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ABSTRACT

The objective of the effort documented herein was to provide computer

progranu ning support for Space Surveillance system analysis. The two pri-

mary tasks of the effort were to complete the modification of the RADC

Trajectory Program and to modif y various radar cross-section and other

computer programs so tha t they could be accessed from the interactive

system for the RADC Radar Simulator. The documentation is organized

as follows:

Volume I, Part 1, Book 1 - Project Summary and Computer Program
Documentation ( Chapters r -rn  of Volume I, Part 1)

Volume I, Part 1, Book 2 - Computer Program Documentation

( Chapter IV)

Volum e I, Part 1, Book 3 - Computer Program Documenta tion
‘(Chapters V-VI and Appendices A-E)

Volume I, Part 2 - RADC T rajectory Program - N u m e r i c a l !
Ana l y t i c a l  Da t a

Volume II - Generalized Data Entry and Plot Program

Volume III - Rada r Signature and Radar Scattering Principles

Investigation Software
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E V A L U A T I ON

The o b j e ~- t l v e  ot  t h i s  e f f o r t  is to  p r o v i d e  RADC sys tems e n g i n e e r s  w i t h
t t ~~’ s ü f tw a r e  commonly  r e q u i r e d  f o r  sy s t ems  s t u d i e s  and t he  necessary  s o f t w a r e
for plotting the data. The RADC trajectory program was modified to handle
multi ple targets and multi p le radar sites. This program is required to
perform coverage analyses for radar surveillance systems and has been used
in support of SEEK SAIL , COBRA TALON and COBRA DANE. The cross section
programs are used to determine the cross sections of targets that a radar
system would be required to detect.

S i n c e  the RADC computer facility does not have a means of plotting
dat~i , most of the computer data generated was of l i m i t e d  value  and ex t remel y
t ime consuming to use. Vol II documents a procedure for punching cards in
ASCII format and reading data onto an HP cassette for subsequent p lotting
with an HP 9820 calculator system. This capability has proven extremel y
use f u l .

Vol III documents some Radar Signature and Radar Scattering computer
programs. A three dimensiona l plot program contained in this volume has
been incorporated into the Interactive Radar Simulator for p lott ing three
dimensional antenna patterns and imaged wideband cross section data. These
programs can serve as a starting point in the Tactical Target Identification
Program .

J OHN C. CLEARY
P r o j e c t  Eng inee r

vii

~

— 
- -



[. I nt r o d u c t i on

A. Purpose and Scope

This document is Volum e I , Par t  1 of the technical report  and compute r
p r o g r a m  docurrientat ion for the Space Surveillance Software Support Contract ,

• F - 30 6 0 2- 75- C- 0 16 7 , and is submitted in fulfi l lment of items A O 02 and A003
of the contract  data r equ i r emen t s  list. The work represented herein has
been p e r f o r m e d  by In formation Sciences Company (LSC)  of Planning Research
Corporat ion ( P R C) .

Contained herein are  a summary of the work done on the project in
the modification of the RADC Tra jec to ry  Program and others and the
documenta t ion  for all computer p r o g r a m s  modified .

B . Document  Organizat ion

Volume I , Par t  1 is organized as follows:

Chapter II is , basically,  the project  summary.  Appropriate exhibits
are  interleaved with the text material .

Chapters III and IV contain descriptions of the t rajectory computer

p r o g r a m s  and radar  c ross-sec t ion  computer programs, respectively.

Included are source listings, sample tes t cases , and sample output from
the tes t  cases.

Chapter V contains descr iptions of several auxiliary programs
developed dur ing the project , while chapter VI gives a list of references.

Appendices A through E conta in analyses relating to the t r a j ec to ry

pr og r a m s  and descr iptions of several small radar simulation-type programs.
Volume I, Part  1 is subdivi’led into 3 Books , Book 1 containing

Chapters I-Ill, Book 2 containing Chapter IV, and Book 3 containing

Chapters V-VI and Appendices A-E.

I — i
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Sp ace  S u r v e i l l a n c e  S o f t w a r e  Support

P roj ec t  S um m a r y

A. Project Overview

The essent ia l  purpose of the Space Surveil lance Software Support

pro j ec t  was  to provide computer  p rogramming  support to aid Space

Survei l lance sys tem analys is .  This support took the fo rm of modif ying

n u m e r o u s , existing t r a j e c t o r y  and r a d a r - c r o s s  section programs and

implementing them on the Honeywel l  635 and 6180 computers at RADC.

These  p r o g r a m s  were  wr i t ten  in FORTRA N Y and placed in the appropriate

time-sha ring GARDEN fo rma t  so that they could be accessible from the

interactive system for the RADC Radar  Simulator.

The work on the project was divided into two major task areas.

One of f tese  tasks was to bring the modification of the RADC Tra jec tory

Program to a completion; the initial modification of the program was

performed under Contract F30602-7Z-C-0136. This second modification

included the capability of process ing multiple radar sites and multiple

t a r g e t s  in the  program so that various radar  parame te r s  could be determined.

The t ra jec tory  program can now accommodate up to 20 different  radar sites

and up to 20 t a rge ts .

The second task consisted of the modification and implementation of

a number of trajectory, target model, and radar cross-section programs.

There were 12 programs, altogether , involved in the task , and they were

made executable via the remote  batch system (CARDIN) of the RADC Honey-

well computers .  The 12 programs were the : Cobra Talon Tra jec tory

Program , Nodal Crossing Pr ediction Progr am, Orbi t Prediction Program,

Cone Program, Cone-Cylinder Program , Fru stum Progr am , Fru stum-

Cylinder Program , Hemisphere-Cylinder Program , Radar Scatter from

Missi le  Program, Dihedra l  Corne r R e f l e c t o r  P rogram , Cy l inder  P r o g r a m ,

~~i~ U C~~l inder-F1~~re P r o g r a m .

B- P r o g r~~n~ Development

The r equ i r ed  modi f i ca t ions  to the - ar iou ~ c omputer program s and their

II— ’
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implementation on the Honeywell computing system were carried out in

a c e r t a in manner. The procedure followed with respect to the two major

tasks of the project  will be described in the following paragraphs.

1. Modification of the RADC Trajectory Program

It was realized initially tha t the plotting capability had to be

res tored  to the RADC Trajectory Program in order to mak e full use of it.

The XYNECTICS plotter , by which plot s of ra da r data we r e produ ced for

the version of the program as modified under the original contract, was no

longer available.  However , the Hewlet t -Packard 9820A calculator/plotter ,

with the capacity to read data cards was available. Wha t was done was to

write a short program to read the plot file created by the trajectory program

and to punch out the file data onto cards for plotting on the HP9820A . This

short program served as the basis of another plot program which could read

• the plot file created by the multiple site/multiple target version of the

t ra jectory program and which was used quite often.

After checking that the first modified version of the trajectory

program executed correctly,  a detailed flow-chart of the major processing

within the program was drawn up. This flow-chart was to serve as a

basic reference for m aking further modifications to the program. It was

thought that the modification involving mult iple radar sites would be easier

( less  complicated) to include first in pref~ ,- ence to that involving the multiple

targets, and this is what was done. The multiple site addition was thoroughly

tested using the results  produced from prior , valid computer runs. The

additiona l capability of printing out a message to the effect tha t an object

was not detected by a radar site , when this was the case , was also

incorporated. Next , the multiple ta rge t  (or t ra jectory)  capability was

implemented. Basically, this involved putting an outer loop around the

processing of the program; the multiple site modification had been made to

process a single target only. Again , the multiple target addition to the

program was carefully checked using previous , good computer runs.

After  check-out of the multiple target /mult iple site modification,

other capabilitie s were added to the program. An atmospheric model for

11-2
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sim ulating atrnosp he-ric effects on missi les was included and test i .d .  This

model was essentially the one that was in the ori ginal , unmodified version

of the program.  The generation of c i rcular  orbit trajectorie5 with the

p r o g r a m  was tested , and the option to select either inertial velocity or

burno ut velocity was added. Finally ,  inclusion of radar parameter difference

computations for multiple sites and t ra jec tor ies  was worked on.

2. Modification of Other Programs

The discussion here generall y r e f e r s  to all programs modified

except the RADC Trajectory Program. These programs consisted of

3 traiectory-type programs and 9 target model or radar cross-section

programs.  The basic procedure which was followed in modif ying these

programs and implementing them on the Honeywell system is given below.

Th e exi sting source deck for a program was loaded on a disc

file , compiled , and compilation e r ro r s  we re eliminated. Routines common

to several  p rog rams  were removed from t}~ programs and pr ocessed

sepa r ately. An attempt was then made to execute the e r r o r - f r e e  object

form (also on a disc file) of the program using a given input test case.

The r e su l t s  were  compared against r e su l t s  obtained from previou s , reliable

runs of  the program.  If the results  compared favorably, then the program

inputs were  converted to NAMELIST fo rmat, where it had not alread y been

done so , in order to facilitate the use of the CARD IN system for program

execution. When the resul t s  did not check out , a search was made for

program and /o r  load e r ro r s , and after  being fo und and corrected, th en the

input conversion to NAMELIST was made. The NAMELIST conversion

v a s  also tested through computer runs.  The last thing that was don e to a

program was to produce plots of it s computations as a final output and

check-out .  In most cases this meant  adding a subrcu tine to the program to

place the re quired data on a file so that it could be punched onto cards later.

In addition , it should be mentioned tha t each program was executed in the

CARDIN system by means of their respective job streams which had been

placed on file.

11-3
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C. Program Usage

This is a general discussion indicating how to use the programs which

have been implemented under this contract.  The reader should refe r to othe r
chapters of thi s volume for more detail.

1. RADC Trajectory Program

After  the user selects the appropriate missile, radar , etc.
input parameters, he must decide wha t input options to exercise. Basically,

these option s will be determined by what type of run he desires and what
output he wants. Incidentally, in choosing values for the missile parameters
(initial velocity,  re-entry angle , e tc . ) ,  the reader is referred to the appendices ,

Part 2 of this volume , section II. E , and other documents which may have
been produced on the subject. By selecting appropriate values for the ma in
processing switch, NSWTCH , and the plotting options , IPLOT I or IPLOT2 ,
the user  can , for the most part , control the flow of a program execution

and the output from it for immediate and/or later use. NSWTCH 0 will
cause the computation of trajectory parameters only, the printout of them,
and the storage on a file of those needed for determ ining radar paramete r s .

No radar computations will be made when NSWTCH 0. By setting NSWTCH
= 1 , the program will produce trajectory data , storing appropriate parameters

on a file as for NSWTCH 0, and will calculate radar parameters (range ,
azimuth, e t c . )  for each of the input radar sites. NSWTCH = 2 will cause the
generation of radar data , only, from trajectory data placed on file when
NSWTCH = 0 or 1. By setting either plot option , IPLOTI or IPLOT2,
equal to . TRUE. , the user can have radar data placed on a plot file for later
access in producing plots. For this purpose , cards would be punched out
from the file through the use of a short auxiliary program (1st  program of
Chapter V), and they would be plotted on the HP9820A by means of the
Generalized Data Entry and Plot Program.

2. Other Tra jec to ry  Programs and Target  Model Programs

Most of these programs do not have any input options so that
their use is r elatively straight-forward.  The possible excep tions are the

Cobra Talon Trajectory Program which requires the setting of such switches

11-4 
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as those for selecting the nominal t rajectory and inertia l velocity and the
Orbit Prediction Program which has a switch for putting data on a plot file.
The basic procedure in running any one of the programs would be to choose
desired values for the input parameters, enter them in the appropriate job
stream file , and execute the job stream via CARDIN and the Honeywell 6180
computer.  A plot file is created automatically when a target  model (cross-
section) program is executed. If one desires the file to be punched onto
cards , the BPUNCH subsystem of CARDtN can be utilized as ea ch file
is written in BCD format. For the Cobra Talon and Orbit Prediction
Programs, if it is desired to punch out their plot files, the appropriate
auxiliary punch programs would be employed.

D. Conclusions

There are several accomplishments of this project which have resulted
from the work performed:

The RADC Trajectory Program has been made into a more efficient
tool for the performance of radar system analysis. It can now process up
to 20 different radar sites and up to 20 targets (or trajectories) and
determine radar coverage parameters.  Data from multiple trajectories
can be permanently stored on a file and used many times over for computing
radar parameters.  This would result  in considerable saving of computer
time as the t ra jectory generation is by far the mos t time-consuming
process in the program. Plots of radar data can now be made on the HP
9820A calcu]a tor /plotter. Refer to Figure Il-i for an examp le of such a plot .
Also , the RADC Trajec tory  Program has been implemented on the
Honeywell 6180 CARDIN subsystem, so that it is executable by means of the
interactive system for the RADC Radar Simulator.

The target model programs have been checked out on the Honeywell 635
and 6180 computers and made accessible through the remote batch CARDIN
subsystem. The capability of storing data for plotting wa s al so added to
these programs. The Cobra Talon Trajectory Program had several corrections

• made to it while it was being implemented on the CARDIN system. It also
was given the added capability to generate circular orbits. In addition , the
Orbit Prediction Program (as well as the Cobra Talon Program) was

11-5
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provided the capacity for obtaining plots of its results , and both it and the
Nodal Crossing Prediction Program were made executable via CARDIN.

In the course of modif ying and implementing the many programs
involved in this project , several computer runs were attempted in which
a spaceborne radar system was simulated. A plot from one of the runs ,
showing the decrease in range of a missile as it approaches impact at
the radar , is illustrated in Figure 11-2.

Several observations concerning the RADC Trajectory Program can
be made; some of them may also apply to the Cobra Talon Trajectory
Program . Most of the major trajectory and radar computations in the
program are current ly performed in double precision floating point.
It might be worthwhile to perform an experiment on the program with
the computations changed to single precision . If the experiment is
successful , the benefit would be a significant reduction in both computer
processing t ime and required memory. In the modified program, the trajectory
data stored on file was in single precision; radar computations made with
this data showed no noticeable difference from those made wi th double
precision data . The basic integration time for t rajectory interations was
set at 0. 01 min. In the original program this time changed according to
certain conditions , e. g . ,  altitude of missile below a certain level. Results
from the modified program were compared , in several instances , against
corresponding resul ts  from the original program for which the integration
time varied and no significant difference was discovered.

E. Trajectory Computer Programs

The trajectory computer programs deserve special attention here
because they are the most important and widely used of the programs worked
on for this project. This section could be considered as an introduction

to their detailed description in chapter III and the analyses of Appendices A
through E and Volume I, Part 2. Most of the following paragraphs have
been excerpted from the ‘ Cobra Talon Study Computer Programs ”
document (see References). Updates have been inserted in the text where

appropriate.

• 11-7
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A missile trajectory computer program developed at RADC0 had been

modified to zero-in on a specific impact point . This is accomplished

by utilizing the position and velocity vectors at the actual impact

poin t as new initial conditions . Then the actual impact point is

moved to the desired impact point and run backwards to burnout , which

is time zero . Thus , a new se t of init ial burnout condit ions is

obtained for the third trajec tory which zeros in on the desired impact

point. This is of particular interest for reentry radars . Additional

trajectories can be run which are perturbed from the nominal traj ectory

( i . e . ,  the third trajectory) ; the radar differences from the nominal

trajectory (3rd) are then printed out . This option is obtained by

setting the FORTRAN variable KZ=0 in the Cobra Talon Program and = F

in t h e RADC Trajectory Program.

In a study which OCSA was required to perform, the launch point

and missile capabili ty were known . Therefore , the above computer

program was modified** so that the launch point was not changed. The

impact point was allowed to stay where the missi le  capabili ty put i t .

This means that the fi rst t ra j ectory was made the nominal trajectory .

The secon d and third trajectories were skipped and additional trajec-

-
- tories were perturbed from the f irst  trajectory . This option is obtained

b y s e t t i n g  KZ= l  in the Cobra Talon P rogram and = T in the RADC vers ion .

The original program*** was such that every time initial burnout

conditions were changed , the computer program was changed . This comnp~tet

program was changed to accept input data without changing the computer

* See Reference  4 , Page VI-2
** See Re ference 3, Page VI -2
•** See Reference 4 , Page VI-2

11-9
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program every time . This allows the time-sharing system to be used

for production runs . The computer program was also modified to print-

out all the input conditions for future refe rence .

To determine the radar coverage parameters a separate version of

the trajectory computer program was utilized which print s the missile

trajectory and radar coverage data every tenth of a trajectory minute.

In addit ion , the radar slant range is printed out in nautical miles .

For the case where differences are calculated , a second version of the

computer programs prints out data for every trajectory minute . Also ,

the differences in radar slant range from the nominal trajectory are

prin ted in feet. The ori ginal computer program was modified to calcul-

ate the total angular separat-ion in the radar beam from the nominal

traj ectory .

The outputs of the computer program can be used to determine the

radar systems information needed to fill in Table Il-i

To simula te missile trajectories , burnout velocities referenced to

the earth’s surface are required ; therefore, set the FORTRAN variable

INERTL s 0. If satellite orbits are to be simulated inertial veloc-

i ties must be used ; there fore , set INERTL ~ 1. This causes the earth ’s

rotat ion (W) to be subtrac ted from ,~j , the total longitude ang le

velocity component of the vehicle which is in subroutine ICERBM(P)

as the FORTRAN variable XD(3). When a simulated trajectory is required

for a specified inclination (INC) angle, the missile heading angle

BETA measured clockwise from north has to be calculated . Figure 11-3

11—10
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PU T ~~~~ MAX FI’;AL ~AX TOT MAX MAX t-IAX TOT
LA~~CH DEl I i E T OC T DET EL AZ RAN GE EL AZ GU S .
AZ RA N GE RA~~E RN- GE RANGE ANG LE ANG LE RATE RATE RATE TIME

FR N!1/ DEG / DEG /
TRUE ‘~O. rU-I NN NM TU1 DE G DE G SEC SEC SEC MI N 

—

120

170

190

21)0

230

TXPL ANA TORY NOTES:
1. Unless otherwile specified , the numbers in parenthesis list time (mm .
after burnout) at which value would be observed.
2. The total Az Angle is the az ang le required by radar to observe mi ssile
from horizon to horizon (0.5° el. angle). The numbers in parenthesis in-
iicate in itial and final detection azimuths (true North ) from radar site .
3. The Total Observation Time is the time target would be within radar
fiel d-of-view . In parenthesis are cited initial and final observation
t i mes.

TABLE -11-1. Radar Systems Information- Chart
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Section III 1 .,. documents the PRC version of the RADC Trajectory

Program . PRC ’s effort was directed towards making the program run

more efficiently on HIS 6180 and making the program relatively easy to

use for the user. This version of the program can handle multiple

trajctories for multiple radar sites. To save computer run time the

trajectories of interest can be stored on disc and/or magnetic tape .

Then covera ge parameters for the radar sites of interest can be handled.

Since the trajectory simulation requires the greatest amoun t of computer

time this is more efficient and allows other radar sites which may come

into consideration at a later date to be easily included .

Appendix A discusses the ejection velocity geometry used for multi ple

trajectories. Other appendices discuss procedures for determining burn-

out ve loci ty input parameters for the missile case. The inertial velocity

for orb ital cases i s determined from*

VI = ,J ~
-
~:; 

(circu lar orbi t )

