the debris

regions are also written out.

After the debris region data have been determined environ-
menta l quan tities between the transmi tter and receiver are found by

calling the environment module (driver routine ENVIRM). Calculation s

in the environment module are made at specified altitudes on vertical

paths uniformly spaced along the great circle path between transmitter

and receiver . Calculations are made for all calculation times and

the results stored in a file to reduce storage requirements. The

environmental data are then reordered so that the data are available

for al l  paths at each calcu lation t ime (order necessary to determine

propagation effects) by calling routine REORDR.

Propagation effects are found by starting a frequency ioop

and calling the ELF , VLF , or LE propagation modules. For ELF and

VLF , calculations are made within the module for either a single
receiver location or for multiple receiver locations, depending on

user input. In the LF propagation module , ca lculations are made for

a single rece iver location . A loop over multiple receiver locations

is made in the control routine if multiple receiver location data

are requested.
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SUBROUTINE ABFACR
This routine calculates  terms in the isotropic VLF mode -

equation.

The term s A and B, defined in Equations 3-6 and 3-7 in (
Section 3, Volume 3, are computed. In addit ion, the calculated

values for some parameters are saved for later use in routine
DELTAT .
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SUBROUTINE AIRY
This rout ine calcu lates A iry funct ion va lues and their

derivatives .

The Airy functions as defined by Wait (Reference 3) can be

written

W 1(t)  = ay 1(t )  + by7 (t)  ( 1)

W 7(T) = a*y 1(t) h*y2(t) (2)

W~(t) = ay~ (t) + by~ (t)  (3)

W~(t) = a*y~ (t) + b *y (t)  , (4)

where
a = 1 . 0 8 9 9 2 9 0 6 9  - i 0.629270841 (5)

b = 0 .794570425  + i 0.458745449 (6)

and the asterisk indicates complex conjugate. The functions y
1 (t)

and y~,( t )  are inf in i te  series in the argument (t) , and the prime

indicates derivative wi th  respect to the argument.  The y funct ions
can be wr i t ten  in a form sui table  for computation as fol lows:

— 

~ ~~~~
> ln (7)

n = l

= t(l + ±Y.

2 )  

(8)

t~ /2(1 + (9)

in

y~ = 1 + (10)

n=l
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where

y10 = = y 0 = y~ 0 = 1 (11)

and the additional terms are obtained from the recursion rel at ions

= 

~1,n-l 1) ( 12)

>~2 ,n~ 1 3n(3n + 1) ( 13)

