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A USER’S GUIDE TO RAYTRACE

PART ONE:
INTRODUCTION




OVERVIEW

This manual is a user's guide to the operation of the progran
RAYTRACE (Version 4.3) and also csvers reiated ctopics. AsS a user's
guide, this document is meant o assist with zhe day to day usage cf

RAYTRACE. The greater theoretical dJdetail that many researchers na

b‘:

wish to see 1is contained in a paper that is being published in ®ad

¥
O

Science [1]. This user's guide 1s divided into two sections plus zhe
appendices. The first section is introductory in nature and includes
some background material, a 'packing list' of the files, and instruc-
tions for installation and setup. The second section is devoted to
educating the user ir the day to day operation of RAYTRACE. The

appendices incorporate a variety of useful information.

The authors of the program RAYTRACE are Dr. Michael H. Reilly of
the Naval Research Laboratory. and Dr. Eric L. Strobel of Interferc-
metrics Inc. Dr. Reilly may be reached at tae following address:

Dr. Michael H. Reilly

Code 4180.2

Naval Research Laboratory

Washington DC 203758

Phone: (202) 767-2891.
Dr. Strobel may be reached at:

Dr. Eric L. Strobel
Interferometrics Inc.
8150 Leesburg Pike
Vienna VA 22180

Phone: (703) 790-8%500.

Summary of capabilities

Vs ‘ r
The program RAYTRACE -has a number of distinctive capabilities. -
performs fully three-dimensional HF/VHF raytracing through a climaz>o-
logical ionosphere.»\(Magnetic field effects are, however, not zcur-
rently implemented.) ™ Single or nultiple rays may be traced dur:in:

€3
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single run., allowing the user greater flexibility in modeling. The




size of the increments used in the raypath calculation is user ad:;usc-
able so that appropriate compromises may be made between execution tinme
and accuracy. The program can trace rays between points at differenc
alticudes. Cutoff criteria may be set to stop the calculaticn at a
partizular range <r altitude.

RAYTRACE <calculates a numper of important gquantities about =zhe
ray. The change 1a signal intensity due to distance and icno
focusing or defocusing is calicularted. The group and pnase path _engt:n
values are both calculated. The location, as wWel. as informaticn =i
the direction of the ray. are calculated for =he end poinrt =f zhe ra-
and any intervening earth Lapact points (collectively these are ca

the data points for the ray). (7~ = - ' o

N ’

s e b
Technical background

The RAYTRACE program 1is an implementation of a technique that .s
much more fully discussed in a paper that will be published in Radic
Science (1]. A Dbrief synopsis of that parer’'s discussion concerning
program details is presented here. This section may be skipped wi:zi ~o
loss of continuity.

The RAYTRACE algorithm utilizes a set of raypath differanz_.al

equations that is separable under some approximation assum;

O
-

o
)
1]
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These assumptions involve expanding the square of the index of refrac-
tion in a Taylor series in a local set of Cartesian coordinares ang
then truncating the series. If the coefficients of this expansicn ars=
known, then the raypath differential equations are integrable. T

coefficients corresponding to the terms in the horizontal directicn ars

(& 1

obtained by spatial interpolation of sets of the coefficients 4de
on a latitude and longitude grid. Those in the vertical direczicon ara
obtained by using the functional form assumed by whatever parnti-..air
ionospheric model the raytracing program has been customized 3 worx
with. v

Given the truncation of the Taylor series. the equations {:r -ns=
raypath are only valid for a limited distance from the origin 2Z =-:ne
Taylor expansion. For this reason. the modeled raypath is bu:l=" <o
incrementally. The raypath equations. then, give the coordinaze=s =f
the end point of a ray increment i1n the local Cartesian system.

3




The program utilizes an ionocspheric specification on a latitude-
longitude grid of peoints. The ray is consctructed by successively cal-
culating the coefficients of the series, evaluating the raypath
equations. and updating the coordinates and other needed values 3in
preparation £or the next increment. The process continues 1ntil some
cutoff criterion 1s net.

This raytracing algorithm is quite compact, as it utilizes analry-
tical integration of the raypath differential equations, rather than
numerical integration. The storage requirements are smaiier <han i3
numerical integration was used because a particular (perhaps piecewise:
functional form for the vertical structure of the ionospnere .is
assumed. This exacts a price, however. If a change is made to the
underlying ionospheric model, or if a different model is to be used.
portions of the RAYTRACE code need to be changed. The current imple-
mentation of RAYTRACE corresponds to that detailed in the paper [1]. so
the model to which it is currently matched is the RADAR-C ionospheric
model {2]. The vertical profile from this mcdel and the number of
parameters necessary to specify the profile determine the calculaticn
of the expansion c¢coefficients and the resu.ting parameters and deriwva-

tives.

Operating requirements
The current implementation of RAYTRACE is written in Fortran ~
Subject to very minor compiler dependencies, which are discussed 1in
later sections, the program will run on most computers having For<tran
77 compilers. The total amount of disk storage recommended for =
with RAYTRACE is about one megabyte. Given the extra space needed ¢
the compiler and system files, use of a hard disk is virtually =2ss=n-

tial for microcomputer users of RAYTRACE. If necessary, it is possit.le

0

to place the executable version of the program. the associazed file

>
-

1]

and a data file on a floppy disk. A minimum of 512 K of memory

O

1S
commended, with 640 K or greater suggested. The presence of a ma=h =
processor is essentially a requirement for microcomputer users.

rn

An additicnal requirement that many users will face is a methcd o

e

generating input to RAYTRACE. This will entail a program that wil
produce a file, with a format given in Appendix A, from either an :5no-




spheric mnodel or experimental djata. These datca nay 2e 2ntered 5y aand.
but this method of data input to RAYTRACE is only practical for rela-

tively small amounts of daca.

Jesign philosophy

The RAYTRACE program has been developed to meet specific user

needs, however the development process has been geared %oward maintain-

ing the greatest degree of generality in operation consistent with the

original specific needs. For this reason. the program is user driven
to the greatest extent possible. This provides some capabiiity %c do
calculations 1n a "What <if ... ?” manner if desired. The current

version of the program represents an attempt to strike a balance
between modularity., maintainability of the code. and compactness of
both memory space and user interface.

Part of the basic ocutlook taken while developing RAYTRACE is that
this program will most certainly be put to unanticipated uses. The
program is therefore set up to be as straightforward as possibie 3t
least as simulation programs like this gc! to modify for such uses.
Some ideas on customization are given later. Such customizatizn .s

bound to occur as RAYTRACE becomes more widely disseminated. The zrc-

19

gram will grow, but some questions will inevitably come bpack %o =n
original authors of RAYTRACE. It is therefore strongly recommenced
that any variations, changes. or additions to RAYTRACE be commentaed 1as
profusely as possible in the scurce code. Additionally, the program's
authors (and, in fact, the research community at large) ougnht to ce
kept abreast of such alteratinsns when appropriate. If this occurs. .=
will not only aid RAYTRACE's authors in responding to questions. &ou-=
will facilitate the evolutionary improvement of the program as a z=n-
eral research tool.




Conventions used

It is assumed that the user is familiar with the operating system
for the machine that 1s used. Additionally. the user ought to te know-
ledgeable about =he operation 2f the c<compiler and =2ditor to bpe ‘ised.
Filenames are given i1n all capital letters (FILE.EXT), Wizh a =hree
letter extension. The total length of £ilenames 1is not %o exceed =zean
characters. Prompts are generally displayed in double gquotes (" ™
with responses given in single quotes (' '!. The quotes are not td be
typed.

RAYTRACE is currently implemented on a DOS system and a VAX/VMS
system, with subtle differences between the two implementations. This
manual 1is written so that those with DOS systems see as little as
possible about VMS systems, and vice versa. Although this approach
results in some overall repetition, the user may skip over sections not

dealing with his/her system without fear of missing key material.




FILES

What's included

The RAYTRACE package is best transported as source :zode which may
then be copied onto a system meeting the requirements stated above fcr
production of the executable version. What follows are prief descrip-
tions of the RATTRACZE source code files and the wvarious supperzin
files.

The source for the RAYTRACE program 1itself is broken into six
files. The file RAYTRA4.FOR is essentially the user interface shell
within which the actual raytracing routines are imbedded. The handling
of access of data files 1is also within this set of routines.
RRAYSB.FOR 1s the actual meat of the raytracing. This contains the
routine which implements the raytracing algorithm. The ionospheric
parameters and gradients necessary for the raytracing are calculated bv
routines in RIONO.FOR. Routines to supporc the calculation of rphase
path length information are contained in RPHASE.FOR. The boundar:es

between segments of the vertical profile <¢Z the ionosphere will, §
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general., be tilted with respect to local vertical. The routines =z
take this tilting into account are contained in RTILT.FOR. Vvarizus
other supporting routines are located in the remaining source file,
RMISC.FOR.

When RAYTRACE is run, it locks to a few text files which zontain
information on the make up of the menus that the user will see. These
are the files with the .MEN suffix. MASTER.MEN, as the name wou.l.z
indicate, is the master file that RAYTRACE loocks for to determine what
other menu files will be needed. MAIN.MEN contains the information on
the construction of the main menu that the user interacts with during a
raytracing run. LAUNCH.MEN and ELEV.MEN deternine the menus 2y which
the user will input parameters used in the raytracing.

One more file is included. READER2.FOR is the source code for a
brief program that may be used to display the results of a raytracing.
Since analysis needs will vary from user to user, this program 1s mean-
to provide the basis for more sophisticated programs to analyze ravy-
tracing results.




Table 1

Table of files

Filename Size (bytes!
RAYTRA4.FOR 502438
RIONO.FCR 63071
RMISC.FOR 42064
RPHASE.FOR 18811
RRAYSB.FOR 27181
RTILT.FOR 29584
ELEV.MEN 237
LAUNCH.MEN 237
MAIN.MEN 163
MASTER.MEN 47
READER2.FOR 3477

Formats available

RAYTRACE has been, to date, primarily used on a VAX under the VMS
operating system, and on an AT-compatible microcomputer running MS-DCS.
The program can be furnished in formats compatible with either of these
two environments. It may also be possible to furnish it in ocher

formats upon request.

PROGRAM SETUP

VMS environment

Setup and installation of RAYTRACE in the VMS environment wil. Dbe
made more convenient by appropriate planning of directories. What
follows is one possible directcry setup that has been of use whila
developing the program. Individual user needs and pre-existing direcc-
ories will dictate the directory structuring for each site. The pri-




mary point is that the user >f RAYTRACZ will make usage easier by pian-
ning ahead.

The directory scheme used during development and testing of

RAYTRACE involved the use of three parallel directories. A working
irectory was set up containing the source code. Editing, compilin
and linking are performed within this directory. When signifizant

amounts of debugging are anticipated, the .MEN files and a :zria. i1npu=
file are moved into the working directory, althocugh by and large su
duplication of files is avoided in order to save space.

A simulation directory is maintained feor day-to-day usage 5%
RAYTRACE. This directory holds .DAT (input) and the .MEN files. azas
well as the executable version of RAYTRACE. Numerous input files
be maintained by naming them in a mnemonic fashion.

The simulation directory is maintained in an uncluttered sctate by
having a results directory to which the results of raytracings may be
moved. This 1is particularly important because RAYTRACE simpliy uses
generic filenames when it writes out results. If many runs are to te
performed, it is to the user's advantage to rename and move the resul-:
files in order to keep them straight.

An additional directory that may be cZ help to some users s 1
versions directory. This may be a subdirectory of the working 3dirac=-
ory, to which older or different versions of the code are mcved.
Again, these files should be renamed in order to distinguish them a1z 1
later date. An advantage of such a subdirectory is keeping the worx:ing

directory uncluttered.

n

The source code may now be copied into the desired directory. :
the source is uplcaded toc the VMS system from a DOS system, some thing

0

may need to be edited before RAYTRACE will successfully compile. 3cnme
DOS-based Fortran compilers need markers ar the beginning of sucrsu-
tines so that subroutines will start on a new page when the compi.er Ls
asked to produce a listing file. These markers need to be renmcved.

Also, different compilers have different reans of suppressing j=n-
eration of a new line after a WRITE statement to the screen. This
means that three lines of the subroutine KEYBRD need to be changed fr:xm
one development environment to the next. This subroutine is located 1
the file RAYTRA4.FOR. Edit this file and go to the subroutine RKET3IRD.
There is a comment block below the variable declarations which de-
scribes the necessary changes.




RAYTRACZ is now ready to be compiled and linked. If default nam-
ing is to be uged, then RAYTRA4 should be listed first in the link com-
mand. The executable version may now be copied to the rayrracing dir-
ectory. The .0BJ files should be left intact. This way, when changes
are made to one source file, only that cne f£ile need be recompiled and
all che obsect files may be linked. If disk space 1s a considerat.sn,
the executable may certainly be deleted from the working directory.

READER2.FOR should also be compiled and linked. The =2xecutaple
may be copied to the results directory. The object and executable
files left in the working directory may be deleted t> conser—e 4disk
space.

The following files should now exist. The working directorvy
should contain a complete set of both source and object files for
RAYTRACE, as well as the source for READER2.FOR. The executable ver-
sions of RAYTRACE (default name: RAYTRA4.EXE) and READER2 should be in
the locations that the user has chosen as appropriate. The .MEN files
should be located in the same directory as the RAYTRACE executable.