/-7~~-~~\
VI = 

V
1 A4 (

~ 
,

~~~ 
(ell i pt ical orb it )

_ _ _ _ _ _ _where 4 = —

= true anomaly = angular posi t ion along orbit re ferenced
to peri gee

,44 = 5.0675004 x 1019 ft3/min 2

* See “Radar Handbook ” by Skolnik
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• 1.407639 x 1016 ft3/sec2

RE • 2.0925640 x io~ ft  (earth ’ s equatorial radi us)

o - orbit eccentricity ( e — 0 for circular orbit)

a - semi-major axis

r - distance from earth ’s center to satellite/missile position

Section III. C. documents the Cobra  Talon v e r s i o n  of the  RADC

Trajec tory Prog ram. This version has t he  ca p a b i l ity  of handling multiple

tar~~~ts ej e c t e d rorn the nominal trajectory for a sing le rada r site.

I
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LII. Description of T ra j ec to ry  Computer Programs

A. Introduction

Thi s section provides a description for four (4) simulation-type
computer program s which have been writ ten in FORTRA N Y to execute
under the Honeywell 6180 GCOS operating system. These programs ,
basically, generate trajectories for missiles and satellites and determine

radar  coverage parameters  and are the following:

1. RADC Tra jec tory  Program
2. Cobra Talon Tra jec tory  Program
3. Nodal Crossing Prediction Program
4. Orbit Predi ction Program

Program 1 is a second modification of the general perturbation pro-

gram of George A. Ellis , the initial modification of which was done under

Contract F30602 -72-C-0136.  Program 2 is essentially the version of

Mr.  Ellis ’ program which was used in conjunction with the Cobra Talon

radar study by John C. Cleary and Leonard C. Gratch. Refer to sections

LU. B and LU. C for documenta tion and fur ther  references on these programs.
Programs 3 and 4 were developed under the direction of Mr. Cleary for
predicting the path of an earth-orbiting satellite and determining radar

- ,  
look -angles for it. Sections LII. D and Ill. E document these programs and

mention a reference for them. All the programs have been put in the

appropriate time-sharing CARIDtN format by PRC/IS C so that they are
executable by means of the RADC Interactive Radar Simulator.

111—1 
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B. RADC Trajectory Pro~~rani

1. In t roduct ion

T his computer p rogram is a second modification of the general
p er tu rba t ion  program (PROGRA M TRAJ) of George A. Ellis , previously
mod ified under Contrac t  F30602-7~~-C-0 136. The previous modification re-
ta ii-ied much of the mathematics  and basic processing methodology of the
Ellis program but dif fered  pr imari ly in its input/output  capabilitie s and
increased modularity. More input flexibility and capacity for generating

t r a j e c tory da ta ( re la t ive  to a rada r ~j t~~) for use with an off-l ine plotter
were  major  charac teris t ics  of the f i r s t  modified version.  This second re-
finement of the program broug ht the modification of the RADC Trajectory
Program to completion. The capacity for accommodating multiple DSSR
si tes and mul tiple t a rge t s  has been added to the program , while still main-
taining the capabilities of the first modification.

The basic function of the program is to generate the t rajec tory
of a ballistic missile or an earth-orbit ing satellite. It predicts the position ,
veloc ity , and acceleration of the vehicle and can compute radar parameters
(r ange , azim uth , elevation , etc . )  relative to a number of radar sites. The
user  has the option of producin g just  t ra jec tory  data and no radar data , or
both t ra jec tory and radar  da ta , or jus t radar data from trajectory data stored
during a previous run.  The reader is r e f e r r e d  to a number of documents
describing prior versions of the program. Several of these are:  “Missile/
Satellite Tra j ec to ry  Program ’ April 1974 , a user ’s guide by R. Conti , PRC;
Simulation Program for Three Degrees of Freedom Trajectories ”,

Technical Memorandum No. EMA-TM-66-5 , Sept . 1966 , by George A. Ellis ,

~~t al;  “Cobra Talon Stud y Computer Programs ”, Technical Memorandum
RADC/OC-TM-71-4, May 1971 , by John C. Cleary and Leonard C. Gratch.
A lso , re fe r to the analytical description in Volum e I, Part 2 of this report.

2~ Computer Program ~~~erat ing Environmeni

a. Computer

Honeywell 6180.

111-2
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b. Source Language

FORTRAN Y under GCOS .

c. Memory Requirement

40K words.

d. Typical Processing Time Required

0. 12 hours (432 seconds)

e. Pcr~~hera 1 Equipment Requirement

One disc file (file code: 08)

Th ree disc or tape files (file codes: 09, 10 , 11)

f. Non-system Subroutines Required

ATMOS P Atmospheric  model.

BALCOF Ballistic coefficient subroutine.
CONVER Conversion to radar coordinates.

EQTNX Computation of acceleration com-
ponents.

ICERBM Computation of geocentric
spherical components .

INITAL Initialization subroutine.
INTRAJ Input t rajectory and rada r data

stored on files for computations.

INPUT Input subroutine.
OUTPUT Output subroutine.

RKG 4th Order Runge -Kutta -Gill.

g. Program Limitations

The program can accommodate no more than 20 per turbed

trajectories .
The maximum number of t ra jec tor ies  which can be gen-

erated will vary with the selection of the nominal t rajectory.  When the

nominal t ra jectory for the t ra jec tory  perturbat ions is the f i rs t  t ra jec tory ,

111-3
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the f i r s t  t r a j ec t o r y  and up to 20 pe r tu rbed  t ra jector ies  can be generated ,
for  a tota l of 2 1 . When the nomina l t r a j e c t o r y  is the third t r a j e c t o r y ,
t h er e  will  be genera ted the f i r s t , bac kward , and third t rajectories , and up
to 20 perturbed trajectories , for a total of 23.

The program can accommodate no more than 20 d i f fe ren t

radar  s i tes .
For the radar  parameter  difference calculat ions , no

more  than 10 d i f f e r en t  t r a j e c t o r i e s , 10 d if f e r e n t radar  sit es , and 5 dif-

fe ren t  si ghtings of a t ra jec tory  by a site are allowed.

111-4
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3. Inputs

The following two set s  of inputs I N T - r ; 1  1 and [N P I ’ l  
~

) arc -  for
the p rogram cont rols .

N A M E L L S T  INPU l 1

Symbol N a m e  Uni t s  I ) e scr i p t i on
N TRA J None Tota l  r ,u n ,b e r  - 1  t r a j e c t o r i e s  simu-

lated .  If KZ = T , t he actual  number
of t r - ~j e c t o r i e s  s im ulated will be

1 R AJ -2 . N T R A J  cannot  exceed
.~3.

TM M m .  M ax i m u m  t ime allowed for  any
t r aj e c t o r y  f r o m  sta rt to f inish .

NSWTCH Main processing switch for the
prog  r am.

0 Pr oduce  t r aj e c t o r y  data onl y.
The data b r  each t r a jec tory
gene ra t ed  wi ll be placed on a file
for  la te r  access .

1 P roduce bot h t ra j ec to ry and rada r
data . The t r a j e c t o ry  dat a will be
placed on a fi le.

2 P roduce rad a r data on ly.

NAMELIST INPUT 2

Symbol Name Units Description

IOUTI Printout option No. 1.

T Pr int  out the 13 t r a j ec to ry  para-
me te r s  from the radius of the
mis s u e  (or satell i te) t r a j ec to ry
to the accelerat ion in longitude
for  each time point of each tra-
j e cto ry .  The time po ints are
spaced b y OUTINC , and eac h
t r a j e c t or y  is considered relative to
a geocentr ic  coordinate sys tem.

111-5
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Symbol Name Unit s D e sc r i p t i o n

F Print out the 7 trajectory para-
mete r s  f rom the radius to atmos-
pher ic  d e n s i t y  fo r each t ime point
of eac h t r aj e c t o r y  genera ted .

IPLOTI Plot t ing  option 1.

T P rod uce a plot file of the 8 radar
parameters from slant range to
i n e r t i a l  ph i fo r  eac h t ime point
eac h detected t r aj ec to ry .  This
plot f ile c o n s i s t s  of data pr oduced
f rom all input radar si tes .

F Do not produce this p lot file .

IPLOTZ Plotting option 2.

T Produce a plot file of the 13 radar ,
parameters  (calculated for  each
site)  f rom slant range to heading
angle for  each time point of each
detected t r a j ec to ry .

F Do not produc e this plot fi le.

IOUTZ Printout option 2.

T Print out the 13 rada r parameters
f rom slant range to heading ang le
for each time point of each detected
t r a j e c t o r y .  The radar parameters
of each t ra jec tory  are c omputed
relat ive to the input rada r site
coordina tes.

F Print out the 8 radar pa ramete r s
from slant range to the inertial
phi ang le fo r eac h t ime point of
each detected t r a j e c t o r y .

KAT Atmospher ic  model option.

T Use  the a tmospher ic  model. Atmos-
pher ic  ef fec t s  will be considered
in the genera t ion  of the t rajec tor ies .

111-6
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Symbol Name Units Description

F Do not use the atmosp heric model.

KZ Nominal t r a j ec to ry  selection switch.

T Select the ist trajectory as the
nominal t r a j ec to ry  for  the tra-
jectory pe r t u rbat i ons .

F Select the 3rd t r a jec to ry  as the
nominal t ra jec tory .

SPHERE Spherical  earth model option.

T Use the spherical  model of the
earth.

F Do not use the spherical model.

IOIJT3 Prin tout option for radar para-
meter differences.

T Print out the radar parameter
d i f fe rences .

F Do not print  out the d i f fe rences .

OUTIN G Min. Increment between tim e points
for  printout .

INERTL Inertial velocity option.

T The initial missi le  velocity input
is the inertial  velocity.

F The initial velocity is the burnout
veloci ty.

Note : The spherical  model of the earth is the only one cu r ren t l y present
in the program , so that the value of SPHERE has no effect  on a
program run. Also , IPLOT 1 and IPLOT2 cannot be s imul taneous ly
true. Only one can be true and the other fal se , or both can be
false.
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The following set of inputs are for the initial state vector of the
interceptor  and the subsatellite parameters .

NAMELIST ENPUT3

Symbol Name Unit Description

GAM Deg. Re-ent ry  angle of the missile with
respect to the vertical.

BETA Deg. Heading ang le of missile w. r . t .
relative north .

VO Ft. /Sec. Velocity of the missile relative
to burnout  at epoch or inertial
velocity of the missile.

HX Ft. Hei ght of missile at burnout  or
initialization of t rajectory.

THE Deg. Geocentric latitude at burnout ,
+ north and - south of equator .

GLAM Deg. Geocentric longitude at burnout,
east of Greenwich.

THES Deg. Geocentric latitude of the target
(subsatellite), + north and
- south of equator.

GLA MS Deg. Geocentric longitude , east of
Greenwich, of the target.

Note : The inputs GAM through GLAM above could also be interpreted as
parameters  for an orbiting satellite , rathe r than a missile .

The following set of inputs describes the radar site s for which
computations are to be made. INPUT4 is not read if NSWTCH = 0.

NAMELIST INPUT4

Symbol Name Unit Description

NSITE None The number of radar sites to be
simulated. NSITE cannot
exceed 20.

LU- 8
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Symbol Name Unit Description

SLA T Deg. Geocentric latitudes of the rada r
sites , + north and - south of
equator. SLA T is an array.

SLONG Deg. Geocentric long itudes of the
radar site s , west of Greenwich.
SLONG is an a r ray .

SALT Ft. Altitudes of the radar sites above
sea level. SALT is an a r ray .

ELIM Deg. Maximum co-latitude of the ele-
- vation angle for which objects are

detected by all the radar sites.

If NTRAJ> 3, the velocity perturbations are  input:

NAMELIST INPUT5

Symbol Name Unit Desc r iption

A Ft. /Sec. Out of trajectory plane perturbation,
+ ejected to the left of the nominal
trajecto ry. A is an array .

B Ft. /Sec. In plane perturbation, + ejected
backwards from nominal trajectory.
B is an a r ray .

C Ft. /Sec. In plane perturbation, + ejected
backwards from nominal t ra jectory.

H C is an ar ray .

111-9
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4. Output

The output from the RADC Trajectory Program is a variable
depending upon the selection of the program options. F i rs t , a printout of
the input parameters  for the program run is produced , this printout and
the Input parameters , themselves, varying according to the values of the
options. Then follows the printout of the results  of the program execution.
The main processing switch for the program (NSWTCH) has a great  deal
of control over the type of output coming from the program.  If NSWTCH =0 ,
only trajectory data will be printed out. If NSWTCH = 1 , both t ra jec tory
and radar data will be produced. And if NSWTCH~ 2 , only radar data will
be outputted . The following lists indicate what printout is produced with
what option values.

When NSWTCH O or 1 and lOUT 1= . FALSE. , the following
printout of t rajectory parameters  for every t ra jectory generated is pro-.

duced:

Symbol Name Units Description

NTRJ None Number of trajectory. When
KZ = T , th e second t r a j ec to ry
will  be numbered 4.

TIME 1+(I/ IO)
~‘OUTINC Mm . Formula for the calculation

of a t ra jectory time point
for printout.  The value
ca lcu la ted (and printed out)
represents the time from
burn-out  of the missile along
its t ra jec tory  or time from
the initiation of the satellite
orbit or missile path, if

-
~ that is appropriate.

OUTTRJ(1) Ft. Earth-centered radius of the
t ra jec tory  or the distance of
the missile or satellite from
the ear th  center at the time
point above.

111-10  
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Symbol Name Units Description

OUTTRJ(2) Deg. Position in latitude of the
missile/satellite in its tra-
jectory at the above time
point.

OLJTTRJ(3 ) Deg. Position in longitude of the
missile/satellite, east of
Greenwich.

OUTTRJ(4)  Ft. Altitude above sea level of
the missile.

OUTTRJ(5)  Ft. /Sec~ Inertial velocity of the
missile/satellite along its
trajectory.

OUTTRJ(6)  Ft. 2/Slug Ballistic coefficient at the
time point.

OUTTRJ(7)  Slug / Ft. ~ Atmospheric density at the
trajectory time point for the
missile/satellite altitude.

The t ra jectory parameters corresponding to the next time point
to be printed out are stored in OUTTRJ(8) - OUTTRJ( 14),  and so on for
each time point to be printed. NTRJ is printed at the top of a page of
printout. The time point - OUTTRJ(7) are printed out on one line of a page ,
next time point - OUTTRJ( 14)  on the next line , etc ., up to 52 lines per page.
NTRJ will start the next page. Each successive tim e point printed out will
diffe r by OUTIN G from the previous one . This may not hold true for the
very last time point as it may differ from the previous one by 0. 01 m m .  or
more.

LI IOUT 1 = .TRUE. and NSWTCH =O or 1, the following tra-
jectory parameters are printed out:

Symbol Name Units Description

NTRJ
T IME l+( 1/ IO)

OUTTRS( 1) Described f o r  I O TJ T I =
FALSE .

111-11
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Symbol Name Units Description

O U T T R J ( 2 )

OUTTRJ(3)

OUTTRJ(4)

O U T T R J ( 5 )

OUTTRJ(6)
OUTTRJ(7)

OUTTRJ(8)  Ft. /Sec. Geocentric radial velocity
component of the missile/
satellite at the time point.

OU TTRJ(9)  Deg. /Sec. Geocentric latitude velocity
component of the missile!
sa tellite.

OUTTRJ( IO) Deg. /Sec. Geocentric long itude com-
ponent of velocity of the
missile/ satellite.

OU TTRJ( 11)  Ft. /Sec. 2 Geocentric radial accel-
eration component of the
missile/satel l i te .

OUTTRJ( 12)  Deg. /Sec. 2 Geocentric latitude com-
ponent of acceleration of
the missile.

O U T T R J ( l 3 )  Deg. /Sec. 2 Geocent r ic lon gitude com-
ponent of acceleration of
the missile.

Wha t was said above for the printout when IOUTI . FA LSE.

essentially holds for lOUT 1 = . TRUE. The d i f fe rence  is that s torage
of the trajectory parameters is not the same. The t ra jec tory  paramete rs
corresponding to the next time point to be printed out a rc  stored in

O U T T R J ( 14 ) - O U T T R J (2 6 ) ,  and so on for  each time point to be printed out.

The number and types of t ra jec tor ies  gene ra ted  a re  basically

controlled by the input variables NTRAJ and KZ .  If onl y one t ra jec tory  is

desired , NTRAJ would be set equal to one. If pe r tu rbed  t ra jec tor ies  are

desired with the nominal trajectory as the f i r s t  t r a j e c t o r y ,  NTRAJ would

be set 4 and KZ = . TRUE. The t ra jector ies  on the p r in tou t  would be

I L l - I  2
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numbered in the order 1, 4, 5, 
— — — — , number  4 represent ing the f i r s t

perturbed t ra jec tory .  If per turbed t ra jector ies  are  desired with the nom-
inal t r a j ec to ry  as the third t ra jec tory ,  NTRAJ would be set ~~ 4 and KZ =

FALSE. In this case the t ra jec tor ies  would be numbered 1, 2 , 3, 4, 
— — —.

Trajectory 2 is the so called “backwards ” t ra jec tory ,  with time going in
descend ing order .

Now if NSWTCH 1 or 2 , the following set of radar parameters
will be printed out for each radar site and each t ra jectory detected by the
sites. For NSWTC H= 1 , the radar data will follow the appropriate trajectory
da ta printout. For NSWT GH=2 , there will be no t rajectory data printout ,
only radar data. There will be no radar data printout for the second tra-
jectory and if a t ra jectory is not visible to a radar site , a message to that
effect  will be produced. For IOUT2 = . FALSE. , the radar parameters
printed out are:

Symbol Name Units Description

NTRJ None Trajectory number.
ISITE None Radar site number.
SC1 Deg. Position in latitude of the

radar site.

SCZ Deg. Position in long itude of the
rada r site.

TIMEZ +( I / IO l)
‘~OUTIN C Min. Trajectory time point. See

description for LOUT 1 =
FALSE. under t ra jectory

data output.
OUTRAD( 1) N .M.  Radar slant range to the

missile/satelli te for the
time point.

OUTRAD(2) Ft. /Sec. Slant range rate for the
time point.

OUTRAD(3) Deg. Radar elevation angle for
the missi le/satel l i te  at the
time point.

OUTRAD(4) Deg. /Sec. Elevation angle rate .

111— 13
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OU TRA D ( 5 )  Deg. Radar  azimuth angle , mea-
sured  cloc kwise  from nor th .

O~J I  RA D(6)  Deg. /Sec. Azimuth  ang le ra te.
OU IRAD(7)  c . r . u .  Tra jec tory  radius in ear th

radii units.
O U T R A D ( 8 )  Deg. inertial phi angle.

The radar  parameters  corresponding to the next tim e point to
be printed out a re  stored in OUTRAD( 9) -OUTRAD ( 16) ,  and so on for each
time point to be printed. NTRJ , [SITE , SC1 , SCZ are  printed at the top
of a page of printout. The time - OUTRAD(8) are printed out on one line
of a page , next time point - OUTRAD( 16)  on the next line , et c . ,  up to 52
lines per page. NTRJ,  ISITE , SCI , SCZ will s tart  the next page. Each
successive tim e point printed out will diffe r by OUTING from the previous
one, except that the difference between the f i r s t  and second time points and
the next - to- las t  and last could be less than OUTING.

What was said in the previous paragraph applies to one sighting
of the missile/satellite by a radar site. Each sighting of the missi le /sate l -

lite by a site will have a group of printouts similar to what is described

above. The f i r s t  time printed out for a group represents  the initial time

of sig hting by the radar for the cur ren t  sighting (or cur ren t  period in which
the missi le /satel l i te  is in the rada r coverage).  The last  time represents

the time at which the missile was last visible to the radar for the current

sighting. The printout of radar parameters , in this way , can ref lect  when
a missile moves in and out of the radar coverage.

When IOUTZ . TRUE. and NSWTCH I or 2 , the following

radar parameters  are  printed out:

Symbol Name Units Description

NTRJ

ISITE

SC’
SCZ

111-14 
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Symbol Name Units  Descr iption

TLME2 . ( I / I O 1 )
- O U T I N G  Descr ibed  under IOtJT2

FALSE.

OUTRA D ( 1)

OUTRAD(Z)
OUTRAD(3)
OUTRAD(4)

O U T R A D ( 5 )
OUTRAD(6)
O [fT RA D (7)

OUTRAD(8)
OUTRAD(9) Ft. /Scc. 

2 Radar slant ra nge accelera-
tion of the missile/satellite.

OUTRAD( lO)  Deg. /Sec. 2 Radar elevation angle accel-
era tion.

O U TR A D ( l l )  Deg. /Sec. 2 Radar azimuth ang le accel-
eration.

OUTRAD ( 12)  Deg, Missile re-entry  angle.

OUTRAD( l 3 )  Deg. Missile heading angle.

Essent ia l ly  what was said for the printout for  IOUTZ = . FALSE.

holds  true for IOUT2 = . TRUE0 , except that the storage of data is different.

I - o r  example , time point - OIJTRAD( 13) is printed on one line , next time

point - OUTRAD(26) printed on the next line, etc .

Radar Parameter Differences

The radar parameter difference calculations , as of this writing, have
not been fully implemented. The following discussion will describe the
output as it will be produced from the calculations.

If lOUT 3 . TRUE. , the program will compute radar parameter
differences and print them out , after the last set of trajectory and/or rada r
data printed out. The differences will be out-putted for each radar site and
for each perturbed trajectory when NTRA J ~~ - 4 in a manner basically
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similar to the printout of the radar parameters discussed previously.

The differences represent the values obtained by subtracting the radar

parameters for the perturbed trajectories from the corresponding parameters

for the nomina l t ra jectory ( trajectory #1 or #3).

Radar data required for the computations must  be stored on the plot

file and is identical to the data that is placed on the file for producing plots.

Normally, this data would be stored on the file as the resul t of the execution

of the parts of the program preceedin g the parameter difference portion.

This data could also be stored from a prior execution of the program and

used in the difference computations. However , this latter procedure is

not recommended since all program inputs required by the computations

should be identical to the corresponding ones that were used when the plot

file was created. When IOUT 3 = t rue , therefore, IPLOTlor  IPLOT2

should be set = true and NSWTCH = 1 or 2. It should be pointed out that

the input variable KZ will determine which trajectory will be the nominal

trajectory for the computa tions. With KZ = true , the nominal trajectory

would be the f i rs t  trajectory;  with KZ = false , it will be the third trajectory.

The following list defines the output parameters  when IO[JT Z = false.

Output Parameter Units Description

NTRI None Trajectory number.

ISITE None Radar site number.

SC1 Deg. Position in latitude of the
r adar site.

SC2 Dc~~. Position in longitude of the
radar site.

Time M m .  Tim e from burnout or from
initiation of the trajectory
of the ta rge t  (or missile!
satellite). Each time printed
out will be a time at which both

- the nominal trajectory and the
current perturbed trajectory
we re detected by the current
site.

Slant Range N . M .  Difference in radar  slant
(nominal trajectory slant
ran ge - perturbed trajectory
slant range) for time.

111-16
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Output Parameter Units Description

Si Range Rate Ft. /Sec. Difference in radar slant
range rate.

Elevation Deg. Difference in the radar
elevation look-angles to the
trajectories (nominal -
perturbed) or targets.

Elevation Rate Deg. /Sec. Difference in radar elevation
angle rate .

Azimuth Deg. Difference in radar azimuth
angle, measured clockwise
from north.

Azimuth Rate Deg. /Sec. Difference in radar azimuth
angle rate.

11 IOUTZ = true, the following list of output parameters is produced.

Output Parameter Units Description

NTRJ Described in the previous list.

ISITE
SC!

SC2
Tim e
Slant Range
Si Range Rate
Elevation

Elevation Rate

Azimuth

Azimuth Rate

Si Range Rate Dot Ft. /Sec. 2 Difference in radar slant range
acceleration.

Elevation Rate Dot Deg. /Sec. 2 Difference in radar elevation
angle acceleration.

Azimuth Rate Dot Deg. /Sec. 2 Difference in radar azimuth
angle acceleration.

Ang ular Separation in D eg. Total angular separation in
Radar Beam the radar beam.

111-17
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Plot File

The previous paragraphs under Output have dealt with the printout
on listing paper from a program execution. The following paragraphs will
describe the plot file which can be created on disc or tape if the user

exercises the appropriate input options. By setting either IPLOT ! or
IPLOTZ = .TRUE. (when NSWTCH = 1, 2) data will be placed on the file
so that off-line plots of radar parameters ( r a ng e , azimuth , elevation , etc. )
can be produced. The plots can be drawn , f rom data cards punched out
from the file, on the He wlett-Pa ckard 9820A calculator/plotter through the
use of the Generalized Data Entry and Plot Program. See Volume II  for a
detailed description of this program. The Plot Program XYNE TICS Plotter ,
developed for the first modified version of the t ra jectory program , can handle
the case of one trajectory and one radar site , only. The format of the file

for each generated trajectory which is subject to a radar search and detected

by the radar is given below. Logical records nos. 1 throug h 7, ...,  n conta in

the data for one sighting of the trajectory (or ta rget )  by a radar site. They
will be repeated for each additional sighting by the site ; they will also be
repeated for each sighting of the trajectory by each additional radar site , if

multiple site s are to be processed. Refer to Figure 111-1 which illustrates

the layout of the file.

Logical Record No. 1

Symbol Name Units Description

TIME3 Mth. Initial time of sighting missile
trajectory at the radar site.

IPLOTZ Plotting option 2.
T Plots for 13 different radar

trajectory parameters can be
produced. A total of 12 plots
can be drawn.

F Plots for 8 radar trajectory
parameters  can be produced.
A total of 7 plots can be
drawn .

102 None Number of radar  parameters
which can be plotted. IOZ~ 8
if IPLOTZ if false , 13 for
IPLOT 2 t rue .

lu -i S
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Radar Site 1, 1st Sighting:

Logical record #1 • TIME3 , IPLOT2 , 102 , EOF

Logical record #2 LNREC3, NREC4 , NREC5, EOF1O, SWTCH~J

Logical record #3 OUTPLT

Logical record #4 1 NREC3 , NREC4 , NREC5 , EOF1O , SWTCH2

Logical record #5 OUTPLT

NREC3 , NREC4 , NREC5 , EOF 1O , SWTCH2
(=true)  (=true )

Logical record #n ~TLME 7 
_____________

Figure UI- i.  Plot File Format for Each Trajectory. (1 of 2)
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Radar Site 1, 2nd Sighting:

_ _ _ _  - -k--- -

Logical record #1 ~T~~~E3 , IPLOTZ , 102 , EOF
- - -

Logical record #2 ( NREC3 , NREC4 , NREC5 , EOFlO , SWTCH~

Logical record #3 ~OUTPLT ]

NREC3 , NREC4 , NREC S , EOF 1O , SWTCHZ
____ 

(=true) ( true)

Logical record #n TIME7 
— - - 

-

V
TLME3, IPLOT2 , 102, EOF

I ( true)Logical record IT1

Radar Site 2, 1st Sighting: 

- 

Logical record #1 TIME 3, IPLOTZ , 102, EOF

TIME3 , IPLOT2 , 102, EOF
Last record on file ( =true )

Figure 111-i. Plot File Format for Each Trajectory (2 of 2)
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Symbol Name Units De scription

EOF Switch variable to denote the
end of data for the current
radar site and the current
trajectory.

T There is no more data on the
fil e for the cur rent site and
trajectory.

F Radar data follows for the
current site and trajectory.

Note that the description of IPLOTZ above is somewhat different from that

given under Inputs. The description abov e is given mainly from the standpoint

of a plot program.

Logical Record No. 2 , 4, 6 , - --

— Symbol Name Units Description

NREC3 None Number of time points in the
radar trajectory data on the
following record.

NREC4 None Total number of time points
in the following record of
radar data and all previously
input records of data for th e
current sighting of the
missile trajectory by the
radar.

NRECS None 
- 

Number of the following
record of radar data for the
current sighting.

EOFIO Switch variable to signal the

-

~ end of the set of data for the
cur ren t  missile sighting.

T No more radar data follows
for the current sighting.

F More data follows for the
current sighting.

SWTCHZ Switch variable for plot
program to read last time
missile is visible to the
radar for the current sighting.

T Read in this last  time from the
file.

F Do not read in this last time
from the file.
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Note:  In the current  version of the program , NREC4 and NREC5 are

not used , and the last time of missile visibility to the radar is not written

on the plot file. This means SWTCHZ will always be false , and when EOF 1O

is true , log ical record no. 2 , 4, 6 , - - - will be the last record on the file
for one sighting of the missile by the radar. The very last record on the

file will be log ical record no. 1 with EOF true following data for the last
trajectory and final sightin g by the last radar site.

Logical record no. 3, 5, 7, -

Symbol Name Units Description

OUTPLT Output array for outputting the
data on this record. There
are NREC3*IO2 data words on
this record. The contents of
OUTPLT are:

OUTPLT( l)  
- 

N . M .  Radar slant range for 1st time -
point of this record.

OUTPLT(2) Ft. /Sec. Radar slant range rate for
lst  timepoint.

OUTPLT(3) Deg. Radar elevation ang le.
OUTPLT(4) Deg/Sec. Radar elevation angle rate .
OUTPLT(5) Deg. Radar azimuth ang le.
OUTPLT(6) Deg/Sec. Radar azimuth angle rate.

OUTPLT(7) eru Trajectory radius in eru.

OUTPLT(8) Deg. Trajectory inertial phi angle.

If IPLOTZ = .TRUE. . the following parameters will also be on this logical

record:

OUTPLT (9) Ft. /Sec. 2 Slant range acceleration.
-

~ OUTPLT( 10) Deg. /Sec. 2 Elevation angle acceleration.

OUTPLT( l l)  Deg. /Sec.2 Azimuth angle acceleration.

OUTPLT( 12) Deg. Missile reentry ang le.
OUTPLT(13) Deg. Missile heading angle.
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Note: U IPLOT2 if false, there are only 8 different radar trajectory

parameters on this record for each time point; if IPLOTZ is true there
will be 13. Each parameter will be repeated every 102+1 word of 0[JTPLT;
e.g. , OUTPLT (102+1) contains the slant range for the 2nd time point of the
re cord, OUTPLT (102+2) contains the range rate for the 2nd time point, etc.
Any pair of consecutive time points for any records containing radar

parameter data are separated by the same increment in time. That is, the

time increment between consecutive time points has been Bet at 0. 1 m m .
for all radar data on the plot file.

If SWTCH2 is true (not currently allowed), the following record
will be written on the file. It will be the last record on the file for one
sighting of the missile by the radar site and is used mainly in the computation
of radar parameter differences.

Logical record no. n

Symbol Name Units Description

TIME7 Min. Last time of sighting (or
detection ) by the radar site
for the current missile
sighting.

5. Main Logic Flow

Figure 1.11-2 is a flow chart of the main logic of the program.
It is basically a flow chart for the executive (main program) of the program.

6. Sample Job Stream

The sample job stream following Figure 111-2 illustrates the

program setup for a 1 radar site and 8 trajectory run. The nominal trajectory
for the perturbations was chosen as the 1st trajectory. The job stream is
setup to place radar data on the plot file so that plots may be produced later
if so desired. In the job stream , file 09 stores trajectory data and file 10
stores the radar data to be plotted. The sample output and sample plots
included in this document were produced by executing this sample job
stream. The output and plots herein included are for the first 3 trajectories
only. Note that the second trajectory is labeled number 4. Also, the input
data of the job stream causes circular orbit trajectories to be generated.
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Ilnput Data J S- -it Counter for
I via I Trajectory

/ Cards / C) ~ 
Generating Loop

Set Integration
Loop CounterSet Trajectory 7 ) K9 =Counter 3

~~~~~~ swTcH=2 Yes 18 © ~~~~~~~~~~~~~~~~~~~~~~~~~~~

Perform 
Position andInitialization 
Velocity

~~~~~~~~~~~~~~~~~~~~~~~~~~ Compute
Trajectory
Acceleration

M = 2 Yes 11 Components J
No

Figure 111-2. Logic Flow Diagram for the RADC Trajectory Program (1 of 9)
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_______________ 
Temporaril y

Upda te Time Store Trajector-
Data for Output

T = T + To

~~~~~~~~~~~~~~~~~~~ /~ intout
/Trajectory
/Data When

T > Tmax Yes 
~~ /Buffer is Ful

No ________________

Temporaril y
Store Trajectory
Data for Radar
Comp.Traj ector  Yes 10

adius >- Max . 3Rad. ?

No
torage

Ar ray  Full Yes 8
Increment ? 3Counter

K 9 = K 9 + 1  
9 No
3

Increment
Counter

K = K + l
K 9 > I T  No 4

1

Yes 
-:

5
3 3
2

Figure 111-2. Logic Flow Diagram for the
RADC Trajectory Program (2 of 9)
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____ 2 1

5 -

2

Printout
Remaining
Trajectory
Data

K > 6 0 No 7
1

es
Output
Trajectory
Data onto Fil

6 for Radar
1 Comp.