S 1 3y1~ ~
‘l ,n-l 3n(3n + 2) (14)

~~~ 
= y

2~~~1 3n(3n - 2) ( 15)

The number of terms , in, required for a given value of the
argument, t, is defined so that the magnitude of the m t h  term in any

of the series 7 through 10 is less than l0 8. The number of terms
required for the desired accuracy as a function of the magnitude of

t can be approximated by a strai ght l ine  defined by

in = 4 + 2 . 8 I t ~ . (16)

I
1
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SUBROUTINE APPROX
This routine calculates initial values for the approximat e

mode equation. A flowchart for the routine is shown in Figure 2.

Solutions to the approximate mode equation are obtained em-

ploy ing the Newton iteration algor ithm af ter an appropr iate gues s is

calculated . Four approximate solutions are used in obtaining the

guess (see Section 3, Volume 3). The solution starts with a modified

f la t -ear th  approximation ( Branch 1) for the mode angle. If the flat-

earth approximation cannot be used , a test is made to see if it can
be used as a first guess for the iterative solution of the mode equa-

tion. If this test fails, a grazing-earth incident-angle approxima-

tion (Branch 2) is computed and tested . The first two branches pro-

vide an adequate guess for modes greater than 1 . If neither of these
approximations is good for a mode 1 solution , a third guess is ob-
tam ed assuming that the mode belongs to the “wh i spering gal lery”
type (Branch 3). If this third calculation does not provide a good
guess , either the best guess from the first three branches is found

or a search through a matrix of initial values is made (Branch 4),

where the matrix elements belong to the transition region between

whi spering gal lery and grazing inc idence approximations. The Branch
4 calculation is used only for mode 1 vertical f ie ld calculat ions ,
since the first three approximations normally provide a good guess
for hi gher order vertical or horizontal f ield calculat ions.

After the best guess is determined , the solution of the mode

equations is calculated employing routine ROOT. Occasionally, for

the smaller ground conductivities , the iteration technique in routine

ROOT does not converge to a proper solution. If a good solution is
not obtained, an increased ground conduc tivity is chosen for which a
mode solution can be accurately determined . The code then returns

to the flat-earth approximation , and the process described above is

repeated to determine the best guess for this new conductivity. The

so lu t ion  for the mode equation is determined (Branch 5) and used as
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Fi gure 2. Flowchart for subroutine APPROX .
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a guess for a reduced conductivity. This process is repeated until
the conductivity is equivalent to the original specified value.

(
I

1

t
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SUBROUTINE BHRHS

This routine ca lcula tes  s tar t ing and stopp ing a l t i tudes  for

the ref lect ion coeff ic ient  integrat ion . A f lowchart  for the routine

is shown in Figure 3.

The s tar t ing and stopp ing a l t i tudes  are defined by f i rs t  coin-

puting the imaginary part of the index of refraction , using equations

given in Section 3, Volum e 3. The stopping (lowest) altitude is the
highest t r ia l  a l t i tude  where B is less than a specified minimum . The

s tar t ing (hi ghest) a l t i tude  is the lowest t r ia l  a l t i tude  where B cx-

ceeds a spec ified max imum value. An ionospheric sca le height , a
parameter that is inversely proportional to the vertical gradient of

B(h) in the v ic in i ty  of the ref lect ion a l t i tude , is computed .

I -

I)

1
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~~~~~UTINE BHR)~~~~~
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_ _ _ _ _  
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\~~E~N DEFINED f

______________

4N0

(o o CALCULATIONS FOR NORMA L CONDITIONS I

DEFINE ALTITUDE DEPENDENT COLLISION FREQUENC Y PARAME T ERS

[oo CALCULATI ONS FOR DAY AND NIGHT

_____________________ 

‘I’ 

_____________________

SEARCH ALTITUDE ARRAY FOR NORMAL REFLECTION HEIG]~~~

STORE REFLECTION ALT ITUDE AND IONOSPHERE
SCALE HEIGHT FOR EACH CRP

RETURN
__•I)

DETERMINE REFLECTI ON HEIGHT AND SCALE HEIGHT )
PARAMETERS FOR DISTURBE D CONDITIONS

Figure 3. Flowchart for subroutine BHRHS.
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SUBROUTINE BUDDEN
This  rou t i ne  is the  d r ive r  rout ine  for ELF and VLF r e f l e c t i on

coe f f i c i en t  c a l c u l a t i o n s  in an anisotrop ic ionosphere.

The r e f l ec t ion  coeff ic ients  are found by d iv id ing  the iono-
sphere prof i le  into slabs and then performing a numerical integration

of differential equations for the reflection coefficients starting

at the top slab .

First , magnetic field terms are determined and routine ENNU

cal led to evaluate  the ioniza t ion  and co l l i s ion  frequencies at the

top slab.  Then the s ta r t ing  values for the reflection coefficients

are found by calling routines MMATRX and RSTART (VLP propagation) or

routines EMATRX and ESTART (ELF propagation). After the starting

values are determined the numerical integration is performed by ‘

ca l l ing  routine RINT (VLF propagation) or ERINT (ELF propagation) .
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FUNCTIO N CANG

This  rout ine ca l cu l at e s  the  argument  of a complex number (in
radians) .

The argument is computed from :

GANG = tan~~ radians

where Re and Im are the real and imaginary parts, and ARC is the
complex number.
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SUBROUTINE CHEMDQ

This routine is a driver routine to determine steady-state

ionization and electron and ion collision frequencies for a given

delayed ionization source or an ambient ionization source at a speci-

fied D-region altitude. The routine is the same as routine CFIEMDQ

used in WEPH VI except for the ion-neutral collision frequency

calculation.

First , routine ATMOSU is called to obtain the ambient neutral

species at the altitude of interest and routine DRATE is called to I
determine the values of the reaction rate coefficients. Then , if I

the input value of the ion-pair production rate (Q) is zero , rou t i n e

IONOSIJ is called to obtain the ambient ion-pair production rate. - ,

Next, routine SPECDQ is called to determine the change in

neutral species and routine DTNEQ is called to determine the electron

and ion densities due to the ion-pair production rate. The final

calculations are for the electron and ion collision frequencies. A

fit to an expression developed at the Naval Ocean Systems Center

(Reference 4) is used for the ion-neutra l c o l l i s i o n  frequency.
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SUBROUTINE CONFAC
• This routine computes the ionospheric convergence factor.

The ionospheric convergence factor is computed for either a

uniform or nonuniform ionosphere along the propagation path. For
either situation , applicable approximate representations are used

] for the convergence factor when geometric optics apply or when dif-

fractive corrections are required . The convergence factor is corn-

puted by evaluating equations given in Section 4, Volume 3.
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SUBROUT IN E CONM AP

This routine provides ground conductivity for a specified

geographic  locat ion.  It  contains  a modif ied  version of the I n s t i t u t e

of Telecommunicat ion Sciences world c o n d u c t i v it y  map.

Fourier analysis is applied to the longitudinal variation ~n

conductivity, while the latitudinal variation is represented by a

weighted least squares polynomial  in the  s ine  of the latitude.

After the initialization of parameters , the latitudinal

values of the Fourier coefficients are determined . The Fourier coef-

ficients are used with the given longitude value to determine a value

that is directl y related to the conductivity of the desired location .

i
,I. •
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I SUBROUTINE EHOP
This routine computes ver t ica l  and hor i zon ta l  f i e l d  s t rengths

for ind iv idua l  skywaves.  A f lowchart  for the rout ine is shown in

Figure 4.

Routine EHOP is ca l led  a f t e r  a l l  normal and disturbed iono-

sp heric parameters and tt i e  ray path geometry have been established .

Two major  c a l cu l a t i on  loops are used . In one , f i e l d  s t rengths  are
obtained for sk ywaves w i t h  a geometry that  requires d i f f rac t ive  cor-

rect ions .  In the  other , f i e ld  s t rengths  are ca lcu la ted  for skywaves

where geometric optics approximations are appropriate.

In both loops in terpolat ion procedures are used to def ine

ionosp heric and ground parameters at the ionosp heric  or ground reflec-

tion points .  In the f i rs t  loop, d i f f r a c t i v e  correct ion terms in the

v i c i n i t y  of ground r e f l e c t i o n  points  are defined .

An inner loop is also used for geometric optics approximations

• when e i ther  t r ansmi t t e r  or receiver antennas are elevated . In t h i s
case , f i e lds  for two distinct rays with an equ’~1 number of iono-

spheric re f lec t ions  are computed and summed.

The ac tual  equat ions  evaluated and the procedures used for

def in ing  the number of d i f f r a c t i v e  paths are discussed in Section 4 ,
Volume 3.
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Figure 4. Flowchart for subroutine EHOP.
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Figure 4. Continued .
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SUBROUTINE EIGENV
This routine calculates reflection coefficients and the elgen-

value and de r iva t ive  of the mode equat ion using the Newton-Raphson
procedure. A f lowchar t  for the routine is shown in Figure 5.

The i n i t i a l i z a t i o n  of i t e ra t i on parameters is fo llowed by a

second-order DO loop that determines an improved eigenvalue for the

i n i t i a l  e igenvalue  guess (an in i t ia l  guess given as input is used as

the s t a r t ing  value) and the incremented value of the eigenvalue.

Both of these ca lcula t ions  are made for the f i r s t  i te ra t ion . For

subsequent i te ra t ions  one or both are done , depending on the computed

ei genvalue increment.  An input option determines whether the value

of the exact mode equation is to be computed , or if a vertical or
horizontal po la r i za t i on approximation is to be made. If  the proce ss
diverges greatly from the initial guess , the eigcnvalue is set to the

initial guess and control returns to the calling routine.

The value of the derivative to the mode equation is found ,
and a test is made to determine if the eigenvalue has been determined .

If so, control returns to the calling routine. Otherwise , the eigen-

value increment for the next iteration is calculated , and the itera-

tion index is updated . Control returns to the calling routine if

there are more than 20 iterations . If not, tests are made to deter-

mine if the convergence criterion has been satisfied . If these tests

have been satisfied , a test is made to see if the proper value of the

der iva tive of the mode equation was calcul ated. If not, it is calcu-
lated before returning control to the calling routine.

• If another iteration is necessary, an eigenvalue increment is
calculated . If this increment is not larger than a predetermined

value , one of the prior mode equation values is used and only one new
calcu lation of the mode equation is made. Otherwise , two new values

of the mode equation are computed in the determination of the
derivat ive.
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Figure 5. Flowchart for subroutine EIGENV .
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The eigenvalue and the derivative of the mode equation are
referenced to altitude D. Altitude D is set to 0 km for ELF calcula-

tions and for VLF calculations that do not use the Naval Ocean Systems

Center mode search models (see description of routine EIGSRH). The

reflec t ion coefficients are referenced to altitude HBOT . Al titude
HBOT m a y  be higher than altitude D for VLF propagation . p

e
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SUBROUTINE EIGSRH
This routine computes solutions to the mode equation for a

given ionosphere profile and ground conductivity from a mode search

routine devel oped by the Naval Ocean Systems Center (Reference 5).
Height gain and excitation factors are also calculated . A simpli fied
f lowchar t  for the routine is shown in Fi gure 6.

j  Solutions to the mode equation (eigenangles) are found using

Naval Ocean Systems Center mode search routines to search for solu-

tions within a specified region (rectangle) in the ang le of inc idence

complex plane. A total of three rectangles are defined and a maxi-

mien of 15 ei genangles are found. Of these , only the 10 most impor-

tant are saved for use in determining received field strengths.

For each rectangle in the angle of incidence complex plane

routine WI-IZERO is called to determine eigenan gles. The ei genang les

• are ordered in terms of their real part and solutions outside the

current rectangle are discarded . Routines EXCFAC and HTGAIN are

called to determine the excitation and height gain factors.

Next , a weig hted at tenuat ion rate that  includes the effect of

excitation factors at the transmitter and for the ionospheric profile

for the current vertical path is computed . The attenuation rate is

used to select up to 10 modes. After the modes have been selected

they are reordered so that the real part of the eigenangles decrease

as the mode number increases. Output is prepared describing the

modes and if detailed output is requested (input option), details of

the mode characteristics height gain factors, and excitation factors

are written out.
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SUBROUTINE EIGSR

INITIALIZAT I ON

ANGLE OF INCIDENCE COMPLEX
PLANE REGION LOOP

DETERMINE EIGEN ANGLES

I ORDER EIGENANGLES
I DISCARD THOSE OUTSIDE
LCURRENT RECTANGLE

DETERMINE EXCITATION
AND HEIGHT GAIN FACTORS

SELECT UP TO TEN
MOST IMPORTANT
MODES

NEXT RECTANGLE IN
COMPLEX PLANE

ORDER MODES AND 
jPREPARE OUTPUT

F~PREPARE DETAILED
OUTPUT IF REQUESTED

Figure 6. Flowchart for subroutine EIGSRH.
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SUBROUTINE ELCOL
This routine computes the cola titude and east long itude of

point 2 , given the col atitude and eas t longi tude of poin t 1 and the
a:imuth (radia ns) and ground range (km) of point 2 from point 1. The

supplement of the azimuth of point 1 from point 2 is also found.

The az imuth of point 2 from point 1 is positive , measured

c lockwise  from north.  The supplement of the azimuth of point 1 from

point 2 is determined as a positive number.

The colati tude of point 2 is obtained from -•

~~~~~ 
~2 

= ~~~~~ 
~l 

cos R/R + sin 
~l 

sin R/R cos a , (1)

where
= colatitude of point 2

= colatitude of point 1

R = ground range between point 1 and point 2

R 
= earth ’ s radius

A 12 A 12~~~~
a =

2 i r - A 12 A 12 > •Ir

A 1., = azimu th of point 2 with respect to point 1.

The east long itud e of point 2 is obtained from

A 12 < i T

02 = ( 2)
01 

+ 27r -~~0 A 12 > iT

sin~~ (sin ~9) Be > 0
=

i t-  sin~~~(sin t~O) B~ < 0

Be = cos R/R - cos •l 
C05 $2
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sin R/ R sin a
sin t~0 =—  . —sin q 7

The supplement of the azimuth of point 1 with respect to point 2 is
obtained from

7 r - A 21 A17~~~ 7r
= (3)

it + A 2 1 A12 > i r

where

A21 = 

~ sin ’(sin A2 1 ) Ba ? 0

- sin~~ (sin A
21 ) B

a 
< 0

B = cos - cos R/R C05 

~2

sin cz
sin A = .21 sin q

2

41
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SUBROU TINE ELDEN2
This routine is the driver routine for ionization and colli-

sion frequency calculations at a specified location. The routine is

the same as routine ELDEN2 used in the WEPH VI cod e except for the

collision frequency calculations.

For altitudes at or below 100 km routine CHEMD2 is called to

obtain ionization and collision frequency quantities. For altitudes 
-

•

above 100 km a calculation time loop is set up and routine ENEF called

for each calcul ation t ime. Routin e LINKER is called to overlay the
D-region (CUEMD2) and E— and F-region (ENEF) routines. The labeled

common block CHMOVL is used to transfer input to and obtain output

from routines CHEMD2 and ENEF. =

For altitudes above 100 km a calculation time loop is set up

and for each calculation time the time of day (day or night) is com-

puted. For the first calculation altitude intersection altitudes of

the ray path with the beta tube are computed for each debris region .