The process of compiling, linking, and moving these files wil. »oe
made considerably easier by making use of the capability of /MS tc use
.COM files. This 1s especially true if modifications to the progranms

are intended.

DOS environment

Setup and installaticn of RAYTRACE in the DOS environment will &ze
made more convenient by appropriate planning of directories. what
follows is one possible directory setup that has been of use while
developing the program. Individual user needs and pre-existing Z2irzc=-
ories will dictate the directory structuring for each site. The gri-
mary point is that the user of RAYTRACE will make usage easier by
ning ahead.

The directory scheme used during development and testing of

RAYTRACE involved the use of three parallel directories. A work.ng
directory was set up containing the source code. Editing., compiling.
and linking are performed within this directory. When significan-=

amounts of debugging are anticipated, the .MEN files and a trial incut

10




f£ile are moved 1intos the working direczary., althougn by and i1arge such
duplication of files is avoided in order to save space.

A simulation directory 1is maintained for day-to-day usage of
RAYTRACE. This directory holds .DAT (input) and the .MEN files, as
well as the executable version of RAYTRACE. Numerous input files may
be maintained by naming them in some mnemonic fashion. This may become
crucial, as with a large number of files it is entirely possible to
accidentally destroy another £ile by attempting to have two files of
the same name.

The simulation directory is maintained in an uncluttered state by
naving a results directory to which the results of raytracings nay be
moved. This 1is particularly important because RAYTRACE simply uses
generic filenames when it writes out results. If many runs are to ke
performed, it is to the user's advantage to rename and move the resulct
files in order to keep them straight. Again, this helps avoid the
unpleasantnesg of unwanted destruction of result files.

An additional directory that may be of help to some users 1is a
versions directory. This may be a subdirectory of the working direct-
ory, to which older or different versions of the code are moved.
Again, these files should be renamed in order to distinguish them at a
later date. An advantage of suych a subdirectcry is keeping the werxing
directory uncluttered.

The source code may now be copied into the desired directory. ps
the source 1is downloaded to the DOS system from a VMS system, some
things may need to be edited hefore RAYTRACE will successfully compil=.
Some DOS-based Fortran compilers need markers at the beginning of
subroutines so that subroutines will start on a new page wh=n the
compiler is asked to produce a listing file. These markers need to ke
added.

Also, different compilers have different means of suppressing Jen-
eration of a new line after a WRITE statement to the screen. This
means that three lines of the subroutine KEYBRD need to be changed frca
one development environment to the next. This subroutine :s located :in
the file RAYTRA4.FOR. Edit this file and go to the subroutine KEY3RO.
There is a comment block below the variable declarations which de-
scribes the necesgsary changes.

RAYTRACE is now ready to be compiled and linked. If default nam-
ing is to be used, then RAYTRA4 should be listed first in the link com-

11




nand. The executable version may now be copied to the raytracing dir-
ectory. The .0BJ files should be left intact. This way, when changes
are made to one source file, only that ocne file need be recompiled and
all the object files may be linked. If disk space is a consideraticn,
the executable may certainly be deleted from the working directory.

READER2.FOR should also be compiled and linked. The executable
may be copied to the results directory. The object and executable
files left in the working directory may be deleted to conserve disk
space.

The following files should now exist. The working direczory
should c¢ontain a complete set of both source and object files £cor
RAYTRACE, as well as the source for READER2.FOR. The executable ver-
sions of RAYTRACE (default name RAYTRA4.EXE) and READER2 should be in
the locations that the user has chosen as appropriate. The .MEN files
should be located in the same directory as the RAYTRACE executable.

There are several utilities available with some DOS-based comp-
ilers that ought to be taken advantage of if available. One of the
drawbacks of most DOS Fortrans is the colossal size to which the exe-
cutable file grows, relative to the size of the source or object fil=as.
A necessary utility is therefore some sort of program that compresses
the executable to the size that it ocught to be.

The other utility is a 'make' utility. This automates the procass
of building that executable by checking the files that go intoe constr-
ucting the executable to see which ones have changed. Compilation 2niy
occurs for those files that need it. If much alteration of RAYTRACE :.s
to be done, a 'make' utility will save a great deal of time. If a
'make' utility is not available, then creative use of DOS batch files
may serve as a substitute.

12




ART TWO:
QPERATOR'S GUIDE
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GENERAL INSTRUCTIONS

Overall program flow

The general scheme for using RAYTRACE is much like that of other
simulation programs. Input is usually from a data file, and the re-
sults are stored in output files. During the course of execution. the
user is given the opportunity to change a number of -~arameters, allow-
ing a variety of situations to be simulated in one session. These set-
tings may be saved for later use. The user is also given the ability
to redo entries which were made in error.

Figures la & 1lb summarize the overall flow of RAYTRACE. When the
program is started, the user may choose between doing a completely new
problem, or one which has been done before and therefore has an already
existing data file with options set. If an old problem is to be worked
on, all of the problem's option settings and ionospheric data are
loaded in and the user is deposited directly into the main menu. £ a
new problem is being performed, the ioncospneric data must be input.
This will usually be by means of a grid file=. A grid file is simply a
file containing the pertinent ionospheric information at a gridded sec
of latitudes and longitudes. Grids may be entered from the consocle.
but this is only practical for relatively small grids. Again, afrter
the ionospheric data is entered, the user is placed in the main menu.

14




FIGURE 1ia.

Run RAYTRACE
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FIGURE 1b.
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The main menu of the program is a central point to which executicn
w#1ll recurn unless che session 1s explicitly ended. There are two menu
items which lead to other menus. These are for the entry of parameter
settings. The other selections are to execute the raytracing using the
current parameter settings. and to exit Ifrom the program. AlX: of this
will be discussed in greacter detail belcw.

During execution, RAYTRACE must deal with a number of other files.
The general relationship of the program and these files is summarized
in Figure 2. The file GRID.DAT 1is a grid file, as described briefly
above. It contains the ionospheric specification for a given situazion
and is used as input on fresh problems. This file must be generated by
some outside means, although if the specification is entered into
RAYTRACE by hand, a GRID.DAT file will be produced. The RAYDAT.DAT
file 1s the file which contains the settings from the previous ses-
sions, as well as the ionospheric specification. The four £files with
the .MEN suffixes determine the appearance and text of the menus.
Results are output into files of the type FOR###.DAT. where ### starcts
at 040 (This choice is an artifact of earlier versions.) and incremencts

each time a new raytracing is done within a given session.

FIGURE 2.

MASTER , ,
.MEN MAIN | |
MEN || LADNCH | ELEV |
|| .MEN | MEN |
[ ’
Tl J
S ] v
|
e

1lst tinme all others —
GRID l RAYTRACE | | RAYDAT
.DAT — i .DAT

| 1

e
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T
[
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!
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Ionospheric input

One of the primary benefits of RAYTRACE is the ability to do real-
istic three-dimensional raytracing with a complicated ionospheric spec-
ification. This capability is implemented by means of the grid fileis)
described briefly above. The icnospheric grid file may be produced by
a numerical model. or the appropriate parameters may be obtained from
experimental data and massaged into a grid file. A grid file may also
e produced by direct keyboard entry <f ionospheric¢ parametars into
RAYTRACE.

The grid file, however it is produced. is composed of a number of
data arrays. First, the definition of the latitude and longitude grid
is recorded. Following this., the six ionospheric parameters required
for specification of the vertical profile are given for each point on
the grid. Finally. other pertinent data are recorded. The six
parameters are the maximum plasma frequencies for the E, Fl1, and F2
layers, the heights for 'the maximum frequencies for the Fl and r2
layers, and the semithickness of the F2 layer. The choice of these
parameters is determined by the profile model that is built intzo =zhe
current version of RAYTRACE. Currently, RAYTRACE uses the ver=ical
ionospheric profile contained in the RADAR-C model (2]. Because the

[\

raytracing is so intimately mated with this model, any input 2at
coming from experiment or some other model must be converted into ~=h.s
form or RAYTRACE must be modified to accommodate the new model profiie.
The full details on the composition of a grid file are found in Apcen-
dix A.

OCperating instructions

Before beginning operation of RAYTRACE, be sure that the instruc=-
ions in the setup section above have been followed. Also. be sur=2 -hac
any input data that are desired exist in a grid file. RAYTRACE may ncw
be executed in the manner appropriate to the system it is operating on.

When RAYTRACE is first run, the following prompt appears:

Is this a new (1) or old (0) problem? { 0): .
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7his prempe is typicai of those used i1n RAYTRACE and so L3I .s 3ippropr-.-
ate to discuss it here in some detail. irst, the prompt displays some
text which describes the informaticon sought. Any non-intuitive £orm cof
response, sSuch as the 0 or 1l above, or other information which wWwill iIn
some way limit the acceptable response, 1s displayed as part of the
prompt cText. After the prompt text, the current (or defaulc;, <vra.ie .3
displayed in parenthesis. The colon marks tne end of the prompt. af-er
which the user types his response. If the user merely types a return,
then the default value i3 used as the response. REAL-valued responses
may be typed without the decimal point ii there is no fractiona. parct
to the response, and character responses are case-insensitive.

The above prompt is used to determine whether or not this RAYTRACE
run is for an entirely new data set, or a previously used data set. A
new problem is simply one for which no RAYDAT-cype file exists, or for
which no previously existing files of this type will be used. This
type of file has been mentioned briefly already and will be discussed
more fully below. By selecting the option for a new problem the user

is therefore able to start either a genuineiy new problem, or use in

s

0old ionospheric specification with all new options. An old problem. :
the other hand, is one for which the ionospheric specification and the
options have been stored in a file of the RAYDAT type. Please nc-te
that a response to this prompt MUST be TYPED, i.e. the default zcannc-:
be accepted. This is an attempt to ensure =hat the operatcr wili naxe
the correct choice.
The next prompt that comes up is the following:
" Enter filename for storage of ionospheric
information (10 char max): (RAYDAT.DAT: :
This prompt asks for the name of the file which will contain bcth <he
ionospheric specification and the parameter opticns settings used .-
the particular problem. If the problem is a new one and the fils 3.v=2n
already exists, a Fortran error message will occur, the content i

which will depend upon the compiler used. Aside from =this. tne r

d

sponse to this prompt is straightforward.

The program will now proceed to the main menu i€ the problem nas
been declared to be an old cne. However, the icnospheric speciiizaci:cn
still needs to be obtained if this is a new problem. The next przmp-

asks for the name of the file containing this i1onospheric informacti:cr:
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" T.ae 1onospheric grid file name 1s?
(cype NONE 1f none exists] {(GRID.DAT : ".

The data is retrieved from the grid file whose name is given and the
program then proceeds to the main menu. If 'none' 1is typed (remember,
the response is case-insensitive), the program then executes a secTtion
of code to read the appropriate information from the console.

Console entry of the ionospheri: specification involves three sets
of prompts. The first set of prompts asks the user to provide the
necessary parameters for specifying the locations of the grid points.

The prompts are:

"Input lat grid spacing (deg): ( .20000¢C000 ) :
Input lon grid spacing (deg): ( .000000000 ) e
Input starting latitude and longitude in degrees.

LATITUDE ( .000000000 )
LONGITUDE (east = positive): { .000000000 ) e
Input # of grid points in lat.: { .000000000 ) e
in lon.: ( .000000000 ) e

(

Grid setup OK (Y/N) ? Y): ".

The first two queries set the latitude and longitude spacing between
grid locations. The next two fix the location of the south-west corner
of the grid. Longitudes are measured from Greenwich with positive
values eastward and negative values westward, so that the range 1:s
between -180 and +1830 degrees. The last pair of Qqueries gives cthe
axtent of the grid in increments of the grid spacing in the appropriate
direction. One word of warning is appropriate here. Don't forger
about counting BOTH end points when entering the number of grid points:
Finally, the user is asked if the values entered are correct. If so.
the execution of the program goes on. 1If not, the user i3 returned -2
the beginning of this set of questions and allowed to repeat the data
entry. The current settings will be shown as the default values which
eases the correction of the errant entry.

The next set of prompts is used to obtain the actual vertical orz-
file data at each grid location. The location is displayed and cthe
user is prompted to enter each of the six values needed to specify rhe
vertical profile used with this version of RAYTRACE. as follows:
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" GRID PT. -~ Lat: I%.3%88% - Lon: RF.FR88

Input foRw=2 ( .000000000 ) :
Input hmF1l ( .000000000 ) :
Input foFls»2 { .000000000 ) :
Input YmF2 ( .000000000 )
Input hmF2 { .00000Q0000 )
Input foF2=*2 : { .000000000 P
Profile inputs CK (Y. N)? ( Ty .

The values requested are the plasma frequencies (squared) for <-he three
ionospheric layers, the E, Fl. and F2. at the layer maximum. These are
given in units of MHz-squared. The heights of the maximum plasma fre-
quency for the Fl and F2 layers are given in kilometers as is the wvalue
of the semithickness of the F2 layer. As with the previous set of
prompts, if the user acknowledges that the inputs are OK, the program
will continue on. If the values entered are not correct, the user is
given the chance to reenter them. These profile entry prompts continue
to come up on the console until all grid locations have been exhausted.