NSWTCH No 18
_ _ _ _  

= 0  ? 5

Yes

Increment
rou~~ut 1 

_______________ 

Trajectory

/ ‘\~L-1 ~~
/

~~~ e for R~
d7

~~~~~~ U M = Z
~nd KZ = t rue ,

9 e t M = 4

Figure 111-2. Logic Flow Diagram for the
RADC Trajectory Program (3 of 9)
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M = 2 Trajectory

P P
Perform
Initializ ation T T + To

~
t
~ ;~ et:~ory 

- 

C

Set Integration (8 = 1(8 + 1
Loop Counter 1
K 8 = l  5

Compute
Trajectory 3 No 13
Position and ( 1(8 > IT
Velocity

Printout

Compute Trajectory
Trajectory Data When
Acceleration Buffer is Ful
Components

12

Figure 111-2. Logic Flow Diagram for the RADC
Trajectory Program (4 of 9)
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Computation of Radar Parameters

K 6 =K ~~~~ 1 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~ Set Radar Site
Counter

~~ 1’~ 
I S I T E = l

1(6 > 60

•

Yes -_ _ _ _ _ _ _ _ _

- Perform
16 ) Initialization

_____ Read in
~~~~~~~~~~~ .JTrajectory /

T \~6)  Data from
_______________ 

File
/Printout
/ Remaining
/ Trajectory
/ Data

L
~~~~~~ ata Record Ye 27

(NREC7) ~ 0 7
7

18 No
5

Figure 111-2. Logic Flow Diagram for the RADC
Trajectory Program (5 of 9)
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/onto File
/When Buffer
/is Full

_Compute Radar
Parameters  for Increment Time
the Record 

© ~ 
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Coverage No 24

7
1 = 1 + 1

- Yes

LOT
or IPLOT2= Y e 25

t ru e ? 7

7N REC7 No 22
No 7 

6

Temporarily Yes
Store Radar

Figure 111-2. Log ic Flow Diagram for the RADC
Trajectory Program (6 of 9)
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radar Data/
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/
File ]
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Figure 111-2. Log ic Flow Diagram for the RADC
Trajectory Program ( 7 of 9)
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Figure 111-2. Logic Flow Diagram for the RADC
Trajectory Program (8 of 9)
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Compute Radar Exit
Parameter
Differences
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-

Parameter
Differences
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NS~~ Yes 3~

J = J ÷ 1

_______________I Set Appropriate
Counters

Figure 111-2. Logic Flow Diagram for the RADC
Trajectory Program (9 of 9)
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1 : r- I ~~ : -

~ -~~ 1 -
~ I -

I I : ~~~~ ~~ 1~ -
, -

~ 
- / - j i , 4~~~/ ~ j )~~r~ 

l ’ -~~ ) -‘~T - ’. ‘ -

I ~~ ~ I - 1 1 —~I - - CI~ T -  1 -~~ I = ~
- • 

-
~~ ~ - ‘ , ~J ~ ~- 1 (~~ —{= 1

I’: ’ ~ i ’ P ! 1 2 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
I~-l ’ ~~~~~~~~~~~~ ~

- = 1 , I ~ T - ) 1 1~~~~~~~ ,
T ;  

~~~~~~~ ~i1 .= -1
1 ~ - ‘

~ 1 1--  ~1 ~ (- - \ - = ~~ . - ¶ L i f l ,  r,; T A =  ~ I • ~~ -~ (- ~ -~ D~ , ~F)= 7 • - - — t f / - -~u/ ~ ,
—~ ~ -~i~ --- , i ~~~~~~~~~ . f 1~

(
~~,

( ~~~.-I r/_ ’~~ ~~~~~~ 
(
~~~. / 1 I~ ~~~~~ , 

(~ . ‘~-r- =~ ~~~~~~~
• 

~~! - 1 ~~ -~~i ’ -  -1~~~I i ~~~= 1 ,
1 ) ’  -~ T ( I  ) ‘ - ~~. ,~~ I ) - J ( ( 1  ~~~~~~~~~~~ ~I) ‘ ,~~~‘ L T ( 1 ) 1~. ~; ,  i L l  .1 = -y-~~~ C

) ‘ i  C~~ T~~~ 1 F ~~ ‘~~( 1 ) = / - + - - . - -~ ~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~
- - ,- -‘ (~~~) = ( ~ . ‘

~~~
- -

~~~,
- -

~~. ~ - , ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~.‘l ~~~I ,~~~~.I - - ~~fl ‘ , — ‘ . -~ 7~~~~: - - ,
‘)-i /~ 1T~( 1  ) = ~ - , . ; ‘ 1 7 ,~~~~. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

• L

20 ~~~~~~

Sample Job Stream for the RADC Trajectory Program
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RADC 635/645 BATCH JOB
SNUM B R U M B E R  D A T E  T IME

________________ 7/2/76 1330
P RO G R A M M E R  T E L E  PHONE

Conti 339- 1360
R A O C  E N G I N E E R  T E L E P H O N E  SY M B O L

Cleary 357 3 OCSA
________ 

TAPE S ASSI~ P4E D ______

PE E L  NO W R I T E  R E A D  DEN T I T L E

None

P~~~ I P H E RA LS  ASSIGNED X P R I N T E R  L) eu~~ cp

[X UISC * O F  L I N I S ~~ Q.E DR UI-~~ O F

CORE S I Z E  40K A C T I V I T I E S

P R O C E S S O R  TIME 0. 10
E S T I M A T E D  L I N E S  OF

T O T A L  RUN TIME 0. 25 PRINT 5, 000
DE C KS E X P E C T E D

NO OF PIN A N Y  O E C R S  NO OF C O M D E C K S
None

BNC TAPE cu-i p c op y

F~~OMI T Ol  M0r f J~ o Or

B C D

- ~_j BI NARY

SPECIAL OPERATOR INST R UCT IONS

(U.. r.v.rse side If r.q.,lred)

R ADC F OR M  0 56 P R E V I O U S  E D IT I O N  W I L L  BE USED
A P R 69

HLS 6000 Batch Submittal Form

111-34

~

—--- _ —- --_ ---- _- - —- - ~~~~-~~~~~--~~~~~-~~ ~~-~~~- —- —~~~~



- _ — -- -- -- --—--——---_- -- - -  - - --_-.-_,-- _ — - _ ----- - — - - -_ - - - - -- -_----__ - --

Source Listing of the RADC Trajectory Program
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- --=
~~~~~

::- - -
~ ~~~~~~~~~~~~

- - -  ‘ - - _ - - _- - -- -_- -- --— -----_ 

~

_ - - - - --

~~~ 
—- 

~~

- - -

~~~~~

- --- -_ -

~~

-—_ --- —--,

cszSs&T M I S S I L E / S A T E L L I T E  T R A  !CT0P~ PPQGIAM 00000010
J _  I N P U T / QUTPIL I Q~~~LjJ1j~IT L f l T !/ T R A J !~~7Q~~T_ V E P $ I ~~$ 0 0 0 0 0 U 2~

00 0 0 o 03 0
00000 o~~O

C T H I S  I S A GEUIAI, PEBTU~ 6~ TI0$ PIOGRAM THAT P R E D I C T S  TH E  P 0 5 X T I O ~~, 0 O O 0 0 Q 5 0
C YEL 0CIIXIA~ D ~~C~ LERATI~ N 07 A VEHICLE WHETHER A5 a.II EARTH 0 0 0 0 0 0 60

C Cpa~ T~ wo SATELLITE OP BALLISTIC NISSILE,TXE FOPNULA TXO $ ~$ B~ 1gp 00000070

--C-- —--— ~ P O H  IX! NU .MP ’R!CA L I i D7_ ThI_LFflJRICAL 10t5 ~~~t znz 2&pTn.0000008c
T H E  ~~~5 4~ A R P C  A TMO SPHERTC -‘-tooil. &IID 00000090

C TH~ E*~ ?$ WI$Ii A*Z INC~~ DED. 
0000010~
00000113

C T1413 POUTI N Z D R I t E S  THE PRQ~ RAfl . 0000012Q
C THE MA IW SUBROUTINE GROUP~~’G5 CALLED ARE 00000133
-c ~~_ l ~~ zQI iX_— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

0000O1~ 2
C 2. C O N V E R  — COMP”TES SENSOP p A RAMETERS 00000153
C 3. Rx~ — A ~~~~ Q R ~~~~~ ~Q)r~~ KUTTAm~ IL;, $UM ERECALLT 00000163
C T N T E 3 R A TE S T H F  ~~~U A ?I0 H S ~~! MOTIO$ 00000170

00000161
C ALL DATA A SSOCIATED WITH THE MATHEMATICAL MODEL 07 THE EARTH APE 00000190

_______

~~

1Q

~

1 ~~kK S 0~~,~~~~_~ __~~&K ~~~~ .AN ~ ~~T~QN ,~ ,P. M~ALY3Z5 &PP O300 0~~OQ
e STAN~ A5DIZATI0N OF A STR0~~y ’IAflI~ cONSTANTS , 00000217

00 0 0 0 2 2
DOUBLE PRECISION X,tD,XDD~ T0.TM 00000233
DQU6~.E PRECISIQI TC.TI~~XIc.TX 00O0 02~~,~

~~T. 1, XYZ . R SL,PZ. *, W 00O0~ 25~-
P cIs~~o~I i~~~~~ i _  OQOO -2 62

DOUBLE PRECISION pl ,Zp~,~~1 .GEO 00000270
DOU BLE PREcISIQN r.A~~.BET A. ~X , VO ,THE, GLA M,SC1 ,SC2,AH,THES IGLA MS 00000250
•bE ,ELIM ,SLAT.SLOW G.SAL ” 0000029)
CO ON /E/Z/~ LtM/ELIP1/~ J7/I~ C I.J,JSTGNT.TS TART ,TZWD O000030-~
CC’YI O N/ MS/ G A M . B E T A ,  i X ,  V O . H E  . G L A N, SC 1, SC2,AH, THES .GLAMS 00000317

______  - -  
OOO0032~-
00000333

C0fl~Y~N/BS/ X (-’~ , XPL 3 }. X 3~~(3) 
0000035.j

~ G Z C X X / G E C . X K  0 0 0 0 0 37 ;
?SWSW/S CH 1 S~~TC~~2/SW 1O /S~~C X O  00000362

*7sw 3 s /s~ T c H ~~, sw -~~~ V 0 0 0 0 3 9~
— ~~~~~~~~~~~~~~~~~~~~~~ - - - — - - - - 

ooOooi~0r
• *7SW~~/5WT c / S ~’B/5.TcH9/S Wg/SWT crI~~/NSWTc H/WSWT cH 0O00O ~ I0 0 0 0 3 1o 2 )

•?TS3GHT/TIMESI(~~J,~~~,5~~.TIs1ES).(10a1O .5),NSI~ HT (10, 1C ) 0000CM25
*Yi7PTION /IITUT1 ,IOUT2 ,IcZ, PLOTI .1PL0T2,XA T,SFXZRE,OUTI!IC,IOUT3 3000 143’
•

~~~~~ UT R J / O U T T F c~~~~
( S -  

- ).0~r!’RAD (S2 O) .OUTPL’~
(5O03) 0 O J I ~I~ -

~~N T R A Y / I T~ - - -  
00000I~

5 _

CoMrO� ~/GE/ZK,s1 .p~ 
— 

000001i62
CQM~ ON/AX /T~ .~ OO00O4~73
C 0N/INCUT/IWcQ~JT ,IQ UT.NOfF i ,N 0FF2.$0TF3,I0TJTA 0OO0J’~p )

*YT O/TO/IT2/1T2.IT C 0OQ~~~9 -
cO~1MON /N P/NREC1 .~~REC2.~~i~E C 3 ,NHEcii aNRFCS,NREC O000C53~

—— ‘YIO/IOiIO~ ,i~~ — -  -- - — — --  - -  -  
0OO00~~I

CC M ~O N / N 97/N RE C 7 • ~ CT? ~ 0000-3 52
*PISITT/I5ITF/SITES/~~SITE.SZ,AI (20),SL 0NG(2O), SALT (20) 3000053..)
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—‘— — —~~~~~~~~ -—~-. c—— - - -z~ — ~~~~~~~~~~~~~~~~~~~~~~~ 
— —  — - —

LOGICAL IOUT1 . L O t J T 2  K 1  I P L O T 1 . I P L O T 2 . K A T . S P H E R E  0 0 - 3 0  5~
____ - -  

0 3 3 0 5~
LOGICAL SWTCH3 .S~~TCH~4 ~O 0 0~~5~
LOG ICA L SWTCH5 .$~~TCH6 

0O0O -~~
7

•,SVTCH7 ,SWTCH8 .5~~TCH9 
0OOQ 5~~-.-
0000C6

C INPUT DATA 0 0 0 0 7 6 1- 3
- —--- -~~~~ -~~ — - 

0QO O -~6 2 .
CALL INPUT 

- - 
0000 3 63 0
00 00 ~6 14

0000 0 65 3
0000066r

C SET I N T E G R A TI O~4 STEP SIZE AND NUMSER 07 INTEGRATIoN STEPS 00000670
______ 

0OOO-36B~.
260 T0=O .1D— 1 00003693

0O0Oi 7 .~
T I N C ~ T0*IT 000C3735 -

IF (NSWTCH .EQ. ? +G O TO 2 50 3 7 3 0 . 7 7
0000-3 7 1

ç - - - -  — - — 
O O O O O 7 2 ~
C 0 00 37 3”

CALL INITAL 000007141
3000 37S

c !~ ITI A L I Z E  ~ISsILP~/5A~~~LLITE TRAJECTORY OOOO 376~-
3 0 0 0 . 7 7 ”

_ _ _~~ALL_ ICE~~~-i 
- - — - - — -— - - — O 0 O O 37~~3

I F ( ’ 1 . E Q . 2 I G O  TO 1 5
CA LL EQTNX 00073833

115 CALL OUTP ’ T 3300 N I ~~
IFU~.TQ, 2)G0 TO 6 

C _ 00 O _ ~86y

C A L L  S T O B T B  0 O 3 O ~~~65
— -  - - 

0 0 0 0 . 8 9 -
C -~A IN PROCtSSINc~ L O O P  FUR I1~AJ~ CTOPY GEN~~~ATT0N 00007977

3000 .91~
20 Oc~ ~6 K 1 ,60 00007920

O 0 3 0 ~~93 3
C INTE GRATIO N LOOP 0000-39143

- - - 
) 0 0 0 . 9 5

K9=1 , I T  0000 096 7
‘ . D—5 )C0 TO 2’ 330Q-)97

3 0  3 C 0 9 8  -I

C P E R ~~O Rr1  B’ G E — K U T 1 ’~ I Y : r G P A T I O N  0 0 0 0 . 9 9 3
~- 3 0 C 1 ;  -,

CAL: BK ,  0 0 0 0 1 0 1 3
- 

0 0 7 0 ’
C C’ M13 ’~~ AC CELrkAT tO~ CC 0Po!EN~~S 0000’ 3~~03 3 7 (‘ I

C A L L  I 3 T ~~ X
T - T ~~T-:
: y ( T . ~~ T . C~~ .1~~ l . 0 D — 7 ) . -o~- .~~f ).GT .r,EO)GO TO 21 3 0 0 0 1 0 7

C o : : T I : U E
I o u :  T O T  + i t  -~ 0j ~~~~. g
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00001 13~’
- ~~~

_
~~JTQ.BL A~LUQH DALL 1~~~~ 21J1~ - - - 00001110

00001 123
Z T ( I O U T . ~~E . I~~C g U T I C A L L  S T O R T J  00001130

0000 1 1 14 1
C PRINT cUT TRAJICTORT DAZA 00001159

0000 1 16~
Y~~~1~ 1,Gr ..XO? r 1 ICALZ pp~~~~~~ --_ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ OQOQI 17Q

00001163
QQOQ1 199

C STORE TRAJECTOR Y OATA FOR RADAR COMPUTATIONS 0000120°
00001210

C A L L  S T O P T R  0000 12 2 0
____  - -  

O O 0O~~23-i
GO TO 16 0 0 0 0 1 2 1 4 ’

0000125
C OUTPUT TRAJECTOP ! DATA 0$ A VILE 00001260

0000127 -
150 IF (3WTCH9)C&LL 001111 O000128~

________ - — _ _ .  0 0 0 0 1  29:
CA L L  O U T I R  OO0013~~

16 CONrI~~lE 
Q0OO 131~

GO TO 23 00001320
21 XF (X ( .~~T .Q ZQ~~G0 TO 2 00001325

~WTCH3B .TRUE. 000013 3-: - ;
2 eC1~~~~~L~_~~~

_ _ . __ _  0000 13140
OO0O135~

C P?I~ T 001 TRAJSCTC~~T DATA 00001369
00001370

C A L .  pp
~~~ 0 0 0 0 1 35 2

0 0 0 0 1 3 90
D0 ~~E I ~~AJ1 IO1I ~)AIA. ~ V A rii.z - -  - - 

0000 11409
00001141?

I F ( S i J T C H 9 ) C A i ~. QV T T R I  00001 141*
tT (;:9EC7 , N E ,  )CALL OUT~~ 0000 11420
C A L L  O V T TR 00001 1430
IF (111.GX. 2)CALL STOPT2 000011431

________ ~~ 17 - 00O01 44 3~— 
GO TO 25( 

- - - - 
co0o1~~3~

6Q CONTINUE 30001I414-

C 00001145:

M = 2 T R A J E C T O R Y  0 0 0 0 1 1 46 0
C 0 0 0 0 1 1 47 .

..~~~~~ __ ~ I1~ ! R~~T!Q~4 sTe p s~~z~ ~~~ ~~j~UR 07 STEP S - -  

000011480
c - - — 

0 0 O 0 1I4 9 .~
TC=— D .010 oooois’’
IT~~~0 U IOOI5I T
IFC.714CH~~- )IT= IT2 - 7 0 0 0 1 5 2 -3

•‘ K8~~~.I T  0 0 0 0 1 5 3
— cA_L~~~~~~ — - 

0-000 1514’
—— 

C A L L  E Q T N X  
- - O O 0 O 1~~~ .

T =r’To  o O O o 1 b ~~:
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I F ( T . L E . 1 . , D — ~~~G o T~ 86 0 0 0 0 1 5 7 ,
‘.1 CONTINUE 00001560

‘
~ I M E 2 a T  

- — - —- 
00001565

C A L L  $ T O R T J  0 0 0 0 15 9 3
IT (SWCHIC’ )ITR1O 00001600

C 00001611
C M A I N  P R O C E S S I N G  L O O P ~~M a 2  T R A J E C T O R Y  O 0 0 O 1~~2ç) 

— 
0000 163:

‘C DO 18 K6~~~,6O OO00 1~~~’.Do h. ’) ~~~~~~~ 0000165:
CALL 1KG 0000166°
CALL EQTNX 000016,”

~~ T + TO 3 0 0 0 16 6 .

~~~~~~~~~~~~~~~~~~~~~~~~~~ T~ ~  ~~~~~~~~~~~~~~~~~~ - - -— o o O O 16 9 ~
‘.0 c cN T I : ~u E 

- 
o c ’o o ,~~o:

I O U T T Q U T + I T  0 C 0 0 1 7 1 0
t F ( I O U T . G E .I N C O U T } C A L L  S T O R T J  O O O O 1 7 2 . ~

F ( ~’ 1EC l , G E . N O 7 F 1 ) C A t L  P R I ~iIT 0 0 0 0 1 7 3 3
8 CO~~TI~~U E 0 0 0 0 17 1 4 .

- -——  - -- - - - - - — — -  - - 
0 0 0 1 7 5 )

86 S~~T C H 3 5 . T R U E .  0030176.
C A L L  P R I N T T  030 0 1 7 7 :

C 0 0 0 0 2 0 i O
C Co~~P~~TE R A DAR PIRANETEMS 00002010
C 2 0 0 0 2 0 2 3

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ j 2 _ ~~ - — -  - 

00002 025
~ C 50 0  I S I T E ’ . N S I T E  . 0 0 02 0 3)
C A L L  I N I T A L  0 0 0 0 2 0 1 4 - )

C 0 0 0 0 2 3 6 - )
C I:~p :T TRAJECT ORY DA TA 00002070
C 0 0 0 0 2 0 8 . .

- - - - 00 702 090
I O C  C A L L  T R A J I N  0 0 0 3 2 1 . ’)

y ( - R T C7 .F c . V ) G O  TO 2 3 3  C 0 0 0 2 1 1
J X =  ‘. 0 0 0 2 1 2 ,
0 - 3 3 0 1  I~~~~,~~ R E C 7  00 0 0 2 1 30
C k L L  T R A J X  0 7 0 0 2 1 1 4
C ALL CO N V E R  

- - 

3 0 0 0 2 1 6
- 

S~ TcHS~~.TPUE. 
- - - - - - 3 0 0 0 2 1 7

I F ( E . G T . E L I ~~TGO ~0 12 1 3 0 0 0 2 1 8 .’
SWTCHS .FAI.5E. 3000219 ’
S~~TcH6 .FALSE . 000022.1
I C U T A Z I O U T A + I T  — 0 0 0 2 2 1 :
I F f 5 W T c H 1 ) G O  To 1 ’5 00302223
IF (~~WTCH141 0A t L  STR A D2 3300223:

130 I F ( I P L 0 T 1 . O P - . T P L O T 2 ) G O  10 135 0 0 0 0 2 2 1 4 7
C 0 0 0 0 2 4 5
C S T O R E  R A C A R  D A T A  F O R  O U T P U T  0 0 0 0 2 2 6 0
C 3-00-0227- .

i ’ O I i 1SWIC } 1 14~~iO TQ 1~~O 
0000228:

I F ( I O ’ J T A , G~~, I N C Q U T ) C A L L  S T O R D  0 0 0 0 2 2 9 3
I F C ’ P ~~C 2 , G E , N O F F 2 )  C A L L  OUTROP 000023.’’
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~~~
---=

~
::-:—- - —

~~~~~~~~~~
- --- -- ----——

~~ ~~~~~

—-  ° --- - --
~~~
-------

~~ 

- -—- -- -

~~~~

-- ----- -

C 00002JI’
120 !flSWTCH* G0 T0 12I - - -  

00002 32Q
X T ( . ~~O T . 3 W T C H ’~~AID . SW T C 5 5 ~1O O T6 144 0 0 0 0 0 2 3 3 0
00 TO 125 000023 14Q

C 0 0 0 0 2 3 5 Q
SXO1Z~O~1TPUT ~ATL 702 1U1 VISIRLE PO~ 1T - - O 0 O Q 2 ~~~~Q

00002370
1140 IwICli6. tRu ! _____ - O9OO2~ 6O

CALL STRADL 0Q00239~
Z7(NR S C2 ,N Zi~~)CA~L O U T R D P  0 0 0 0 2 1 4 0 9
C A L L  OU T !O? 0 0 0 0 2 1 4 1 0

C 0 O O 0 2 W 2 ç ~
C R I — I N I T I A L I Z E  S a I T C H E S 0 00 0 2 1 43 0
C ____ _____________ ~~~~~~~~~~~~ ____ 0 0 0 0 2 14149

$WTCH1..TPuE . 000021450
BWTCH~~~1TRUZ. 

00002 1460
!F ( : P L O T 1 . O R . I P L O T 2 ) G 0  TO 1145 0 0 0 0 2 1 47 -7
GO TO 125 000021480

C 000024490
________ ~~j~~~~~~~~~D I I A .OJ 1~~~ T F It! UP T O L A S T  1I1ZJ1LL 1QINT~~~~ . O O O 0 2 ~~O0

C 0 0 0 0 2 5 1 0
1~e3 S W T C H 2 . . T R U Z .  O 0 O 0 2 ~~20

- )CALL PLTA PI 00002530
CALL PL1kP2 000025140
GO T O 12 5  0000255 0

C _________ 00002560
135 ~F (SWTCX 2 )CALL PLTAP E  00002570

SwTCIt 2~~~Tk!~S!, 0000256 0-
SW T C H7 . ? A L S E .  0 0 0 0 25 9 0

C - - -   0 0 0 0 2 6 0 0
C S T O R E  R A L A R  D A T L  F O R  P L O T T I N G  0 0 0 0 2 6 1 0

__________ _______ 
0 0 0 0 2 6 2 Q

CALL 51011? 00002630
C - - - - -  - 

0 0 0 0 2 6 1 40
C O U T P U T  D A T A  014 P L O T  T A P E / F I L E  0 0 0 0 2 6 5 0
C - - 

0 0 0 0 2 6 6 0

~ T ( N R Z C 3 . G E , N 0 F 7 3 ) C A L L  7 L T A P 1  0 00 0 2 6 7 0
GO T0~~~~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -____ 

0 0 0 0 2 6 8 0
1 1 5  S W T C H 1 a . F A L S E .  O 0 O O 2 6 ~~O

SWTCH8 ..FA LSE , -  
000027 00

CALL STORA ~ 00 00271 0

- GO ) I L  O 0 0 0 2 7 2 ~
1 2 5  CONTIuUE 3 0 0 0 2 7 3 )

— 
T = T .~~;~~~~~~~~~. __ . — —  -  

00 0 0 2 7 1 40
3 0 0  C C N T I N U E  0 0 0 0 2 1 5 0

~ O TO 1 7 - C  0 0 0 0 2 1 6 7
C 0000277 .
C PRINT O U T  R A D A R  D A T A  00002 183
C 0 0 - 0 0 2 7 9 0

230 CONTINUE 000028~~°
TF (~~REC7 ,FQ,~~)T—T—TINC 0000281 .’
IF (.NOT~ SWTCH~~~GO 10 23 

0 0 0 0 2 8 2 - 1)
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______ - - -‘- -~~~~~~~~~~~~~~~~~ —~~~‘. —,--.--~—‘---.---- .--‘- - -
~~
‘---- --—— -—-.-—----‘-,-- —.---- —-;

-
__ _ 

~~~~

‘_ ‘.

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

—

2 14 I F ) J R E C 2  ~~~~. ) C A L L  O ’ J T R D R  ~0 0 O 2 N 3 ;
cAL : T 0 T ~~7R  300028140
C A L L  P P I N T R  ‘ 1 ) 0 0 O 2 8 5~

F~~S W T C H $ ) c A L L  N O T V I S  O O O 0 2 ~~6 ’
I F C S W T C H 7 ) G 0  TO 0 0 00 2 87 -7

C 30002880
C O U T P O T  L A S T  R E C O R D S  ON P L O T  T A P E / F I L E  00002 890  

_~~~~~~~~~~~_~~~~~ ~~~~_ _ _ _ ._  - - 
3 0 0 0 2 9 ) 0

I ! ( 5 W T C H 2 ) G 0  TO 22 
- 

0000291
I~~( N R E C 3 , N E , - . ) C A L L  P L I A P 1  0 0 0 0 2 9 2 - 1
C ALL PLTA P2 0000293:
C A L  ?LTA P3 000029143
10 TO 51-~’ 9 0 0 0 2 9 5 3  

- -  - - 30002967
C A L L  P L T A P 3  

- - 
0000297

03  TO 5 7 0  0 3 0 0 2 9 8 2
23 I F ( T . T , T I M E S + 0 . .’ ) G O  T O 2 14 3 O 3 0 2 9 9 - ~

C A L L  C O N V F .? 0 0 0 03 0 ’ -:
I F ( Z . G T . ! - M ) 1 O  T 2 .  3 0 0 0 3 0 1 0
CA~~. ~~ RA ~~ — —  - 00703322
13 00 2 . 0 0 0 0 3 3 3 7 -

3 : 3  1 : :~~~T : : U E  0 0 0 3 3 1 4 3
0 0 0 0 3 : 1 4 5

T F ( ) - ~, z ; ,  2 .AN O ,xz ~1= 44 00003=145
I~~(’..L E .ITM)31 ) TO 25 .~OO 03= 14~
:F ~~: 73’ T 3) G o  to  - - - 

J 0 0 0 3 : S - =
1~~~7 ~ 7-~~? : O 0 0 3 ~~6

C 1 -0003 , 7
C CC~~?3T~ R A A R PA R A~tZTEN D FFERENC !S 00003 80
C :0 0 0 3 : 9:
C w RI T E  ~: :-: r :- A L T R A J E C T O R Y  ON A ~EPARA?! FILE 00003095

‘O -7 c~~:: c : ’ T N~~i 0 0 0 0 3 1 0 0
C 0 0 0 0 3 1) 6
C R t ~~7 ~~ ; 3T . ? E  T I M E S  O F 5I ~~~T I N G  0 0 0 0 3 1 1 7
C v 0 0 0 3 12 7

C A L  T I I E S T  0000313 ’-
C - - - 

0 0 0 0 3 1 3 5
C ‘~A~~ ~ R ° C E S SI~~3 Loor PA R A 1 ~~T”F DIFFERENCES 00003 1140

0 0 0 3 15 ’
0 0 0 0 3 15 3 -

0 = -- 3 : 0 0 3 1 7
7 0 0 0 3 1 9 7
0 0 0 0 3 1 9

• T T . (Z  ) C - 0 7 0 3 2 7-
C 00-0032 14

C :OC~’ C ’ ~ 3I ES 0 0 0 0 3 2 3 5
C 3 0 0 0 3 2 . 6

I~~~~~ J _ I  10 0 0 3 2 1 1
‘ 7 . 7  I = ) ~S T1P ( I N 7 ’ - .J~ 3 - 0 0 0 3 2 2 ’

~T:: - , J . 1 ) . - ; . r i’1 !SF~~I N O i l , 3 , T I ) ) G O TO ¶ 7 2 0
I I = ~~5 r 1 ~~~ ( I , ) 3 2 - 3 0 3 2 1 4
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IF (T SI(: .Jb ~~~.;T.tE ’E5?(:.J,IIflG0 TO 1020 4000325
C - - Q 3 C O 3 26~
C C E T E R ) I I N !  TXr I N T F F S E C T I O N S  Or  T I M E  SE TS 0 0 0 0 3 2 7 0 -
C : 00 0 3 2 8 ”

CA L L I N T E R  0 0 0 0 32 9 0
C 0 0 0 0 3 3 7 1
C !~~p o T  R A D A R  O A T A  C~~~R ! S P r , N 0 X N ~ TO T I M E  SET I N T E R S E C T I O N S  0 0 0 0 3 3 10
C - — - — 0000332:

C A L  I N T O A T  0 0 0 0 3 3 3 0
‘0 2 0  ! F ( J .G~~, N S I T E ) ; o  77 1o 3 0 O O O O ~~0” 0

3 r J +l  0 0 0 0 1 4 3 13
o: - o  12~~ 000014020

1O~~7- ! F C T , 0 ! . I I M ) S T C P  0 0 J 0 ~~03 :
- IF N3~LZi..~~1~~fl ’IO -- U O 0 O ~~314

TO ~75J  00001405:
I }’AS5 2 0 0 0 0 1 4 1) 6 0
1= 3  0 0 0 0 1 4 0 7 0

105-3 :=:+ ‘ 000014080
GO TO 126 OOOO14~~9~

- . 3 0 0 0 1 4 1 2 :
0 0 3 0 5 : 12
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— ‘ I ’  ‘ 1~~~~3 1  A T~.0 S P H E ~t I C  ~‘. O D E L

- CA TMOS2 A TMO SPHERIC ~ 00~~_
O 3 1) 3~~70 T I N E A T .~C S P
3 0 T~~ :5 F : 4 T I l;E Co~~P 0 3 E s  T M !  A T M O S P h E & I C  D E N S I I Y ( I N  S L U G S  P E R  F E E

c U o ~ 7 )  F ! O M  ThC 1959 P R O C  ~10 D E L  A T M O 1 ) P H E R E . A 9 O V E  ‘05 K I L C ~~ :~~~P- S
C TH~ E~~SI T 1  IS  SE T E A L  TO Z ER O . B E L O w  T H I S  v A : J ~~, T H E  L A Y E R S

O A S S U ~~E A N  I S O T H E R M A L  - P  L I N E A R  T E M P E R A T U R E  L P SE R i T E  5~~c T i 0 ~~.

6 ‘ C O B L E  P R E C I S I O N  HP , H 7 F , S x3 , HR ~~P a , S K 1 1 S K 2 , CD , ST
A O ’ J 8 L E  P R E C I S I O N  P1 , Z , 51

O C -’B E  PRECISION ?S D T.H,V .R SL,PZ.XY Z
- 7)~MON/T S/T 1 H1 X Y Z , PSL, P2

3 2  c2MMo ~:/~ E/zK~~8 
1 p ~

3 HP~~~3 1 4 9 0 3 * H
H2 P=l!P / (1 .000I-HP/,635676607)
I F C H P — S . 3 D = )  ~~ . 4 5 g 2 5

2 0 I ? ( H P — ~e . 7 D - . ) 2 ’~~29 , 29
2 ’  : F ( H p — 2 . 5 0 ’ . ) 2 2 1 30 , 33

18  _ 2  I F ( X P — ’ . 1 D - . ) 2 2 . 3 1 , 3~
-g 23 IF (X?)1~~a 28i 32
2 25 F (HP 7.93 )33 .33 ,26
2 ’  2 6 I F H P — 9 . 0 O =  3~~, 3L , 2~

2, I F ( H P — ’ . 0 5 3 5 ) 3 5 , 35 , 2 8
:3 2 a  P z =  .

_
00

0 -  0 . DC
0 2 = ’ . D C

2 =  •~~D O
2’

2 9  SK 7= . 2 C 8 6 ~~o-- 3
0 9
3 P 5 = 2 . 8 8 0 1 4 0 — 6
3 ’ 0 :  T 37
32 30 5 k - 1 = ~ 3~~~~6~~D — -
3 - S~~2~ • 386301
3 -

5 0 .
01 TO  3~3’ ~~ 3= . 0 E89o— $

P S = ~~. 6~~D 1 4
0 7 7’  3 -

- 32 S~~’= —  . 2 2 5 9
S -i 2 = — S . ~ 56 2~

• 7 5 = 2 •  5’Sg2 7— 3

.7  13 70  3~3) S!( 1 — •
-

—