The intersection altitudes are stored on a data file for use at sub-

sequent calculation altitudes. If detailed ionization output is re-

quested (input option), data is obtain ed from f i l e LFIDO and written
out on f i l e  LFDO .

J
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SUBROUTINE ELFMOD
This routine is the ELF propagation driver routine and d~-

termines anisotropic reflection coefficients , mod e solu tions , and
excitat i on factors. Only the transverse electromagnetic wave is

analyzed . A simplified flowchart for the routine is shown in Figures

7 and 8.

i i r s t  r e f l ec t ion  coef f i c i en t s , exci ta t ion factors , and height

gain parameters are i n i t i a l i z e d .  Then a time loop over the calcula-

tion times is started and an ambient calculation fl ag (determines

whether calculations will be made for ambient conditions) is set from

input parameters.

Next , a loop over the vertical paths between transmitter and

receiver is started . For each path , magnetic f ie ld and ground con-
ductivity quantities are established and the level of detailed output

requested determined . The ionization and collision frequencies along

the vertical path for disturbed conditions are obtained from the

environment file and routine O[JTION called to determine the top and

bottom al titudes to be used in compu ting reflection coeff icients.

• For ELF propagation there are NP-2 vertical paths defined
between the transmitter and receiver; NPT2 paths along the short

great circle path and the rest along the long great circle path (only
• defined if calculations along the long great circle path are to be

made) . The last two paths (L = LP - 1 and L = LP) are located a

Fresne l zone di stanc e normal to the shor t grea t circle path between
transmitter and receiver and are used to determine whether the ioni-

zation normal to the great circle propagation path is spherical l y
stratif ied (an assumption used in the propagation calculations) . If

the a t tenuat ion  rate (dB per 1000 km) for either of the last paths
is less than one half the attenuation rate at the path midpoin t, a
dif f ract ion f lag  is set to indicate that the propagation calculations

may be in error.
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SUBROUTINE LLFMOO

I N I T I A l I Z E  R EF L EC T I O N  C O E F F I C I E N T S ,
E XCITATIO N FACTORS . AND H E I G h T
GA IN PARN~L1EXlS

TIM E LOOP

SE? .4IBIENT
C A L C U L A T I O N  F L A G  =

PAT H LI4 .IP

SET MA GNETIC FIUIi ANtI
(,A IR)NG COPIDUC TIAITV
T E X R ~S . SE T OUTPUT FlA G

D E F I N E  I O N I Z A T I O N  ANII
COLLI SION F R E Q U E N C I E S
FOR DI ST U RBED CONEIIT IONS

DEFI NE IONIZATION ANt)
COLLISION FREQUENCIES
IOU OJI B IENT CON D IT IONS

DETERMINE TOP AND BOTTOM
INTEGRATION AlT ITUDES

P0114
• TIOMBEI1 SET DIFFROC-

N
,
P- l  l I O N  FLAG

NO

= Poll?
NUMBER

O U R
N P T ?

NO

MIICOEF ThU

YES

OR PlO
C A L  C J L A ’  UN~ 

• 0

Y E S  
DETERMINE MODE S O L U T I O N ,

SET UA TA FO R T H I S  GROUND R E F L E C T I O N  COE F-
PAT H EQUAL TO DATA F I C I E NT S . AND E X C I T A T I O N

FOR P R E V I O U S P A T H  F A C T O R S

NO RIMEIENT
C A I C U L A T  IONS

MADE?

Y ES

NEXT PATH

N E X T  T IM E

RETURN

• • Fig ure 7. Flowc hart for subrouti ne ELFMOD.
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I

P
DETERMINE INITIAL GUESS

DETERMINE INITIAL GUESS
FOR REFLECTION COEF-
FICIENTS AND EIGEN ANGLE

PATH
NO NUMBER YES

= 1 OR NPT2
?

COMPUTE GROUND REFLEC-
KALCMR NO lION COEFFICIENTS AND
> 0? EXCITATION FACTORS

YES

PATH YES LONG YESNUMBER PAT H CALC ULATIONS
> NP T2? REQUESTED ?

NO
NO

COMPUTE GROUND REFLEC-
TION COE FFICI ENTS AND
EXCITATION FACTORS

0
Figure 8. Detail for mode solutions , ground reflection

coefficients, and excitation factor calculations.
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Calculations for the reflection coefficient and mode solu-

tions are made for vertical paths between the transmitter and receiver

(L < NP - 2). If the input option to minimize the number of reflec-

tion coeffic ient calcula tions is exercised (MRCUEF = 1) ,  tests are

first made to see how much the top altitude obtained from routine

OUTION , the magne tic f ield proper ties , and the ground conductivity
have changed from the values computed for the previous vertical path.

If they have not changed by more than specified amoun ts , the eigen-
angle , ground reflection coefficient , and excitation factors previ-

ously determined are used for the current path.

Otherwise , routine BUDDEN is called and calcu lation s made to
obtain initial guesses for the reflection coefficients and eigenangle

and routine EIGENV called to obtain final values (see Figure 8). If

the multiple receiver location option is exercised (KALCMR = 1), ground

reflection coefficients and excitation factors are found for each ver-

tical path on the short great circle path between transmitter and re-

ceiver. Otherwise , ground reflection coefficients and excitation

factors are only found for the vertical paths above the transmitter

and receiver terminals. If field strength calculations for propaga-

tion along both the short and long great circle paths are to be made ,

ground reflection coefficients and excitation factors at the trans-

mitter and receiver terminals are computed for both propagation direc-

tions. The ground reflection coefficients and excitation factors for

the long great circle path direction are not computed for receiver

locations between the transmitter and receiver terminals specified

in input .

Detailed output describing the eigen angle , attenuation rate,

relative phase velocity, ionosphere reflection coefficients , ground
reflection coefficients , and excitation factors are written out on

the detailed output file if requested (input option).
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SUBROUTINE EMATRX
This routine calculates elements of the ionospheric suscepti-

bi lity matrix , including magnetic field effects and earth curvature .

The squares of the ratios of electron , positive ion, and nega-

tivc ion plasma frequencies to the signal frequency ar e defi ned. Nex t ,
the corresponding ratios of collision frequencies to the signal fre- =
quency are defined . The susceptibility matrix is initialized .

• The suscept ib i l i ty  mat r ix  is ca lcu la ted  by separately calcu-

lating and then summing the contributions due to electrons and posi-

tive and negative ions. To redu ce numeric al problems, the matrix

quantities are normalized by the square of the ratio of electron

plasma frequency to signal frequency. If magnetic field effects are

not important , only  the diagonal terms are c a l c u l a t e d . The effects

due to earth curvature are included by an artificial mod i fication of

the diagonal term s in the s u s c e p t i b i l i t y  m a t r i x .



SUBROUTINE ENNU
This routine determines electron and ion densities and colli-

sion frequenc ies at spec if ic  altitudes.

Elec tron and ion densities and col l ision frequencies are
determined by exponential interpolation between field poin ts. The
field points and ionospheric parameters are predetermined and avail-

able through labeled common block s CINPUT and ENEENP .

_ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _  
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SUBROUTINE ENVIRM
This rout ine  is the driver  rout ine for propagation environ-

ment ca lcu la t ions .  A s impl i f i ed  f lowchart  for the rout ine is shown

in Figure 9.

First , the number of vertical paths to be located on the short

great circle path between the transmi tter and receive r term inals  are
determined and the locat ion of the vertical path closest to the mid-

point of the great circle path found . For ELF propagation two addi-

tional paths located a Fresnel zone distance norma l to the great

circle path mid point are defined . These paths are for use in deter-

mining a diffraction flag. Then , the ambient atmosphere and magnetic

routines are initialized at the short great circle path midpoint .

If calculations are to be made for the long great circle path be-

tween tran smi tter and receiv er (KALCLP > 0);  the number of ve r t i ca l

paths to be used along the long great circle path are determined .

Nex t, the ambient atmospheric properties at the short great circle
• path midpo int are found by cal l ing  routine WDNATM .

The path loop over the vertical paths to be used in determ i-

ning the environment is started and the path geometry found . If the

environment above 100 km is to be determined (ELF propagation only) ,

calculation flags for debris energy sources (determine whether ion i-

zat ion ca lcula t ions  w i l l  be made) are determined and the bursts that

produce ionization above 100 km are identified .

Next , an output option f l ag  is set to control the amount of
• detailed output and the ground conductivity for the path set equal

to input values are found by calling routine CONMAP. If neutron de-

cay beta ioniza tion calcula tions ar e to be made (inpu t option) , rou-

tine EE JEPNB is ini tial ized . Then an altitude loop is started and
the debris data file and a data file used for beta particle and com-

• ton electron data are rewound. The electron and ion densities and

collision frequencies at each altitude are found by calling routine

ELDEN2.
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ROUTINE ENV I RM)

ELF ? 
NO

I 
~~~~~~~~~~~~~~~~~~~~~~~~ 

YES

CIRCLE PATH DETERMINE DEBRIS ENERGY
CALCULATION FLAGS

I b0 ~ TE MIDPOINT VERTICAL PATH]

~~~~~~~ I DETERMINE F-REGION
IONIZATION BURSTS

NO 
ELF? 