The final of the three sets of prompts asks for the time of the
simulation and the sunspot number:

" Input (integer) sunspot number: ( Q)
Input year: ( 0):
... month: ( Q)
.o day: ( 0):
Input UT time (hr) { d):

UT time (min): { 0):
(

S.5S. # and times OK (Y/N)? Yy: .

The sunspot number is the Zurich sunspot number. The year., month., and
day are given as their usual integer values. The time 1s Universal
Time and is integer also. After this prompt, the entry of the 1icnc-
spheric specification is complete and the program proceeds to the ~ain
menu.

By whatever route, the program will now have reached the na.n
menu. The main menu serves as the hub of the program as far as -ne
user is concerned. All major actions that may be performed are dczon

from the main menu. The menu contains four items:
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" MAIN MENU

1 - Edit launch parameters

Edit elevation/azimuth parameters

[ 3]

3 - Proceed with raytracing
4 - Quit program

Tour choice (1-4 only. please;? { J) e
Press RETURN to cocntinue. { Yoo,

This exhibits the typical structure of a menu in RAYTRACE. The menu :is
titled., and the items are given with corresponding numbers. Selection
is made by entry ¢f an item's number. The entry is checked and 1if it
is out of bounds for that menu, the user is prompted for the choice
again. The 'Press RETURN to continue.' prompt is self-explanatory,
except for the opportunity it affords the user to abort the previous
action. If the user types 'a’' (for abort), the menu choice will be
aborted and the menu will be presented again.

The first two items of the main menu are used to invoke menus £or
the entry of parameter values for the particular problem being dcne.
These values are divided up into basically seneral values in -he first
menu and elevation/azimuth values in the second. The third and focurcth
items are self-explanatory.

Selection of item 1 of the main menu brings the Launch Parameters
menu to the screen. The parameters which are entered by means of :this
menu are of a general sort. They include the starting locaticn cf =he
ray, the properties of the ray, and the conditions for cutting cff -he
ray calculation. The Launch Parameters menu is:
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h LAUNCH PARAMETERS MENU

1 - Bounce limit

2 - Signal intensity

3 - Conductivicty

4 - Launch peint

5 - Launch height

6 - Range & height limits
7 - Ray path increment

8 - Wave frequency

9 - Done

Your choice (1-9 only, please)? ( 0):
Press RETURN to continue. ( Yo oM.
The first item on the menu is the bounce limit. Selection of this
item brings up the following prompt:

" Bounce limit ( i)

When the ray propagation represents traditional HF communications type
raypaths, i.e. rays which are reflected from the bottom side of <the
ionosphere and which return to earth, it is convenient to place a limit
on the number of times that a ray can return to earth. This may be a
maximum of 10 currently. In essence, this provides for a kind of fuzzy
range cutoff to supplement the hard range cutoff which will be dis-
cussed later. Pertinent values for the ray are output to a £file a:z
bounce (earth impact) points, and at the end of the ray. This item 1is
somewhat meaningless for raypaths which are not restricted to the space
between the bhottom of the ionosphere and the earth’'s surface. Zne
artifact of this is the blank record which may appear at the end of the
results file for certain raypaths. This blank record is complet2liy
harmiess and, to use current terminology, it's not a bug, 1it's a
feature.

The next two items deal with the signal intensity calculacticns

that will be done along the ray. The prompt for item 2:

Do signal intensity (no = 1)? { 0): ",
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i{s used %o entar a Ilag which turns the calculaticn of signal intensi:zy
on and off. Currently, che signal intensity computation that 1s per-
formed is the geometric spreading of a ray bundle, including focusing
and defocusing effects, and reflection loss upon earth impacet. The

third prompt:
* Reflect Zrom ground(l!)! or water(0Q)? { o). ",

i3 used to determine the conductivity of the reflection surface used in
the calculation of reflection loss. At present this is a glcpal
choice.

Menu selections 4 and S determine the geographic location and
altitude of the starting point of the ray. The latitude and longitude
are entered at the prompt:

" Enter launch pt. latitude ({ .000000000 ) :

Enter launch pt. longitude { .000000000 Yy,
The values are entered in degrees with the longitude ranging from -130
to +180 degrees, positive values to the east of the prime meridian.
The starting height is entered at the promp<t:

" Enter starting ht. (km) { .000000000 it

This is the height of the starting point above the surface of rhe
earth, defined as the spherical surface having a radius equal to =zihe
average earth radius.

Item six provides for the entry of cutoff criteria £or che ray-
tracing problem:

" Enter range limit (km) ( 3000.0¢C000 )

Enter altitude limit (km) { 36000.0000 )
The range in the range limit prompt 1is great c¢ircle range at the
earth’'s surface. It should be thought of as an angular range a.cng =-ie
great circle direction defined by the original azimucth of cthe ray.
since this is how it is handled internally. By thinking of this Il:a::
as an anguliar one, it may be readily generalized to problems for wn.:zh
both end points of the ray are above the earth's surface. The al=i-ude
limic simply sets a cutoff altitude above the surface of the =ar-n.
The default value of 36000 km represents the altitude of geosynchroncus
satellites.




T

Selection seven of the Launch Parameters menu allows the user to
set the size of the steps taken along the ray as its propagation is
modeled. The prompt is as follows:

" Enter raypath incrementc (km) ( 4.00000000 )t

Settings for this represent a compromise between accuracy of cthe
results and speed of computation. The default value of 4 km represents
a rough optimum. Practically, values much smaller than 0.1 kxm cause
the computation to take much t20 long and sufficiently small values can
begin to cause a decrease in accuracy due to accumulation of roundoff

errors from all over the program. Large values are limited by the

theory underlying RAYTRACE, and should generally be less than 10-15 km.
The eighth menu item sets the frequency of the electromagnetic
wave that the ray represents. The prompt is:

" Enter wave frequency (MHzZ) ( 5.00000000 ot

Because effects due to the earth's magnetic field are not implemented
in the current version of RAYTRACE, use of frequencies much below about
2 or 3 MHz is questionable. At the high end, frequencies beyond a few
GHz begin to cause inaccuracies because of repeated operations involv-
ing one minus a small number.

Selection of item nine in the Launch Parameters menu returns the
user to the main menu. If the user has decided to alter any of =he
parameters set in the Launch Parameters menu, the menu may simply »>e
reentered at this point and the values changed. Parameter settings fcr
the raytracing may be changed over and over, the ray will be ctraced
using the current settings.

The second item in the main menu invokes the Elevation Parameters
menu. This menu has eight items:
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" ELEVATION PARAMETERS MENU

1 - Dimension of problem
2 ~ Starting azimuth

3 - Starting elevation

4 - Elevation resolution
S5 - Azimuch resolution

6 - Elevation limic

7 - Azimuth limit

8 - Done

Your choice (1-8 only, pleasei? ( 0):
Press RETURN to zcontinue. ({ Yo"t

This menu works in an identical fashion to the Launch Parameters menu,
but with one twist. It will become clear from discussion of the indi-
vidual menu items that some of them simply do not apply in all circum-
stances. In cases where this is true, those items which don't apply
are disabled. Attempting to select such a disabled item willi return
the user to the menu.

Selection one of the Elevation Parameters menu allows entry of a

quantity that is known as the dimension of the problem:
" Enter dimension of problenm ( .000000000C )

The dimension may have values of 0, 1, or 2. The dimensionality is
that of the pattern of rays to be sent out by RAYTRACE. A single ray
may be sent (dimension 0). However, multiple rays may be sent in a
single run. A vertical fan of rays may be specified. which is to say
that the program may be instructed to step in elevation for a fixed
azimuth. This is dimension 1. The program may be instructed to> step
both in elevation and azimuth. This is dimension 2. The aimpoints =f
the ray(s), if pictured on an elevation versus azimuth »nlot., <then Zfornm
either a one or two dimensional array, or a single point.

Continuing with this visualization., the array is taken to star:t in
the lower left corner, that is, the lowest value of both elevation and

azimuth. For a single ray. the array of values is simply restrictad <2

just this single point and the dimension one problem uses the _eftmos:




column of the array. ALl cases require the i1nput values £for <he

starting corner of the array of elevation and azimuth values. Menu

items two and three handle this:
- " Enter starting azimuth (deg) { .000000000 }:
and,

" Enter starting elevation (deg), use neg.
for values >390 deg from zenith. { .000000000 Yoot
The azimucth 1is given in the conventional manner. As the prompt £or
starting elevation states, elevation angles below horizontal are
allowed. Acceptable values range from -90 degrees to +90 degrees, per-
mitting rays which have their origin at altitude to be sent downward.
The next menu item, item 4, is used to enter the elevation spacing

be;ween rays.
" Enter elev. resolution (deg) ( .000000000 Yoo

This only applies when a multi-dimensional array of rays is being zon-
sidered, and so may only be selected when the problem dimension has
been declared to- be one or two. The elevation values are stepped
upward (i.e. toward increasing elevation) by this value. Related to
this is item six, where the limiting value Zor the elevation is given.

This prompt.
" Enter elev. limit (degq) ( .000000000 oo,

is used to define the extent of the pattern of rays in elevation. AS
with the previous prompt., this may only be selected when the prcblem is
declared to be of dimension one or two.

The fifth prompt is used for entry of the azimuthal spacing in the
pattern of rays to be sent out. The prompt is:

" Enter azimuth resolution (deg) ( .000000000 b e
This prompt is coupled with the seventh promprt,
" Enter azimuthal limit (deg! { .00000000C92 )

which provides the program with the information on the azimuthal extent
of the ray pattern. These selections only apply for the case when tia=2
dimension of the problem is two.

Finally, the eighth item of the Elevation Parameters menu wil..

return the user to the main menu when selected. As with the Launch
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Parameters menu, the user may continue to cnange the values entered in
the Elevation Parameters menu until they are satisfactory. These are
then the values which will be used in the raytracing.

The main menu's third selection will cause the actual computation
of the ray(s) to begin. The valuyes entered in the Launch Parameters
and the Zlevation Parameters data entry menus are the values that will
be used. At this point, if this is the first time through a new
problem, the parameters and ionospheric data are written out to the
RAYDAT~-type file and the ray computation begins immediately. The first
time through an old problem, the user is prompted:

"

" Qverwrite existing file (Y/N)? ( ) ,

about overwriting the old parameter values with the new ones. If nct,

the user is asked:
" Backup the datafile (Y/N)? { ) ",

whether a backup copy {another RAYDAT-type file) of the settings is
Gesired. After answering these questions, the ray calculation begins.
For either case, after the initial time in a problem, every succeeding

time the user 1s asked:
" Update the datafile (Y/N)? ( Yoo ",

whether or not the data file should be updated with the latest set-
tings. The interface is set up to give the user ample o¢opportunicty =:
preserve the new parameter settings if desired, but the user has the
choice of not saving these settings if that is what is desired.

The user is informed of the start and £finish of the ray calcula-
tions by the messages:

" BEGINNING RAY LOOPS.
RAY LOOPS DONE. .
Upon completion of the computations, the user is informed of the f:l2
that the results have been written to by the following message:
" Results written to file FORO40.DAT ".

The numeric part of the filename will increment each time the user dces
another raytracing in a single session. Leaving the program resets -ih=

numeric¢ portion of the filename.
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Now that a particular raytracing is done and the results are

stored away, the user is prompted:
" Do another problem (Y/N)? { Yoo,

whether or not additional raytracing is desired. An affirmative answer

will return the user to the main menu so that any changes to paramectars

may be made and more rays may be <traced. A negative answer has <he
same effect as choosing item four from the main menu. First, =he
prompt:

" Press RETURN to continue. { ) o,

is issued, allowing the user to abort the exiting of the problem by
entering 'a’. If a3 recurn is entered, then the program exits with =zhe
following final message
" Session done. For safety's sake, copy the data
and result files into a separate directory to
prevent accidental overwriting.
This warning should be heeded. For use on VAX/VMS systems, a large
number of vwirtually indistinguishable files with the same names and
different version numbers may result in loss of results through confu-
sion over which version is which. DOS based systems present an =ven
greater problem, because the attempt to save results tec a file already
in existence will cause the ald file to be destroyed.

Cutput Files

RAYTRACE produces three types of output files. The first 13 a
GRID.DAT type of file, if the ionospheric specification has been
entered by hand. This file has been discussed already. The sezond
type of file is the RAYDAT.DAT type. This file is essentially Jjus- a
GRID.DAT file with the additional user-enfrered parameters appended =to
ie. First, the definitien of the latitude and 1longitude gr:d :s
recorded. Following this, the six ionospheric parameters requir=d f:r
specification of the vertical profile are given for each point on =-h=
grid. Other pertinent data are recorded, including the date and t.ze
of the ionospheric specification, and the sunspot number. Th2se
previous data are just those recorded in the GRID.DAT file. Addizi:zn-
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ally., the values from the Launch Parameters menu are recorded and
finally the values from the Elevation Parameters menu are stored. Full
detail of the RAYDAT.DAT ctype of file is given in Appendix A.