~~~~~~~~ 3g ..~~8 : — 6

3 7  ~~~
‘- 36

-~~~
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e— 76 17~ 149 1 AIMOSPMIIXC ?IODIL LA E

53 p 5.14 , 1 1 8 9 0 — 6  
--

5~. GO TO ai
55 3 % 8K 1 . . 2 1 4 1 4 4 5 8 1 ’ 14
CS S K 2 . S . S14~~2 DO
57
5$ NI •9. 00 14 -- -

59 36 C~ .I.3D 0eSK1’(H2P~ NB)
67
6 ’  P1 . PR’tCD~~ ST)
62 I~~TU 1s
63 37 P2.P8*~ zXP (—BK 3 (X2P.H8))
6.  R E T U R N
65 r9o
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2 . — ’6 ~~~~~~~ B A L L I S T I C  C O E F F I : : I E N T s

C 5 P ~L C O F  B A L L I S T I C  C O : F F I C I E 1 ~TS
2 S :BROt1TIN! S A L C O F
3 0 0 3 E L E  P N I C I S I O N  Z~~,Z 2 , z 3 .Z 1 4 ,Z 5 .~~1.Z K

D O U B L E  P R E C I S I O N  H s . H R 2 b H B 3~~H B 4 .P I a P 2 , P3 I P -
D O U B L E  R E C I S I O N  Xl 1 1x L2 .XL3 1X L L ..XL5
D O U B L E  P R E C I S I O N  G~~.T~~,X ~~T . H . X Y Z . R S L . P 1
D O U B L E  P R E C I S I O N  X D , X : D
D0 0~~L E P R E C I S I O N  P5 , P 7 , p 9 ,p ’ 1 , P 1 3 ,p 14 , P 8

9 cO~ M0N/B S/X (3),XD(3) ,X DD(3
cOM~~CNIAx /TM.N/TS/T ,H ,xYz ,psL,~-Z
C O M I O N / G E / Z K , B 1 .F l
D A T A  G~~/ 1 , - . 0 7 6 3 9 D I E /
N B  =
IF  ( H 5 . ~~E . 3 . 1 4 . . 5 D 2 )  GO TO ~ O

=
1€ H R 3  N B 2 e H B
‘ 7  M E 1 4  = H 82 H 6 2
19 I F C M . L 1 .3~ G O TO 3
19 I F I M . ! 3 .~.)  GO TO 14

2 C •*~~~~~‘* ,*  H = 3 P V - ~~2B *h b . * ** *

23 3 P ’  =

2 -  P 2  = 9 .0 0- ’
25 P 3  = - . 8 0 2
2 6  P 14 2 . 7 0 - 2

I F ( N B . G E . P 4 ) G 6  TO 18

L 29 I F ( H B . G E . P 3 )  GO IC 2 -3
I F ( H B . G E . P 2 )  GO TO 22

3 IF~~N B . G E . P 1 )  GO 70 2 4
3 10 TO 93
3~ 18 X L I  . 5 1 4 7 3 D —~
33 X :2  = .386.0—5
3- X~. 3 — . &42 6 3 0 1
35 XL . .1141~~D42
36 X 0 5  = — . 1 1 2 = D ~~14
37 00 TO 2
3 - ~ 2 ’) X L 1  = .~~5 7 3 1 ) 6

X L 2 “— . 14 3 5 2 D -~
- X L 3  —~~h4 5 9 ” D — 1

X L 1 4  . 125 3D -~-2
. 2  x:5 =— . ~.2 O ’ C ~~3

30  T O 2
22  X 1  = — .

= 5  ~ L 2  = .739 10— 3

X L 3  = — . ‘0 . 7 0 3
- — X L ~ = .7 0 6 3 0 4 1

X 0 5  = . ‘6 14 9 0 3
14 9 30 1 2

~~. ~~~~

5 ’  X 0 2
5 X L 3  — .
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2 44 — 16 1t.’492 BALLISTIC co9rUcXUls 
-— -- 

2.

53 *114 • .2565 01
XIS • .200 903 - -

35 90 70 2
36
~ 7 C •*~~

.• ñ s 4’ •OO I?R$ 0....

56 - - -  - — -- -- -.— - -— - - — - — —- - - — - - — - -- - - - - - — - - -

59 ‘4 VI  • 3.00 1
63 P2 • ‘ . 14002  - -

6 1  PS • 2.3~2
62 P3 •
63 2p~~H R . G T . P 5 )  ~0 70 90
614 z r j H l . G g ~, P ’ 4 ) G Q  70 4Q — _

65 Irtsl.01.p2)Go To 141
66 IyLN5.G~~~P1 Go 70 142
6 G O T O 9 O
68 ‘40 Xli = .3~ 23D’7
59 X~ 2 • —~ 6i148D—5
72  • — , 7 0 0 3 0 — 2  - -

71 Xt14 ‘ ,2301D2
72 *2 3 • — .199503
73 00 TO 2
7’~ ‘4 1 XL 1 .50970.6
75 *12 • .,35900—3
‘6 XL3 • . 3 3 0 2 0 — 1
77 X L 4 I  • •6331D’ l
‘8 *25 •
79 00 70 2
a 142 XI I = — ,5529D—6
81 Xt2 • •14397D—3
82 *1.3 • — .76610—i
83 *2 44 • .638601
8 .  x I S  • ~~~65~ D3
85 00 70 2
86 90 ZE •
87 R I — 0 .00 0
88 00 70 100
89 2 2 • X L 1 * 1 4 5 1 4
9 22  — X L 2 6 f l B 3
9’ 13 X&3’MB2
9 2  Z ’4  — XL44~ MB
93 • XL5
9 14 B ’  • z i + Z 2 +Z 3+ Z ’4+15
95 Zl (.GK/~ 2.ODO X ’~1} X (1) R1 )
96 5 CoNTINUE
97 100 R g T U R N
98 END
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‘2 - 16  15 . 8 5 8  CONVE RT TO R A D AR C O O R D I N A T E S

1 C C O P4 V E R  CO~~VE ~~! T O RADA R COOR D!NA T S
2 SuBRO UTINE CONv~

$
C I N P UT / O U T P UT  MQ~ ~.4 C THIS R O~J !J~~E DETQR$INES WHETHE9 7546 SENS3R UNDER CBS4II DERA TION4 IS

5 c CA PABLE OF OB SERV ING INE VE H? CLE A t  AN 7 ~I ME AN D DY COM PUT ING THE
6 C DANG6 , RANGE .RA YE .RANlE~ 4CCEL6RAT1O’4 ,A Z I M O 1W ,AZIMUT W~ RA TE.A ZIM(J?14
7 C A C C E L ERA T J ,C0—9~,E V A T ! Q M , CD~ ELEVA TION RITE ,00—E LEVA tION
5 C AC CELERATI ON OF THE VE HI CLE R ELATI V E TO ANY VISIBLE SENSOR , IF T~4E
9 C SENSOR OBSERVES tHR VEI.4 ICLE ,ALL DA TA IS

j.0 PR INTE D IN ~HE TORO CENTR IC COO~ D !NATE SYSTEM~11
12 DOUB L E P~ E~~jSI o- ~ C0S7 ,C0S L~ S!N’,SI NL.E*, Y , Z,EXD ,YD,ZD , XDP ,YDP,Z D P

•;REO .W2,W 3,144,W5~ XS,YS. ZS,SP5,RS, I S D , X N U M t , X N U M 2 , X NU M 3,
14
15
t6 •,RS1,RSDI.

DO UBLE PREcISION X14UH.X ML)M,SZN,W,, R 2 N , S ~ K , S~.K2432N2,OPS,E.W6,W 718 DOUBLE PREC I I I  ON XN LM,E D, S I G ,  W1 4 .wL 5.SIQD,R$DD,SIQDD, EDD
19 DOUBLE PR E oISION SCt ,S!2~ T,H,XYZ ,RSL PZ,9.W.P,0
20 DOUBLE PR E CI SI ON X ,X5 ,XDD
21 DOUBLE PR E CISION EL ,EL D ,EL DDLREG A P I ,NDBE TA
22 DOUBLE PRE C ISION ?N,STN ,tM
23 DOUBLE PR E C IS ION P2 ,RA L FPI.T (54AP1, ARSI N ,00SLT,OMUM,00E M ,BETA GAM
24 DOUBLE PR EC ISION AM .X~ UM.V PRtME,8NJM*,C0SB ,BNUM
25 DOUBLE PRE cIS ION ..4X 1 V 0 , T E.GL A M ,TSIES GLAMS
26 tO~9lON /TS/T,I4,XV Z ,RSL,PZ
27 C O H M O N / 8 S / ~~ ( 3 )  .X0( 3)~~XD DC 3I
2~ 

COMM ON1 AX/Y H ,H
29 COMMON /MS / SAM . BET*, ~x ,VO, THE, OLAM, Sct,Se2, AN ’ T4ES ,GLAMS
30 •/EL IM/ELIs ~32. •7CONCOM /RS, R,D .RSOD,SI 6,SIGO,ST 000,EL ,ELD ,ELDD .REGAM, 14D9E7A
32 .FOUTCOM/ X2..X3
33 •/T!M88/T?ME8

-~~ 34 . / 3 PT j 3 N/ t 3 U ! 1 , I O Ut 2 ,~~Z , I P L O T j , I p L Q T 2 . K A T . S P 5 4 E p E , O U 7 I 5 J C
35
36 COHPl 0N/W 2345 9/w2aW 3 ,l4.~~S.W9
37 COMSION ’E’E
38 LOGIC A L TO L i r I ,TO 2,4~Z,!~~.OTt, !PL0T2,KAT .SPNERE
39 - •.IOtj’3

:~ 
40 DATA EF/57 .2957795t3O8232CB/~ REQ/2O925645,ODO/.
41 •AK/2 , ’1745329251.99432951/,PI/3.14159265338979323/,
42 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

.714OP1/6,283185307t7958648/
44 C O S T . 0 0 0 S ( x ( 2 )
45 C O S L . D C 0 S ( ~~( 3 ) )
46
47
48 EX • X ( 1 ) . C O S ~~= C O S L
49 V •—XU) .COST .SI’4L
55  7 a X ( 1~~* $ I 5 4 T
51 E X O  XXD (l,OCOST,COSL .XU )GXD~ 2).SIN!.I2O$L—X (1).XDt3)*COET.SINL
52 YD ~~XD (1,).COS !.SINL .X (1)eXD (2 ).SINT~~S~~.4L’.X (1).XD(3).COST.COSL

111-47



~ 
~~~~~~~--

-

3—76 tS. $~ I CONVERT TO IADAR C0QRDIt~A TE 1 - LA

53 E D s K0 ~ 3 ) ’ $ Z N T 4 * t j ~~S I 0 ( 2 ) . C Q S T
RD P. IxPD~i) .Kc2.).~~O92 •K0(2))~ X Cl) .4XP(1).*OC3 I) ).COSY.eO,L, • ( 2 , O D O . I D ( 2 1 . X D j Z  •* (j ) 1XD0C3)) .SIN? .CQ IL

56 3 • (2 ,ao o .~o (t ) . w~I3 •K( 1) .x D0 C3 )) BCO$ t.IIPdi.
57 3 • 2 ,  0 0 0 . k ( 2 ) , X g ( 3 ) . * D ( 3 ) , $ ! Ny , S ! N L
5$

~ ,(2,0 0o’*D 1,~.~pIZ).31(1 )~ XOD Cl) ).SINt.IINL
60 3 • ( X ( ~~~) . X D D ( 3 I . Z  ID D .XDCIS .K0C )).C9$t.C0$L
61 • 2 . O D O e K ( 1~ ,X D ( 3 ) a X Q ( 3 ) , S I N ? . C Q $ L
62
63 1 .( 2.QD D~XD t 1)ø ID i3),K( 1) SX DP~3) )9C$$t
64 AM R E G , Ik .R50 

- -

63 *9 U A $4REQ . W S .44 9
66 Y5 • AHRRQ.543.W4
67 ES •
6$ SRS.OSORIU*5’ 2.V$..9.ZS’•2)
69 $1’~I X ~X I.WZIW9. (Y,VI) ’WI.W4et~.1.~3),2KU * (1~ dC OSt .D $tNfK~3~.449)
71 $ 3 K .( EX—X5) . 14 3 .w S.IY .Y $ ) . W 3 ’ W 4 e (Z .Z 3 ~ .W $
12 51X2 1S 1M.’2
73 52P (24S24(4*2

S3 K 2 ,$ 3P ~..273 R S 1U D S O R Y ( 3 1 M 2 . $ 2 K 2 . 6 3 *Z )
76
77
7 $ X N U M 2 . ( ( t yS~~’y $ ) / R S %
79 XNUM3;( Z-1S1 . !$I/RS~
80
81 X M U M I ( X N U M 1 N N UM 2 *X N U M 3) .R SI
52 OPS .DSORT (,1N2 .924(2)
83 C ELEVA TION AN GLE CON$?Na~ Nt ON M 9~ TR AJ~~ TOR! SIMULATIONE U D  A t A 54 2 ~0o1 , $3 I
$5 I F ( E G T . B L I M I G O  tO 200
86 47 EL • S4ALtPT • E
67 R S • R$1
5$ RSD p

t j~-4 ES s 7
90 Xl  •
91 X 3 • X t 3 )
92 45 96.p$IN (E)
93 W 7 z D C Q S ( Ø ~
94 XNLM IX S .RXO•V S .YD .ZSSZO
95 ED n C — R S e X N L M . X N L J M . R S D ) / ( S R I * ( R S . S R t . N 6 1
96 ELD•- EO
91 95 S I0 ID A TA N2 ~ S2MD$1N ~
9$ I F ( S I G . G $ , 0 , 0 0 0 )  00 SQ 90
99 SI0 .IIG .TWOPI

90 W14.OS2N~SI0~j ol .  R1.5u 0C OS~ S ! G I
132 Ir c o A B s c v l A )  ,GE ,x ;oo .t. , A ND. w ..G, ,o ,ooo )~ o TO 105
j 3 3  190 SIGD ,~3 , 0 DO
104 90 70 12.0
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‘2— 76 2. 5 . 558 CONVERT TO RA DAR C O O R D I N A T E S  L A~
t05 105 S IGD sC~~XD.W3.w3 • YO .442 .W 4 .Z D .W 3 • ( R SP NW 6 .ms . E0 aW 7) . W 15 )
106 2.7 ( R$ .W6 . U2 . 4 1
j~~7 110 X P U M I . ( X S , $ R I ) . C X D P / R $ I
138 X P U M 2 . ( Y S / I R S ) . C Y O I / I S )
1-39 * P U M S U ( Z S / S R S ) . C E D R / R S )
11-3 XPUM • (XpuMt •XpUM3•KpUM S)/N6
112. P SDD .(((EX_ XI).X D Pe (1~.YS) .YDP. (Z.Z$) IZDP)
112 1 • C EXD. EXD. !0 .YO.ZO ø t D—RlD . RS PI  )# RS
i t 3 ED O • ~~UM • (X M U M / W 6 ) . ( R S D D I R S )  • tED.ID W 7) /54 6 — 3 . 000• ED * RS D
j j 4  • ,RS
115 ELDDP- EOO -

1t6 I V ( O A B S ~~ 14) , G E . 1 OD . 16. A N D .~~6. GT . 0 , I D O ) 0 0  TO 1.0$
i i?  !I~~D D s 3 , 0 D 0

GO T O 1,09
1.98 I I 0 D D . ( X O P . W 2 . U 5 . Y f l PØ W 2 . W 4~ j DP.W3 2.9DG .R Sf l .W6 Hi4 .S IGD

1,20 2. .2, O D o . R S . W 7 . W t ~ .EQ~ S I9O.2 .  000 .R$ ,WS. Wt , .S IS D.SIG D
t21. 3 .2, 000 .9$D .W1.5413 . EQ . RSDD eW G .H 19 . R$.EO g. W ?. W tS )/ ( R$VW I.W 14 )
122 2. 09 CO ’~T !N UG
123 1F ,NOT,IO uTZ )RETURN
t2~125 C C A L C U L A T I O N  OF ‘4 EADV ’ IG A N G L E ( C L O C K W I $ E  0 yO 2P 1)
126
t2 7 COSLT •
128 RNU M • XD (3)ICOSS
129 I F  ( * 0 ( 2 ) )  1, 2 . 3
t3° C ZE R O xD(2)
132. 2 I F ( B N U N )  4 ,5,6
132 C N EGATIVE BNUM
133 4 BE T A ‘ IIS4AP3
j 34  GO TO 6 - ~135 C ZERO BN UM
136 5 BETA i l . O O 1 S P I
~ 37 GO i’D 60
138 C POSI TI VE BNUM
t3~ 

6 BETA S4ALFPI
140 00 10 61
141 C N E G A T I V E  X D~ 2 t
t 4 2 j 1FCBNUM )  7 , 8 , 9
j 43  C N E G A T I V E  OR P~ S I T I V E  BNUM
1,44 7 BET A = RI • D A Y A N C C O S L T )
1,45 GO 70 60
1,46 9 BE T A = R I  • OA T A N (CO$L?)
14~ GO T O 60
148 C ZERO BNUM
1,49 8 BETA • P1
15~ GO T O 60
151 C P O S I T IV E  X D~ 2 )
1.52 3 I F ( B~ LPl ) 10.11.12
153 C NE GATIVE BNUM
15~ 10 BETA : T W O P I  • DA TAN ~ COSLT
j 55 GO TO 61
156 C ZERO ANUM
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3.76 2. 5. 538 C O N V E R T  T Q RA ~ AI 0 0 0 R D I N A T E 9  LA
j5 7 11 SET A • o : o o D o

SO T O 6 5
j 59 c PO SIT IVE BRUM
160 12 SE ’ T A • D*T AN tCO Sl~T I
161 C cA LCuL A t ION OF IE/I~ tIY ANG ~, E ( C t ~OC K ~~Ill U tS ZP$ )
162 90 C~ S~ • aeOSCIETA$
163 SNUM I X e i ,’*Dt 3I i loss
1.64 ODE s • *0(1)
165 I~~( G D E M )  13.2.4 ,2 . 5
166 C ZERO ODIN
167 2.4 I F  ( ON U M I 16 ,2 . 7 ,15

C N~ 9A1i V E GP4 UM
169 16 A R S IN i TI W AP I

00 ‘TO 62
ill C jE RO GNUS
172 57 ARS IN . t.oOl’PI
1)3 90 T~ 62
j 74 C P O S I T I V E  ON U M
1~5 18 ARS ~ N • HAL FPI
176 00 TO 62
j~~7 NE GA IIVE ODIM
178 13 I~ (GNuM ) 19,20 ,2 4
i)9 C NE G A T I V E  o R Po$~ t ?V l  ONUM

59 A R S I N  9 TWOP I • DAVAN2t-9N UM,GDEM ~
182. 80 T O 62
t52 24 A R S I N  , O A T A N 2 ( O h U M ,30E M)
183 00 10 62
t~~4 C ZERO ON UM
185 20 A R S I N  ~186 00 10 62

C P O S I T IV E  001~1.88 1.5 IF ~GNUN) 21 ,22 ,23
169 C N E G A T I V E  ONQM
190 21 ARS IN v THOR ! • DATAN2 (GNUM .GDEM)
191 00 TO 62
192 C ZERO GNUS
tc3 22 A R S 1N , 0,000
j94 oo 10 62

-
~~~ 195 C P O SI T IV E ONUS

196 23 A R SI N ~ 0 A t 4 512 GNUM ,00IM)
t 9~ 

90 T~ 62
198 62 GA M • A P S I N
199 p EGA M • GA s
200 WOB ETA • BETA
201 200 R E TU R N
2 32 END

( EMO RY 9X PAN OS D.  USE l .1M1 8 OR CORE S OPT ION f OR W E NT RUN

rn-so 
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2— 76 15 . 8 8 9  C O M P U T E  Ac C ~~. 5 R A T ! O N  C O M P O N I N Y S

1. C EO TN X COMPU T E A C C e L E IA Y I O N  CO M~ 0 NSNTS
SU B R O U T I N E  E S Y N K

3 C TH IS ROU T INE COMPUIIS TIE VEHI CLE ’S ACCELERATION C3MPONENTS
C REDUI R ING VA R IA S LE BA LL ISTIC C O IF Y IC IEI ~4TS AND DENS ITY FR OM

5 C R O U TINES BALC O F AN D 4~ NI$ PHE , RESPECTIV !LX
6
7 DOUBLE PRECI S ION 4,RI L ,PZ ,T
8 DOUBLE PRE CISION V6,8(.2.8L3,5L4 ,ILS,EL 6,$A
9 DOU BLE P R E C I S I O N  Dv ,*Y l .  ZK.$1,S2,53,14,SS , VA , VDD . Vt .S23.O1,, 02,03

10 DOuBLE ~pEeI 9ION x~ x~ ,ID011 DOUBLE P R Ec I S I O N  A ,R , W,TM , B1 .
12 DOU BLE ~RE~~I S t O N  Pt

LO G ICA L 1 O U 1 ’ 2 . , I Q U T 2 , $ O U T 3 .X Z b* A T I S 15 4 E R E , ! P L 0 t 1~~IPLOT2
j4 DIMENSION ~vi5CO MMON/BS/x (3).XD (3),XOD (3
16 C O M M O N / T S / T , M , K Y E , RS L , P i

COM MON /A/
~~.