___________________

_______________________________ I DETERMINE OUTPUT
LOCATE V E R T I C A L  PATHS J ( OPTION FLAG

FOR USE IN DETERMINING
DIFFRACTION FLAG 

_______________________________

___________________ 

DETERMINE GROUND
CONDUCTIV ITY

I INITIALIZE AMBIENT ATMOSPHERE
(

AND MAGNETIC FIELD ROUTINES

DETERMINE NUMBER AND 
I

PATHS FOR LONG GREAT
CIRCLE PATH ________________

ALTITUDE LOOP

0* 
__________  _________

[ 

DETERMINE AMBIENT ATMOSPHERE I DETERMINE IONIZATION
QUANTITIES AT SHORT GREAT ( AND COLLISION FREQUE NCIES
CIRCLE PATH MIDPOINT

PATH LOOP I NEXT ALTITUDE

DETERIIINE PATH LOCATION 1
AND GEOMETRY 1

NEXT PATH

~~~~~~TU~~~~)

Figure 9. Flowchart for subroutine ENVIRM.
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SUBRO UTINE EPRIME
This routine calculates the derivatives with respect to alti-

tude of the anisotropic r e f l ec t ion  coeff icients  for ELF propagation .

The reflection coefficients are defined from a prior integra-

tion step. Use is made of the property that the 11R11 and values

for ELF cases approximate 1 and -l respectively (see Section 2,

Volume 3). If the earth’s magnetic field effects are to be ignored,

simple re lationships defining the derivatives are used. More complex •

defini t ions  are used for the case where magnetic field effects are

included .

i

•

~1
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SUBROUTINE ERINT
Th is rout ine calcula tes ELF reflec tion coeff icien ts using

the Runge-Kutta integration algorithms .

To avoid the possibility of interpolation-induced numerical

problems , the integration intervals always start and terminate at

adjacent field-point altitudes.

The initial reflection coefficients are defined followed by

definition of the lower altitude of the first integration interval.

The in tegra tion step si ze is defined as 0.5 km , and the derivatives

of the reflection coefficients are calculated.

Second- and fourth-order Runge-Kutta integrations are per- =

formed. A measure of the error is made by computing the root mean
square of the difference between the two integrations. This error

is used to determine the step size for the next integration step ,

wh ich is halved , held constant , or doubled depending on the magni-

tude of the error.

Ithen the step size is to remain constant or be halved , a
- 

• test is made to determine if the bottom of the integration has been

• 

. 

reached . If it has , control is returned to the calling routine, if

more field altitudes remain to be processed , routine ERINT does the

next integration step .
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SUBROUTINE ESMAT

This routine calculates the S-matrix of the coefficients for
the ELF reflection coefficient differential equation .

The equations used for determining the S-matrix values are
in Appendix A , Volume 3.

.1
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SUBROUTINE ESTART
This routine calculates  the starting values for ELF reflection

coeff icient integration through an anisotrop ic ionosphere.

The equations used to determine the initial reflection coeff i-

cient val ues are def ined in Appendix B , Volume 3. For isotropic ion-

ospheres the coupled term s 1R 11 and 11 R1 are zero, and and ~R 1 can

be determined from simple expressions .

For the anisotropi c case the Booker quartic coeff ic ien ts are
calculated , followed by solv ing for the roots of the quartic . These
solutions are then used as initial values for a Newton-Raphson itera-

tion technique that refines the values . The two roots that corres-

pond to the upgoing waves are selected and used to determine the re-

flec tion coeffic ient matr ix values.

I,
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SUBROUTINE ETGA IN
This rout ine  calculates ELF hei ght gain funct ions .  

- 

-

Flat-earth expressions defined in Section 3, Volume 3, are

used to calculate the ELF height gain functions.

I

ii
I

• 1

1 1
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SUBROUTINE EXCFAC
This routine calculates VLF anisotropic excitation factors.

The excitation factors are determined as a function of the

ground reflection coefficien ts and eigenangle from ~ela tions given
in Section 3, Volume 3.

I
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SUBROUTINE FDELH
Th is routine compu tes ionospher ic incidence angle s, semi-hop

ground dis tance, and the ray path length for LF propaga ti on.

Standard curved-earth geometry formulations. are used .

I
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SUBROUTINE FINDHP
This routine f inds the ref lect ion al titude for a ray with a

specified ground elevation angle. A flowchart for the routine is

shown in Figure 10.

This routine is called in an iterative ray-geometry calcula-

tion , with a trial ground elevation angle defined . A nominal reflec-

tion altitude and the ionospheric scale height and ionospheric bottom
altitude (below which ionization is neglig ible) are def ined at all
vertical paths along the great circle path.

Ver tica l path indices that bracket the reflection region are

defined , and a conservative estimate of the lowest possible reflec-

tion altitude is made. Then an iteration loop is initiated to find

the actual reflection height. Within the iteration loop the follow-

ing steps occur :

1. The distance from the ray origin to a point on the ray

that is at the trial altitude is computed , given the
ray ground elevation angle.  The ionospheric incidence

angle is also computed.

2. Interpolation is used to define a nominal reflection

altitude and ionospheric scale height. 
-

3. The actua l reflect ion alt i tude is computed using the

in terpola ted val ues from Step 2 and the computed iono-

spheric inc idence angle.

4. The trial altitude is incremented upward and Steps 1

through 4 repeated until the trial altitude differs by

a specified minimum value from the computed reflection

altitude.

5. The value computed for the reflection altitude in the

last i teration is defined to be the required reflection

al t i tude .
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DEFINE INDICES OF VERTICAL PATHS
THAT BOUND THE POSSIBLE
IONOSPHERIC REFLECTION REGION

DEFINE AN INITIAL MINIMUM
EST IMAT E OF THE REFLECTING ALT ITUDE

I

• ITERATE TO FIND ACTUAL IONOSPHERIC
REFLECTION POINT AND ALT ITUDE
FOR A SPECIFIED GROUND ELEVATION ANGLE

I
1

(~~~~~~URN~J 
.

I

Figure 10. Flowchart for subroutine FINDHP .
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The nominal  r e f l ec t ion  a l t i t u d e  and ionospheric scale  he ight
and the definition of the reflection altitude in terms of these quan-
tities and the ionospheric incidence angle are explained and formulas
given in Section 4, Volume 3.
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SUBROUTINE FINGEO
This routine computes hop geometry between transmitter and

receiver antennas. A flowchart for the routine is shown in Figure 11.

Subroutine FINGEO contains iteration loops for defining sky-

wave geometry when the ionospheric reflection altitude varies along

the propagation path . Five skywave paths are sought with N - 2,

N - 1, N , N + 1, and N + 2 ionospheric ref lect ions , where N is the

minimum number of hops required to traverse the total distance be-

tween transmitter and receiver without diffraction . When N - 2 or

N - 1 is zero or negative , the corresponding path is not considered .

A maximum limit on the number of hops is set at nine.

The iteration starts with a one-hop path. The ground eleva-

tion angle is initialized to zero, and the total distance traveled

by a one-hop ray is computed in FINDHP . If the distance traveled is

less than the path distance , the hop counter is incremented and the

path geometry for a two-hop path is sought. This process is continued

unt i l  the sum of the hop d istance exceeds the total path d istance.

Then the ground elevation angle is incremented in an iteration ioop

to make the total hop distance agree with the total path length with-

in a spec i fied tolerance.

The number of hops that produces the first hop-length sum

that exceeds the path distance defines N (described above). The maxi-

mum number of hops is defined as N + 2 , and the d i f f r ac t ed  path w i t h

the greatest number of hops is defined as N - 1.

After defining N, the hop geometry for N + 1 and N + 2 hop

skywaves is defined by iterating on ground elevation ang le.

F i n a l l y ,  a f t e r  def in ing  the geometry for a ll  the rays where

geometric optics apply, the geometry for diffracted paths is computed

• when N exceeds 1. The diffraction path geometry is obtained by di-

• v iding the path into equal increments , assuming the ionospheric re-
f l ect ion poin t occurs at the midd le  of the increment and tha t the

ground el eva tion angle is zero . -
~~~

•
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Figure 11 . Flowc hart for subrou ti ne FINGEO.
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The equa tions and descri ption of the procedur e for searchin g

out the hop geome try are descr ibed in Section 4 , Volume 3 .

3

I
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SUBROUTINE FMAG
This  routine computes hor izon ta l  and vertica l groundwav e loss

funct ions , and d i f f r ac t i on  losses. A f lowchar t for the routine is

shown in Figure 12.