The remaining type of data file 1is the results file, FOR###.DAT.
This file contains the results of a single run of RAYTRACE. Firsc, tihe
bounce l1imit (plus one for the end point of the ray), the number ot
azimuchs, and the number of elevations are recorded. This 2nables anv
program reading the results to break the results ocut into thcse Ior
individual rays. For each ray., the azimuth and elevation are recorded.
Then the various results are saved for each data point along the rav.
These data points are earth impact points and the end point. I£ che
ray 13 terminated before the bounce limit is reached, blank records
will occur and should be ignored. Each succeeding ray is recorded in a
similar manner; first. azimuth and elevation, and then the results.
The details of this particular file type are presented in Appendix A.

It should be restated that the user ought to be careful and
develop defensive file maintenance procedures. After each session
files should at the least be given more suitable names that are perhaps
indicative of their contents. This will not only reduce the likelihcod
of accidental destruction of results, but will aid in later analysis.
Also, the user should be aware of when the files get written to disk.
The RAYTRACE produced GRID.DAT file has its contents written during %=he
entry of the data. The RAYDAT.DAT file is written just before the ravs
are traced, and the FOR###.DAT (resulcts) £file is written during the
raytracing.
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TUTORIAL EXAMPLES

Although the operation of the various commands of RAYTRACE has now
been discussed, this knowledge will be reinforced by going step by step
through some examples. These examples will be presented with actual
samples of screens, for clarity. The first tutorial involves setting
up RAYTRACE to use a spherically symmetric ionosphere with the specifi-
cation entered by the console. This will create the data files used in
the subsequent two tutorials. The second is to perform a new probiem
using a grid file as input. The last is to perform an old problem. It
is hoped that the user will actually perform these tutorials on his/her
system, even if operation of the program seems obvious by this time.
At the least, the exercise will increase familiarity with the operation
of the program, while potential problems or questions may be preempted
by use of these tutorials.

New session using keyboard input

To begin this tutorial, run RAYTRACE. This will be a new problenm,
so respond with 'l' to the first prompt. The next prompt will ask
about the file to which all the ionospheric and parameter information
will be written. The filename that has been chosen for this tutorial
is TRIAL.DAT. At this time the screen should look like the following.
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Screen 1

Is this a new (1) or old (0) problem? ( 0):1

Enter filename for storage of ionospheric
information (10 char max): (RAYDAT.DAT):trial.dat

The next prompt is the prompt which asks about the file from which
the ionospheric specification will be resad. ~For this example, there :s
none, so the appropriate response 1is 'none’. The screen that corre-

sponds to this is Screen 2.
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Screen 2

The ionospheric grid file name is?
(type NONE if none exists) {GRID.DAT ) :none

The next set of prompts that comes up s a set of prompts asking
about the definition of the grid on which the ionosphere is to be
specified. The first two prompts deal with the latitude and longitude
spacing between the grid points. Since this example 1is a spherically
symmetric case, only one grid point will be needed and so the spacing
is immaterial. For this reason, a response of 'l' 1is chosen in each
case. The next two prompts ask for the starting latitude and longitude
for the grid, in this case this is the location of the only grid poinrt.
The responses chosen are '45' for latitude and '-90' for 1longitude.
This longitude corresponds to a west longitude. The final two infor-
mational prompts here ask about the size of the grid in the latitude
and longitude directions. Since there is to be only one point, che
number of points in each direction will be '1°'. Finally, there is a
prompt asking whether the input is correct. Assuming everything has
been entered as shown, then typing return will accept the defaul-=
choice of 'Y'. At this point, the screen should look like Screen 3.

33




Screen 3

Input lat grid spacing (deg): ( .000000000 )1
Input lon grid spacing idegqg): { .000000000 ):1
Input sctarting latitude and longitude in degrees.

LATITUDE ( .000000000 ) : 45
LONGITUDE (east = positive): ( .000000090 ) :-30
Input # of grid points in lat.: ( .000000000 ):1

«e. in 1lon.: ( .000000000 ):1
Grid setup OK (Y/N) ? { Y):

Now the program begins to prompt for the ionospheric informaticn
for the location specificied above. The locarion of the point is given
at the top of the prompt. The parameters prompted for occur ordered in
terms of height. It should be noted that the values g4.ven here are
merely fictitious. First 1is the plasma £frequency squared for =:he
maximum of the E-layer, with a value to be entered as '2°'. Next =ne
Fl-layer is specified, by the height of the maximum of the F1, °'180°
and the plasma frequency squared of the F1 maximum, 7. Firally.
three F2-layer parameters are prompted for. They are the semithickness
of the F2, '65', the height of the F2 maximum, '300'., and the plasma
frequency squared at the maximum of the F2, '20'. Again, the progran
prompts to see if all the input is OR. If it is, the response shcul.d

be the same as for the similar prompt above. The console screen shou.i

now look like Screen 4.




Screen 4
GRID PT. - Lat: 45.0000 - Lon: -30.0000
Input foE=*=*2 ( .000000000 )12
Input hmF1 { .000000000 ) :150
Input foFl2=22 ( .00000Q0000 )7
Input YmF2 ( .000000000 ):69
Input hmF2 : { .000000000 }:300
Input foF2==*2 : ( .0000000600 ) 120
Profile inputs OK (Y/N)? { Y):

The final set of prompts for the environmental specification
involves recording the date and time of the problem, and the sunspoc
number. First the sunspot number is entered, in this example '80'.
Next, in descending order of time scale, come the date and =time
prompts. As indicated by the defaults given, these are expected to G=e
integers. This example uses the following responses in order: '1988°.
'2', '17', '12', and '00°'. After the verification prompt, the screen
should look like Screen 5.
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Screen S

Input (integer) sunspot numper: { Q):80
Input year: ( 0):1988
.. month: { 0):2
.o day: { 0):17
Input UT time (hr) { 0):12
e UT time (min): ( 0):00
S.S. # and times OK (Y/N)? ( Y)
At this point, the program brings the user to the main menu. =

is from this menu that other menus are invoked for entry of the remain-
ing parameters, and that the actions of tracing rays and quitting are
taken. The parameters are currently a blank slate, so both of the dacta

entry menus need to be selected and the parameters entered. Starrting
at the top, select menu '1l°'. The program will respond with anothear
prompt. As it says, if the selection is the desired one, the user

needs only type a return to proceed. As was mentioned earlier. thcocugh.

the selection may be aborted by responding with an 'a‘. If this s
done, the user will be returned toc the previous menu. Before typing

return, the screen will look like Screen 6.
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Screen 6

MAIN MENU

1 - Edit launch parameters

2 - Edit elevation/azimuth parameters
3 - Proceed with raytracing

4 - Quit program

Your choice (1-4 only, please)? ( 0):1
Press RETURN to continue. ( )

Selection of item one of the main menu brings the user to the
Launch Parameters menu. This menu is used for the entry of various
parameters relating to the ray calculation. These values include =the
location of the starting point for the rayf(s). settings which are used
to halt the calculation, properties of the ray(s), and wvalues which
determine whether some calculations are performed and if so. how. This
example will simply make the selections from the menu in numerical
order, therefore, the first entry will be '1°. This situation 1is
reflected in Screen 7.
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Screen 7

LAUNCH PARAMETERS MENU

1 - Bounce limit

2 - Signal intensity

3 - Conductivicy

4 - Launch peintc

5 - Launch height

6 - Range & height limicts
7 - Ray path increment

8 - Wave frequency

9 - Done

Your choice (1-9 only, please)? ( 9):1
Press RETURN to continue. ( )

This selection from the Launch Parameters menu brings up a gquerwy
about the limit to be placed on how many times a ray may return =o
earth. This is useful when dealing with low frequencies which will not
penetrate the ionosphere. The problem then may be set up to terminate
after a certain number of hops has occurred, regardless of the other
termination conditions. For the purpose of this example. accepting the
default value of 'l' will be sufficient, so the response will be =to
just type a return. The screen should look like Screen 8. Note that
in some of the screens that follow. only the lower portion of <he
screen is shown.
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Screen 8

Bounce limic ( 1):

Once the entry of the data 1s made, the user is immediately
returned to the Launch Parameters menu. This time the selection will
be item '2°. Because the process by which items are selected €rcm
menus is uniform, the screen need not be repeated. Menu item two leads
to a prompt which allows the program to know whether or not te perform
signal intensity calculations. For the sake of speed in running the

example, the value entered is 'l' which corresponds to no. The screen
example is given as Screen 9.

Screen 9

Do signal intensity (no = 1)? ( q):1

Returning to the Launch Parameters menu, the next selection made
will be '3'. This item allows the user to designate a global value Zor
the conductivity of the earth's surface. These values correspond to
soil and water. They are average values. Conductivity values are used
when signal intensities are calculated so that the loss due to reflec-
tion from the earth's surface may be accounted for. Since no signal
intensity will be calculated for this example, this item was selecrted
for instructional purposes only. Because any answer will suffice. =he
default may be accepted by typing return. This is shown in Screen 10.

-
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Screen 10

Reflect £rom groundi{(l) or wateriQ)? ( )

The next seilection from the Launch Parameters menu will be 1=anm
number '4°'. This prompts the user for the latitude and longitude =°
the launch site of the ray:s). The values are given in degrees.
Remember that longitudes are to be given as positive to the east of
Greenwich, with the prime meridian being 0 degrees and west longicudes
negative. This gives a possible range of longitudes of -180 degrees to
+180 &egrees. The launch site that 1is used is south and east of the
ionospheric point, with latitude '40' and longitude '-80°'. This
results in Screen 11.

Screen 11

Enter launch pt. latitude ( .000000000 ) : 40
Enter launch pt. longitude ( .000000000 ) :=30

Following this, item 'S5S' should be selected from the Launch
Parameters menu. The purpose of this item is to provide the th:r3d
component of the location of the ray launch site, namely the starting
height. The starting height is given in kilometers above the earth's
surface. This exercise will start on the earth's surface. so ~-e
response that is needed is to simply type return so that the defau.-
value shown is accepted. Before hitting return, the screen wil. i1:c2«k
like Screen 12.




Screen 12

Enter starting ht. (km) ( .000000000 )2

Upon return to the menu, select item '6'. This set of prompts is
used by the program to obtain from the user values which will determine
when the problem should be terminated. The €first parameter is the
range limitc. This represents great circle range on the earth's
surface. Internally this is dealt with as an angular range, but it is
easier to think in terms of ground range when entering the wvalue. This-
must not be confused with the distance traveled along the raypath! The
distance along the ray is. in general, longer than the associated
ground range. The value selected for this example is '2000' km. The
second value to be entered is the altitude cutoff. This gives the
height above the surface of the earth of a spnhnerical shell which, when
pierced, causes the raytracing to terminate. For this example a
reasonable value is '400' km. The resulting screen is Screen 13.

Screen 13

Enter range limit (km) ( 3000.00000 ) :2000
Enter altitude limit (km) { 36000.0000 ) :400

The next Qquantity to be entered is the raypath increment, selec-
tion '7°'. This value determines how finely the raypath is broken up
for the purposes of the calculation. There is an interplay here of tihe
desire to make the path exceedingly fine for the sake of accuracy. wi=th
the desire that the raytracing complete in a finite (and preferably
small) amount of time. The appropriate range of wvalues has already
been discussed. It is sufficient that the default value of '4° kn
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represents somewhat of a balance and so this is the value chosen. The

prompt is displayed in Screen 14.

Screen 14

Enter raypath increment (km) ( 4.00000000 ).

The final important selection from the Launch Parameters menu is
item number ‘8', the wave fraquency. This is the value of the fre-
quency of the radio wave that the ray represents. The appropriate
range of values for this is discussed above in the operating instruc-
tions section. For the purposes of this tutorial, it is desired that
the ray not penetrate the ionosphere, so a wave frequency of '4' MHz is
selected. The default of five MHz is merely a placeholder so that the
program doesn't accidently start with frequency equal to zero and
promptly crash due to division by zero. The screen containing this
prompt is represented by Screen 15.

Screen 15

Enter wave frequency (MHz) ( S.00000000 ):4

After completing this, all the necessary data has been entered 1in
the Launch Parameters menu. The user may therefore enter '9'. rha
selection indicating that the data entry is finished in this menu. The
control of the program is returned to the main menu. From the ~ain
menu, the other data entry menu may now be entered. This 1is decne bt
making selection '2' from the main menu. The Elevation Parameters menu
now comes on screen.

As with the Launch Parameters menu. this tutorial will now proceed
through the items in the Elevation Parameters menu. The first item in
this menu deals with the array of azimuth and elevation values for
which rays will be sent out. Select 'l' as in Screen 16.
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Screen 16

ELEVATION PARAMETERS MENU

- Dimension ¢of problem

e

2 - Starting azimuth

3 - Starting elevation

4 - Elevation resolution
5 - Azimuth resolution

6 - Elevation limit

7 - Azimuth limit

8 - Done

Your choice (1-8 only, please)? { 0):1
Press RETURN to continue. ( ) e

This selection will provide a prompt asking as to the dimension of
the problenm. This is defined earlier, however a brief rundown is i1n
order. The term dimension refers to the dimension of the array that
could be used to represent the elevation and azimuth values to be used.
For this reason, dimension 0 represents just a single value of eleva-
tion and azimuth. Dimension 1 represents a single azimuth value and
multiple elevation values. Finally, dimension 2 corresponds to the
case where there are multiple elevations and azimuths to be used. Se¢
that all the menu items may be selected, a value of '2' should be
entered here. This is represented by Screen 17.