54
18 CO MM ON/G E/ ZK ,81,Pt
19 •/ o PT ION/ I o uT t , I O Uy2 ,KZd PLoT t ,IPLO T 2 ~ x A T .SPHERE, ouT !~~c . IouT 3
2~J DATA Dy/2 .4216704012a 4.0,°D°’
21 .,S6/2 ,0 00/
22 S 1 = 0 0 0 S ( X ( 2 > I
23 S2 D S I N ( X ( 2 ) )
24  S3sD 5I ~~( S 6 . X ( 2 , )
25 34:DCOS (S6.X(2))
26 RSL • P
27 541 X (i)— RSL
28
29 IF( ,MOT ,~~A T ) G O 10 31.
30 CAL L BA L COF
31 CAL L A TMOS p
32
33 31. VA U

34 C VEHICLE ’S IN ER TIA L S~ EEB (COMPU T ED O~ TP~ T)
35 XV ZZX(1 )IDSQRT (VA)
36 VDD XD ( 1) .XDC 1). K(t)’XD (2) X (t)e*D(2).~ X ( 1.)•( XD 3 ) — w ‘51) “2
37 C VE H ICLE SPEED WRI TUE A T M O S P H E R? C W I M p

4 38 VD D SQ RT (V D D )
39 S23~ .PZ ’ZS.V O
4C C DRAG FORCES CONJUGA TE TO GEO ,RAOIUS, ~~A TITuDE ,L0NGITUDE(F T /MIN/M I\
41, Oj: S23’*D(j7
42 02: S23 X D 2 1
43 03 S234 (XD (3).W)
44 V6 • p / X ( j )
45 EL2 X (1)eXD (2).XD(2),D,50fl0(j, 1 1 0 0 . 5 4 ) . ( W I X D ( 3 )  ).(W.XD(3) leXu)
46 E L 3 1D V (1. ) / X ( 1) . V 6 . D V S 2 ) / X C 1) .V 6 •33 ~~(3 . O D O ~~S 4 _ 1 . O D O )
0 EL4:IIV(3)/ x (t).V6.s5.(35 ,000eS4*S4—1O ,000•S4—l3 ,000 )
48 C GEOCENT RIC RA D IAL ACCEL ERA T ION ( F T / S I N/ S I N )
49 XDD (1)’ EL2—EL3.EL4,Oj
511 EL5 II (—S 6e *0t 2 .*D( t ))/X (1 ,))— 0.S DO SS3 * (W 4XD( 3 )).(WAX D (3 )I
51 FL6Z.DV 4)/(X (j)IXUI ) .V 6.’3*S3+DV (5)/ (X ( 1).y(1)3*V6 0’50S3a( 1 ,000—
52 17 ,~~D0.S4)
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3.~6 t,.5S9 COlm~ ’F ACC IL IR AT IO N CQMP DNINY$ LA

53 C o~ o eE NTRIC L A !ItUUE A N 8UL A R AC C E LER A T IO N (RAD/ MIN/ M IN )
54
55 A A S . t , 0 0 0 . ( U . * D ( $ ) )
56 C GEQO ENIR IC L O N O I T U D I  ANIUL A R A CCI L IRATIQN (R10 /5)N /W!N i
57 XD DC $ ) ,A A . ($9’*D (1)/X (t)).AA.C$S•*D (3) .e2)/St .53
58 RET U RN
59 END —

1 1 1-S  2 

—--~~~~~~~~~~~~ -—-- - --- --
~~~~~
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~— 76 2.5.596 GEOCEN TR IC SPHERiCAL COMPONINTI LA

1. CICE PBM GEOCEN TR IC SPI4I RICA L CO MP O N ENT S
S UB ROUTI NE ICERBM

4 C I NPU T/ OUTPUT sOD 2jMULTI PLE SITE /TRA JECTOR Y VERSION
5
6 C T

~~)5  ROUT INE ACC E PT S BOU N DAR Y CON DI T IO NS O~ VEHICLE AND eOMPUT 5S
7 C GEOCENTRIC SPHERICAL COM PONENTS Of P O S I T I O N  AND V E L O C I T Y  VEC TORS .
8 C IN ADD IT ION , P E R T U R B 4 T T O N  T EC HNIQ UE IS INCORPOR A TED TO COMPUTE
9 C THE RESULT A Nt EFFECT Of SING OLAR O~ MULTSPLE PERTURBA TIONS Of

10 C NOMINAL COsPONENTS OP VELOCIT Y .
11.
12 GOUBLE PRECI S ION VO, RA T ,XX .ZN,B1.P1

DOUBLE PRECISI ON RDP,RYDP , RLDP~ C13,GMU ,CA ,GA M.BETA ,GLAM ,WX , THE.RO
DOU BLE PRE CIS ION x~ * I,* DD

1,5 DOUBLE P R E C I S I O N  SC1 ,SC2, T , W , X Y Z.RIL.PZ , l ,W
DO UBLE PRE C ISION *5, XDN ,XN112 0)~ XDN1( 2O)
DO UB LE PRECISION COS SAM.CO SBET ,S TNGAM ,S IBB ET ,V 3 iA ,P ,C

18 DOUBLE PR ECIS IO N SNI,VBODR ,VBO
19 DOUBLE PRECISION R AT W
20 DOUBLE PREc!SION TNII TN ITM
21 DOUB LE PR ECIS ION TMES ,GLAP IS ,AH
22 COMMON /BS/*(!).XD(3) X00C3)
23 COMNON/TS,T.N .XYZ,RSL,PZ
24 COMMON/AY R ,W/M2TR AJ/*XU1 )
25 COMMON /AX/T Mi p lT/OE/Z~ ,81.,P1
26 CO MMON/M S/ G A M , B l T A , ~~X , V O , THE,G LAM ,SC1. SC2 .AN ,TI 4! S ,aLA MS
27 •#ABC/A (20).B120)4C (20)
28 •/OPTION/tOuTt , IOUf2,NZ, IPLOTI. IPLOT2 KA T~ SP546RE,OUTINC.10UT3
29 •,QPT1/INERTL
3’) DIMENSION pDp (20 I ,RTOpC2O ),RLDp (23).~~N (3hXDN (3)31. LOGICAL 1OUTt ,IOUT2 .I4Z,IPLOTS,IPLOT2,I(AT,SPH !RE,I00T3,IN!RTL
32 D A T A  Ct3~O .o174532925199d32 9S?i ,3MU~5 .o6?5oO4D19/
33 IFC MT— 2 )8, 1 3, 16
34 6 CONi ’!NUE
35 R Q • R • MX
36 X D ( 1 . ) V O D C O S ( G A M . C 1 3 )
37 IF (GA S .E0 ,90 .O DO) XD (1)~ O ,ODO
38 XD (2 )=V 0/RO .DSINCGAMSCI3).DCOS (BE T&.C13)
39 RATURQ IDCQS( TME ICI3 )
40 XD (3).VO .DSIN GAM.013).OSIN (BETA .C13i,RAY
41 I FCINER ’TL XD(3)1XDC3) .W
42 X ( j ) . R O
43 X ( 2 ) .  T H ~~.~~j ,3
44 X (3). G L A M . C 13
45 IF( , MOT ,~~Z G D  TO 30
46 00 t~ 1*1.3
4 7 XN 1(I) = X c i )
48 15 X DN1C I ) • XD (I)
49 3’. RETURN
50
51 C IN I ’ IA L  BOUNDARY CO ND IT IONS TO S I M U L A T E T ! M!W I S E BA C~ WA PD TRA JECTORY
52

Ill-S 3



2.36 1.3.896 Q !OC ENT LI C IPM 8S1$AL CON PONIN tI LA~
53 10 N O • 1.38333t30101
54 X(1) 8 *5(1)

* (2) • IMEB’Cj3
~(3) • Q U A M S Ø C 13
X D C 1.) • X X ( 4 7

50 XD (27 ~ NX~ 5)*0 (3) ‘ N X ( b f
60 XD D (t ) • x * ( 7 )
61 *00 (2) • X * (i )
62 X D D ( 3 )  u X x ( 0 )
63 25 • Xx (10
ô4 IZ • XX(11 )
65 RETURN
66 1.6 Ir (MT,GT .3 90 TO 33
67 1.’ I 9 1’S
68 X N ( I )  I X C I )

X DN (I ) • * 0 (5 )
70 18 CONTIN UE
71. R E T U R N
72 35 1F( .N0t ,KZ)G 0 ?O 29
73 00 40 I t ~3
74 X(1 • X N 2 . C I )
75 XD U )  ‘
76 X N C I I  • S N 1 C ! )
77 40 XDN(i) • X O N I ( I )
78 ~ O TØ 45
79 20 00 25 1 1 1 , 3

X C I )  • X N C I )
81 2 3 CONT IN U E
52 45 SN 2 .  • DCOS(XN (2).C13 )
83 V BO pR q DSOR9 ((XDNII)/$Nt1.))..2 4 *D N ( 2 ) • X D N C Z ) . ( S N & . K D N t 3 ) ) . . 2 )
84 V BO p KN Ii. ) • v800N
85 BETA • DA TAN2 (X 05C3 )39 5 1 , ,XDW( 2 ) )
56 COSBI T U D COI(B E TA)
87 SI ’~JBI T • D S IW (BET A I
88 COSGAM • XDM( 1. , j VB O

SI NG A M • X~ N~~ ) g(V ~ BpR • COSBET )
90 5
91. V2 • B (MI.B INGAM~ C (M~ .CO9G AM
92 R DP(~~

) • C-BlM)’aO,U*M ’C(M).SiNUAM ).OO~ ODO
93 I T D P ( M )  • V2 *C0Sllt~ A C M ) ’ $ ? N 9 E T ) 0 6 O , O D l
94 RL 0P (M) • C — V 2 . S 5 N B j I ( ~ A ( M ) ~~C OSB E T ) l 6 O . O D O
95 ~D~ 1) • XDN (t ) • R D P ( M )
96 X D C 2 )  • XD N ( 2  • RTDP(M )/XN(t )

RA T N  • XN 1)s D C O S C X N ( 2 ) ~ Cj 3)
98 X 0 c 3 )  * *D N ( 3 )  • RLDP(M)/RATN
99 R E T U R N

END
Q U A L I T Y  DR N O N _ E Q U A L I T Y  COMPAR ISON MA Y NOT BE MEANI NS FUL IN LOGICAL IF EXPRESSIONS
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CIMIT INITIALIZATI~ fl SUBROUTI )~
~U B~ OUTINE INITAL ?C0 -

C !WPUT/ouT?UT h O D 2 .MULTZPt! SITE/T RA JE CTO RY VrPSIO~

C ?HiS 5UBRCUTX ~ E PER FORMS sON! oy THE I~ XT IAL IZATIoN NEEDED F~ R T HE~ OOO0~~6~C PROGRAM, ESPECL*LLY FOR PRODUCZNG O U T P U T .  ~‘ 0 ) O ~ - 7
C 00  C

e O P ) M O W / I N O U T / I $ C 0 U T , I O U ? , N O F F I ,) 4 0 F F 2 ,N O F F 3 ,IO ’ . T A  r : 000y11 0
?To/T0/TS/T,H ,xyt ,psL .PS

*?0PTION/IOUT1 ,!oUT2 .5Z,XPL OT1 ,IPL OT2 .XA T,5PHtE~E,OUTItfC,IoUT3
‘PPTD /RTD,RTD6 .RtID 36 .P36.F6 8C .F!RU 000?12

~OMM ON/ 3.S9/W2,W3 ,W~I ,W5~ W 9 - ‘0O ~ ~3
*?$S / G A f l , 8 Z T A , X X , VO , T H ~~, G L A M , SC 1 , SC 2 , A }j , TH TS , O L A M S ~0 0 0 0 ~~’4 .

* G~ OXX /G~ C .X~ /AX ~ Th ,M
•?SVSW/SWT CHI ,SWTCH2/SWIO/SV CH IO ~C00~~~7
•PSw3Sw4/SwTCH3~ s~ rCH (4
*?SW5SW 6/SWTCH~~.S~ TCH6 (.-0O0~ 19•ysw7/swTcH7/sw8/swTcH5/sw g/swT~~g
•?NR/NREC~ ,NBEC2 ,WREC3 9ECL~,~1REC5 ,h~BEC•~~N R 5 / N R E C 6 / I T ? g lI~~2.~~T -~0~~0 - 2 2 - ~
PTIMES /TIME5/TIM!L/TIMEL.TIMES ~00O~~23.
t O N M O N / N R 7 / N p E C ~’ , N O F ? N
•?SITZS/$SITZ.SLA T(2~~),5LO~JG(2 ),SALT ( 0) C~-00 25
•PISITE/ISITE
LOGICAL 10UT1 ,100T2 ,x2,2PL OT1 ,IPLOT2 , K A T.SPKEP-E,IOUT3
LOGICAL SWTCH~~.S~~TC H2 ,SW CH 1 0 ~- 0 -j 0 2A - —

LO GICA L swTCN3 .saTcH~ :- - ;C o~~2 7
LOGICAL S~~T C H~~.SGTCH6
LOG ICAL st.’rCH~

’,S0Tcwe ,SwTCHg -~00~~31 
-

~ O U 8 L E  P R E C I S I ON Z K , B1 . P 1 .P, W , Gj O , X X , P , Q  CO0 32~
DOUBLE PRECISION J2 ,w 3,W L~.W5,W9,r,AM,SLTA ,XX ,Vr ,TH E,GLA M ,5C 1 ,sC2, C. -) -~.33

• 5 X , T H E S , G L A M S , A K , W 1 O . T O ~.T .H , X y Z , g S L , P j , T M
*,SLAT ,SLONG, SALT.TINEL,TIMES - ‘~O~~35
DA TA A K /- .~~’’~~S3292S 1G94~)29S7/

• 5~~,29S7~~o -1- 000.3 7
STD6O • R T ~ /6
5T D 3 6  = R T D / 3 E O ~~. - 0 0 0  .39
P36= 1 .0 / 3 6  .0
P 6 O B O  1. - / S  8 0 .0  ~ 0 0 0 ~~~ 1~

~ . /2  ~ 2 5 6~ .
• ~~~~~ ‘ ~~~~

= 0. 0 0
= O .~~D

~O ‘1  1=1 ,3  0 0 - 0 0  ~~
~~~~~~ ~~

_7

i, 0 i ) = O . Co ~~~

~FU’ .NE. 2 h G O  0 2 0-7 0 ~~
• T I N E L

~W CH 1O = .FAL SE.
tF (T.LT. TIMEs+To)Go TO 2
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?WCH IO • .T1U5,
1T2 • CT.Tis!sel; D—5)/?O

20 ISCOUT • (OUTINg • 1 .QEitiS) /TO L000cS5 .
tout • 0 ~, 00 O 056
RO UTA • ( 0 0 0 0 5 7 ;

• 676 0 0 0 0 ~~~8 o
R?(IOUT I )NoT Flu 3 6hi 0 0 0 0 0 5 9 :
R0?I2 — 62~Born • $C?72
lF(IDUI2)N0F?2u3$~ 00000620
tT (IPLO’r2)No?F3.a6N 0000063.
$0FF~~a 55g. 0 0 0 0 0 6 H o
t ? ( I S I T E , E Q . 0 ) G O  TO 10 00OO0~~5’~
id • S LA I i I S I S g~ OOOO..66~
ic2 • S L O N G ( X S E T E )  O 0 O O . ~6 7 0

• S~~L T ( I S I t i )  0 7 0 0 0 6 8 0 -
C O 0 0 0 ~~9

~~1O • S C I AX 0 0 0 0 o - 0 .~)( 0 0 0 . 7 1 ”
P3 • DC03 (W ’ )  o 0 O 0 - 7 o ~o
Pu • 0 5 i $ C W 9 )
PS • 0 C 0 5 ( W 9 1  0 0 0 o 1 7~~’

~o ?1M E 5 — Cj- . .‘ 0 0 0 0 - 7 5
P R E C I • C
1RE02 — 0 000 0 77 .0

— 0 - 0 0 0 . 7 8 0
PR! :~.

• 0 0ooo0 80-.~
PR EC6  • 0 0 0 0 . 8 1 0
BRE C~~aO 0Q0Q;~~2 C

iC COO 830
C PHTiICA L CON STANTS OF TI~ EARTH PtbD!L ,EQUAT OIIAL RADIUS AND ANG ULAR OOOO 08~40
C g P E E D  0 0 0 0 C ~~5~

0 000  8 ~
I • 2 O 9 2 5 6~~C . 0 O 0 0 0 0 u 8 7 0
P — O , u 3 7 5 2 6 9  .e8~~~2 0 0 0 0 : 8 8 ’
$p~~5.7296 ’~~ 0 0 0 0 0 8 9

0 0 0 0 0 9 0 0
C UPPER VA LUE OF TH 5 ~AR 0ET’3 GEOCENTRIC RADIAL DISTANCZ(FT)

0 0 0 0 0 9 2 - ’-
— 1 .3833374Q1D8 0 0 0 0 0 9 3 . ’

31 • 0 , 0 0 -

~WT~~H1 • . T R U E ’. , _ _ c ’ o o , s S
IWTCH2 • . T R U E ’,
IW T C H 3  • .FALS E ,  - 0 0 0 - . 97
~ W T CH ~ = - “ 0 ) 0 0 9 8 1
~w T c x 6  = . T R U E ,  ~ o ’)oc g9

~WT cH 7 • . T R U E ,  0 0 0 0 1 0 0 0
IWTCHB..TRUE . ‘“0010 1’
IWT CH9 .TRU !. 0000 1C20
BE T U R N
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CINP UT XWP’lT SU~ RoUTZN!
0 0 0 0 1  .€

SUB ROUTINE INPUT

C THIS ROUTINE P~ RPOPMS THE ~WPUT FU NCT iON THRU CAR Ds T O N THE
C PROGRAM.

I •

t O N N O N / A X / T P C , M I N ~~p A 3 / I T R  0 0 0 0  12
• S /G A M , ! FT A , X x , v O . T H E , G t& h 1 , S C 1 , 5 C 2 , A H . T H E S , GL A P I S  0 0 0 1 13

*?ELIM/ !LIM/NSWTCH/NSWTCH
* P O P T I O N / I 0 U T 1 , !o U T2 , a lP t OT ~~, I p L O T 2 , X A T , S P H E R E , 0 0 T I $ C , I D U T 3  ~ r 0 O 1 1 5

116
00001 17

C O N M O W / S X T E S / N S I T E , B L X T t 2 O ) , S L O N D 4 2 O ) , S A L T I 2 O )  0O0O~~1R

~OU 8LE PRFcISION GAM, BETA ~ H X , V 0,THE ,G L A h ,5C1 ,SC2,AH, TH!S .GLAMS, TM ,”0’Y 1 9 :

•tLr M,A. B ,c.SLAT ,SL0N~ ,sA LT o-000 20 0-
L O G I C A L  l o u t  1 . T O O T 2 . ! c Z . X p L O T 1 . I p L O T 2 , X A T , S p H t R E , I O U T 3 , I E O T p , I N E R T L . .0 O O I 2 i ~
~ A T A  D T R /  ‘ 1” u 33 2 93/  .0 0 012 2 :

123
•PINPUT2 /IoUT 1 , ~pLoT1 .1PL 0T2 ,IOUT2.KAT ,K1.SPHEBE , OUTIN C .10U13 ~‘ - ~~~~ 2~
,INERTZ.

*~~I N P U T 3 /G~ M , 8ET A , H X ,VO .THE.GLA II,THES ,GI,AMS . - ~0 2 6 ;
•PINpUTu/Ns IT!,sLAT .sLQNG . SA LT . E1~IM - :00127’

~~NPUT5/A ,a,c
CALL FLG!OF ( 5.-!E0?P)

. 0”  ~3 o
C t N P U T  T R A C E C T O R T  N U M B E R .T I M E  L I M X T , I I A I N  P R O C E ’ - S I N G  S W I T C H  0 C 0 C1 3 1~~

MEAD (5,INPIJ?1 ) 0000133
!r(I!orP)stoP

O 0- 70 ~35
t T P I  = NTRA J “ 0001 3 6’
ITE(6,1’.)NTP.kJ &TM~~~SW7CH

~O PORPIAT 1HI //Sx .”MI SSILE TRA JE CTOIY Pp.~GRA M (MUL T I P L E  SITE /TRAJECTOR . 00 380
*1 MC D ) I U T S ” ’/7 ’~~X . ” P p 0 ~~R A M O C N T R O L E ” / / / l X , ’ N U M SE R 0? TR A JEC TOR 0001 39

~~ E S S I N U L A T E D ( N T * A J ) ” , I 6 / 7 1 X . ” M k X M i ’~ T IM E T”~ A TR A JE cTO RY TM~~.
ooCol

~~ :*815,5,” ~IN. ”/I1oX , ”M kIW PROcE SSING SW ITCH(NS ’.~TCH)” ,I6) 
.00014 1
O ~00 i~42 0

- - ; C INPUT OTHER PROG~~AM CON TRO LS 0C0C 1~~ 3~~

IEAD (5,INPUT2 )
.~~~~0~~~1j 4 5

~RITEc6 ,6r l Io~;T1 .Iour2 ,ouT:N :,::CT3 ,Kz ,ip LoT 1 .IpLcT2 ,K A T .spHERE rO 00~~~7
60 ~ 0 f i M A T ( / / ’~~X , 2 5 f l p R I N T — O U T  OPTIC ?. 1(I’~0T ),1S , 0X ,25HPRINT .OUT OPTI~ 0~ 0’’-~*ON 2 C I O U T 2 ~~. L ’ / / 1  X , 5 1 H !~~C P Z ~~E N T  B !TWE TIME POINTS FOR P R I N T O U T 0 0 0 ~~~~~

*T O U T r N C ) , F 1  .0 .5H M 1N .//  x , 5 .H~~R I ’:T~~~T c P T 10’~ F O R  R A D A R  P A R A h E T ER 0 0 0 15
• D I F T E R E N CE S (IOhiT3),L 6 .1 x , 3 ~~X M~~~~’L T R A J E C T P T S E L E C T I O N  S W I T ~~h 1( 0 C 0 ~~51
*~~Z),L6/// ’ X,OSHPL OTTING O P T r C ? J  l C: P:- T ~~),L6, lCXs 25HPL OTTINC, OPTiO . ’- 00 0 52’
‘K 2(~~PL 0T2) ,I.EI/1 X ,29H A T ’ O SP H ! ? I C  MO DEL OPTI N(~~A T),L6//1OX ,29H$P ,~~~0153
HLRI CA L EA RTH MO DELI SPHERE ),L6)

~R I T ? ( 6 , 6 5 I I M E R T L  “ - ) 0 55
65 PORMAT (//’ .

~X .32MtNEPTIA L VEL O CITY opTjON(INER:L),L61
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000157
C 2NPUT N T::AL STATE VECTOR 0? TM! INTENCEPTOP 0000155 :
C T H y ’ : S U B S ~~T E L L T E  P A R A M E T E R S  0 0 0 0 15 9

-0
PEAO( 5 .I~~PoT 3) 0000161-0

7000162 -

~PI F(6 ,2~ 0 0 0 0 1 6 3 0
2~ P o R ~i~~~(/ /  ..,X ,€ CM ** **$***,* **,*** ** . * ** * * * *f r* * ** * * * * *I * * ** ** * ** *  00OI6~ 

-

0000 165~

~RIT!(6,2 ~GAM ~ B E T A , HX ,VO TME ,GLAM 00001660
20 !- i ~MAT(/ //1~~X ,3;H:NIrIA L STAT E VECTOR OF THE INT !RCEPTOR///1OX ,36H000016 7