Subroutine FMAG computes all  parameters used to def ine the
inf luence of the ground on the skywave fields . The groundwave loss

term is computed using Airy functions representat ions.  The antenna

foreground factors are computed using either a geometric representa-

tion for ground elevation ang les greater than 2 degrees or Airy func-

t ion formulat ions  for smaller  ground e levat ion ang les. Ground reflec-

tion loss or diffraction loss is computed at intermediate ground re-

flection points.

Both geometrical optical approxi mations (Fresnel coef f i c ients)
and the Airy function formulat ions are described in detail  in Section

4, Volume 3.
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SUBROUTINE FMA G

DO FOR VERT ICAL AND HORIZONTAL POLARIZATION

IS GROUNDWAVE CALCULATION DESIRED YES

NO

INITIALIZE FLAG 10 INDICATE TRANSMITTER OR RECEIVER LOCATION

YES IS POWER RADIATED IN THIS YES IS THIS THE NO IS THIS THE NO
POLARIZATION ZERO FIRST HOP LAST HOP

NO YES

SET F~.AG TO
INDIC&T E INTER—
MEDIATE POINT

IS S KYWAVE MODE ONE OR NO IS SKY WAV E MODE ONE OR
TRANSMITTER AT ZERO ALTITUDE l1I

J 
RECEIVER AT ZEROALTITUDE

YES YES
DEFINE FOREGROUND
FACTOR FOR ELEVATED
ANTENNA

ELEVA TION ANGLE \ 
~( TOO SMALL FOR FRESN EL )