Screen 17

Enter dimension of problem { .000000000 ):2




As usual, antering the response above returns the user to the
menu. Proceeding down the menu in order, the next selection is '2'.
This item allows the entry of the initial azimuth value for the prob-
lem. The azimuth is given in degrees and is taken relative to geo-
graphic north in the usual manner. Because this example involves only
a spherically symmetric ionosphere, one direction is as good as an-
other. The default wvalue of '0' is therefore taken, by typing a

return. This situation is depicted in Screen 18.

Screen 18

Enter starting azimuth (degq) ( .000000000 ) s

Item three of the Elevation Parameters menu is the next cne
selected. This prompts for the starting elevation angle. Elevation is
measured in degrees, with the zenith as +90 degrees, and the nadir as
-90 degrees. Negative values of elevation angle come into play for
cases when the launch point of the ray is at a non-zero altitude. Feor

this example, a reasonable value to use is '10'. Screen 19 shows this.

Screen 19

Enter starting elevation (deg)., use neg.
for values >90 deg from zenith. ( .000000000 )10

The fourth selection from the Elevation Parameters menu deals wict-

the elevation separation between rays. Very 1little zoaching can

[¢]
b

given about appropriate values for this parameter. The fineness

)
a1

coarseness of the elevation resolution must be determined in terms of
what is appropriate for a given problenm. Since this problem is of an
instructional nature. an arbitrary value of '0.5' degrees has been
chosen. This is shown in Screen 20.




Screen 20

Enter elev. resolution (degq) { .000000000 y:0.5

Next in line is the fifth menu item of the Elevation Parameters
menu. The azimuth spacing between rays is entered at the resulting
prompt. This is handled in a manner identical to that of the previous
prompt. The value which is to be entered is the same as that for

elevation, namely '0.5'. Screen 21 shows this.
Screen 21
Enter azimuth resolution (deg) : ( .000000000 ):0.5

The method of specification for the elevation and azimuth values
depends upon having the starting value, the division size. and =zhe
ending value. The ending value for elevation is given by selection of
item six from the Elevation Parameters menu. Internally, the differ-
ence between the start value and the limit is taken. The number of
increments of size equal to the resolution value that will fit inzo
this interval is then calculated. This is the number of elevation
steps that will bhe taken. For the sake of completing the exampie
problem quickly, the limit will be taken to be '10.5' so that rays will
be sent out at only two elevations. The response is shown in Screen
22.
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[$ 1}

Enter elev. limit (degq) ( .000000000 )y l0.

Lastly, menu item seven is selected. This allows the azimuth
limit to be entered in a manner identical to the elevation limict.
Again, the value is chosen so that only two values of azimuth will be
used. The combination of these elevation and azimuth limits result in
just four rays being calculated. The appropriate value to use for the
azimuth limit is then 'J3.5'. It should be remembered in setting the
both of the limits that if a specific number of rays is desired in
elevation and in azimuth, that the end points must be counted properly.
The prompt and response are shown in Screen 23.

Screen 23

Enter azimuthal limit (deg) ( .000000000 ):0.5

All of the necessary parameter values have been entered now.
Selection of item '8' of the Elevation Parameters menu causes a return
to the main menu. Everything is now ready for the raytracing to &te
performed. Therefore, item '3' is now selected from the main nmenu.
Because this is a fresh problem, no prompting about the disposition 3¢
the entered parameters is necessary. These values are automatica..y
written out to the RAYDAT-type file that was specified at the begianing
of this exercise, namely TRIAL.DAT. The user is notified that the rav-
tracing has begun. When the calculations are complete, the user :s
notified and the file to which the results have been written is als:z
noted. The user is then given the opportunity to do another raytrac:ng
problem. In order to give a feel for what the program will do. =ixe
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answer to this prompt is 'y' for ves. The screen should look like that
shown in Screen 24.

Screen 24

BEGINNING RAY LOOCPS.

RAY LOOPS DONE.

Results written to file FORO40.DAT

Do another problem (Y/N)? ( )iy

The affirmative response causes RAYTRACE to return to the nain
menu. For the second problem. just a single ray will be traced. To 3o
this, select '2' from the main menu in order to proceed to the Eleva-
tion Parameters menu. Once at the Elevation Parameters menu. choose
'L’ to change the current setting for the dimension of the problem.
Recall that a problem of dimension zero is a single ray problem. The
prompt that comes on the screen for the dimension of the problem
contains the current value, which is 2. Enter a value of 'Jd'. This is
shown in Screen 25.

Screen 25

Enter dimension of problem ( 2.00000000 ):0

47




It is important to note that no other values in the Elevation
Parameters menu need be changed. In fact. it will be very instructive
to attempt to change any of the values corresponding to menu icems 4-7.
The program will not allow these items to be changed, instead the user
is returned to the menu. These items are 1irrelevant %o the calculaticn
once the dimension has been set to zero. Because the purpose of this
second portion of the problem is simply to do a second portion to the
problem, this one change will suffice. Therefore, select '8' o return
to the main menu., and then select '3’ to proceed with the raytracing.

This time, before the raytracing is started, RAYTRACE ncres the
possibility that the user has made changes to parameter values. The
user is asked whether or not to update the data file. If the answer 1is
yes, the current values are saved cut to the RAYDAT-type file. If the
answer 1is no, then if the user chooses to end the session after the
current raytracing, the changed parameter values disappear. For the
purposes of this example, it doesn't matter whether the values are
saved or not: the response of 'n' has been chosen. This may be seen in

Screen 26.

Screen 26

Update the datafile (Y/N)? { )

e

The program then signals that the tracing of the ray has begun.
When the end of the calculation is reached., the display is similar to
that seen before. This time, however, it 1is desired to end <the

problem. The response to the prompt is therefore 'n'. The screen wil.l

look like Screen 27.
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Screen 27

Update the datafile (Y/N)? { ):n
BEGINNING RAY LOOPS.

RAY LOOPS DONE.

Results written to file FORO41.DAT

Do another problem (Y/N)? ( ):n
Press RETURN to continue. ( )

The final thing that the program does is to display a message.
This message is to warn the user to take proper care of any data £ilss
that have been produced during the raytracing session. The poin=
cannot be overemphasized that the filenames given are far from de-
scriptive and results may get lost or destroyed if a myriad of such
files exists. The closing message is reproduced in Screen 28.

Screen 28

Session done. For safety's sake, copy the data
and result files into a separate directory to
prevent accidental overwriting.

At this point, RAYTRACE has finished execution and control Aaas
returned to whatever system is being used. Several new files snhcu.d
now be in existence. TRIAL.DAT is the file of the RAYDAT type rhat
contains the saved parameter settings and the ionospheric specificza-
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tion. A grid file zalled SRID.DAT was created by entering -ne .onc-
spneric data from the console. There are also two results £files,
FORO40.DAT and FORO041.DAT. As the final message warnsg, these fi.=s
should either be moved or renamed. Examining the results files Ls

discussed in a later secrtion.

New sassicon using data Zile input

This second example will build upon =zhe foundacticon of the firsct.
The grid file that will be used for input is going to be the SRIZ.CAT
that was produced in the previous example. Reference will also be made
to the first example for those portions of the two examples which are
identical. It is expected that many RAYTRACE runs will be similar =o
the current example in that most fresh problems will be initiated by
use of an input file specifying the ionosphere.

This example begins by starting RAYTRACE as before. The inirtial
prompt comnes up on the console. Since this example 1is to be a new
problem, respond with '1°'. The prompt asking for the name of zthe 1.z
to store the ionospheric specification and input parameters n:cw
appears. Recall that last time the file TRIAL.DAT was used. I =nis
file hasn't been relocated or renamed, entering this name again ~av
cause a problem. So that the files may be distinguished the name =na-~
is chosen for this example is 'TRIALZ2.DAT'. After this respense. =-n=

screen should look like Screen 29.

Screen 29

Is this a new (1) or old (0) problem? ( 0):1

Enter filename for storage of ionospheric
information (10 char max): (RAYDAT.DAT) :trialZ.dat

The next prompt is the one asking for the file containing =-ne

ionocspheric specification. Unlike rthe first example, one now 2exis<s.
The file even has the name GRID.DAT. This is the file to be used. s=c




the default value of the prompt may bpe accepted by typing a recurn.

This situation is depicted in Screen 30.

Screen 30

The ionospneric grid file name is?
(type NONE 1f none exists) (GRID.DAT ):

The user should now notice a difference from the previous example.
Because =he ionospheric specification already exists, the program has
no need to prompt the user for keyboard entry of the ionospheric para-
meters. RAYTRACE immediately proceeds to the main menu. From here the
previous example may be picked up again. Menu item 'l’' from the main
menu should be chosen. The user should now enter values._for._each of
the items in the Launch Parameters menu. The values to be used are
just those of the previocus example. That example and its discussion
may be followed and will not be repeated here.

Following completion of the Launch Paramsters menu, the nexrt st=p
is to proceed to the Elevation Parameters menu by selecting '2' fron

the main menu. Again, the items of this menu will be completad :5=a

1 as the menu

numerical order. Just as in the first example, enter

(i

choice. For the sake of speed, just a single ray 1is desired. Ther
fore, the response to the resuiting prompt will be to accept =he

default value by typing a return. This is shown in Screen 31.

Screen 31

Enter dimension of problem { .900000000 )

Next, choose item '2' from the Elevation Parameters menu. The
value is chosen to be the same as in the previous example. Recall =ha-x
this means the azimuth value will be 0 degrees. The default resporse

is therefore to be accepted. Screen 32 show this.
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Screen 32

Enter starting azimuth (deg) ( .000000000 )

The starting elevaticn value is the next to be set. Menu item '3
should be selected. At the resulting prompt, a value of '10' degrees
should be entered. This ought to lead to a ray with identical results
as one of those done in the first example. The results may be compared

as a check. The elevation data entry is shown in Screen 33.

Screen 33

Enter starting elevation (deg), use neg.
for values >90 deg from zenith. ( .000000000 )10

Because the dimension of the problem has been selected to be zero.
there is no further data entry needed. Item '8' should therefore be
selected from the Elevation Parameters menu. Upon return to the main
menu, the user may choose item '3’ as in the previous example. This
will initiate the raytracing without any intervening prompts. Because
this is a fresh problem, the data is automatically recorded in the
RAYDAT-type file specified at the start. When the raytracing 1is
complete, the program behaves in a manner exactly identical to cthat
shown in the first example. For the purpose of practice, answer the
prompt for another problem with 'y'. This is shown in Screen 34.
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Screen 34

BEGINNING RAY LOOPS.

RAY LOOPS DONE.

Results written to file FQORO40.DAT

Do anuvther problem (Y/N)? ( )iy

The program returns to the main menu for another time through the

problenm. So that the problem will be somewhat different, a new eleva-

tion value will be used. To achieve this, select '2' from the main
menu, and then '3’ from the Elevation Parameters menu. An elevati:cn
angle of '8' degrees will be used. This will result in a screen tnac

looks like Screen 35.

Screen 35

Enter starting elevation (deg), use neg.
for values >90 deg from zenith. ( 10.0000000 }:8

This is the only change that is necessary. so choose '8' from =-n=
Elevation Parameters menu. When control has returned to the main —en:.
selection '3’ may be made so that the calculation may begin. Again. as
with the first example, the query about updating the data file 1s se=n.

There is no need to preserve the change that has been made, so answer

with 'n’'. The raytracing then proceeds as usual. displaying the ncrmal

information. Because this example is essentially complete, respcn

with 'n' to the prompt asking about doing another problem. This .3
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shown in Screen 36 below. RAYTRACE then displays its final message and

returns to the systen.

Screen 36

Update the datafile (7/N)? { ):n
BEGINNING RAY LOOPS.

RAY LOOPS DONE.

Resuylts written to file FOR(O41.DAT

Do another problem (Y/N)? ( ):n
Press RETURN to continue. ( ) .

0ld (saved) sessiocn

This third example illustrates the use of a RAYDAT-type file £cor
input at the beginning of the problem. As with the second example,
this example will be built upon the previous ones. and only cthose
portions which are new for this example will get detailed attention.
The type of session modeled by this example is representative ci
perhaps the majority of RAYTRACE sessions. By reading in a RAYDAT-type
file, all of the parameters have some pre-existing setting. 0Only rthose
parameters that are different for the particular problem at hand ne=d
be examined and changed.

First, start RAYTRACE in the usual manner. This time. however. a=:
the initial prompt, the response will be 'Q' to indicate that this -.s

[

an old problem that will initially use the parameter values stcred in

n

2

iv
s )

RAYDAT-type file. The second prompt is the same as has been

™
r
(9]

™

before. This time its purpose 1is to get the name of the file
which the parameters will be read. Any parameter changes may be stored
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in this file also. For this example, the file created by the first
example, 'TRIAL.DAT', will be used. This is shown in Screen 37.