X !— !N T R Y  A N G L E  W~~T T H E  9 ! R T I C A L ( G A M ) , 0 15 .S ,SH DE G ./ /I ” X , 3 8 h { M E A D I N G C C J O 6 8’
• A N G . !  WRT P E LAT tV E NORT H ?~~ETA ).p 15 .5~~5H DEG s //10X .3~~HHEIGHT OF MI 000- 01 69 ’
‘~~STLE AT BU?J’0UT?MX ),D 15.5,~~H FT .//1OX,52MVEL OCITT 0? MISSILE RELA ~~00Oi 70”
~~~TV E TO ~0RNOU T AT EPOCN (VO) .017 .10 ,9H FT ,/SEc,/f~ OX , 65M 3EOC !NTPI c-00O I71
• LATITU DE AT ~UR$OUT . +109TH AN D ~~0U~~ 07 EQ’-AT O RC TN E), 0 15 .B, SM D~ 000172 0-
•tG. //10X , ==~~30oC!~ TR:c LONG ITUDE.EAS T OF GREENW ICM( GLAM ),Di5 .5.5H 00701730 0
*6EG .) 70017”’

• 00 0 17 5 ,

~R I E ( 6 ,.. HE S ,GL -~~S 
- C 0 0 1 7 6 T

~c roRMATc ///0~.x ,23Msus sAT ELLIr E P A E A M E TLRS ///1OX,5SHGE OC EN T R I C LATIT:0 001770

~‘M DEs +NOR H A~
’ D .OSo’JTM 0? EQU A T O R (T X E~~),DIS ,S,SH DE G .// 1OX S uSHGE OC.-0 00llB0

*~~tlTRIC 0~~-0;T0 DE .EA ’sT ~~ GREENw IC H (GLAM S) ,D15 .5,SH OR G .) 0-000 179 ’
TF(N S~~TCH .~~7. ~G0 TO 90 

L70018. - ‘

0 7-7 0 1 ~ 1 0 - -

C ! N P C T  RA0~.R PARA ~~ET!RS 00001820
0 0 0 183 .

BE .;DC5.IHPUT~~ oOoois ~~:
:000185

~R IT E ( 6 .2 - )  cooois~~c
70001877

30 PcR~’oATI ///1 -X .”R AC A R PA RA M ETER S”I /1OX , 51TE N 1rMBE R” ,I6//IOX,MGEO CEO 000 1 5 R
‘PT 9~~0 L A I T ’O D E OP R A 0 AR ~ ~ N 0 R T H  A N D  — SOUT H 0~ FQUAT OR(SLAT)” ,0 15 ,5(0001 89-
•,“ :!7.”//1 X , GEOCENT? Ic LONGIT UDE OF RA DAR S WEST 0? GRE fXW IC H(SL O .C OO l 9~3-’
•PG)” ,t,15 ,5.” DEG .”//1OX~~” ALTITU t! OF RA DAR ABOV E SE A L E V EL ($ALT)” ,”0 0019l .
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C 00005550
C OU~ PU ? T!~ AL ~EC 0~ D ON SLO T ?ZL! O00O556~
c O00O 557~
_____ - .~~~~~~~~~~  

00005580
~R I T !( 1 C ) T I fl!~~.IPL ~ T2 , I0 2.~~OT 0 O OO S5~~0

000056
C 00005610

tN797 5T01T2 00005620
C 0000 563”
c. STQ!L~~AT~ ic a 25LT R A cto R t _. _~~~~~~_- -— - .  ooo o 5~~~o
C  0000 56 5 ’

! X ( ’ ) — X ( 1 )  00005660
X X { 2 ) . X ( 2) 

. 
0000567c

X X ( 3 ) u ’ X ( 3 )  00005680
C 0 0 0 56 9

_~~~~~ Zi5_ i~.X P(2 2 — - - -  — — 
00005 700

X X (5)~~X D ( 3 )  000057 10
XX (7) .XDD (1) 0000572 0
XX (R)zXD D (2 ) 0000573:
XX (9)*XDD (3) 00005744 0
X x ( 1 O ) = Z K  0 00057 44 2
Xx( 1~~uPZ 000057 4444

- - 

~0O O 5~ 5-:
C 0O0 05 76~

E N T R Y  0U TN o I ~ 0O OO5 77~
C 0000578 .
C P t A C E  N O M I N A L  T R A J E C 7 O R Y  P A O A R  D A T A  ON A SE P A R A T !  TILE 0000579 0
c 0O00 5b ~~

TsI~~E 
. - . . 

0000581o

~T l . ~J 0T , X Z ) G 0  To . 0 0000582 .
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PE W IND 1~) 000O5B3~. _ I z Wx~ n 11 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

000058 440
14~’0 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 00005 850

f l ITE~ 11 )IIMZ 3aIPLO?2a102*!Qf 0 0 005860
tf~!Ot )GO TO ~~ 00005 87 0

1430 B E A D M O ~ 1REC3 .z ft. Il .J 0l1 .lV TcK2 — 0O0 O5 8B~,
9 I I T E ( 1 1 ) N 1 1 c3 . I T R . ZS, !O ? ’ 0 ,5W 1CN3 0000589 :

_ r ( ! o r 1 0) a a TO ~~~~~~ _ _ _ _ _  0 O 00 59~) Q

~0A T& •8!1c3 102 00005 9 10
)
~~ D( ‘Q }(QUTPLT (E )a1u1 e ~~DA TA )  . 00005920

— l ? I T E ( 1 1 ) ( O U T P L T T I ) , I . 1 .N D A T A )  00005930
GO TO 4~ u - - - 

000059140
4420 R E A D (~~O)TIM!O 00005 950

Vi~~~~~j i  ~~~j(~ 7 ___________________ O 00O5~ 6O
GO TO 44~~C 0 000597 0

4 4 b Q  ~ T C I 5 Z T Z a Z Q . N 5 Z T ! ) R I T U R M  00 005 960
!SITE *E SIT!+1 00005990
GO TO 4 4 4 4 0  00006000

44 00 C O N T I N U E  00006010
R.!TUH _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _  

C00 06u 15
E N D  0000602 0  

-- -~~~~~ - . - - -~~~~- - - -  - ~~~~~ -
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4T H  ORDER RUNGE—KUTTA — G ILL 
- 

~00217
gUBROuTINE RKG

C ENPUT /OUTPtJ T MOD fl0219

c Yx is ROUTINE IS A 447H ORDER RUNGE KUITA—GXLL WHICH NUMERICAL LY ~0022.

C ENTEGRATE S THE 2!D ORDER NON—LINEA R DIFFERENTIA!. EQUATIONS OF .~ - 00221
C NOTION. - - 

~0 22 2
6OUBLE PRECISION C.T,D.k.B.DE(..DXN.DXDX ,DL,SAO .A DLE,BAKF.R ~~0o223:
SOUSLE PRECISION X,XD ,XDD
&OUBLE PRECISION P.Q
ROUBLE PRECISION P1 .ZK.R 1.TW OPI -

8IPIENSXON c(~~). ?(44), ~~~~~ A (3).B (3) J00227
ROUBLE PRE CISIoN TO ~~0O228:
tOM~.OX /B.~/ X (3).XD(3).XDD(3)
COMMOW /GE/ZK,B1 ,P’ - ~‘JO2J~
COMMON /ST/ P(3). Q (3) - )O231
•?TO/T0
SATA C/0.SD ..2928932188. .7 7106781 ..1666666 7/ i~~3243
SATA D/0 ,5D ,.292893218B ..7~~7106lBl .O .SDO /
SATA T/2. o0. 1 .Ob’ . 1 .000.2.0D /. 0000235’

*TwopI/6.233 :8c3 7179586448/
60 1~~ J 1 ,4
CALL EQTNX - ~~02 3R
Ro 10 1=1 ,3 ~- ‘- D O 2 3 9
R( I)~~XD (I)
6(I)=XDD(fl 000024 1)
$XN (A(I)_F(J)*Q (I))*CCJ) -~~)O242
6XDX = (5(i) — F? J ) ~ P~~i 5 ) * c (J)
6L=TO*DXN ‘.-

R(I) X(I)~~DL 
- ~3O 2445

RD( I ) X 0 ( I )+T O * D* DX 0000246
Q (I )=Q( I) 3. D0 *DX N _ D (J) * A (I)

10 ~‘(I) P (I)~~3. D 0 *SX D X_ D (J)*B(I) ~D 00 2 ’4 8
IF (X(3)) ‘3 , 14 ,~~4

10 R ( 3 )  = X (3) +TWQpI 000025:.:
14 RA D X (3~ — TWOPI :•:)0251

IF ( SAD ) ‘2 .11 .1 1 • O252’

11 1(3) = SAO
12 RETURN -

~ND ‘0)0255-~
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-~ 
‘‘~~‘~L~~~~~ _ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~ ,.._ ._. ._ ,_. ..~~~~~ _ . ._-~~ -3-~_ . — - -—

I..

1.4 4

U
I..
3--.

U)

o
14
I-.
1~41.4
-l
14
In

3-.

0
I-.
U
3-4 1.1

C)
U.
U. C..
1-. 0

.3 U U)
U. 1.3 C)
U. U) 0
3-4 ~~ N
U. - (‘4 (.3

I.. 0 U. 14 30 C)
U. - - 3-4
.11

C)
N U. 3-4 0
I-. 3—I 3-. 0 34 3-
U E 0 C> ~ —
0 .4 N 14 1. C)
1.4 0 P. — C)

0 1. 1-4 N U. (4 3-4
3’I — ‘0 0 N I 0

U) • N • In I- 0
3-. Z 0 3, 1) In U. C)
U 0 • 14 N U C)
0. 3-4 0 3, 0 • 0 0 — 0

I.. i-i 13 0 UI 31) 3) 0
3-4 • Q 34 (4 N 1.1 0

U. 0 3-. 0. 3, 0 U. 0 U. 0
1-. — ~~ 0 (‘4 — 0 0 ~~ I-I

C) U. I-. 0 0 4 0 C) I. 14 C.o U U. 14 1.~ 3, ‘0 U. U. 0 U.
U. (‘4 0 3-4 U. C) N U. 1-. 0

0 I 14 U) 3.4 3, 0 U. ‘0 (1 0 (4
14 14 0 14 1. 3, .4 0 0 0 U.
U. 0 0 ~ 0 U 1.. 4 U. P. U) U
o — 0 H — U. 0 4 0 • C) UI I 0 U)
I-. C) U. I-. (9 .1 * 31. 0’ 0 “) 14 14
- . :. - .. r.. . - . I— C> . -
39 0 0 Cd 3, 31 C) U. .4 2 .4 1.. .4
•)  N I 1.. 4 0. 4 -~ 0 1!’
.4 .— 3-~ 1.. 3, 14 .0 I-I
U. U. 13- U. 34 1.’ 4 U U 34 U. U. U.
14 .4 1-4 0 S U. U. 0 0 14 U I-I U

U. U. 3, 3.3 — 3-• U. U. 44 0 3-4
Id I-. P. U. I.. I-. I I-. 14 1) U. 0 34 0 34
3-3 U. 34 * U. 4 U) .‘ U. U. U) 34.
3- ’  — — U. I-. 4 I-I 33- 0 • 14 I 3d
‘3 0’ >1 0 14 • U. —

3d I— 3—. ‘.. 14 1-. .1 4 14 .4 1-. 34 0 14 (I .34
14 I-I — .4 1- • x .4 ~~ ~ 34 0 2
.4 .4 14 14 U) IL U. S 3-. LI 0 — 0 .4
0. .4 U. U 3-. U. 44 14 Ui I 1-4 .4 3.4 1.) 0 3-.
3-4 0 0 I-I U. U. U. U. U. * 1.. 1-. 0 3.- 2 0 (0 = 0
F-I 14 3-4 1-4 34 14 3-4 • 0 U. 34 0 3-4 14 14
.4 3-4 U (43 0 IL 14 * 14 34 2 I-’ U 3-. 34 (3- 3-.
0 II) 3,3 U. . U. .4 — U. U. U. * U. 14 I—I U. U. U) U) 3-. 0 In
14 U — I-. Cl 3-. 0 Ii) 0 I 0 3-. 0 .4 U. 14 2 .4

U) .4 U. U UI U. 0 34 ‘. 1-4 • 3-. (4 .4 U) UI I.. (.3 14 + 14
UI U. U 0 U. U. .3 I-I .3 I-. I U 2 .4 U. U. U.

U. 3) 3-I 34 3. 3-4 34 P. U. 14 U. * UI 14 3,) I-. UI U. • 14
10 .4 U. 14 34 U. 34 0 C) 0 5 34 U. U. 14 34 1> .4 14 C)
(U C’ 0 .4 U. . 0 0 5 I-. .4 0 0 P. C) U
0 IL I-I U) 34 U. .4 14 3-3, 4 1.3 U. 34 1.) 1.4 0 I’. 0 3—.
U. I-. U U. U. êi U) I. I 34 2 0 .4 U) 1-3 I-I 3,3 3-. I-I
P. 2 I.) 0 (3- 0 U) U. U. C) 14 34 * U. U. I-i U) 3-4 0 I-. 34 0

0 0 U. 34 3-4 34 0 0 U 3-4 (4 34 34 .n i-. 3-. ~ 
_, 3-. 34

14 4.) .4 4-4 f- I-. +4 1-4 14 ~~ 0 I U) .4 U) U) U. U. 0 .4 U. 0
U. U. U) 44) 0. Ui 3-. 3-. .4 .4 • (3- .4 1-4 .4 .4 .4 .4 .3
0 14 1.4 14 3) 0 U) P. U. U U) 3,1 5 .4 2 0 14 1.. 34
14 U. 3-4 14 0 C 3-4 34 . U. U. U. C.. U U t-. ( .4 U
U 3’) U. 1 U I-. I-. U. .4 * H U. 1.. 3-4 34 U. 4.4 I-I
3-I 0 0 0 0 2 1-. 1.3- 14 U. .1 5 3-. 3--. 0 4. U. U. 34) U. U.
0 C U. U. 0 Cd U U. U. U U. I 3-4 U. (U 3-. 3-. 3-. 0 1-. 1-I
‘4 .4. 4. 9. I 14 (~ 3-4 0. 34 I-. • ~~. I-. ~ 1-. 4.-- ~U. C. UI 14 14 U) 1-. 14 U) U. I’ 4 3-4 2 3-4 U. U 34 14 143 1.’ 34
1— U. H U. Z U. 2 1-3 0 34 U. 34 0 0 0 U U 0

14 34 3-4 1-4 U H 0 14 2 34 3 I .4 3-4 .1 0 0 0 0
1.4 0 .4 .4 IL 2 .4 .3 3-4 U. U. Ui 3-) 34 1.) 14 34 14 14
.1 U. U. U. U. 1.4 P. U. U. (4) I-I S U. = 2 34 (3- (3- 13- 0
1.4 -U)
-I)
3.4
U.
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.
-

IL
U)
0.

I’
0.

0’
0.
0
0.
a.
U..

0. U
14
U)
.
-

-4 1.34
6.

34
.1- 2
U)

1., 0 -.
‘.1 14 .4
U) 2

I-U
N 14 IL 0 U
0 IL. 0 II -

14 3,. U) U) U
U) I. U 0 3-.. UI
0. 14 N 0 - U)
0 - 0 0 3-. ...
U. U. U. U) U. *
4) U) U) IL .1) I-.
In 0. IL 3-3 - U. - U. -

4 - .41 0 0. 0
C In .4 2

0 U) .4 — 34
U. U. U.

0. Ui H — —In 3-. 14 3-’ 3.)— In 3) 0 U. —3. ‘) 14 34 0 4.
.4 333 .4 3-. 0 U. 0

4 .3 (‘43 IL. U. U 0
• U) U. * 0 14 0’ 3-. 0
I 0. 0. 5 .~ 0 3.) 0
• IL — * I-I U. In 14 In
• 0 1-. ii U. IL In 0 In
• I-. U. (U * (4 1-. In U. 3d)
I U. U. I .4 In U. In
• U — U. * • .4 • 14 3
• 0 (5 14 4 UI 0 U. 0 0

‘.3 2 34 I U. U. I .4
• 0 0 * 14 I—I U.

4 4 U. ..3- U * 14 34
• 0 34) 5 0 0 H
• 14 * I-. 34 14
• 14 14 U 4 0
• 3.. (4 3-4 4 C) 14 34
* U H — 14 4 (.1 0 0 0
• 0 34 0 34 I 14 IL 14
• U) U. * U 3.. 0 0 0
• 3 Ui U. * U) 0 U. 0
• U) 0 4 0 (4) In U. In
• Cl U. U. I UI C) In In
• 4.4 1.) • + U. .1) U) 4)
* .4 3-. ‘.4 5 U. In Cl In
• 34. .4 .4 I — • 34 • U.
• 14 0 U. (U 4 34 0 34 0 U. 0
• I-. U) 34 * 0 U 34
• 10 14 U. 4 H 4 0.
• 0 U) .4 I I- 0 0
• 34 U) Ui 34 * .4
• + 34 34 C • U. 0 Cl

N I 4 3.) 34 * IL 3) 39
S • U. .1 34 * I’ —
• .4 U. U. 4 I-I C) U 0 0 0

.4 0. .4- 34 5 IL UI 4-0
• C) U. UI 3-i • VI 14 (4 ‘3- 0(4 0

3- U. IL U) .3 3 34 P. ) 14 0 (4 1.3
U. (4 0 In + 0’ l  +

fr • 14 (4 4 (4 U) In 0( 4
• 3.. 0 34 1-.. 34 4-. U. 31) - I 031)
• 0 C’ 0 5 .4 U. In F> .13(4 34

• UI U. U. 0 U. .4 • .  0 •.. 0
3 U. 1.) Cl U. (4 • IL U. Cl 0 34 Cl 0 4-4 Cl 0

F • U) U) 0. 0 4 0 3-3 I I-.
• 3-. .— 0 1-. U. U I 3-. )

~ 
.4 .4

* 343 3. 3-I U. 3,. 14 U. U. U. U.
• 14 I-I (3- U) 3-4 5 U) 0 U. U.
• U. 3-. 34 .4 1. 4 0. I-. (4 0
• U. U. C U. .4 4.) 4-. 4-3
• .4 .4 .3 .3 * 3.-. U; — IL ‘ U.
I U. U. U. 1 34 3,. 3) 0 N 0 Di 0

• 14 U (.4 0 0 * 3-4 .4 C.. 3-.
* 14 Cl 3.4 3-4 4.) I U IL (4 (4 0
• .4 14 U. U. (.4 * 0 I-. ‘ Cd 34 0
* C) U 3.. 3-. 0 14 • .4 (4 34 (4 34 0
• U. 34 U. U. (4 U • 34 3.. 3.1 .4 CF U. LI
I U. U) 63 3-. 14 34 0 Id) .3 313 .3 3
• UI U U I-I H * (4 0. (4 0. In
• 3-I 0 0 I-I 34 • I-. • .  • •
I 3-4 34 1.3 .4 .4 5 (4 0 Cl 334 00 34 4) 0
• U) (U 13- 4 14 I 0 H 3-4
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Sample Output for the RADC Trajectory Program
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I 
-~~

— i . —. —

.5
‘U.S.. I
U.

I -

I 3 4 • ( 4* 3 C~~~ *l *4 3 4 4~~~~~~~~ .4I4 4 U .* j 4 4 3 . U .* 4. (3 4 . 4 I L~~~~ 4 . U . 4 (4 *l 5 •3 U ) ’~I i U .*. U. * I I n 4 L U . ( U . . .. 1~. ... .., ....*1 . 1 0 0 .00 .  ~~~U)0 0 0 0  Of O 0 00 0 040 0 00 0 0 0 0 00  O0~00 0 0 .0  ~~ 0 0 0  0.0~~~ 00 0 00 0 . 0 00 0 0

.14 I - - -
1.. - - - -
U. - - -

I 
-

(U
.4

3~~ - - -

*

I. - - -

U 
- 

-
U. -UI - - -

.0 • * . * . 4 . * .  4 .  S _ _ • •
.0’ O 0~0 4~~0 04 00000 0  0 00 o4o 0 0 0 00 0 0 .0 0  0 0 0 0  0Q’ O 0 0 0 0 0 0 0 0 0 0 0 0  0.00  0 0 0

41414141 41.4341
U) 0 0 0 0  0 .0 0 000  0 10 00 0 0 0-0 0 00 0 00 0 00 0 0  0 0 0 0 0  0 10 0 0 0 0 0 0 0 0 0 0 0  0 0 0 0 0

146 U M U 4 I U ’.) U) (4 iU IlIUiUIMM,13 4 4 I L U iU 1 M ( 4 U iU) U) U) M . 4 N U i U ) U )U) M U)INNNUIUIU)UI U) UI U) U) I I4 UI IP I9 U) -
U . 4 1a 0 - 4 1*4 4 1 0 - 4 1 0 3’ . 43 ’ - 3’ *. 4 0~3’ *d 0 -413 l 0 1 4 1 0 I L - 3 . 4 0 0  0 U . 3’ 0 0 0 0 0 I L 0 3’ *U . 0 3’ 0 1 0 1 I L 0
(‘..1-.rS l.p.41- 34434 r— r- N 34-13-34-03431-34.343430 I-r.Ir- 341343433434  34 4343434 33-34~34(. 34.34.3.34.3434,13-34.344.41 41041 41)4141 4141 41 30 .0414141041 ‘0413041~4 1 4 1  4 1 0  4 1 4 1 - 3 0 4 1  4 1 4 1 4 1 3 04 4 1 4 1  ‘ 0 4 1 4 1 4 1 4 1 4 1 4 1 4 1 4 1  4 1 3 0 41 41.0 41

3.4) 4)3d64)U.-In4)4)n44)4) 4)4)4)4)4)4)4)4)4)4)4)414)4)4)4)4)4)4)4)1)4)34)4)4)4) 4)J)-V)4134)4)4)34)4)4)3d1 4) 31)
3- 4 ) 4 ) 4 ) 4 )I n 4 I n 4) 4 ) 4 ) 4 )4 ) I 4) I n I n 4 )4 ) 4 ) 4 ) 4) 4 ) 4 ) 4 ) 4 )- 4 ) U ’ I n 4 ) I n I n 3 ( 14 ) I n 4) 4 ) 4 ) . I n 4 ) 4 ) 4 ) I n 4 )I n I n 4) I n 4) 4 )  4 ) 4 ) 4 ) 4 ) 4 )  -
U N  3 4 3 4.N 3 3 l r I rI 3 4 N - N r 4 N r 4r - 4 N - r 4 3 4 r 4 n IN 4’4N 4 N N N . I F - 4 N N  ( ‘I N N C 9 N N  (‘4 334NNINN (’-IN (’43’4 (‘I33 N 3 3 I . N

. 0 4 * *. .• * S *. * * *4 • s . *  .3 .3
. l 0 0 0 0c 1 0 0 0 Q 0 0 00 00 00 i O C 0 0O 0 ~O 0 0 00 0 1 00 0 0 00 .0 C 4 0 00 0 . 0 00 0O C lO Q 0 C, O

- 3- I 
- 

=
04141 340 0 040 0 ,0~ 0 4 1 4 1 4 1 4 1 4 1 4 1 4 1  4141 4 1 3 0 4 4 1 4 1 - 4 1 4 1  0 4 1 3 040 0 4 1 4 1 1 4 0 4 1  4 1 1 0 4 1 4 1 4 1 4 1 4 1  4 1 4 1 0 4 1 4 1

( 40 0 0 0 0~0 0 00 0 0~00 00 0 0, 0 000 0 0) Q 00 0 0 o 0 00 0 0 0 .0 0 0 Q 0 00 00 0 O QO 0 0 O 0
U. I •
-U1U) UU U) UIdUI UI II U4 UI D I U I U IM 3- I 3 4 U)4 61(4 3.i UiU)U1 UI U) UI U) U) U) ’ . i 3 4 W W U i3-I141.1U 3 W U I 3 4 U I I 4 3 9 U I I 4U)UIU( (4 UI UI
I-. 0~ In 30(4 14 In In In In 3 1 0 1 ( 4 ( 4  ( 4 ( 4 ( 4 3 0 ( 4 ( 4  (419 3.3 30 3 9 ( 4 ( 4 ( 4  (439.493.) (4(4(43.439(4(4(4 19 3.3-In 19 3939 (4 0)3(4 In 19(4 (4
ix 0 0 0 00 00 0 0 0 Q 0 0 0 0 0  C~ 00O0 O Q 0 a a 0 . a 000  000000’000000.0000.0Q.00.0.
000 00.400 0410 0U.U.U. 01400 0 0 0 . 4 0 U ) 0 U ) U . 1 4 0 0  00  U . ( 4 U . U . U . U . 0 0 0 0, U . 4 1 4 1 0 4 1 4 1 4 1 4 1 4 1
H 0 0 0 0 0 0 0 0 0 0 0 0 0 0C . 0 0 00 0 0 0 0 , 0 00 00 0 0 0 00 0 0 0 0 0 C .. O C ) 0 0 0 00 C ) 0 00 0 0
6)41 414141,~~4141 41414114414141414141)4141414141413414141414141414140414104141 41414141410414141410410-41

— I r a  . * . e . . . a. 4  •.... 4 • _ •  
o.o o.o ol0 0 0 0.o o30 0 0 0.o o I 0 0 0 0 0 0 d 0 0 0 0 0 0 0 0  o O o 0 4 0 0  0 0 0 0 - 0 00 0 0 00 .0 0 0 0

I -
Dl -
C) 

I
U. 1 4 4 )  ~~~~.-In OP. 3’ 0 4 )0103. II) 33*010(401  4 ) 0 3 3 4 3 . 3 3 4 0 0 1  33 *4)13.0  0.01 Di 1~~ 4139 0 . 4 1 3 4 4 1 4 0 3 9 : 0 0 0 1 0 1  DiP’ 3 41
U) C )3 9 N 0 U . D i 4 4 1 I n 9 f~~~~~~~0 3_ N 4 1 4) I n N14. 0’ U. V) 3 4 N U . 4 1 9 C’ 4 C ) W 0 9 3 3 4 0 4 1 4 0 I n -~~~Di 4 1 ( 4 0 t ( 4- D i 4 ) N 0 34)
U. (4 . 5* 4  .....4 • _ • •. _ . _ .• . I . . . _ . _. _ • _ _ 4 . — . — . . . .. . _ . . . . ..
14 I-. Cl (‘IN 1949 fl Of”  0 0 3 4 0 3 0 ( 4 3 3 439 9 4 ) 4 1  0 (“41  0lI0’ ~~ (‘1 39-3  4 ) 4 1  4 1 3 4 0 0 1  0 0 N  ( 4 ( 4  3 4 ) 4 1 4 1 3 3 .0 4 1 0 1  0 0
U
34 3) - -

U.
3 . 0  -
IL .4
a - - -
I - -
U - -
U) (3
0 U)
U. Cl
U.
3. (.1- 41’-InU.NIn33-0.C. 3 ’. 0 ’  0410’ 3 43 . 4 4 1 0  3 4. 3 1 - 03 ~~~t’lN~~~ 00134 ~S~~~~~N 1 904 3 0 4 ( 4 3 3’  ( . 4’ 1 1 0 0  ( 4’  (‘4 334 (4

033- 1- 41 41140’ 03 0.03 0 3 100  0’ 03 03 0~ 4 1 0 1  I’- r- ~~ 404)  0’ In3.)N 0 0 0 4 1 4 ) 3  (4~~ 00  r- in U. N ~~ 03 N 3(4 0’ N 04 1  30
• (4 I • I  • .4

3 4 N N Nr * I n ( 4 I n f 3 4 NN N N N N 3 3 4 N -N ( 4 ’~~~~~
(4 0 .0 0 0 0 00 0 0 0 0 0,4 1 4 1

U) 3 -4 4 1 4 1 1 4 4 1 1 4 4 00 4141 4 1 4 1 0 4 1 4 1 4 0 4 1 0 4 1 4 0 4 1 3 0 4 1 4 1 3 0 4 1 4 1 4 1 4 1 4 1 1 010 4 0 1 0 1 0 1 0( 04 4 1 4 0 4 1 1 0 3 0 3 3 ( 4  31) 33 94 (4
U. I-.
14 14
1.. .-i -
U) -
14
.4 .~~~0 4 1 0 0 1 4 0 4 1  4 1 0 1 0 4 1 4 1 0  0 3 4 0 1 4 0 0  0 4 1 0 ( 1 4 4 1 4 1 0 0  0 1 4 1 3 4 1 0  0 4 1 0 0 0 0  4 1 0 4 1 0 0 4 1 1 0 0 4 1 4 1  4 1 4 1  4 1 4 1 0
IL I-. (4 0 4.4 0 - 0 ~ 0 4-’ 0 -, 0 .4 0 0 0 C C -‘) 0 - 0 ( 40  C 0 Cl 0 C 0 - , 0 (4 0 C 0 ~ 0 - - 0 C 0 - - 0 .‘ 0 - 0 0 — 0
.4 U.
U. .-3.U.14MU.ILU.U.14U.6)W14U)U)MU.UIIU.14N(4MI.114U.U.~~1M34) 14)4-U) 14343.14 M14ItMWUIU.U.19 01343-U

VI 0’ 3 . 4 9  3’ 3 9 9 9  3’ * :4 3 . 4 3  .4 3 3 0’  3 0’  3’ . 4 33  9-3 3 9  33 93  3’ 3’ 3 3  3.3 3 .4 9 3 9 9 3 3  99 39  0’
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C. Cobra Talon Trajectory Program

1. Introduction

The Cobra Talon Trajectory Program is a modification of the
general perturbation program developed at RADC by Mr. George A. Ellis
for the prediction of the position and velocity of an earth-orbiting satellite
or ballistic missile. The Cobra Talon program was used to furnish data for
the study associated with the Cobra Talon radar project. It differs from Mr.
Ellis ’ program primarily in the use of the first  trajectory as the nominal
trajectory for the perturbation calculations. PRC/ISC has made the neces-
sary modifications to the Cobra Talon program so that it can be implemented
on the interactive system for the RADC Radar Simulator. The reader is
referred to two documents for fu r ther information: “COBRA TALON STUDY
COMPUTER PROGRAMS , “ by John C. Cleary and Leonard C. Gxatch , RADC/
OC-TM-7 1 -4, and “SIMULATION PROGRAM FOR THREE DEGREES OF
FREEDOM TRAJECTORIES , ” by George A. Ellis , et al , Technical Memor-
andum No. EMA-TM-66-5.

1. Computer Program Operating Environment

a. Compute r

Honeywell 6000.

b. Source Language

FORTRAN Y under GCOS.

c. Memory Requirement

16 K words

d. Typical Processing Time Required

0. 25 hours (900 seconds)

e. Peripheral Equipment Requirement

Four disc files (file codes: 02 , 03 , 04 , 07).
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f. Non-system Subroutines Required

ATMOS P Atmospheric model.

CONVER Conversion of trajectory to radar
coordinates.

EQTNX Computa tion of acceleration com-
ponents .

ICERBM Performs initialization for tra-
jectory computations.

IN PUTT Input subroutine.
OUTPUT Stores trajectory data in an array

for outputting .
PRLNT2 Prints out trajectory and radar

data.

RKG Performs 4th order Runge-Kutta-
Gill integration of equations of
motion.

SAVE Outputs trajectory and radar data
onto files.

3. Inputs

The following is the set of input parameters required for the
Cobra Talon Trajectory Program:

NAMELIST IN1

TM - Maximum forward trajectory run time (minutes)

TMI - Cut-off time for backwards trajectory (minutes)

NAMELIST 1N2

CA - Surface range - dummy variable (degrees)

BETA - Missile heading angle measured clockwise from north
(de grees) .

GAM - Missile re-entry angle relative to vertical (degrees).

HX - Height of missile at burnout ( feet ) , referenced to ea r th ’ s
surface,

NAMELIST 1143

KZ - Program control variable .
= 0 differences are calculated relative to third trajectory.
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= 1 differences are calculated relative to first  trajectory.

NAMELIST 1144

ELIM - Maximum co-latitude of elevation angle for which
radar coverage parameters are determined (degrees).

NAMELIST INS

VO - Initial velocity of missile (ft . 1mm . ).

INERTL - Initial velocity option variable.
= 1 , initial velocity is inertial velocity (SATELLITE o rb i t ) .

~0 , initial velocity is burnout velocity (~‘iISSILl t rajectories)

NAMELIS T 1146

ZK — Z K = g / Z B c  (Bc~ ballistic coefficient in lbs. / f t~ and g 32. 2
ft. / sec.  2 ), measured in ft. 2 / slugs.

KAT - Atmospheric model option variable.
=0 , sets the atmospheric density to zero.
= 1 , use the atmospheric model.

NAMELIST IN?

A - Out of t rajectory plane perturbation, + ejected to the
left of nominal t rajectory (ft .  /sec. )

B - In plane perturbation , + ejected backward from nominal
trajectory (ft .  /sec.  ).

C - In plane perturbation, + ejected upwards from nominal
trajectory (ft.  / sec .  ).

MM - MM=3 gives nominal trajectory, MM greater than 3 gives
MM minus 3 perturbed trajectories.

NAMELIST 1148

SC1 - Radar latitude (positive north and negative south of
equator) (degrees).

SC2 - Radar long itude west  of Greenwich (degrees).

AH - Altitude above sea level of radar (feet).

NAMELIST 1149

GLAM - Launch longitude east of Greenwich (degrees) .

THE - Launch latitude (positive north and negative s outh of
equator in degrees).
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GLAMI - Impact longitude east of Greenwich (degrees).

THE! - Impact latitude (positiv e north and negative south of
equator , in degrees).

4. Output

Output from the Cobra Talon Trajectory Program first  consists

of a printout of the input data for the computer run. Secondly, the output

consists of a printout of data generated for the f irst  t rajectory.  This data

is printed out as a list of trajectory parameters ( e .g . ,  radius , latitude,

long itude , etc . )  versus  incremental trajectory time points (generally sep-

arated by 0. 1 min. increments) from start time to end time. If the target ,

whose trajectory has been generated , is detected by a radar site , a listing

of the radar parameters computed for the site , from initial time of detection

to time of leaving coverage, is also produced. A description of the complete

set of output quantities for the first  trajectory follows:

Output Parameter Units Description

Min. The time from burnout of
Tim e .the missile along its tra-

jectory or time from the in-
itiation of the satellite orbit ,
if that is appropriate d

Radius Ft. Earth-centered radius of the
U trajectory or the distance of

the missile or satellite from
the earth center at the time
point above.

Latitude Deg. Position in latitude of the
missile/satellite in its tra-
jectory at the above time
point.

Longitude Deg. Position in longitude of the
missile/satellite, east of
Greenwich.

Height Ft. Altitude abov e sea level of
the missile.

Velocity Ft. /Sec. Inertial velocity of the
missile/satellite along its
t rajectory.
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Output Parameter Units Description

R(Sea Level) Ft. Radius of spherical earth model.

Density Slugs/Ft .3 Atmospheric density.

R-Dot Ft. /Sec. Geocentric radial component of
velocity.

Lat. -Dot Deg. /Sec. Geocentric latitude component
of velocity.

Long. -Dot Deg. /Sec. Geocentric longitude component
of velocity.

R-Dot Dot Ft. /Sec. 2 Geocentric radial component of
acceleration.

Lat. -Dot Dot Deg.,Sec. 2 Geocentric latitude component
of acceleration.

Long. -Dot Dot Deg./Sec. 2 Geocentric longitude component
of acceleration.

If the target  of the f i rs t  t ra jec tory  is detected by radar , the

trajectory in ter~ns of radar coordinates is printed out as follows:

Time Min. Same as for Time described
above.

Slant Range Ft. Radar slant range to the missile!
satellite for the time point.

Sl Range Rate Ft. !Sec. Radar slant range rate.

Si Range R Dot Ft. !Sec. 2 Rada r slant range acceleration.

Azimuth Deg. Radar azimuth look -angle to
missile, measured clockwise
from north.

Az Rate Deg./Sec. Rada r azimuth angle rate.

Az R Dot Deg./Sec. 2 Rada r azimuth angle acceleration.

Elevation Deg. Radar elevation look -angle to
missile.

El Rate Deg.ISec. Radar elevation angle rate.

El R Dot Deg./Sec. 2 Radar elevation angle acceleration.

Reentry Angle Deg. Missile re-entry angle.

Heading Deg. Missile heading angle.
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If more than one t rajectory is generated in the computer run ,
the above set of trajectory data will be computed for the second , third ,
etc . ,  trajectories also. Radar pa rameters for the targets  corresponding
to the trajectories will also be calculated , if the targets are detected.

Following the last set of trajectory and radar data , radar

parameter differences may be calculated and printed out.  These  d i f fer-

ences will be produced for  each perturbed trajectory when MM is greater

than or equal to 4. The parameter differences represent the values

obtained by subtracting the radar parameters for the perturbed trajectories
from the corresponding parameters for the nominal trajectory (t ra jectory

#1 or #3) .  Below is a list of the output quantities comprising the radar
parameter  differences:

Output Parameter Units Description

Time Min. Same as for Time described
previously.

Slant Range ( A R) Ft. Difference in radar slant
range (nominal t rajectory
slant range - perturbed
t ra jectory slant range) .

Sl Range Rate ( 
~~ , 

R) Ft. /Sec. Difference in radar slant

• 
range rate.

Si Range Rate Dot ( A R) Ft. /Sec. 2 Difference in radar slant
range acceleration.

Azimuth ( A A) Deg. Difference in radar azimuth
look-angle to missile.

Azimuth Rate ( A A) Deg. /Sec. Difference in radar azimuth
angle rate .

Azimuth Rate Dot ( A ‘I~) Deg. /Sec. Difference in radar azimuth
acceleration.

Elevation ( A E) Deg. Difference in radar ele-
vation look-angle to missile.

Elevation Rate ( A E) Deg. /Sec. Difference in radar elevation
angle rate .

Elevation Rate Dot ( A E) Deg. /Sec. 2 Difference in radar elevation
angle acceleration.

Angular Separation in Deg. Total angular separation in
Radar Beam the radar  beam.
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The reader is referred to the sample output for an illustration
of the printout format. The set of trajectory and radar parameters for
the f irs t  trajectory only is included there , as is the set of radar parameter
differences for the first  perturbed trajectory only.

5. Sample Job Stream

The sample job stream on the following page is set up for
producing plots of rada r data from the f i rs t  t rajectory.  This data is
placed on file STORE 1 and would be punched out onto cards for plotting
b y means of the Hewlett-Packard 9820A calculator/p lotter if plots were
desired. If plots are not wanted b line 80 of the job stream could be
replaced by 0080$; DISC: 02 , X1R , JOL.

ii
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C:33 ~~~7*0.05C 1 , 5 .0 D 0 ,2 ~~3 .53 35 C,
c 3oo ,~=/ ~*0 .0 :c,  3. Or ,,0, 3.533130, -3.53130,0. 0~~C, 3. 333D O~ — i . 53 - ,~50,
03~~”~ 0’~3 -~0. . f l , 5 . f l 3 0 , 0 . 0 D 0 , ’~*3 . 5 33 D 0 , 3 ’~0 .050,
0’3~~fl ~“=3 ,
02-’~0 ;F:lIi
IsCO SI ’1 ’3
“'‘/il C ] = 1 3 . ’~C2= 0 .- 3 3 3 3 3 3 - . r - C~
~~

‘ ; ‘ 5 ’,C  c~:I = C.050,

1 ’’; 30 1o::j
04/iC T , I ’ 9
J -~50 ~LA:~= 27 • 050, ‘ L ’ ~~

’
~. • 530,

0~~~C ~Lf~51=~~0.0130, T ; l ” ~A = — L ~0 . C , 0 ,
0470 ,DLJD

OLp ,3 3 3 :  31 CJ ‘5
0490** * EO F

Sample Job Stream for the Cobra Talon Trajectory Program
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RADC 635/645 BATCH JOB
SM U M S NU M B ( B  D A T E  TIME

-_______________ 
1/7 /76  1000

P R O G RA M M E R  rELEPF(ONE

Conti 339-1360
R A O C  E NG I N E E R  T E L E P H O N E  S Y M B O L

Cleary 3573 OCSA
_________ 

TAPES ASS IGNED
R E E L  NO I~R I T E  R E A L  DEN T I T L E

None

A S S IGNED ‘X P R IN T E R  LI PuNCH

~ 3 DISC • OF L I N E S ..~~.Q L - P J M~~ OF ,,I” ,,< S

C ORE S I Z E  16K J A ~~ f l V I T I ES

P R OC E S S O R  TIME 0 25 ‘1 E ST I MA  TEE, L INES OF
T O T A L  RUN TIME 

0. 50 j PRI NT  10, 000
DECKS EXPECT ED

NO OF B I N A R Y  D E C K S  OF C O M O E C F S

- 
None 

______________

BMC TAPE [,UMP J C O P Y

F BOM ,  TO ~ MODE J~~ o O F F I L~~
L,~

_______________________ 
,,_J B I N A R Y

SPECIAL  OP ERATOR INSTRUCTIONS

(U.. lever.. .ide II required)

RADC FORM g~ 56 P R E V I O U S  EDITION W I L L  BE USED
A P R  69

HIS 6000 Batch Submittal Form

111-110 
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Source Listing of the Cobra Talon Trajectory  Program
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__~~ ?~~ “5’~”W ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ “‘ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~‘5’~~~~~~ ~IS~IS~_ IS _______________

1046! I t  3 1 — 0 7 — 7 6  1,5.345

PROOR A M TRAJ 3~ VERYE D TAL 0~ CLEAR Y 0~- 0 0 1 0 0 0
PaJBLE PREC ISI 3,~ X s X D , X DD , T O , T M  0~ 0010t0
D3V~ LE PREc 1S 13’~ TC,T I, K K , TW 00001020

~OJ~ LE PREc IS1~~’~ A R R A Y 1S~ t .SC2 ,T ,~~, XV Z ,R9L,PZ,R, W ,P,O 00001030
5OJ~~ E P~ Ec 1SL~~ A R R A~V 1 0~ 0J1C4 0
H-~~LE PREC IS1~~ IN I SIN 00001050
D0U~ LE PR~~C IS I QSI RA DAN G 000c’1o60
I0~~4~~4/TS/T ,.4, XY Z, RSL,PZ 0C001070

0~~Ut 108 0
t~~’4M0N ’S T / P ( 3 ) , ~~t 3 )  0~~0 ’~1090
rMON/BS/ x C 3 ), X D ( 3 ) ,  X D D ( 3 )  00 00 1, 1 ,00

‘4~i~~N/ A X / T h4 ,~1 000 0 11.10

~0” iM0N IS~ 00001 120
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 00 0 2 1 130

000L1140
C0M~c0 -N/SW1/~ Z 000011.50

C )(Z .N~ , 1, G1~~~S 0~~1 G 1 N A L  P R O G P A i  000 0 11.60
CA LL INP UT”  0 0 0 0 11.70

~C TR 3 000 0 11.80
0 0000 1190

tA LL F’ LGEO F ( - ~2 ,IEOP’J ) O ) 0 , ’1200
CA LL r Lu EOf- (07.rEor p ) 0~~0C 1 21O

I 20925640. 00 000LIZ2O

~:O,43~ 5269C480—2 00091230

~ (5. 729~ j,Dj 00001240
— ? T M  s 

~~ 00 001250
4 ~D 1.7 ‘

~ : 2 ’ ! T ’ ~ OC ’ 0 -J 1260
(~~Z J ~~,t ~ G~ TO 540 02 001270 -

‘

!~~(~~.EQ .2 90 1’O 1,7 0 C 0 3 1,~ 80
T~’~~~, E Q . 3 ;  03 T O 1,7 0 0 0 - ~1290

540 ~~~~I’~UE 0- ,~oo1300

~A~~L S A V E ( Q ) 0 0 0 0 1310
e * — L  I C E R B M ( R )  0 0 0 0 1 3 2 0

1,1, I:j,3 0 0 0 0 1 . 3 3 0
~ (1) J.00 3 0~~001 34 0

- — 

11 ~ C 1 ~ u. O DO 0;001350
IF~~frI .E ’3 .2 )G0 TO ~ 0Uo~ 136Q
101 . 1 3— 1  0 001. 370
1T 13 0 C 0 2 1 3 8 0
K A Z O  000 2 13 90
N 85 0  0 0 0 0 1 . 4 0 0

20 !~ IA ~~ t.6D 00001 410

~~ 1 ~9 i , IT 0 C 0 ’~1420
T F ( k .LI .-J , Q D O ) 3 3  1 0 2  0 0 0 ) 1 43 0

9 C A L  R K G C T O )  o 3 o - ’,~~50
T 7. 13 0 0 3 1 4 6 0

e * _ L  E 3 T NX  o0~~0 1 ,470
— 1 c ( T _ T ~’ l)j , 2 12 0 0 0 0 14 R 0

e~
’
~T INuE 

OCU -)1490
lrt M .GE .3) Go TO 3 000 0 1500
tA LL OUTPUT ( t) O,OO i 5iO
t*.., CONvER 0 001520

rn-liz

IS- - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘



~n6G,T Ii 01 07 -76  ISIS 15 ,,34
~ --

IF ’(P ! , N E , 0 10 0 0 ) Q 0  ~0 92 0 6 0 0 1~~30