YE 
I

REFLECTION COEFFICIENT 
/

INO

ICO MPUTE FRESNEL GROUND REFLECTION COEFF ICIEN T

DEFINE GEOMETRIC FOREGROUND FACTOR OR I NTERM (D I~ 1E REFLECTIO N

CO~~ UTE GROUNDWAVE LOSS TE RM .
FOREGROUND FACTOR OR DIFFRACTION

~~~~~~~~~~~~~~~~~~~~~~~~~~

Figure 12. Flowcha rt for subroutine FMAG .
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SUBROUTINE GNDWV
This routine computes the groundwave attenuation function for

a specified path length , wave frequency, and ground impedance.

An average value for the ground conductivity is first computed.

The groundwave loss function for a homogeneous curved earth is obtained

from Subroutine FMAG . The formulas evaluated in FMAG are described in

Section 4 of Volume 3.

I .
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SUBROUTINE GREFL
This routine computes the Fresnel ground reflection coeffi-

cient.

This routine computes the ground reflection coefficient using
standard Fresnel formulas for both horizontal and vertical polariza-
tion. It is used for ground elevation angles greater than 2 degrees.

I

I
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1~SUBROUTINE GUESS
This routine determines isotrop ic mode sol utions for VLF

propagation.

First, the polarization (horizontal or vertical) is deter-

mined and routine ISOREF is called to determine the isotropic reflec-

tion coeff icients. Then , a call to routine APPROX is made to deter-
mine the eigenangle. The eigenangle is referenced to the al titude

where the index of refraction is assumed to be unity and excitation
and he ight gain factors are determined .

I
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SUBROUTINE HTGAIN
This routine calculates the anisotrop ic antenna hei ght -ga in

factors for VLF propagation .

The VLF hei ght gain factors are calculated as defined by
equations in Section 3, Volume 3. The first time routine HTGAIN is

called , an initial ization is performed for all  parame ters independen t

of antenna altitude. For subsequent calls to routine HTGAIN , only
altitude-dependent parameters are computed . If the imag inary part

of the eigenvalue that is input to HTGAIN exceeds 10 degrees , flat-
earth approximations are used . Otherwise curved-earth ca lcula t ions

are made.

.1

j
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SUBROUTINE INPUT
This routine reads input quantities for the WEDCOM IV code,

converts input problem geometry into coord ina te systems used with in

the code , perform s prel im inary cal cula tions , and writes out a descrip-

tion of the problem to be run.

A detailed description of the input data format and input

quantities is given in Section 2 of Volume 1. First , input data (Input

Blocks 1 through 9) are read . If input data for particular Input

Blocks are not given , previously spec if ied da ta (stacked problem

cases) or default data are used .

In conjunction with reading input data , the number of calcula-

tion times are determined if these inputs are specified . Also , if

weapon spectral data are given , routines ~OGl , 1~JON l , and 1~OXl are
called to process the data for use in the WEDCOM code.

After the input data are read in , a printout describing the

problem case is prepared and geometry calculations for the transmitter

and receiver terminal locations and burst point locations determined .

The geometry calculations are performed to convert the input geometry

specification to an earth-centered geograph ic vec tor description and
to provide output in all of the several allowable input geometry

systems .

If in a stacked problem case the location of the origin is

changed and the location of the transmitter and receiver terminal are

not (input group 6 changed and input group 7 not given) , the terminal

locations wi l l  be taken as the geographic locations determined in

the problem case they were specified . Thus, even if the terminal loca-

tions were specified in relation to the origin they will not move

unless the input card s (input group 7) are given . The same comment

app lies to burst locations .
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I
SUBROUTINE IONOSU

This routine computes properties of the ambient ionosphere .
The routine is a modified version of routine IONOSU developed by

Science Applications Incorporated for ROSCOE (Reference 6 ) .

Inputs to the routine are the a l t i t ude  of interest , time of

day (day or n i g h t ) ,  and atmospheric properties (neutral  species con-

centrations and gas temperature) at the altitude of interest. For I

al t i tudes  below 90 km the only output quant i ty  computed is the ambient I

ion-pair production rate (cm’3 sec~~). For higher altitudes , the 4
ambient electron densi ty ,  atomic ion density, molecular ion dens i ty ,

and electron temperature are computed in addi t ion to the ambient ion-

pair production rate. The output quanti t ies are determined by fits to

nominal mid-latitude daytime and nighttime data and are not a function
of geographic location , or date.

For use in WEDCOM the nighttime electron density profile has 1

been modified to have a minimum value between the F region and the F

region maximum similar to that in the ni ght t ime prof i le  adapted by

the Naval Ocean Systems Center (Reference 4).

F 

I
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SUBROUTINE ISOREF
This routine computes coefficients for an exponential repre-

sentation of the VLF reflection coefficient as a function of the angle

of incidence and a phase reference altitude for a specified vertical

ionization profile. A flowchart for the routine is shown in Figure 13.

A reference altitude is defined as the altitude where reflec-

tion maximizes. Starting with the lowest field-point altitude , compu-

tations are made of the real and imaginary parts of the square of the

compl ex index of refraction (Section 3, Volume 3). An exponential

interpolation at 1-km intervals is made between field-point altitudes.

The reference altitude is defined as the altitude where the imaginary

part of the square of the index of refraction is equal to 0.04. The

highest and lowest altitudes on the ionization profile that must be

considered are def ined prior to the call to ISOREF.

After the reference altitude is determined , the reflection

coefficient for two specified angles of incidence are found by a

recursive relationship that proceeds downward from the highest altitude.

“Slab” impedance values are computed for 1-km slabs by interpolating

the index of refraction between field points. Depending on the value

of Y POL, (an input option indicating polarization) the slab impedances

are calculated for either horizontal or vertical polarization. Com-

putations of the phase of the reflection coefficients are made at

altitudes below the reference altitude.

The coefficients used in the exponential representation of

the reflection coefficient as a function of the angle of incidence

are then computed . Generally, reflection coefficient calculations

are terminated below an altitude where significant absorption occurs.

However , there is the possibility that the ionization below the

reference altitude may decrease sufficiently to cause the slab calcu-

lation to be terminated and then increase enough (e.g., in a low-alti-

tude debris region where the ionization does not cause reflection) to

produce some absorption . To allow for this possibility , absorption

occuring below the termination altitude is used to modify the reflection

coefficient amplitude.
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ISUBROUTINED

r DEFINE WAVENUMBER
AND SLAB SIZE

COMPUTE REFRACTION INDEX
FOR ALL ALTITUDES

[~OMPUTE REFERENCE ALTITU~~

DO ANGLES OF INCIDENCE

[ 
COMPUTE REFLECTION
COEFFICIENT TERMS

NEXT ANGLE

_ _ _ _ _ _

COMPUTE COEFFICIENTS FOR
ANALYTICAL REPRESENTATION
OF REFLECTION COEFFICIENT

4,
ci— 

RETURN

Figure 13. Flowchart for subroutine ISOREF.
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SUBROUTINE ISORLF
This routine computes the amplitude and phase of the LF iso-

tropic reflection coefficient and a phase reference altitude for a

specified vertical ionization profile and angle of incidence.

Routine ISORLF is essentially the same as routine ISOREF

except that calculations are made for a specified angle of incidence

given as input and the reflection coefficient is given as output

rather than the coefficients used in an analytical representation of

the reflection coefficient .

F,

H
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SUBROUTINE LENTRP
This routine interpolates linearly between data stored for

adjacent vertical paths to obtain electron and positive ion density

values, ground electrical constants, and geometric parameters.

Values for ground conductivity, ground relative dielectric

constant, propagation azimuth , magnetic field strength, magnetic field

dip angle , ionospheric top and bottom al titudes , ionosphere scale

height, and electron and positive ion density vertical profiles are

stored for each vertical path. For a given position between two

vertical paths , output quantities are found by linearly interpolating

with distance.

I
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SUBROUTINE LFHOP

This routine is the LF propagation driver routine and deter-

mines anisotropic reflection coefficients and ground wave and sky-

wave field strengths. A simplified flowchart for the routine is

shown in Figure 14.

First, propagation parameters and geometry are defined and

nominal system quantities are written out. Then, for propagation paths

less than 6000 km the groundwave field strength is determined by

calling routine GNDWV.

A time loop over the calculation times is started and an

ambient calculation flag (determine whether calculations will be

made for ambient conditions) is set from input parameters. Next, a

loop over the vertical paths between transmitter and receiver is

started. For each path magnetic field quantities are established and

the level of detailed output requested determined . The ionization

and collision frequencies along the vertical path for disturbed con-

ditions are obtained from the environment file. If detailed output

concerning the index of refraction has been requested (IO1JTPG = 2),

routine OUTION is called .

After the ionospheric conditions for each vertical path

have been obtained the skywave fields are determined for ambient

(if requested) and disturbed conditions. First, routine BHRHS is

called to obtain starting and stopping altitudes for reflection coef-

ficient calculations and routine FINEGO is called to determine sky-

wave geometry. Then, routine EHOP is called to determine the sky-

wave field strengths. The total field (sum of groundwave field and

skywave fields) is determined by calling routine TFIELD. The last

step before starting calculations for the next calculation time is

to prepare nominal output for disturbed and ambient field strengths.
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SUBROUTINE IPHOP

DEFINE PROPAGATION PARAM-
ETERS AND GEOMETR Y

WRITE NOMINAL OUTPUT
FOR SYSTEM PARAMETERS

T iME LOOP

DETERMINE AMBIE NT FLAG

VERTICAL PATH LOOP

READ IONOSPHERE DATA
FOR DISTURBED CONDITIONS

DETER M INE MAGNETIC FIELD
PARAMETERS. SET OUTPUT FLAG

OETAILED NO
OUTPUT REQUESTED

YE S

DETERMINE TOP AND BOTTO M
INTEGRATION ALTITUDES AND
REFERENCE ALTITUD ES

NEXT VERTICAL PATH

Figure 14. Flowchart for subroutine LFHOP.
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SUBROUTINE LINKER
This routine is used when operating the WEDCOM IV code on a

‘ 

Honeywell computer system to provide overlaying . The LINKER routine

is used rather than direct calls to LLINK (a Honeywell linking

routine) in order to be able to test whether the overlay is already

available.
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SUBROUTINE MATINV
This routine solves a set of linear simultaneous equations

[A]1 = B

where
[A] = a square matrix

= force element vec tor

= independen t variable  element vector to be solved .

Craut ’s L - U decompos ition algor ithm is used wi th partial pivoting
(Reference 7).
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SUBROUTINE MDHNKL
This routi ne computes the modified Hankel functions of order

one-third and their derivatives for a specified complex argument.

This is an NOSC rout ine adapted for WEOCOM (Reference 5).
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SUBROUTINE MMATRX
Th is routine calculates the ionospheric susceptibi l ity matr ix

including magnetic field effects and earth curvature .

The squared ratios of the electron, positive ion, and negative
ion plasma frequenc ies to the s ignal frequency are defined . Nex t ,
the corresponding ratios of collision frequencies to the signa l fre-

quency are defined . The susceptibility matrix is initialized .

The susceptibil ity matrix is calculated by separately calcu-

J lating and then summing the contributions due to electrons and posi-

tive and negative ions. If field effects are not important , only

the diagonal terms are calculated . The effects of earth curvature

are included by an artificial modification of the diagonal terms in

the susceptibility matrix .

r

. 1

)
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SUBROUTINE F•IODCON

This routine computes the VLF model mode conversion coeff i-

cients used to determine the received signal strengths from non-uniform

waveguides .

A test is made to determine if the waveguide slab characteris-

tics for the slab under considerati on are identical to the prior slab.

If so , a simple relationship exists between the coefficients of the
new slab and the pr ior slab . For the f irst slab , or for the case where
two adjacent slab characteristics differ, height-gain characteristics

(in Volume 3 Equations 3-65 through 3-70) at the slab interface are

computed using the eigenangles for the new slab. Slab interface he ight-

gain characteristics are also computed for the prior slab for the same

eigenangles. These characteristics are then used to formulate boundary

condition relationships (Equation 3-64). The mode conversion coeffi-

cients are computed from the solution of a set of simultaneous equations

(Equation 3-63). The height-gain characteristics computed above and

mode convers ion coeff icients are saved for the next slab interface .
Detailed output is printed if desired.
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SUBROUTINE MODEZ
This  routine computes solutions to the VLF mode equation for

a g i ven ionosph e r i c  p r o f i l e  and ground conduct iv i ty . h e i gh t gain an d

ex c i t a t i o n  f actors are also ca l cu l a t ed . A s i m p l i f i e d  f lowchar t  for

the routine is shown in I i gure 14.

For ground ranges less than 4000 km and frequencies less than

15 kIt :  s ix  rnoues are computed ; otherwise four are computed. A f l ag

is i n i t i a l i z e d  at the s tar t  of the mode loop to d i rec t  ca lcu la t ions

to the TM or I’E mode branch . half of the mode solutions result from

TM calculations and the remaining half from TE calculations. An

isotrop ic solution is found by calling routine GUESS and the attenua-

tion rate is computed. if the attenuat i on rate is greater than 20 dB/Mm ,

a logical parameter , ISOANS , is set to 1 to indicate that  the i sotropic

solution ~il1 be used .

Routine EIGENV is employed to calculate the value of the eigen-

value , including earth curvature and the earth’s magnetic field effects ,

using the approximate isotropic ionosphere cigenvalue as a first estimate

in the iteration process. If the iteration process does not converge ,

the isotropic value is saved for further calculations and a new mode

is analyzed .

If the logical parameter ISOANS is equal to 1 (either because

of the attenuation rate or because of being set in routine VLFMOD),

the isotropic solution obtained from routine GUESS is used and only

parameters related to mode conversion are obtained from routine EJGENV .

Aftcr the eigenvalue is calculated , the height gain and exci-

tation factors are found by calling routines HTGAIN and EXCFAC . After

all the modes are calculated the mode outputs are reordered so that

the real part of the eigenangles decreases as the mode number increases.

If detailed output has been requested , the mode quantities ,

excitation factors and height-gain factors are written out.
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~~~~ R0UTINE M0DE)~~~
MODE LOOP

INITIALIZE POLARIZATION
FLAG FOR TE OR TM MODE

CALCULATE ISOTROPIC
MODE SOLUTION

VI
SET MODE SOLUTION FLAG

I CALCULATE ANISOTROPIC
MODE SOLUTION

CALCULATE HEIGHT-GAIN
AND EXCITATION FACTORS

NEXT MODE
4

I REORDER MODES

4,
PREPARE DETAILED OUTPUT

RETURN

Figure 15. Flowchart for subroutine MODEZ.

105

- 
- J 1 J J  - ~1it- --

~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~ L..L ~~~~~~ - -
~~~— — _ ~~~~~~

_
~~~~~~~~‘



F- 
—_- -_-----_-- -- - -

SUBROUTINE OUTION
This routine computes the ionospheric index of refraction

prof ile, the reference altitude for VLF and LF reflection , and the top

and bottom altitudes for reflection coefficient calculations. A flow-

chart for the routine is shown in Figure 16.

The anisotropic and isotropic indexes of refraction are defined
at each f ield point beg inning at the lowes t f ield point . The aniso-

tropic index is used for detailed output and determining the top alti-

tude for ELF reflection coefficient calculations . The isotropic index

is used for approximating the VLF and LF reference altitudes and the

top and bottom reflection coefficient calculation altitudes.

For ELF the top starting altitude is determined as the altitude 1
where the one-way vertical absorption equals 30 dB and the bottom alti-

tude is set to zero. For VL and LF the top starting altitude is deter-

mined as the altitude where

10B < 2 maximum (1, 
~~~~~~~~ )

where

B = imaginary part of the square of the index of refraction .
The bottom altitude for VLF and reflection coefficient calcu-

lations is estimated as the altitude below where

B < 0 . 0 0 0 2

and the reference altitude is estimated as the altitudes where

B = 0.04 .

After completing the field-point altitude loop, refinement of

the ionospheric top and reflection altitude definitions is made by

interpolating between field points.