Screen 37

Is this a new (1) or old (0) problem? ( 0):0
Enter filename for storage of iocnospheric
information (10 char max): (RAYDAT.DAT) :trial.dat
RAYTRACE now continues directly to the main menu. There is no

need to read from a grid file because the pertinent data are stored in
the RAYDAT-type file along with the parameters. At this point, if the
parameters desired are the ones that were saved during the last ses-
sion, the user could just select the third item from the main menu and
proceed directly with the raytracing. For this example., however,
recall from the first example that the parameters entered included a
dimension of two for the problem. In the interests of speeding the
example along, this should be changed to a dimension of =zero. To do
this, the user should select '2' from the main menu to reach the
Elevation Parameters menu. Then 'l’' should be selected to reach the
prompt from which the dimension may be set. Notice that the defaulr~

value given is indeed two. Enter the new value cf '0O' as shown 1in
Screen 38.

Screen 38

Enter dimension of problem ( 2.00000000 ) : 0

This is the only change that needs to be made, so enter a choice
of '8' to return to the main menu. Now select '3}’ from the main menu

to begin the raytracing. The program now presents prompts that have
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not been seen until now. Because the parameters may have been changed,
even though this is the first time through the problem, the user needs
to be presented with the opportunity to preserve these changes. First,
the user is asked if the values should be saved in the current file.
If they are not to be saved there, the user is chen asked if a new data
file should be used to backup the new values. A negative answer to
both of these prompts will mean that if the problem is ended the
altered parameters will not be saved anywhere. It is not necessary

‘

that the change that has been made be saved, so answer 'n' to both
prempts.

Some additional comments about these prompts are in order. If the
0ld parameters are overwritten, then the data are safe and there is no
need for the second prompt. RAYTRACE therefore skips it and goes on
with the calculation. If a packup is desired, the user will be
prompted for the filename to be used. Also. on succeeding times
through the raytracing the prompt asking about updating the data file
{as in Screen 36 above) will be referring to rthe last file that was
written to.

After dealing with the above mentioned prompts, the raytracing .s
performed. The rest of the prompts are just as they have been befor=a.

There is really nothing further to be discovered, so 'n' may be enter=d
in response to the query about another problem, as shown in Screen 33.
After this the program ends in the usual fashion, returning to the

system. This concludes the final example.
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Screen 39

Overwrite existing file (Y/N)? { ) e

s}

Backup the datafile (Y/N)? ( ):n
BEGINNING RAY LOOPS.
RAY LOOPS DONE.

Results written to file FORO040.DAT

Do another problem (Y/N)? ( ):n

Press RETURN to c¢ontinue. { )

Remarks

The three examples given serve to illustrate essentially every
feature of RAYTRACE. After following all three examples, the user
should be familiar enough with the interface of the program to go ahead
and "play around” by trying different things. Such "play"” may be worth
the time if the user feels the need for additional familiarity with the
operation of the program. The menu reference sheet given later should
also be of some help.

EXAMINING RESULTS

So far, the discussion ha: dealt with the use of the RAYTRACE
program. The program is of very little use, though, unless there is
some way of getting at the results from the raytracing runs. This
section deals with the program READER2 that is provided with RAYTRACE.
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READER2 represents a zeroth-order program for examining the results of
RAYTRACE. While this program has proven adequate 1n the testing and
development of RAYTRACE., it is certain that the end users of RAYTRACE
will need to write their cwn, more sophisticated analysis software.

READER2 is very straightiorward to use. When the user executes
it, the program prompts for rthe name of the results file that it is t»o
be read. Upon receiving <the name, READER2 immediately displays =he
important values £rom the result file. This display i1s dcne £or each
pair of elevation and azimucth values. Results for each data rpoint o2n
the ray are displayed with the values for a particular point taking one
screen. Recall that data points on the ray are earth impact points and
the end pocint of the ray. After display of each data point, READER2
pauses and awaits the user's response before continuing. When &all the
data are exhausted, the program simply ends and returns to the system.

The values displayed on the screen are by and large self-explana-
tory. The elevation and azimuth values are given in degrees. The
direction cosines give the orientation and direction of the ray at that
particular point in an SEZ cocrdinate system where X is Socuth. Y is
East, and Z is up. The deviation value represents the deviation away
from where the ray would have landed had it stayed on a great circle
path. This is a measure of the cross-path tilt of the iocnosphere.

Several comments on the regular usage of READER2 are in order
here. Although the display of the results on screen is useful. it is
often more useful to have a hardcopy of these results. This is
achieved not by READER2. but by the system that 1t is operating on and
the console used. Many systems and conscles have the capability <tc
eithe: redirect output to a disk file, or perform screen dumps to> 3
printer. Given the rather widespread presence of such a capability. no
provision has been made to produce a printable file. Since the user :is
likely to develop individualized analysis software anyway, there .s
really no need for this capability.

Another comment concerns the blank record that will occasicnal..lvy
be displayed. This is entirely harmless. It occurs because provisi:zn
must be made for the possibility that the limit on the number =%
bounces may be reached and there still needs to be the additional space
for the end of ray point's data. If the bounce limit isn't reached.
then this extra space is blank.
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TIPS, RESTRICTIONS, REMINDERS, ETC.

This section has the purpose of gathering together some of the
comments that have either gone unsaid to this point, or bear repeating.
First, there are some comments of a general nature. Comments specific
to a particular implementation or environment follow. Finally. some

usage hints are presented.

General comments

The speed with which RAYTRACE operates will be of some concern to
many users. Some benchmarks have been run on various machines. The
two primary implementations discussed in this User's Guide are the
VAX/VMS and the DOS versions. The machines compared were an IBM AT-
compatible (with math coprocessor) and a VAX 11/785. The benchmarked
run uses the TRIAL.DAT file from the four ray example of the tutorial
examples above. The run was repeatedly made and the results averaged.
Timing was done by stopwatch from typing return at the last prompt
before the execution of the ray loops until the message of "RAY LOCPS
DONE" appeared on the screen. For the VAX, in addition to the apparent
execution time as measured by stopwatch, the CPU time was taken Lty
using the <CTRL>-T mechanism of VMS for obtaining the process tine
statistics. Because the VAX is a multiuser machine, the usage level is
of some significance. The benchmark was run early in the morning
before the many users were on the system. At the time of the runs,
there were only four users, so that the machine could be termed iightlv
loaded.

The results of the benchmark are as follows:

Table 2
Machine Time
AT-clone : 40.7 sec
VAX 11/785 : 9.2 sec (user's time)
VAX 11/785 5.1 sec (CPU time)




Due to the usage level on the VAX when the benchmark was run, it is
fairly clear that the user time could have been somewhat better, but it
also ¢ould have been much worse. Extrapolating from other experience,
the execution time for this benchmark on any of the current (1387-33)
crop of 32-bit microcomputers would lie somewhere midway between the
VAX's user time and CPU time.

Several restrictions of RAYTRACE should be noted. Filenames are
to be ten characters or less in length. The input files need to be
located in the same directory as the executable for RAYTRACE. at .easct
the way RAYTRACE is currently written. Another restriction is on the
size of the input data. Currently., the grid of points cannot be larger
than 30 in latitude by 60 in longitude. This trims the size of the
memory allocated to a level toleréble to the DOS specifications stated
previously. A third restriction is that rays may not be fired with an
elevation angle of 90 degrees. This restriction only applies if the
ray will make a reflection from the ionosphere. Rays which penetrate
the ionosphere may have elevations of +/- 90 degreés.

It is important to make sure when doing a new problem that ALL 2¢
the menu items have been selected and checked to verify that =he:yr
values are properly set. Failure to do so is perhaps one of the nost
frustrating of mistakes that can be made while using RAYTRACE, as =ne
program is perfectly willing to use whatever the current values ar=
even though they may not be what the user intends. As a furcther

reminder, the following table lists some parameters and their rance :°¢

values.
Table 3
Parameter Range
Latitude +390 to -90 deq
with (+) north
Longitude -180 to +180 deg
with (=) for wes-<
longitudes
Plasma frequency squared Megahertz squared
Heights and distances Kilometers
Elevation angles +90 (zenith! to -S5:
{nadir) degrees
Azimuth angles 0 to 360 degrees w.=n
0 north and values
increasing eastward
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Some of the parameters that the user enters have either imposed or
practical bounds. The wave frequency of the RF transmission that the
ray represents is bounded on the lower side to a few MHz. This 1is
because for lower frequencies magnetic field effects, wnich are 2ot
included in the current version of RAYTRACE, play an increasing roie.
As an upper bound. frequencies bpeyond a few GHz begin te lose reiia-
bilicy for two reasons. First, as a calculational matter, =zhe ratio of
the plasma frequency squared to the wave frequency squared becomes very
small. Operations occur of the type (1 - X} where x is a small number.
with the resulting loss of accuracy. Secend, refraction due =tz =he
neutral atmosphere pbecomes a much more important factor at these fre-
quencies. These limits are then limits on :the believability of the
results. RAYTRACE will calculate over a much larger range of frequen-
cies, but the results will be far from reliable.

The size of the raypath increment is another quantity that has
practical limits. There is a lower limit due to accumulation of error
and the duration of the calculation. For raypath increments smaller
than a few tenths of kilometers. even modest calculations begin to take
intolerable lengths of time. This conclusion is of course subjective
and depends upon the computer being used at the time. The problem of
duration of the calculation has., however, prevented rigorous testing
for the degradation of the results due to accumulation of errors. AN
upper limit alsc exists on the size of the raypath increment. Incre-
ments which are too large begin to viclate an approximation made in ths
theory underlying the raytracing algerithm. Typically. increment siz=2s
of 10-15 km are about the maximum practical. As with the limits on =he
wave frequency, values outside these may be used, but the results must
be viewed as ranging in quality from rough approximations to completely

unreliable.

The cutoff height 1is a quantity that bears further discussi:zn.
The default value initially given is essentially the height of =2~
synchronous orbit. This value represents a compromise. The ionosphers
is considered to end at a height of 2000 km in the model used. rspa-
gation to altitudes beyond this is modeled as straight line propagatizcn
through free space. While this is certainly not rigorously correc=z. i1~

is by and large an accurate assumption. Clearly some cutoff mus+t c=
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used so that the program dcesn't zalculate 2ff to infinicy. Since most
radio operations currently take place within a sphere defined by the
radius of geosynchronous orbit the default value seems convenient. The
value may be reset to any value the user desires. Be warned, however,
that the neglected refraction will eventually add up as the path length
increases. Depending upon the application, =this error could have a

substantial effect.

VMS specific comments

The points that are menticoned here have been discussed in greater
detail elsewhere and are referred to here as a reminder. When <rans-
porting the source code between a DOS-based and a VAX/VMS system, there
are a few lines that may need to be changed. These changes are dis-
cussed in detail in the Setup section. The naming and renaming of
files needs to be carefully considered. The number of results files
having similar names but different version numbers can become bewilder-
ing. Also, the user should automate as much 2f the raytracing process
as possible through the use of command files.

When using VMS command files to perform batch RAYTRACE jobs. =ne

drawback becomes obvious. there is no provision in such command files

for a response that involves just typing a return. Every line of rthe
command file must contain something. For this reason., any prompt of
the 'Press RETURN to continue.' type will accept '.' and return as i°f

it were just a plain return. Therefore, on any line of a command f:.=2
where the desired response is just a return, a line with a sing.=
period ¢en it will serve as the necessary substitute.

DOS specific comments

The points that are mentioned here have been discussed in greacer

detail elsewhere and are referred to here as a reminder. When ctrans-
porting the source code between a VAX/VMS system and a DOS-based

system, there are a few lines that may need to be changed. These

changes are discussed in detail in the Setup section. The naming and

renaming of files needs to be carefully <onsidered. Because ICS
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provides little protection against accidental destruction of files, the
user must exercise extreme care to preserve files against disaster.
Also, the user should automate as much of the raytracing process as
possible through the use of batch files.

Uses and Usage tips

RAYTRACE is a tool that may be used to accomplish a number =f
tasks in the realm of propagation modeling. It may not be immediactely
¢lear, though. how to do some things with the program. The followincg
is a discussion of a few sample uses.

The instructions for operating RAYTRACE discussed the concept of
the dimensionality of the problem. From that discussion, it should be
clear how to trace single rays, vertical fans of rays, and arrays of
rays. A variation on this theme that might prove useful is the hori-
zontal fan of rays. This may be achieved by using a two dimensional
problem with only one allowed elevation angle. The mechanics of doing
this involve setting the starting and ending <eievation values equal ' or
nearly equal) and entering a step size that is arbitrary (or large
compared to the difference between the starting and ending elevations .

Information on the coverage of an area by a broadcast transmit:er
may be obtained by tracing a two dimensional set of rays. It should be
noted that the resulting array of landing points for these rays will
not be evenly spaced in latitude and longitude. It is possible.
though, to interpolate on such a grid and produce contours or other
desired information. At present the only way to achieve (approx:-
mately) the desired spacing between points is by experimentation with a
small number of rays.