~~~~‘*0 10 16 00001540
92 1r ( X a . EQ . l p G O  TO 94 00001550

- - “ 00001560
00001570
00031580

a lOuO 0C001590
$0 T~ 16 

- ‘ - 00D0~ 6 O0
94 1rc~~— 2 .o~ 3)96.~~6,16 

0c~031610
96 

~~F~~~K8.~~~ Q .i i G o  To ~,6 - 0233 1 620
WRit 

‘ - 
0~ 0 u 1630 

-

00001640
00021650

~1 = 10)0 
— 02001660

so i~ io 00001670
3 PALL 0 UTP UT ( I~1) 02 0 0 1 6 8 0

P A L L  CONVER ocool 69 o
- t~~C P Z . NE . 0 .0 D 0 ) G 0  TO 62 00001700

•O 10 16 0000171.3
82 I~~ N-2.0D3)63,$3,64 

000~ 172 0
83 J0’4D—2 00001.730

- 00001740
$0 10 16 00031750

- 

P0~~.1D—2 
00001760

11 = 1000 00001770
t6 $O- ~T !NuE 0000i780

*0 10 20 000)1.790
2 ~~~V (M.E0 .j)GO T~ 50 

- IS 
000)1800

P A L L  PR 1~J T 2 (j) 00031310
PALL PRt NT 2C—t~ 

‘ 0000t$20
TO O00C- ~~830-- SA U. PRINT2 (t) 00001840

5AL L PRINT2C ..1) 00001850
- -‘•

~~~

--

~~~~ ~ 
- ‘ 0000 1860

60 p0’ — .10—2 000,01870
00 0 11580

70 ~0 18 K6,1,60 
00001890 

- - CO 40 ~8~ i,IT 
- DDDD1900

Tr (1.LE .o.oDO)30 10 86 00001.710
- ‘$O T~ lo ‘~~~~~~~

86 PALL PRINT2 (1) 0 00 01930
- -- 

P5 

‘
TO 1.~~ 

- 00 0 0 1 940
10 C *LL R K G ~ 1O) 0C021 950- ‘ I = T, ~~ 

- 00001760
PALL EOTNX 000~~t 7 70

40 - U’JTINuE 00001980
PALL 0UTPUT (~C1~ 00031.990 
I R ’D AB S I T— T I )  0 0 00200 0

lF’(T~~.LE .,jD—4)G3 10 42 00002010
- iTtT .LE.~~flG0 

i~Ø 44 00 0 0202 0
$0 10 18 00002030

42 - !T’.20 00002040

in -113
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IS ‘~~~ ISISIS~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ -5’---- . 5’5’.’ ’  ~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~

1066! 11 - Q1. 07 76 3 5 . 3 4 5

1D— 2 00002030
50 13 18 00032060

44 IMI DAB S (I—T C ) 00002Q70
IF (Y

~~.LE .,2D_ 4)GO 
10 46 00002080

- so T~ 1.8 
- 00002090

46 ~t.10 00002100
P0 w — ~1~~—1. - 

00002110
18 $$~lIT !NUE 000021.20

~ T~ 70 000021.30
6~4 1INUE 00 002140

?2 $~~D FILE 2 000021,50
i lw I ~ o 2 00002160

~‘4D FILE 7 00002170
R Ew I N D 7 00002 180

REA D (02) A RR A Y 00002190
%NIEO FM 305.69.305 00002200

69 pYN s A R R A Y C I . ) 0000 221 0
PSIN SIN 00002220
il l A RRA y (j ) 00002230
P5IN T 33) 0 C 0 0 2 2 4 0

- 
330 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ) ,/ / / 3 8X ,  000 22 2 50

.PR&D AR PA RAMET E R D1FFEREM CES~ PERTURBED-N0MIN *L )” , 
00032260

‘~~ /66(2~4 ) ‘ / 6 6 ( 2 H  )./1N1 ) 0 0 0 0 22 70
PR1~~I 440~~M 00002400

Ø R I NT  34~ 0000 24 10
PR IN T 33~ 0 0 00 2420
P R I N T  999 00032430
P~~1NY 345 000 02440
PRIN T 336 00002450—- PRINT 999 00002460

999 ~O R M A T ( 1 .~ ) 0000 2470
440 r 3 R MA T c i k 1 ,2 ~’x . 5H N = .14) 00002480

343 ~0RM A T (1 ,4~
.4T1ME ,4X,1 ,1MSLANY RANGE.TX,13).4SL RANGE RATE,$X1 17HSL R00002490

- 
t~~~GE RA T E  D01 ,7X , 7~. 1AZI M IJT H .8X ,12 l4AzI MuTN RAY ~~) 00 0 0 2500

343 P0~ M A T ( 1.~ X .1,6~4A Z IM U1W RATE DO1,4x,9ME LEVATI ON ,8X ,14HELEVA TION RA1E000025 10
1’6X ,IB kELEVAT IO14 RATE DOT> 

- 
00002520

310 EA D (07) A R PA YL 03002530
jF’~~IE0FP 200.2 4.203 00002540

204 1111. = AR RAY1. (1 ) O C O -”255 0
203 lF (STT.E3 .STT1) oo 10 251) 0 6 0 0 2 5 6 0

~r (STT .GT .STT1) 90 TO 21.u 0 C 0 0 2 5 7 0
21.4 $EAD (02~ A R R A Y  00 0~ 2580

IF(IE OFN , 3 (5,2,02,305 00002590
202 pTT = AR RA Y ( j) 00002600

10 1~ 203 00002610
305 I~~TR = ICIR • 1. 00002620

t F ( I T M . E 0 . I C T R )  90 10 2 0u 0 C 0 0 2 6 3 0
eR INT 44r ,~

P RI NT  34 , j  00002650
P e I N T  337 0 0 0 0 2 6 6 0
P R I N T  999 0 0 0 0 2 6 7 0
PRIN T 345 00022680

111-114
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~ir 
-~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

___ -_ ~~~~~~~~ • , , , ,  , .  - -

fIN ,  3
~ - - ‘ -- , 00 0 0 2 6 9 0

IN? 999 0 0 0 0 2 7 e 0
317 P MAT (2~~.7kMI~4UTES,2X,4HFEE?,14X.cHrEET/SBc7,t0K .12)4FEE1/lEc/SEc,0cO~ 2710

00002720
336 $ M4T(joX,I5HOEGMEEIfSEC/SEC.5X;?wD$QRER$ 1QX.jjMDEOREES,$EC.9x O.’~

n273 g

~WUEGRE~L.SEC/SE~i 
- ‘ - _ - 

00o02140
IRw IND 2 , 00032731)

‘ “

~Ut[ rLtEJf (O2,IE1~~~~~) 
~ ‘~~~~~ ‘‘ ‘ ‘“  0 O O 0 2 7 6 ~pr ($ 1T .LE 1SY Tt )  ~o t• 333 0 C0 0 2770

- —‘ ‘ ‘ 00002780
331 ~~A D ( 0 7 )  A PRA Y1 

______ 
00002790 

~~~“~~~~ ‘_____ - -

- - ‘ - 00 002 8 1 .0
IF ( 5 T i . _ E~~S Y T I )  0O YS 333 

-  0 0 0 0 2 82 0  
-

lEA D (02 )  A RRA Y 
- - -  ‘ — 

00002 830
“lr IIEOFN) 3C5.335,3u5 00002840

J 3 L YTs k~~ AY4i ) 0000285 
0C00286

210 1FCSSTN .EI~ STT1 ) 05 YR 21.2 00 002 87 0
IS_ISISISISISISIS

SD ‘ ‘  00002880
212 I R W I W D  2 0000 2890

- 

1*~ L ~~~~~~ ( I ~ OFN ) ‘ ‘ - 

00002900
50 T~ 214 0000291IS_IS1•

~~~~
IS1TIS -

~
- A RW A V t1   ‘ ‘ 00002 92
a — % A R R A Y ( 2 ) — A R ! A Y 1 ( 2 1 )

~~~~~~~~~
‘USD a 1A AY~ 3 ! A ~ i 3 ~~ 

“V 0 0 0 0 2 9 4 0
— ~A RRAY( 4)—ARRAYi (4)) 00002950

-: ~~~~~ei ro - a - (AR T }~~ARk4!1t5)) 
~~~~~ ~~~~~‘ Dooo ~~96u

— tARRA y (6)—ARPAY1 C6) ) 000029 70
“~~~~I G O b ’  s UR 7 ) — A R R A 5 f I ( 7 ) F ’  “ “

~~~~~

“  ‘IS”- ’  I S I S ’  IS’ 0 0 0 0 2 9 5 0
~~ L — IA AY C 1)’~AR!AY1 (5

)) 00002990
I

’ - 1f1.ø a L~~ t A R P A Y ( ’9)~~AR ’R A Y i c 9’) )  
__ I S~ - 

0 0 0 0 3 0 0 0
— tA RRAY ( 1O ) . A ~ RA Y 1(t ,) ) )  000 03010

ISIS_ISIS

~~

IS_

~~~
lA DA P

~~~ 
l DSORY’[DSTQ..2 • !)K.~

2 1’  ‘ “ ‘ ‘  ‘~~~ - ‘  000 03020
PRINT 35 0 , DT ,D*S. D!SD,DRSDD, DS IG ,DS IG D ,DS IGO D ,O E~ ,flELD, D~ L0D 0L0030 30

ISISIS IS - ISpgf~
J
.~ 7S0,!AD~ N~ 

-  - “ ‘  0 0 0 0 3 0 4 0
PRINT 999 000 0 3050

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ SEPMA1 TOM IN RAD1~ SIA M . 022.1D)  0000 3060
33~ •ØRMAI (F7.3, 2X.017,10s2X,,D17 ,’10.2X ,D 17.t0,2X1D1 7,10.2X.D17,1O/ 00O030’O 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 000 03080
201 I R A D (02 )  A R RA Y 0 0 0 0 3 0 9 0IS_ _IS IS ISIST

r~tT E O F N~) 3O5.3i2 .3o~  00003100
- Il 312 SIT A R R A Y C 1 )  00003110

~~~~~~~~~~ 
31j - — — ‘ IS O roo3 t2 o

200 5TOP 0C0 ~ 3130 
00 0 13140

111—115

I -



~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~ 5’IS~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

j52OT H ~~~~~~~~~~~~~~~~~~ 
17.927 - ‘— ‘IS ”

• U8 RO UT 1~J E E O T N X  _________________ 
0 2 0 0 3 1 .50

- - - 5aJBL~ PR’
~ Cr~ T3~ A’ RRA T ~,~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

‘

COJBLE_PRECIS IJ’~ V 6,EL2 ,EL3,EL 4,EL5,ELb ,A A O C O’331,70
C 0LJ~~~E pRE~~r~~r~ N D V Y  TX7~Ls~~~S3 .S4 .sb, yA , ’v D’D~ V’D”,”S2’3’7O1,O2,o3”~ C 00 ~ 3t R 0

~OJ 8L E P R E C 1S I O ~ X , X D ,X D D  02 0 0 3 19 0
C O J B L E  P R E C I S I O N  A , R , W  IS 

J~ TT~~~~CTU
C! ’ 4 E~~S I0N D V ( 5 )  00 03 3210  

ISIS IS_ISISISI S I S I S  IS IS ,~~_~_ I S I S , I S I S~~~~

P O M M 3 N / T S / T ,~~,-U Z , RSL . PZ
_______IS 

e0MM~ N/A ,
R.w’ 

IS — _ • I S_ I S _ ,I S  ___________

~~

_ IS_ ISISIS__IS IS - ISIS~~ ISIS_ ISIS IS~~ _ ___ I S  - IS_ ‘IS IS_IS IS
~~

IS

3 2~~
IS_

~~

CO 4 0 5 ’./ E O A T~~O / Z < , X A 1  0 0 0 0 3 2 5 0
tA TA ”

~~~~7~~~2i67 4D12 4.0 .0DC /
S6a2 .0~~T ______ 

O L 0 0 3 27 0
~t •DCÔ SCX( 2 )) 0002328 0

- 0~~0 G 3 290
S~~= D! I * S 6 ~~~~~2~~

f _ I S I S I S
~~~

_ _

4 1 D C O S C S 6 . X C 2 ) )  
______ ______ 

0 - 2 0 0 3 3 10
-“--IS- IS - -  -IS I S_ _~~~~~~~~~~~ IS~~

3
~~~~ IS~~~~ _ _

Wa XCI. )— ~SL 
______ ______ 

0 0 0 3 3 3 3 0
T ( ~ A~~.~~Q ,1) ~O’T0 21 

— -  IS 

~~~i0~~34O 
I S I S

20 p Z = j• 03023350
G O TO 3 

- - 0 0 0 3 3 3 6 0  
IS

21 eA.. L A T ~~’2SP 
________________________ 

000’3370
30’ VA :~

ISISISISrXIIflTaYISDISrr1T717 .~:J.xU1 7 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
KY Z X  C ~ 

) * D S Q RT  I V A )  0 C O ” 3 3 ~~0
22 - vD J ~~

”
~~’(i ’)

~~~D ( i ) .  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ T,~ i)’~.2 ’ ’  ~~~~~~~~~~~~~~~~~~~~~ 
— -

V 0 . Q S Q R T C V 00) 0 2 0 0 3 4 1 0

~

23:_

~

7o7

~

< .vb 
, ,,_ , ‘ , I S ,, IS - 2o ~~34 2O

01: 523*XD(1) 
_____ _________________ 

0002-3430
____ IS IS IS__ IS _ _ _ I S _ ____

03a S23~~(XDC 3)- .~) 0 0ti3453
1 R / X 1 ~~’ ‘ ‘

~~~  

IS ‘“ ‘I S I S ’~~~~~~~ - I S _  I S I S~~~~ - IS - 0C ~C) 23 46 0
IL2:Xi ~~~.Xn 2).~ D s2 .~+r- .5D *(1.LD0+S4).(~~.XD (3) )~~‘~~~XD (3) ).X(1) 0C003470

ISf f i 002 • 3 4R 0~ 
IS

EL4:~ V ( ’
~~/X (1).V6o.5.C35 . Dc’.S4*S4—10 ,0D 0.S4.13.0DU) 0’5’0034q3•IS___ _

~_i0DIS( _ IS
~~

IS 
~‘[-7—

~~
T:-

~L. 4 •O 1 ‘ ‘ ‘ ‘IS IS” “— ‘  ‘~‘r~ ’~~5~~
’-

~L5:1 (—56~~X OC2 ),X D(i) )/X(1) ) — -  .5F)0~ S3.cW.XD (3)).(W+XD (3) ) 00023510
IS 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
17 .2 Df l .S4  0~~0 3 5 30

K (2 ) : E L S+ EL ó+~~2 - ‘ “ “  5’ - ‘ -

AA :— 1 , D j*(,.+X D (3)) 02003550

~Dfl (~~)~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- 

~ C0 23560
020, 3570

IS ‘ I S ’ ’  ‘ IS 0 0 0 ’ 3 5B0

111-116

_,L IS_ IS 
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IS__~~~~~~~~~~ IS~~~ 5’~ IS~~IS~~~~_  
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22t 6~ “1 u1-2~~— ~6 11.19 2

SU~ RO tJTNE ~c~~~~
’
~T ‘ ‘ ‘ ‘ ‘ ‘“ ‘  ‘ , ‘ISIS  IS

OOJ BLE P R F ç 1S I 3 ” ~ V 0 , RA T  ‘I ‘J ~~
-,

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~ ~
DOJBLF P~ F~21S I3 ”4 X .X D,x 3D u ii ~~~~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~O OJB LE P R E C I S I 3 ” ~ P , G E O , G L A M L) ,~~3j ) , Tp 4 E f l  0

~~~~~~~~~~~~~~~~~~~~~ 
IS ’ IS ‘ “ ‘ ‘  — ‘ 

~
;-c ~~c’

‘1 DOJBLE PqE cISI,)’~ - ‘US 9A ;l ,C0Sl.4FT ,S~ \,~~~,SINqET ,V2, A,P, C - - ‘
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~‘- u
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- 
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, - l ~l

QIM~ N S I 0N X ~4 (3) .XDN (3) u 0 ” 3 7 7 •

- - DIM FN S IIN XN1 (2 ).Xf)N~~(2 
) 

~ o 
D3U~ L~~~P C I 3 ~ ~LAM ~~,T k ~~I u o
D0U~ L’ PR E C I S I -D’J T M! 0’ 0 3~~ i ’

IS 
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Plots from the Sample Output (for the first trajectory)
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D. Nodal Cross ing Pred iction Pr o g r a m

I ,  Introduct ion

The Nodal Crossing Prediction Program predicts the equatorial

c r o s s i n g s  of an ea r th -o rb i t i ng  sa t e l l i t e .  Two to three  weeks prio r to a

sa tel l i te  obse rva t ion , the computer  p rogram can provide a listing of the
pred icted times aI)d longi tudes of equatorial  crossings for all passes suit-
ab le for observat ion by a given radar  sys tem.  The program outputs can
be used to determine ra ’lar  acquis i t ion and tracking da ta and are  used as

inputs for the Orbi t Prediction Program.  Orbita l elem ent inputs for the
Noda l Cross ing Prediction Program can be obtained from the SPACETRA CK

• o rbital element set.  For f u r t h e r  informat ion , refe r to ‘ Nodal Crossing
Predict ion Program ’ , by John C. Cleary and Paul E. Brown, l s t  Lt. ,
Technical  Memorandum No. EMA-TM-66-9 ,  March 1967.

~. Computer Program Operat ing Environment

a. Computer

Honeywell  6180.

b. Source Language

FORTRAN Y under GCOS .

c. Memory Requi rement

17K words

d. Typical Processing Time Re,quired

0 .001 h r s ,  ( 3 . 6  seconds)

e, Periphera l  Equipment Requ i remen t

No disc or tape files required.

1. Non-syster,~i_Subroutines  Required

CLEAR
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inputs

The fo l lowing  set  of input  p a r a m e ter s  a rc  requ i red  for the
execu t ion  of th~- Nodal  Cross ing  Pred ic t ion  P rog ram.

NAMELL S ]’ LNI

NCASE - N~im he r  of cases  to be ru n .

NAMELI S T 1N2

flED - A r r a y  conta in ing  the heading for  the output .  The di-
mens ion  of I-lED is 24.

NAMELI S T 1N3

N T Y P E  - Switch for select ing orbi tal  elements type to he input.

~ 1 S P A C E T R A C K  or Smi thson ian  e lements  used as inputs .
~ NASA e lements .

N R E V O  - F i r s t  revolu t ion  of sa te l l i te  to be examined for  visi-
bili ty f rom rada r .  ‘i ’hc r evo lu t ions  a r e  counted  f rom epoch
time of the SPACETRA CK bulletin.
N R E V 1  - Last  revolu t ion  of s a t e l l i t e  to be examined for  vlsi-
bility f r o m  radar .

NAMELIS T 1N4

BGT - Epoch t ime of nodal  c r o s s i ng  bullet in in decimal days .
BGT 3 9 1 2 5 - T  wh e r e  39 1~~5 is January  1, 1966 in Julian Days
and T is the epoch t ime.

XM O - Mean anomaly in deg r e e s .

RAO - Ri ght ascension of ascending node in deg rees .

OMEGAO - A r g u m e n t  of pe r igee  ( d e g r e e s ) .

E - Orbi t  eccen t r ic i ty.

A - Mean motion ( r e v o l u t i o n s/ d a y ) .

NAMELI S T_tN5
B - Rate of change of A ( r e v o l u t i o n s/ d a y 2 ).

R A I  - Rate  of change of RAO ( d e g r e e s/ d a y ) .

OMEGA 1 - Rate  of change  of OMEGA O ( d eg r e e s /d ay ) .

GI-LA O - Greenwich hour  ang le of A r i e s  at  midn ight , 30 Decem-
ber of the p rev ious  yea r ,

111-165



“5 ‘~~~~ - - ---—-‘5”—-’--s--’- ., ‘ ‘ ‘-~~~~~~~ ‘ “5 ‘-5’ — ’ ’ ” ”— ”5~~~~ ’

N AMELI S ’I’ ~~ 6

Z l , A M I  - Longi tude  of n o r t h b o u n d  nodal  c r o s s i n g s  that will g ive
a Zen i th  pass  at the  rada r ( d c g r t - e s ) .

ZLA M~ - Long i tude  of southbound nodal  cr o s s i ng s  t h a t  ~vi11
g ive a Zeni th  pass  at  the r a d a r  ( d e g re e s ) .

D L AM I ) A  - Long i tude  i n t e r v a l  of nodal  c r o s s i ng s  that  will g ive
u s a b l e  p a s s e s  at th e  rada r ( d e g r e e s ) .

CHR - D i f f e r e n c e  b e t w e e n  local  t ime and Greenwich  t ime.