A
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~~~~ROUTINE ouii)~~
ALTITUDE LOOP

ICALCULATE INDEX1
OF REFRACTION

YES~~~~~~~~~~ N0

TEST FOR TOP 1 TEST FOR REFERENCE ALTITUDE
REFLECTION I AND TOP AND BOTTOM
ALTITUDE ] REFLECTION ALTITUDE S

NEXT ALTITUDE

4

YES

DEFINE TOP AND
I BOTTOM REFLEC-

lION ALTITUDES

till

ciii—__

RETURN )

Figure 16. Flowchart for subrouti ne OUTION.
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I
SUBROUTINE QSUBI

This routine computes the normalized ionospheric surface impe-

dance. I
Th is routine emp loys equations given in Section 3, Volume 4

to determine the normalized ionospheric surface impedance assuming

vertical or horizontal polarization .

I
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SUBROUTINE REFLCO
This routine computes comp lex values of reflection coefficients.

A flowchart for the routine is shown in Figure 17.

Subroutine REFLCO is the driver routine for calculating iono-

spheric reflection coefficients. Magnetic field quantities , ionospheric
incident angle values , and a starting altitude for the reflection co-

t ef f icient integration are def ined . Electron and ion dens ities , co]-

lision frequencies , and elements of the susceptibility matrix are
defined at the starting altitude by calling routines ENNU and MMATRX.

Starting values for the reflection coefficients are obtained from

routine START, and the integration process is initiated by calling

routine RINT .

I
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ROUTINE REFL~~

‘I,
DEFINE CONSTANTS AND FLAGS , DIP ANGLE IN
RADIANS , MAGNETIC INDUCTION MAGNITUDE ,
REFLECTION ALTITUD E , IONOSPHERE TOP ,
INCIDENCE ANGLE

FINTERPOLATE FOR ELECTRON NEUTRAL
AND ION NEUTRAL COLLISION
FREQUENCIES

[ COMPUTE MATRIX ELEMENTS
TO START INTEGRATION

COMPUTE STARTING VALUES
FOR REFLECTION INTEGRATION

COMPUTE REFLECTION COEFFI CIENTS
USING RUNGE KUTTA INTEGRATION

RETURN

Figure 17. Flowchart for subroutine REFLCO .
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SUBROUTINE REORDER

This routine reorders environmental data stored in a file for

each vertical path for all calculation times so that they are stored
for each calculation time for all ver tical paths .
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SUBROUTINE RGND
This routine calculates ELF and VLF ground reflection coeffi-

cients. .~ 
-

After initialization of several conductivity parameters , a

test determines if this is a VLF or ELF case. For VLF the reflection

coeff icients are calculated using equat ions given in Appendix C,
Volume 3. For ELF the Fresnel ground reflection coefficients are cal-

culated .

•

1

•

1
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SUBROUTINE RINT
This routine calculates reflection coefficients using the

Runge-Kutta integration algorithms . A flowchart for the routine is

shown in Figure 18.

To avoid the possibility of interpolation-induced numerical

problems , the integration intervals always start and term i nate at

adjacent field-point altitudes .

The reflection coefficient starting values are defined followed

by definition of the lower altitude of the first integration interval.

The integration step si:e is defined as 0.5 km and the derivatives of

the reflection coefficients are calculated .

Second- and fourth-order Runge-Kutta integrations are performed .

A measure of the error is made through a root-mean square of the dif-

ference between the two integrations . This error is used to determine

the step size for the next integration step , which is halved , held
constant , or doubled depending on the magnitude of the error .

When the step s ize  is to remain constant or be halved , a test

is made to determine if the bottom of the integrat ion in te rva l  has

been reached . If it has , control is returned to the calling routine.

Otherwise , if more field altitudes remain to be processed , Subroutine

hUNT does the next integration step .
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(~~i~R OIJT INE RINjJ

INITIALIZE REFLE CTION COEFFI-
CIENT STARTING VALUE S

DEFINE THE TWO ADJA CENT FIELD ALTITUDES

I~
1HERE THE INTEGRATI ON IS TO BEGIN AND END

ISET THE INITIAL INTEGRATION STEP 10 0. 5 km AND I
(CALCUL AT E n~€ REFLEC T I ON COEFFICIENT DERIVA mVE S(

I INTEGRATE THE REFLECTION COEFFICIENT DERIVAT IVES USING

(~ECOND- AND FOURTH-ORDER RUNGE-KU TTA ALGORITHMS

CALCULATE ROOT MEAN SQUARED DIFFERENCE
BETWEEN INTEGRATION ALGORITHMS

CARE THERE MORE ALTITUDE S )~N0 
IRETUR

~~~)

YES

ALTITUDE BEEN REACHED)

YES

- rI~~
E
~~

A1I
~~~~

1EP SI ZE

Figure 18. Flowchart for subroutine RINT .
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SUBROUTINE ROOT

This routine employs Newton ’s procedure to compute the root
of the VLF mode equation

Subroutine ROOT employs Newton ’s iteration method to calculate

the solution to the isotropic mode equation from a given approximate

solution. The parameter AMIN is defined as the absolute part of

(1 - AB), where A and B are defined in Sect ion 3, Volume 7. To obtain

a good solution , ANIN must be smaller than 0.005, and the magnitude

of the difference between successive calculations of the root must not

be larger than 0.005. When these conditions are not satisfied after

20 iterations , a statement is written indicating the last value of

AMIN. When the process diverges , the root is set to the original
guess if it is a good approximation ; otherwise a large attenuation is

assigned .

I
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SUBROUTINE RPRIME V

This routine calculates the derivatives with respect to alti-

tude of the anisotropic reflection coefficients.

The reflection coefficients are defined from a prior integra-

tion step, If the earth ’s magnetic field effects are to be ignored , I
simple relationships defining the derivatives are used . More complex

definitions are used for the case where magnetic field effects are

inc luded (see Section 2, Volume 3).

I

I

B
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SUBROUTINE RSTART

Ibis routine calculates the starting values for reflection

coeff ic ient  in tegra tion  through anisotrop ic ionospheres.

The equations used to determine the initial reflection coeffi-

cient values are defined in Appendix B, Volume 3. For isotropic iono-

spheres the coupled terms ZR ,, and ,,R1 are zero, and ,1 R 1, and

can be determined from simple expressions.

For the anisotropic case , the Booker quartic coefficients are

calculated , followed by solving for the roots of the quartic. These

solutions are then used as initial values for a Newton-Raphson itera-

tion technique that refines the values . The two roots that corres- -
pond to the upgoing waves are selected and used to determine initial

reflection coefficient matrix values .

I
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SUBROUTINE RUNG I
This routine performs a Runge-Kutta integration in the ground-

wave calculations. j
A standard fourth-order Runge-Kutta integration procedure is

used. One of the following two equations is integrated over the

inverval from 0 to Q :