Tracing rays between two specific points (homing) 1s als> a
desirable capability. While such a capability is not currently builct
into RAYTRACE, it is relatively straightforward to do manually. 3y
tracing a pair of rays that are fairly close in elevation, the resul:ts
for the end points of the pair of rays may be used in a linear interpo-
lation scheme. Typically it requires only five or so iterations =2
reach the desired convergence on the specific target point. A similar

process may be done for the azimuth, although the azimuth is usually
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fairly well approximated by that of the gJreat circle path between <he
two points. An azimuth search will usually also converge more quickly.
It is somectimes desirable to have detailed infeormation along the
raypath. There currently exists some code within RAYTRACE ro repor-=
the height and range at each increment along the ray. f£or the purpose
of later plotting of the raypath. This code 1is normally comment=24 cuct,
as the files of coordinates produced may become enormous. This code .s
located in the routine RAYSUB a few lines below line 3G300 (consulz <he
source code listing., Appendix D). It merely consists of a WRITE state-
ment and its corresponding FORMAT statement. Uncommenting these lines
nd reacompiling will yield 3 version of RAYTRACE that will produce an
extra generic data file with pairs of values: ground range, height.
These values may then be used in a plot of the trajectory of the ray.
Certainly. more sophisticated schemes are possible, but such tniags are

best tailored to a given need.

Ultimactely, RAYTRACE is extensible. This is most easily achieved
by extending the menu system. Adding to the menu system allows mcre
parameters or flags to be antered by the user. Flag values entered in

this manner could be used to activate or deactivate additional secticnts
of code. This code could then operate upon =xisting and new parametars
for the calculation of additicnal results. Details of adiusting =he
menu system are given in a comment block in the routine DOxXDATA.  us=
after line 12002. The menu £files are discussed in Appendix A. The
only other requirement is the addition of the new features or calcula-
tions at the appropriate locations in the existing program. This rav
only be determined by study o¢f both RAYTRACE and the ctheorastizal
groundwork for the intended addition.

MENU QUICK REFERENCE

rh

The three menus of RAYTRACE are presented here, with btri=
explanations of most menu items. They are given one per page. sSC =nic
the user can easily photocopy them for handy reference. There .s 1.3:2
ample room for notes. One suggestion, if a copy machine that raduces

is available, is to copy the rthree menus reduced, then paste tThen :n

one sheet. Copying this sheet will give a single page "“cheat she=t:




Edit launch parameters
Edit elevation/azimuth parameters

Proceed with raytracing

Quit program

MAIN MENU
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(Go to Launch Parameters menu:

{(Go to Elevation Parameters
menu)




LAUNCH PARAMETERS MENU

Bounce limit

Signal intensictcy
Conductivity

Launch point

Launch height

Range & height limits
Ray path increment
Wave frequency

Done

flimitc number of earth impacts,

({flag to cturn on/off intensity .oss
calculation)

(select type of earth surface for
reflaction loss)
{latitude/longitude location of start

poinc)
(altitude of start point)

(gset great circle ground range and
altitude cutoffs)
(set step size along the ray)

{frequency of transmission model.=d oy
the ray)
(return to the main menu)




ELEVATION PARAMETERS MENU

Dimension of problem
Starting azimuth
Starting elevation
Elevation resolution
Azimuth resolution
Elevation limit
Azimuth limit

Done
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(determine multi-ray launch pattern;

(set
(set
(set
(set
(set

(set

initial launch azimuth)
initial launch elevation)

elevation step size for multi-
ray calculations)

azimuth step size for multi-ray
calculations)

limiting value on elevation for
multi-ray calculations)

limiting value on azimuth for
multi-ray calculations)

(return to main menu)




APPENDICES
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Appendix A:
File Formats

GRID.DAT

The grid file is a means by which ionospheric information may

(3}
@®

input into RAYTRACE. The grid file is generally produced externaxily

fal
(4]

RAYTRACE, either by use of an ionospheric model program or by process-
ing of actual ionospheric dacta. The file contains the pertinent iono-
spheric information at a gridded set of latitudes and longitudes.
Grids may be entered from the console, but this is only practical for
relatively small grids.

Grid files are composed of a number of data arrays. First., the
definicion of the latitude and longitude grid is recorded. Following
this, the six ionospheric parameters required for specification of the
vertical profile are given for each point on the grid. The six
parameters are the maximum plasma frequenciz=s for the E, F1, and F:Z
layers, the heights £for the maximum frequencies for the F1 and F2
layers, and the semithickness of the F2 layer. The <choice of these
parameters is determined by the profile model that is built into the
current version of RAYTRACE. Finally. the date, time. and sunspc:
number are recorded.

The array of values that serves to define the latitude and long:-
tude grid is a real array containing six parameters. They are the lat-
itude and longitude spacing for the grid. followed by the initial lac:-
tude and longitude values for the grid. The s:tarting point is taken as
the southwest corner of the grid. Values are in degrees and longitude
is given as east of Greenwich positive, wes: negative. This gives
longitudes running from -180 to +180 degrees. The last two values 1o
the array are the number of points that the grid is to contain in the
latitude direction and in the longitude direction respectively. The
grid must be rectangular and if necessary should be either padded wi-h

more data (if the grid is being generated from a model or interpolation
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of actual data) or some points eliminated so that it becomes rectangu-
lar.

The arrays of ionospheric data are written as two dimensional
arrays with the first index corresponding to latitude and the seccnd t©»>
longitude. The 1indices represent the integer count of grid poincts
traversed in the given direction to reach the coordinates of =zhe gr:d
poeint. The first array contains the peak plasma frequency squared
values for the E-layer, for the entire grid. The second array noics
the height of the peak of the fFl-layer and the third holds the plasma
frequency squared values for the Fl maximum. The last three arrays
contain the wvalues which are used to specify cthe F2-laver. They are.
in order of appearance, the semithickness, the height of the layer
maximum. and the plasma frequency squared at the maximum.

The final array is an integer array containing the time, date, and
sunspot number for which the problem is being run. These values are
contained in the array in this order: sunspot number, year, month, day.
hour (UT), and minute. The current configuration of RAYTRACE no longer
uses this information directly as the portions of code that use it have
been commented ocut. They have been left in both for the possibility of
future calculational use, and so that the information may be included

in displays or reports if desired.

o8
@

The format of the GRID.DAT cype of data £ile is perhaps s"

[

illustrated by including fragments of code that RAYTRACE uses to

"
D

EY
information from the grid file. The fragmencad 1listin tLiscting
includes the declaration statements. The file is written untormaztn=3

to save time and space. The filename is set either as a defaul:z wvalu=.
or from a prompt to the user. The correspondence between the arrays
mentioned above and those in Listing 1 1is Zfairly obvicus. The wvari-
ables are named according to the convention rthat 1s presented wizh nne

source code listing in Appendix D.
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Listing 1

INTEGER IVXPARAM(6)

c
REAL*8 RVXGRID(6)
REAL*8 RVxION1(30,50), RVXIONZ2(30,60Q), RVxICN3(20.6Q)
REAL*38 RVXICON4(30,50), RVXIONS(30,60), RVxIONG6(30,60)
C

CHARACTER=10 RVLXFTIL

OPEN (20, FILE=KVLXFIL,FORM='UNFORMATTED')

REWIND (20)

READ(20) RVXGRID

READ(20) ((RVXION1(I.J).J=1,RVXGRID(6)).,I=1,RVXGRID(5))

READ(20) ((RVXION2(I.J).,J=1,RVXGRID(6)).I=1,RVXGRID(S))

READ(20) ({(RVXION3(I,J).J=1,RVXGRID(6)).I=1,RVXGRID(S))

READ(20) ((RVxXION4(I.,J),J=1,RVxXGRID(6)),I=1,RVXGRID(S))

READ(20) ((RVXIONS(I,J).,J=1,RVXGRID(6)).I=1,RVXGRID(S))

READ(20) ({RVXION6(I.J),J=1,RVXGRID(6)).,I=1,RVXGRID(S))

READ(20) IVxPARAM

CLOSE(20)

RAYDAT.DAT
The RAYDAT.DAT type of file is used by RAYTRACE for <he srtzrage

and retrieval of both the ionospheric information and parameters of =-:a=
problem that the user has entered. For the saka of simplicizy. rhe
ionospheric information is stored in exactly the same manner as 1n ="he

case of GRID.DAT type files. Arrays containing the other problem para-
meters are then added in after the ionospheric values. As a conse-
quence of this file structure, only the arrays that are not repeaz2d
from GRID.DAT need be discussed.

The first of these arrays 1is an incteger array containing rnr=2=
values. The bounce limit is stored first. This sets a bound on =2=
number of times that a ray may impact the earth., which is useful :a
some cases dealing with subicnospheric raypaths. Next is a flag <nat

determines whether or not signal 1i0ss calculations will be perform=3.
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Finally., there is a flag that determines what sort of surface will be
used in reflection loss calculations £or earth impacts of the ray.

The second array is a real array containing the latitude and long-

itude of the launch point. This is followed in the array by the range
limice. This parameter sets a1 bound on the great circle ground range
that the ray is alliowed £5 propagate to. The fourth value in the arrav
is the size of the raypath increment. Fifth 1is the wave frequency.

The sixth wvalue is <the starting height of rthe ray. above rthe =arzh s
surface. Finally, the seventh wvalue is the altitude cutoff value.

The final array 1s a real array that contains the informa<icn
necessary to specify =he =2levaticns and azimuths at which rays Wwil. Ze
sent out. The first parameter i1s the dimensionality 2f the preoblem.

This is defined by considering the aim points of the ray in an eleva-

sion versus azimuth plane. A single ray is a single point, and so has
dimension zero. A fan o2f rays having a particular azimuch forms a line
of points, and is cecnside:2d dimension on2. Lastly. a set of such fans

produces an array of points on the plane anc is thereiore considered as

dimension two. After the dimensionality of the problem <zmes =7
initial azimuth and the initial elevation. F2llowing these values. -n=
azimuth and elevation spacing between rays is stored. Last of al.. =he

final azimuth and elevation values are storecd.

K3
S

As above, the easiest way to make the structure of the da:a

manifest is to present the fragments of code responsible for writing -

{1

-

the file. The code is presented in Listing 2. Again, the filename .3

set previously to its proper value. The additional arrays are IVxLallN.

RVXLAUN, and RVxOPTION.
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Listing 2

INTEGER IVxPARAM(6), IVxLAUNI(3)

c
REAL*8 RVXGRID(6), RVxLAUN(7)
REAL*8 RVXOPTION(7)
REAL*8 RVXION1(30,60). RVxION2(30,60), RVXION3(230,60)
REAL*8 RVxION4(30,60), RVxIONS(30,60), RVXION6(30,60)
c

CHARACTER*10 KVxDFIL

]

OPEN (30, FILE = RVxDFIL, FORM='UNFORMATTED')

REWIND (30)

WRITE (30) RVXGRID

WRITE (30) ((RVXION1(I,J),J=1,RVXGRID(6)),I=1,RVXGRID(S))
WRITE (30) ((RVXION2(I,J),J=1,RVXGRID(6)),I=1,RVXGRID(5))
WRITE (30) ((RVXION3(I,J),J=1,RVXCGRID(6)),I=1,RVXGRID(5))
WRITE (30) ((RVXION4(I,J!),J=1,RVXGRID(6)),I=1,RVXGRID(S))
WRITE (30) ((RVXIONS(I.J),J=1.RVXGRID(6)),I=1,RVXGRID(S))
WRITE (30) ((RVXION6(I,J),J=1,RVXGRID(6})),I=1,RVXGRID(S))

WRITE (30) IVXPARAM
WRITE (30) IVXLAUN
WRITE (30) RVxLAUN
WRITE (30) RVXCPTION
CLOSE (30)

FOR### .DAT

This file is the results file for RAYTRACE. The ### represents a
number that is assigned sequentially during the course of a given rav-
tracing session so that the different runs during the session may =

N

distinguished. Because results files may need to be of 3Jrearte

& ]

v

[0

portability, the results are written to disk in formatted fecr-. T
results are stored by first saving the information necessary to derar-
mine the number of data points represented in the file. Data pcin=ts
consist of earth bounce points, and the terminal point on the ray. The

azimuth and elevation of a particular ray are saved and then the array
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containing the information from all the data points on that ray 1is
stored. This then repeacts until the data from all rays has been saved.
The number of data points per ray is determined from the maximum
number of bounces allowed by the bounce limit., plus one for the term-
inal point ¢of the ray. The proper number of rays are then accessed by
using the number of azimuths and the number of elevations recorded.
These set the limits on two loops, within which the file is accessed.
The array of data for a given ray is two dimensional. The firsc
index is the number of the data point along the ray. The second repre-
sents the particular data element for that point. The meaning of rthese
elements is given in a comment block in the source code for the subrczu-
tine RAYSUB, just after the variable declarations. The ones that are
currently used are as follows. First are the latitude and the long:i-
tude. The third element is the group time delay along the ray to that
point. The great circle ground range is next, fsollowed by the signal
loss in dB, due to spatial loss, focusing or defocusing, and possibly
reflection loss. The sixth element contains the amount that the ray

has deviated from a great circle path at thar point. The ninth element
of the array gives the height of the ray ar the data point. Elament
ten contains the phase path length aiong the ray to that point. The

next three elements give the X, y. and z direction cosines of the ravy
at that point. Here, the x, y, and 2z directions are in the coordina-e
system where x is south, y is east, and 2z is up.