~ 
where Q0 = 

~mag for 
‘~~mag 1 < ~ I

or 

= 
1 - t Q 2 where = 

~~~ g 
for 

~mag 1 > 1

I
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SUBROUTINE SMAT
This routine calculates the S-matrix of the coefficients for

the reflection coefficient differential equation .

( The equations used for determining the S-matrix values are in

Appendix A , Volume 3.
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SUBROUTINE SURFQ
This routine determines the normalized surfice impedance for 1

horizontal ly  or ver tic a l l y  polar ized fi elds.

Subroutine SURFQ solves equations given in Section 3, Volu me
3 to determine the normalizcd ground impedance for either the horizon-

tally or vertically polarized fields , depending on the option selected

at input .
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SUBROUTINE TEM
This routine calculates TEM mode field values at the receiver

for ELF propagation. A simplified flowchart for the routine is shown

in Figure 19.

First, propagation parameters and geometry are defined and nominal

system output quantities are written out. Then a time loop over the

calculation times is started and eigenvalue-dependent data parameters

defined in routine ELFMOD are read from a data file. If ambient calcu-

lations have been requested (input option) data for ambient conditions are

read in first; otherwise , data for disturbed conditions are obtained .

The short- and long-path height-gain factors for the transmitter and

receiver locations are determined by calls to routine ETGAIN. The

short path WKB approximation is always calculated and the long path

calculation is made when requested (input option) . Then, the short
path (and the long path when requested) electromagnetic fields at the

receiver location are determined and nominal output is written out .

If the multiple receiver location option (input option) has been

exercised , the electromagnetic fields at each vertical path location
are computed. After calculations have been completed for disturbed
conditions, calculations are started for the next calculation time.
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~~~~~~~~ T I N E TEM

DEFINE PROPAGATION PARAMETERS
AND GEOMETRY. WR ITE V

NOMINAL SYSTEM OUTPUT

CPJ..CIJLATION TIME LOOP

DISTURBED CONDITIONS

VERTICAL PATH LOOP 
V

READ 1’OVE SOLUTION DATA CALC ULA TE
TRANSMITTER AND RECEIVER HEIUH T-GAIN
FACTORS. CALCULATE ~ .b API’llOXIMATI DM
FOR SHORT-PATH FIEL U

CALCULATE YES
FOR LONG
PATH?

CALCULATE WKB APPR OKIMAT IONNO FOR LONG PATH F I E L D

CALCULATE SHORT PATH
FILLD AT REC EIVER

CALCULATE YES
FOR LONG
PATH?

CALCULAT E LONU PAT H
NO F I E L D  AT RECEI V ER

V WR I T E  NO M IN AL
OUTPUT

YES MULTIPLE
R E C E I V E R

OPTION ON?

NO

CALCULATIONS
NO COMPLETED 10k

DISTU RR EE5 a
CONDITIO NS?

NEXT TIME YES

RETURN

Figure 19. Flowchart for subroutine TEM.
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SUBROUTINE TFIELD
This routine computes the total LF elec tric field strength

by summing the fields of all the skywaves and the groundwave.

The electric field is first set equal to the groundwave value.

Then , a vector or rms sum of the groundwave and skywave f ields is
computed . The vector sum is used when the multiple receiver location

option (input option) is exercised and calculations of the electric

field are made at each vertical path location . The rms sum is used
when the multiple receiver location option is not exercised and calcu-

lations of the electric field are only made at one location . If

detailed output has been requested (input option), the field strengths
for vertical , normal , and parallel field polarizations at the trans-
mitter and receiver locations are written out.
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SUBROUTINE UANTD
This routine determines the orientation of the transmitter

antenna as a function of time .

This is a dummy routine for illustration . The transmitter

antenna zenith angle and azimuth angle are both set to zero (vertical

dipole).  .~
1

‘I 
-

I
s

‘ I -

1 ,

I-
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SUBROUTINE VLF FI CV
Th is rout ine computes the VLF elec tri c f ield strength in each

mode at each vertical path location and the total field strength at
rece iver locations using mode conversion to account for effec ts of a
variable height earth-ionosphere waveguide.

Parameters are first defined which relate the transmitter
power to antenna orientation . Then cumulative mode conversion coeff i-

c ients are computed for the region between the transmitter (f irst

vertical path location) and the current vertical path location . The

eigenangles , height-gain , and excitation factors for the first verti-

cal path location are saved . Then , if the current vertical path loca-

tion is a receiver location , the total field is computed from either

a vector or rm s sum of the mode fields. The vector sum is used when
the multiple receiver location option is exerc ised ( input option) and 

V

calculations of the electric field are made at each vertical path

location . The rms sum is used when only one receiver location is

spec ified.

I

I

1
I
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SUBROUTINE VLF MOD
This routine is the VLF propagation driver routine and deter-

mines anisotropic reflection coefficients , mode solutions , and excita-

tion factors. A simplified flowchart for the routine is shown in

Figure 20.

First, propagation parameters and geometry are defined and
nominal system output quantities are written out. Then , a time loop

over the calculation times is started and an ambient calculation flag

(determines whether calculations will be made for ambient conditions)

is set from input parameters.

Nex t, a loop over the vertical paths between transmitter and

receiver is started and calculations made for the disturbed environ-

ment. For each path the ionization and collision frequencies are
obtained from the environment file. Magnetic field and ground conduc-

tivity quantities are established and the level of detailed output

requested is determined . Then, routine OUTION is called to determine

a reference altitude and the top and bottom altitudes to be used in

computing reflection coefficients. If the reference altitude is less

than 55 km , a logical parameter , ISOANS , is set to 1 to indicate that

an isotropic mode solution is to be used .

If the input option to minimize the number of reflection coef-

ficient calc ulations is exerc ised (MRCOLF = 1) , tests are made to
see how much the top altitude obtained from routine OUTION , the magne-

tic field properties , and the ground conductivity have changed from

H the values computed for the previous vertical path. If they have not

changed by more than specified amounts , the mode characteristics

previously determined are used for the current vertical path. Other-

wise , either routine EIGSCII (reference altitudes greater than 70 km)

or routine MODE (reference altitude less than 70 km) is called to j
determine the mode charac teristic s.
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SUBROUTINE VLFMOD

IXERINE PROPAGATION PARAI4-
ETER S AND GEOMETRY

WR ITE NOMINAL
SYSTEM OUTPUT

TIME LOOP

DET ERMINE AMB IENT FLA G

PATH LOOP
-,

L DEFINE IONIZATION AND
COLLISION FREQUENCIES

I SET MAGNE TIC FI E LD AND

I GROUND CONDUCT IVI TIES.
SET OUTPUT FLAG

IDETERMINE REFERENCE ALTITUDE.
DETEAMINE TOP AND DOTTOM
INTEGRATION ALTITUDES

SET MODE SOLUTION FLAG
5-

J

NO 
ALT~~VEFJERENI

~~ knu 
YES

DETERMINE MODE DETERMINE MODE
CHARACTERISTICS CHARACTERISTICS
FROM MOUEZ FROM EJG SC H

DETER MINE FIELD
STRENGT H

NEX T PAT H

AMVI ENTES 
CALCULAT ION

NE X T CALCULATION TIME NO

(~~~~ TUR)~~~~~

Figure 20. Flowchart for subroutine VLFMOD .
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The field strength of each mode at the vertical path location

is determined by either calling routine VLFWKB , if the WKB approxima- , 1
tions are used , or call ing routine VLFMCV , if mode convers ion is to
be determined . (Either routine VLFWK~ or routine VLFMCV must be

chosen as overlay [7,3] before running WEDCOM IV). Calculations are

made for each vertical path location for disturbed conditions and .
then repeated for ambient conditions if ambient calculations have

been requested for the specified calculation time .

I
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I
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SUBROUTINE VLFWKB

This routine computes the VLF electric field strength in each

mode (WKB approximation) at each vertical path location and the total

field strength at receiver locations.

First , the electric field strength in each mode at the current

vertical path location is computed using a WKB approximatLon . Then ,

if the vertical path location is a receiver location , the total field

is computed from either a vector or rms sum of the mode fields. The

vector sum is used when the multiple receiver location option is

exercised (input option) and calculations of the electric field are

made at each vertical path location . The rms sun is used when only

one receiver location is specified .
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SUBROUTINE WFCTVL
This is a modified Naval Ocean Systems Center routine used in

mode search calculations (Refe rence 5). The routine computes F
function values at mesh points.

I
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SUBROUTINE WFINDF
I 

This is a modified NOSC routine used in the mode search algo-
1 rithm . It is used to compute the modified mode equation (Equation

3-8 in Volume 3) at a corner of a particular mesh.

S
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SUBROUTIN E WFDFDT

This is a modified Naval Ocean Systems Center routine used
in mode search ca lcula t ions  (Reference 5) .  ‘Ihe rout ine  computes F
funct ion  values and the i r  derivatives with  respect to 0 at arbi trary
values of 0. )

‘I

I
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SUBROUTINE WFS I NT

This is a Naval Ocean Systems Center routine used in mode
search calculations (Reference 5). The routine performs an integra-

tion of the differential equations for the ionosphere reflection

matrix through a free space region over a curved earth.

The routine has one additional entry point besides the main

entry point . Entry point WINIFS is used for an integration that is

independent of 0.
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SUBROUTINE WFZERO

This is a modified Naval Ocean Systems Center routine used in

mode search computations (Reference 5). The routine finds the zeros

of a complex function, F, which are wi thin a specif ied rectangular
region of the complex (0) plane , provided the function has no poles

in the vicinity of the rectangle.
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SUBROUTINE WLGRNG
This is a modified Naval Ocean Systems Center routine used in

mode search calculations (Reference 5). The routine performs Lagrange

interpolation of reflection coefficients in the cos 0 plane .

The routine has three additional entry points besides the main

—. entry point. Ent ry point WINJLG is used to in i t ia l ize  the Lagrange

interpolation . Entry WLGD ER is used to compute the derivatives of the

interpolated values of cos 0. Entry WSETLG is used for further ini-

tialization of the Lagrange interpolation .

I
I
,
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SUBROUTI NE WNOMES
This is amodified Naval Ocean Systems Center routine used in 

V

mode search calculations (Reference 5). The routine finds exact (in
the sense of no mesh approximations) locations of zeros of the function
F for which a comple te, but approximate, set was found in routine
WFZERO.
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SUBROUTINE WQUAD
This is a modified Naval Ocean Systems Center routine used in

niode search calculations (Reference 5). The routine finds the solu-

tion for the real roots of a quadratic equation of the form

ax + 2bx + c = 0
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SUBROUTIN E WRBARS

This is a modif ied Naval Ocean Systems Center rout ine used in
mode search calculations (Reference 5). The routine computes values

of variables used to form the elements of the reflection coefficient

matrix of an ELM wave from the earth’s surface.

The routine has one additional entry point besides the main

entry point. Entry point WINFRB is used for computation that is inde-
pendent of 0.
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SUBROUTINE WSETRH
This is a modified Naval Ocean Systems Center routine used in

mode search calculations (Reference 5). The routine selects given
points in the Lagrange interpolation and selects the reference height.

I
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SUBROUTINE XFER
This routine transfers one array into another.
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