The sections of code for writing the results out to the £ile hava
been excerpted from the main routine of RAYTRACE. The code 1s pre-
sented in Listing 3. Also presented is the c¢ode that produces -ne

number associated with the file. The integer IVXIND is initialized -o
40 and incremented every time a particular run is complete. It 1s =nen

used to produce the filename of the results file.
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Listing 3
INTEGER IVXIND, IVxXLAUN(3), IVXAZLIM, IVXELLIM
REAL=*8 RVXAZI, RVXELEV, RVXBOUN(11l,1S)

CHARACTER*2 KVXIND
CHARACTER*10 RVXOFIL

WRITE (RVXIND, '{IZ2)') I7xIND
RVXOFIL = 'FORQ'//RVXIND//'.DAT'

OPEN (IVXIND,FILE = RVxOFIL)
WRITE (IVxIND, 22000) IVxXLAUN(1)+1l, IVXAZLIM, IVXELLIM

WRITE(IVxIND, 21003) RVxXAZI, RVXELEV

WRITE(IVXIND, 21003) ((RVXBOUN(L,K),K=1,15), L=1,IVXLAUN(.,~_.

CLOSE(IVXIND)
21003 FORMAT (G24.14)
22000 FORMAT (I4)
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MENU FILES

The scheme for using and presenting the menus and menu f£iles 1is
detailed in the source code listing in subroutine IOXMENU. The method
is reviewed here. The file MASTER.MEN is used to maintain a list of
the rest of the menu files. It is merely a text file that contains the
names of the other menu files, with each filename sn a separate line.
RAYTRACE is currently set up to handle up to ten menu files in addicicn
to the master file. The filenames are ordered according o <cheilr
numbering within RAYTRACE. ~rFilenames are currently configured zc bpe no
more than ten characters long.

The other menu files contain the actual information that 1is
displayed on the console as a menu. As with MASTER.MEN, the other .MEN
files are just text files. The information needed for the display of a
menu is as follows. The first line has two items that are separated by
a comma. These are the number of items in the menu, followed by the
title of the menu. The number of items is an integer. All of the text
information in these files is read in using an A40 format., and sc nay
be no longer than 40 characters lang. After this £irst line. rthe menu
items are given. The text that will be displayed for each item is put
in the file with one menu item's text per line. Again, these are tc be
no longer than 40 characters. The last line of the file contains zhe
text for the prompt that will be displayed at the end of the menu.
This information is accessible so that the menu text may be customized
at will by the user with just an ordinary text editor.

A more complete understanding of how this all works will »nly b>ze
obtained by examining the source code of subroutine IOXMENU. In parcti-
cular, this routine should be examined very c¢losely if any =xtesns:ions
to RAYTRACE are to be made. Any additional information that nust be
entered ought to be entered by means of a menu so that the user inzer-
face of the program will remain consistent. Examination of the exist-
ing menu files will also be of assistance.
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Appendix B:
Inventory of COMMON blocks

This section lists the COMMON blocks used by RAYTRACE, along with
the declarations of the variables involwved. An explanation is given
for some of the variables. A complete explanation of all the variabl=s
involved would require describing significant portions of the algori-

thms used, which is beyond the scope of this User's Guide.

MAINDAT:
This block contains the contents of RAYDAT.DAT. As may be seen
from the EQUIVALENCE staiements, the array RVXIONPT holds the six sets

of ionospheric parameters input from the data file.
INTEGER IVXPARAM(6), IVXLAUN(3)

REAL*8 RVXGRID(6), RVXIONPT(30,60,6), RVXLAUN(7), RVxOPTICN: ™
REAL*8 RVXION1(3C,60), RVXION2{30,60. RVxXIONJ(30,80)
REAL*8 RVxION4(30,60), RVXIONS(30,60). RVxICNE(30,6Q)

EQUIVALENCE (RVXION1l,6 RVXIONPT) . (RVXIONZ2, RVXIONPT(1.1,2))
EQUIVALENCE (RVXIONJ3, RVXIONPT(1,1,3))
EQUIVALENCE (RVXION4,RVXIONPT(1,1,4))
EQUIVALENCE (RVXIONS,RVXIONPT(1.1,5))
EQUIVALENCE (RVXION6,RVXIONPT(1,1,6))

COMMON /MAINDAT/ RVXGRID, RVXIONPT, IVXPARAM. IVXLAUN,
* RVXLAUN, RVXOPTION

RESULTS:

The RESULTS common block contains the array which holds the Z1-s3
for every data point on a particular ray. For each ray that is -raz=1%.
this data array is recorded. Refer to the discussion above concern..z
the FOR### .DAT file format for further detail on this array.

REAL#*8 RVxBOUN(11.15)

COMMON /RESULTS/ RVxBOUN
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LPARM:

INTEGER IVxSSNUM, IVXTIME(S). IFXGRND
REAL=*8 RVXYEAR, RVxAl00, RVTIM

COMMON /LPARM/ IVXSSNUM,IVxXTIME,RVXYEAR,RVXAl00, IFXGRND
*, RVXTIM

LOSSES:

This block holds the various components of signal loss that are
computed by RAYTRACE. RVXLOSA 1is the absorption loss. The code to
calculate this is based upon empirical formulae which were appropriate
to use at earlier stages of the development of RAYTRACE, but cannot be
used for general paths. This code is currently commented out. RVxLCSX
has suffered a similar fate. This was used to represent the so-called
"excess loss” that some earlier ionospheric models use. This value 1is
inappropriate, though, for use in examining specific raypaths in <hat
it becomes possible for two relatively adjacent rays to have ancmal-
ously different losses. The remaining two values are actualliy used 1f
signal intensity calculations are to be performed at all. RVXLOSR
gives the reflection loss, and RVXLOSG gives the geometric ioss. The
geometric loss is the combination of the effects of distance frcm the

source, and also focusing/defocusing effects.

REAL*8 RVxLOSA, RVXLOSR, RVxLOSX, RVxXLOSG

COMMON /LOSSES/ RVxLOSA, RVXLOSR, RVXLOSX, RVXLOSG

PRAM:
The values in this block are, in order: pi. a conversion factor =2
go from degrees to radians, the radius of the earth, and the heizn-

considered to be the top of the ionosphere.

REAL*8 RPxPI,RPxXDTOR,RPXREARTH.RPXHTOP

COMMON /PRAM/ RPXPI, RPxDTOR, RPXREARTH, RPxXHTOP
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SCPsS1:

This block contains information on the number and location 2f <he
5rid points. iCxNSCP 1is the number of grid points, and the other =wc
are arrays containing the latitudes and longizudes. respectively., =%

the grid points.

INTEGER ICxNSC?
REAL*8 RVXLATSC(1300).RVxLONSC(1300)

COMMON /SCPS1,/ ICxNSC?, RVxLATSC, RVxXLONSC

SCPS1A:

These arrays contain the six 1ionospheric parameters for all =he
grid points, with all the layer peak plasma frequency squared values in
one array and all the height (and semithickness) values in the second.

REAL*8 RVXFNSQ(1800.3), RVxH(1800, 3)

COMMON /SCPS1A/ RVXFNSQ,RVxH

OTHER:

REAL*8 RVxLAT1l, RVXLON1l, RVxHBOT

REAL*8 RVXFSQU, RVXRPI, RVXHCUT

COMMON /OTHER/ RVxLAT1.RVXLON1,RVxXHBOT.RVXFSQU.RVXRPI. RAVXHCLUT
MISC:

REAL*8 RVXSEZGEC(3.3), RVxX7. RVxY7. RVx27
REAL*8 RVxR1, RVxR2, RVxHMIN

COMMON /MISC/ RVXSEZGEC.RVxX7.RVXY7.RVxXZ7 RVXR1.PVXRZ. RVxHMIN
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START:
This block contains the initial position informariom £f2r <the
raypath increment.

REAL=*8 RVXXI, RVxYI, RVXZI, RVXLATI, RVXLONI

COMMON /START/ RVxXI, RVxYI, RVXZI., RVXLATI, RVXLONI

END:
This block contains informaction on the end of the raypath incre-
ment.
REAL*8 RVxHS5, RVxXF, RVxYF, RVXZF
COMMON /END/ RVxXF, RVXYF, RVXZF, RVxHS
IONO1l:

This block stores some ioncspheric parameters.
REAL*8 RVXALPHA, RVxBETA, RVXETAl. RVXETA2
REAL*8 RVXFNSB(3), RVxHB(3)

COMMCN /IONOl/ RVXALPHA ,RVXBETA,RVXETALl RVXETAZ2, RVxXFNSB. RVxHB

ICNO2:
This block stores ionospheric interpolation results.

REAL®8 RVxBS(3), RVxB6(3), RVxXAS(3), RVxA6(3)
REAL*8 RVXES5(3), RVXE6(3)

COMMON /IONOZ2/ RVxAS, RVxA6, RVxBS. RVxB6, RVXES, RVXEE




IONO3:
This holds still other quantities used in the ionospheric calcula-

tions.

INTEGER IFXCASE

REAL*8 RVXV1, RVxVZ, RVxXX, RVxHBND

COMMON /IONQ3/ RVxXV1.RVXV2,P7xXX,IFxXCASE. RVXHBND
MORE:

INTEGER IVxSX., IVxXSY. IVxSZ

REAL*8 RVxXCX, RVxXCY. RVxXCZ

COMMON /MORE/ IVxSX, IVxSY, IVxSZ. RVXCX, RVxCY, RVxCZ
TEMP1:

REAL=®*8 RVxXF40, RVxF65, RVxXKl, RVXHL

COMMON /TEMPl/ RVxF40, RVxF65, RVxK1l, RVXHL
GORP:

REAL®*8 RVXDD6, RVXANGLIM

COMMON /GORP/ RVxDD6, RVXANGLIM
TEMP2:

These are indices use in accessing grid arrays for interpc.ani:-.

INTEGER IVCxSCS, IVCxXSCT1., IVCxSCT2, IVCxSCT3, IFCx!4

COMMON /TEMPZ2/ IVCxSCS. IVCxSCT1l. IVCxSCT2, IVCxSCT3. IF7TuNi
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TEMP3:

VAR1:

VAR2:

VAR3:

VAR4:

RAID:

REAL*8

CCOMMON

REAL*3

COMMON

REAL*8

COMMON

REAL*8

COMMON

REAL*8

COMMON

RTLxDS, RTLxXI3, RTLxI4, RTLxIS

/TEMP3/ RTLxI3, RTLxI4, RTLxXIS, RTLxDS

RVCxXL. RVCxXU, RVCxAQ, RVCxHU. RVCxB0

/VARl/ RVCxXXL, RVCxXU, RVCxHU, RVCxAOQ0, RVCxBO

RVCxHBl, RVCxH2, RVCxYS, RVCxSL1l, RVCxSL2, RVCxH1L

/VAR2/ RVCxHB1l,RVCXH2,RVCXYS.RVCxXSL1l,RVCxSL2,RVCXH1L

RVCxAl, RVCxBl, RVCxCl, RVCxH1P., RVCXH2P

/VAR3/ RVCxAl, RVCxBl, RVCxCl, RVCxH1P, RVCXH2P

RVCxA2, RVCxB2, RVCxC2, RVCXHT3, RVCxHT4. RVCXHTS

/VAR4/ RVCXA2,RVCxB2,RVCxC2,RVCxHT3,RVCXHT4 . RVCXHTS

INTEGER IFCxSN

COMMON

/RAID/ TFCXSN




TEMP4:

REAL*8 RTLxFJ3, RTLxFl., RTLxF2

COMMON /TEMP4/ RTLxFl., RTLxF2, RTLXF3

LOCAL:

REAL*8 RVLXELEV

COMMON /LOCAL/ RVLXELEV
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Appendix C:
Error Messages

RAYTRACE will detect a few errors internally and generate errcr
messages for these. These are in addition to those that may =Ce
generated as run-time errors as specified by the compiler being used.
or may be operating system level errors. This section will discuss -<ze
error messages generated directly by RAYTRACE.

INVALID CHOICE.
This message indicates that a bad choice has been made from cne of
the menus. A bad choice is one that is out of the range of the possi-

ble selectiocns.

HIT RETURN ONLY TO CONTINUE.
The routine that handles the 'Press RETURN to c¢ontinue.’

k§]
"
O
3
O
(a]

Q
r

will generate this message if anything o-ther than an ‘A"
return is typed.

Conversion ERROR, Please RETRY Input
Any given prompt is expecting a particular type of response (RZAL,
INTEGER, etc.) and this message will be given if the value enrtersd :-.s
not of the expected type. Note that if a REAL is expected. and an
integer is entered, this will not occur, as a decimal point r~av =ce
attached to the value.

RAY DOES NOT PROPAGATE!!!!
This message indicates that a ray has been given a startingy t:c.at
at an altitude inside the ionosphere and has parameters that are 1-c-n-

sistent with any propagation for the ray.
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EXCEEDINGLY WIERD CASE: POINT #1 (& a few values are also displayed!

If this message ever appears, something has gone quite wrong in

the routine which calculates the ionospheric paramecers and gradients.
Theoretically, this should never be seen. Copy down ALL the values
given, along with all other parameters from the menus and the iono-
spneric specification (if possible). Contact the authors of RAYTRACE

with this information.

SXCEEDINGLY WIERD CASE: POINT #2
This message is very similar in nature to the previous one. I,
too, should never occur. If it dces, however, follow the instructions

given for the similar error above.
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Appendix D:
Source Code Listing

APPEARS AFTER INDEX
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