~~~~4. 0 EDT

= 5 . O E S T

4. Output

Output  f r o m  the Noda l  Cross ing  P red i c t i on  P r og r a m  f i r s t  con-

s i s t s  of a l i s t  of the input  p ar a m e t e r s .  This is fo l lowed  by a l i s t ing  of the

nodal c r o s s i n g  data in the followin g f o r m :

V a r i a b l e  Name Units  D e s c r i ption

HED None Heading for  output  as input.

BGT Decimal Days Epoch t ime of nodal c r o s s i n g
bul le t in.

N R E V O , N R E V J  None Pass number .  i nd i cat e s  the
f i r s t  t h r o u g h l a s t  r evo lu t ion
of the sa te l l i te  to be examined
for  visibil ity f rom the r a d a r .

Z L AM 1  D eg r e e s  Long i tude  of nor thbound nodal
c r o s s i n g s  that  will give a
Zeni th  pass  at the r a d a r .

Z L A\ L~ D e g r e e s  Long i tude  of southbound
nodal c r o s s i ngs that will
g ive a Zenith pass at the
r a d a r ,

D LA M DA D e g r e e s  Lon g itude interval  of nodal
c r o s s i ng s  that will g ive
u s a b l e  p a s s e s  at the r a d a r .

N D A Y  Days Day of yea r of nodal c r o s s i ng.

k NHR H o u r s  Hour  of clay of nodal c r o s s i ng .

MEc Minu tes  Minute  of hour  of nodal
c r o s s i n g .

N SEC Seconds Second of m inu te  of nodal
c ros  s ing.
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Variable  Name Units D es c r iption

PLAMDA Degrees  Long itude of nodal crossing.

The printout produced from the variables HED through

DLAMDA above serves  as a head ing  for  each page of nodal cross ing data

printed out. The nodal c ross ing  times and longitude (variables NDAY
t h r o u gh PLAMDA ) a re  printed out in the o r d e r  of ascending times on each

page. Refer to the samp le output.
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S IDEtI T CLEA ~1Y, ’i E’JFFF.R , 5 5 I 2 L 1 O 4 R A D C
S ‘YSE!’. I D  CL E A P Y ST H Y ~EE

IL C AD
3 J ° T I O~J F~~~TflA~1
s SELECT CLEP .RY/~~ J ØDA L
S 3ELECT CLEARY /~~CLEAR

~X E C JTE
$ L I :U T .~ 2 0 ,2 0~~,, 10}~
3 DATA 05

sI~ 1 I
3

~ i ~~
:t~~~(4 )=24 : I  ~J ’D AL  C~~~~~~I : i G  7’~EDICTI~3 :J P 3 ~~E~~ ,
:~:~:c 1’ = .’~7 .k T LL 1T~ . ‘~ D.  049 — ~7LC~~T. (P~C~ — .iLT .~ . 34 2 ~:;T~

s J 7 Y ~~:= z ,
~~~~~ ‘0 7 5,

S
~:, I  , 1

~
~~T = j 1 q . ~~~ 9 O 2 L ~O 3 ,

=2 0 .7 ~~I3 ,
• G= 2 3 ’~.2 ’V1 ,
: C ~~l 5~~.7~~~ L~,

~ =~~.0 5 7J S9 1,
f .~~1 2 . 7 ~~7 71 ’~5~ ~

~ 4 I  = — 3 .  ~~557,

~ :~~~~1=3 .3 1) 52 ,

L.Y~2= 1 ~ 1 .9,
50 • 0,

Sample Job Stream for the Nodal Crossin g Prediction Program
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RADC 635/645 BATC H JOB
SNUMB NUMSCR DATE YSME

________________ 
4/5 /76 1115

PROGRAM MER rELERNONE

CONTI 339- 1360
RAOC ENGINEER TELERFIONE SYMBOL

CLEARY 3573 OCSA
_________ TAPE S ASSIGNED 

_____________

REEL NO WRITE RE AD DEN TITLE

PE.PIPHERALS A 5SIGNEO
READER ~~~J PRINTER EI PUNCN

El DISC. CO F  L I N K S ........... fl~J DRUM~~ OF L INES —

C O R E  S I Z E  20K J A C T I V I T I E S

P R O C E S SO R T IME 0 11

~~ I E S T I M A T E D  L INES OF
T O T A L  RUN T IME . 01 1P R IN T  1, 000

DECKS EXPECT ED
NO. OF BINARY DECES NO . OF COMDE CKS

None
~MC TAPE E)DUMP J1COPY

FROM ! TO~ MODE NO .O FFIL~~
El

______________________ El B IN A R Y

— 
SPECIAL OPERATOR INSTRUCTIONS

([Ja. revere. sIde if required)

RADC FORM ‘~ 56 P R E V I O U S  EDITION WILL  BE USED
APR 69

HIS 6000 Batch Submittal Form
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Source Listing of the Nodal Crossing Prediction Program
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C NODAL CROSS !~ G PREOI CTIO N PROGRAM o:o iooo
C . u.~o jOjo

bIMEN SION T~ C1O 0),ND AY (1 1),pOlR (l uu ),MIN (t000 ) ,NSEC (lurO ). U~ 0~ 1O2)1 X LAM DA (1UO ,..),PLAMDAC 1”OO ), WED (24) OCD~ 1O3O
SU MMO N T~.,NDA y,Nh4 R~ M 1N ,N sEc ,KLAMOA, PL AMDA.HED, RAD, PI,N TypE ,NREyO , oro~ 104O
1 NREV1,X ,9Q1 .E,OME ( A • ,OP EGA1 .XMfl ,P.OEL P,A~~ .c,QHA ,,Gi4At ,RA 0 ,OC0 101,0
2 RA1,ZLA’i1, ZLAM2,PN . COSW ,S !Nw .YERM. COSPH.SINP~ ,PHIP. DLAMOA , O~ 0 1Q63
3 XMP ,TER 4j,NPASS 1REV .J .I,DAY ,~4OUR,YMIN ,SEC ,NPAGE ,IPA3E, O~ O 1O70
4 JSTART ,JE~ D,NCOL.JC1,JC2 .JC3,JC4,C~.lR,CDAY 

. 

0~ 0)1OR0
~OJ8LE PRECI SION GHA 1,HGT , XM O. RAO .OPIEGAO .E 5A,B ,RA 1 , OME~ A 1 , I3HAO,PS 0 ~0~ 109OI PN,YERM , TERN1 1DELP,C,XMP ,PI, RA D ,DSORT 0300110u
HTA BLA’IK’6H / oc,oci1i~
N*MELIST/IN1/N ASE 0ro~ 1x2C
I*P4ELIS T/1N2/H~ DØ$MELI ST/IN3’NTYPE ,NREV~ ,NREVi, 000 114C
NAMELIST/1N4/811 .XMO ,RA O ,OM EGA O ,E ,A tL0fl1150
N*MELIST /1N5 /B ,RA1 ,OMEGA1 ,GHA u :ooi1 ’~
~1*MELIST/IN6/Z_ Al1 ,ZLA M2 ,DLAM DA ,CHR

C 0L031180

~~AD~ 05,IN1) 00O~ li9O
C OCOC1 200

00 51 N*1.vNCASE 0~ 0~ 1210
~ BALL CLEAR (TOI DA Y ) 000C1220

va 99 lzl,24 o:or1230
W I D U ) Z B L A N K  O~ O~ 1240

99 eo~ :NUE Or.0~ 125O0! = 3.141~ 9265360*0 .0174532925 O~ 0O1270
‘ 36~~.9856473 o~ o~ 128o

C 0CO~ 1290PEAD (05,IN2 .END :51) 0LO~ 13O0
C 004310

OBAO (05 .1N3 ) 0r011320
C o.:~o~ 133D
C 0~ O0134O
C NA ’IE_ IST — 1N3 0CO~ 135O
c 0~ OO136D
C ~Y~ PE 1 — SPA CETRACK OR SMIT~4SON IAN ELEMENTS O~ O~ 1370
C NTYP~ 2 — NA SA ELEMENTS o or138o
C NOEVO FIRST REVO LUT IO I1 OF SATELLI TE TO RE EX 4M I~ ED F3R 0~ O :139O
C V !SHILITY FRCM RADAR O 0 ~ 14O0
c NREVj = L AST REVO LUTION OF SA TELLITE TO ~E EX A MIN ED FOR O~ O~ 141O
C ~!SIqILIT V FROM RA DA R 0 0 ~ 1420
C 0(0:31430

•EA D C 0 5 .1N4 )  O~ 0 1440
c 0.  0 1450
C 0 0 u 1460
C NAME. .IST — 1N4 o:orl47o
c o :o-i~~ o
C ~~T z EP~ CH TIME OF NO JAL rROSSING RIILLE TIN IN DECIMAL DAYS 0~ 0.149O
C ~I1O $ M EAN A NO MA _ Y IN ‘)EGREES U~ 0~ 15O0
C 0*0 z RIGHT *SZE’ISION OF A SCENDI NG NODE IN DEGREES O~ O~ 151O
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$HEGAO ARGUMEN T OF PERIGEE IN DEGREES
C $ ECCENTRICITY
C * • MEAN MO IT IO P 4 IN REVOLUT IONS / GAY 0 O ~ 1543
C 0~ O 1550

$IAD(O5.1N5 U1O~ 156OC 0CO ~ 1570
c o:O~ 15RO
C NAME1..IST — 1N5 000!1590
C O~ 0~ i6OO
C I • SATE or CHANG E OF A IN REVGLUTIONS, (DAY .SOUAREO ) 0 001610
C ~A1 a RATE OF H&NGE OF RA.~ IN DEGREES/DAY 30O~ t 62 3
c SHEG* 1 PA T E OF CHANGE OMEGA O IN DEGREES/ DAY 0CO .1~ 3D
C 1~ AO a GREENW I I.4 HOUR ANGLE ~F AR IES A T O~ O)164)
C MIDNI GHT . 3u DECENRER OF PREVIOUS YEA R 0~~OC165 D
C 0C 01J1660

SIAO (05 ,IN6) 0 0C1670
C 0 0’1680
C O’~O’~1690
C NA ME _ IST — 1N6 0~~O~ l7O 0
C 0 0 1 7 1 0
C ILAM1 LONGI TJOE OF N )R THROUND CROSSING 0~ O O1 72 0
C TH AT W I L L  G IVE A ZENI T~I PASS AT THE RADAR OCO ~ 1730
C ILAM2 LON G ITJ OE OF SOUTHBOUND CHOSSING O~~O’~1740
C THAT WI L_ GIVE A ZENIT4 PAç5 AT THE RADAR 0C001750
C DIU~A MDA = LONGITUDE INT ERVA L OF CROSSINGS 01001760
C THA T W I L_ G IV E USEABLE PASSES A T HADA R o;oui7o
C IIFFEREN E BET WEEN LICAL AN D GREENWICH TIM E 0’~O O 1 7 P 0
c (1 r0 1 1790

~~ I1E C 0 6 , 9 u~~
1) O 0 O ~ 130O

9O0~. rQ RMAT CXW1 ,49X .’— INPUTS — ‘)
I F( N .GT . 1)  GO TO 998 o~~o.:182oIRIT I )6 ,9L1 2 )  NCAS E 0~~O~ 1330

9OO~ FORM AT (///9X ,’ N C A S E  a ‘ . I 2 . 5 X . ’T O T A L NUMBER OF CASES 13 ~E RUN’ )  0~~0~ 1S40

~Q 1~ 999 o :o~ 185g
998 PRITEC )6,9ju3)N 0~~OCj86O9~ O3 raRMATc ,,iox , ’r~ Is IS 4UN NUMBER ‘ . 1 2)  O: O~~~970
999 l i IT E( j6 , 9.~~4) (-4E0 (1), taj,24) D . O 1 8 ~ O
900’ FOR MA T(,,,19x,’OJT pUT IEADIr4 G (HED) ’,/24X,12A6,/2 4X.1246) 0OO~ 1S90

PRITE ( ]6.9~~ 5) NT YPE.NREV ,NREV 1,Rr,T , X M~~,RAO ,0NEOA ...E, A,~~,.I* 1,OMEGA1 o : u  1~~10
9O0~ FOR MAT (//1.c’X, ’NTYPF = ‘ . 15 . ’ .1—SPAC ET RA C K OP SMIT’~SO~~I AN ELEMEN1SO.:0 1~ 20

•1./32x.’ = 2—NA SA ELE MENTS’ , O O ~ 193O.#I1 9X. ’NFRV ~ : ‘.1 6.’ FIRS T PEV OL UT ION OF SATELLI TE FR3N EPOCH T!M0 D(:1?40
.Q OF IkE SPA CE TRA CK BULL ETIN ’ , o~~o~ 1~ 5o
•i~ l9~~, ‘~~W~~V j = ‘,t 6.’ LAS’ RE V O L UT IO N OF SA TELLI TE V RQ’i EPOCH T IM EO~ O 1 ~ 60
• QF THE SPA CET RA K BULLETI N ’, O~’O~ 1 7 0

= ‘.~~16.1.,
, R(iT=39125—1 (39125 IS .JULIAN GAY S FOR JAN 10 0 1980

•916.r IS T~~F E~ 3 H  T I M E ’ ’ O 0li~~90
.I~ 19x. ’x1l r , r 1 6 1 ,  ME AN A N OMA L Y IN tJEGqFEg’, 0~.O~ 20O0
•/!19~~, ‘RA = 

$ ,F16.l . ‘ R IGHT ASCENS ION ~r A S CE NDIJ ~ NODE IN DEGRE~~. O~ 2O1O
all’ • 0 0 2020
.Iit9x. ’O~s E c A O  = ‘.F16.~~~,’ A Rcj J EME~~T OF PER IGEE IN DEGREES’ , 0 U1203D
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.1419x, ’ ~ 
= ‘ ,r ‘ ‘ ORb IT ECCENT R ICITY’ , 0’O’j2040

~~~~~~~~ A - . .
~~~~~.‘ MEAN MO T ION IN REVOLLITION S/DAY’ . 0 0~ 2 O 5O

& . -~~~~ .1~~.’ RA TE IN CHANGE OF A l , O 00 2 0 60
•ul9K.’ PAl a 

- 6~ 1~)’’ R ATE OF CHANGE QF RAO IN DEGREES/DAy’. 0U0F2070
I419W,’0M~~ A1 a I ,F16.1Z1~~$RA? E OF CHANGE OF OMEGA ’) IN DEGREES/GAY O~ 0:2O?’~.t) O ’ 0 2 O Q~
I*IIE (06,9u~~b A J ,ZLAM1. ZLAM 2 ,OLAMDA ,CH P 0~ U 2100

9006 r~ RMA T ( / t 9 x , ’ G A ’ 4 j a ‘,F16.1), U O’2t~~0
.~ 3~~ ENWI CH HOUR ANGLE OF ARIES AT N IGHT’ , U . 0 ~ 2 t 2 3
.1~ 19X .’ZLAM1. • ‘,fl6.j.~,’ LON (iITUDF OF NORTH900ND NODAL CROSSING ’ .O~~0i2t!~
•fl19x, ’Z L AM 2  a ‘,F16.1?,’ LONGITUD E OF SOUTWGOUND NODAL CRQSSING !,0001 ’71.40
•I~~i9~~. ’ D L A M DA  a ‘,Fj6.13, ’ LONGITUDE INTERVAL OF NODA L CROSSiNG’ , o;rj ~~~~~~~~~~

a ‘,F16.1 1, ’ DIF FERENCE BETWEEN LICAL TIME AND GREENW ICU 002~ ó0.~ TIME ’, 0 O ’2 1 7 0
o :.o 2 1 1.

~~ AY a ~~~~~~~~ 00O ~ 2191’
•QSW = COS (OMEGA •RAD) 0 O.i2.20 0
I!NW a SIN (OMEGA eRAD ) O~ Ou~~~tO
• a 1DD/A 01032220
!F(NTYPE.Eo.1) 33 TO 6 010)223’.
• a A 03O’~224’a 

~
* VURM $ 1Gl.~E..2 0~~O~~226~

VIRPI a TERM .DS3RT(TERM) Oi’0’2270

~ E.COSW O,jO~ 22B0
YIRMj (1DI.TERM1)..2 O 0~ 2 2 9 O
ON P.(tD)—0M53A1 .P.TERM/(36C’D .TERH1) )

7 iF (NTYPE .EQ.1) 30 10 0 U~~O~ 231j
• B a DELP.P/208OO.~ O~ O02320

C 2380 a 2 ( 1443 MI N IN A DAY ) 010J2330
BO TO 10 0Z032340

9 1 • — B /A . .3 o:or235o
*Pi O a XM,/3600D 0~~O1236O

10 •QSPH a COSW E)/ 1.i E.COSW ) O~ O 1237 O
I! NPI.1 = SIGN (SQRT (1. COSPH**2),SINW ) O~ O0238O
IF (COSPHI12.1j.13 0 012390

j~ PHIP P1_ SIG N (DI/2,f,,SINPH ) 0~~0 D 2 4 O O
B ~o 14

12 MIP A T A N  ~S IN’ H/COSP H)+P I  0~~O~ 242O
~~~~ 

14 0~ O~ 24 3O
1~ P~~IP A T A I~I (SIN’ i1/ COSP H)~~PI-S IQN c P I , S I N P H )  0 3 0 ’ 2 4 4 0
j 4 •M5 a (P41P—E.SjNPH)/ (2D .PT) O~ Ou2450

a 8U1.(lDO~~KM j—XMP).PM O~~0 246 O
1D Ve~Mj = 36~~DO RA J+ G HA 1  0 :0 12470

•PASS ‘IREV 1— ”IREVu +l 00’24R0
0EV = N R EV J—1 0 O ~ 24cO

lb DO jS I=t ’N PAS S 0~~O J 2 5 0 0ply = REV.1,j O~ O22510
a TFRM,REV.PN+C.REV .*2 0.0)2520

17 1LA MnA~~
1) = TERMI—RA1 . (T (I )—B3 T ).GHA1eTO (l ) O~~0~ 2 53D

• LA M I D A (I )  = A MO D (X LA M D A C t ) , 36~~.~~) 
OT0~ 2540

1d CONT INUE 0:0 2 5 50
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t~ iQ2 ~ t s j . N P A S S  .

~I~(&~S (XL AMQA (!i_ ZLAM 1)~ DL*,MDA)2j,21,2O 
-- 

O0O~’238O
20 ~ ‘ (A g S (X L A M DA ( 1) - Z L A M 2 ) — D LA M DA ) 2 1 , 2 1 , 2 6  O QO ~ 259 D
21 • j l OO 0~i26OO

a XLA MO A (I) 00002610
2~ I~ AY (J) a Tt~C I )-~~DAY 01002620

S A Y • NDaY ( .J) 010 C 2630
~~JR ‘ (T’ (II—DAY ).24.’i—C 14R 

- .  -

23 •UR (J)’HOUR 00u 2630
PUN • (HOUR—F _ OAT (NHP (J)))*60.0 0~~O 0 2 6 6O

~4 ! N (j )  a YM IM 0OO~’267O
SIC • (YM IN— FLOA T (MIN (J,)).61 ., 0 00 u 2680

~~ II E C( j )  • SEC• .5 0)0 1)2690
26 I~~ T~ NUE 

- . . . 
0,012700

CRA GE a (J499)/1J’ OGO~ 2710
UAGE a 1 OOO~ 2 7 2O

27 IRITE (6 ,1JO3)UlED (IhI j,24~ 000C27 30
1003 ~

0R MA T ( iW1,23 X 12A6/2 4X 12A6/ / )  00 0 12740
(6 ,1I 04)BGT,NREVU,NREVX, ZLAM1,ZLAM2 ,OLAMDA 03002750

tool  PORM&T (18xt2~4E~ o:H TIME ~~~~~~~~ DA Y S , 3 7X 8 ~4 PASS NO. I4 .2~ — I4/1txO~ 0~ 27 60
I 1jHLA MBDAZI. sF8.3,22X1 HLAMRDA Z2 aF8,3.2OX14HDLTA LAMBDA ‘00012770
2 Fe,3 ,,3x3HDAv,1x3HHR;,1x4HMIN ,.1~ 4HsEc.,1x6HLA MBnA, 6x3HDAvooo~ 27Ro
I IX 3HHR .,IX4HMIN ,,1)C4HSEC.,1X6HLAMBD&,6 )(3HOAY.1X3-414R ,IX 4HMIN .010J2790
4 1X4HSEC .,tX 6HLAMROA ,6X3HDAT ,1X3HMR., jX4HMIN .,3,X4HS~ C,,IX 0CO~ 2 9 f l0

61’4 LA MB QA ) 00 O~ 2B10
I P C N PA G E ,2 A . 2 8 r 2 9  

. 

0O0~’282O28 U RI TE  (6 i1~~05 )u0O~ 2830
1005 l’ORMA T(43X3414N3 VIS IBLE PASSES IN THIS IN TERVA L ) 010’2840

29 J$ TA RT a i]:.CIPAGE—ti.j . 03O~’285O
UEND = ‘lIN (JSTAR T ~ 99,J) 0C012860
POOL = (JEND J3TART.4)/4 OC’0.,2870

30 bO 32 t:i,NCOL o:Dr2880
JST~ RT +~~_j OyO ’2990

j02 $ M I NO C J~~1.NC0L,J) 0 1002900
UC3 ‘ MINI (J 24 NCOL ,J )  030 12910
J04 a MINi) (J 3,NCOL ,J )  0~ 0 C 2 9 2 O

31 IRIT~ (6  . 1j 0 6 ) N D A Y ( J l~1) ,P. IHR(J C 1) ,MIN(JC 1) ,NS~ C(JC l) ,  Q’)0 2 30
j PLAM UA (J~ t),NDAY~ JC2 )P I

~4HR (JC?),MIN(JC2~ ,NSEC (JC2)I 00002940
3 PL AM ’JA (J~ 2),NDA Y(JC 3),NHR (JC3),M INCJC3 ),NSEC (JC~3), 000!2950
3 PLAMDA (J~ 3),NDAY(JC 4),NHR(JC 4),M1N (JC4),NSEC (JC4 ), 0)0(2960
4 ~L & M O A ( J ~ 4 ) O 0C2~7O1006 F’O~ M~ T ( / I6, 14 , 14, I4, F9.2 , 19, 14 ,14 ,  14 ,F9.2, I9 , I4 ,14 ,  t 4 , F9. 2 , I9 , I4 ,  O(’ Q~ 298O
I 14,14 ,F?.2 ) Oc002990

3~ BONT INUE OLO i ’ 3000
? PA G ~ 5 IPAGE I 03033010
!r (TPAGE—NpAGE, 27.27.51 U)0t~302 0

53 ~QNrtNuE 0:0:3030
E T O P 0 3 0 3 3 040
END 0 ) 0 C 3 0 5 0
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• SUBRO UTINE CLEAR 00011000
• SUBROJTINE TO SET FORTRAN LOGAT IONS 10 ZERO 00001310
• CALLI NG SEQUENCE — CALL CLEAR(X .Y ) 00001020
• oco~ i03o•THE RØPQgE QF CLEAR I~ TO ZERO OUT LOCA TIONS X THROUGH V 00001040

CL EAO 1AV E 1,4 O~ 0 01O50
LDA 2,1 ADDRESS OF X INTO A REGIS TER uC0~ 1O6O

ADDRESS OF V 00031070
ORDER Y IS GREATER TH AN X 000J1O8O

LDX4 2,1 RESTORE X4 00031090
A2 lIZ ,4 000 3 1100

lAX ’ 1,4 INCRE x~ 00061110
Al BMPX 4 3,1 00031120

TNC A2 0r001130
- 

?ZE A2 000GII4O
RETURN CLEAR O1O~ 1t5O

OPOEP LDX 4 3~ 1 REORDER 0~~OO1t 6O
LDQ —1, DU O~ O$1t7O
ISO Al CHANGE 41 10 CMPM 2,1 0iO~4t80IRA 12 0:1001190
END 00001200

I
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U.
2

7 —
I- I-
Lu I—
-J UI a’
._I ..J LI
~~ -J 0
IT, fl fl

Lu

C., ~ UI
.4 1.1 2
a’ 4 I-
I- a’
Lu I- In
U Lu —
4 C.) Lu

‘4 I- I
In 0. - —

In ‘a
Lu ‘a In
I UI 0. Ui I

I ,‘l Ui
I’- 0’ ). -.

is 2 0 ‘4 (5 (5 2
0 U. -4 (U a .‘- 2 2 a 2’

C -) CS “.. 2 — ~~‘Lu )- In (~ U) In — UI
5 U, tr 2 ‘4 Lu — In (IT In

— — C) 0 (U Z C C In (5
C I- U. U) 1, a’ a’ a’ 0

.4W I— Ui U. U) (5 I- U C.) 0’ 0
a’ a’ UI 0 LU LU LU -4 U 2

I )- C Lu
0*  0 C.) 4 Z (5 >- 0’ U) -4 ‘4
a’ I’) a’ ~~ 0 UI ‘4 0 2 UI 0 0 4 UI
a U) UI 0. (5 0 Lu — o a a a’

• I- Lu 2 Z . C 0’ 2 2 0
2 Z 2 a ’ -4 — 7 LI) 0 -4 z ,—
O ~- Lu 0 1 — 0 — 2 2 0 0
— I 0’ 0 ,i 2 0 — (5 is 2 7 is J
I- a’ Lu U. a’ (I) (II UI — UI C -, J 0 .4

is CU L( Lu b- 2 0 0 C.)
UI Lu U. U) (.5 ~~ ‘4 0 Ui 2 IL .,J C)

a Ui U) (2 ‘4 — .4 (2 _J I 2 _L
,.~ ‘S’ 7 .“ I’ — (5 Cr (~ ‘4 I.. (5 I—’ I— >
0’ U ‘4 .4 — UI is U) )- ~~ U. C 2 0’ 0’ 2a — .4 ~.J U) C 0 0. ~- (U I. 0 .4 C 0 Lu U.

Lit 0’ 7 LU J Cli — 0’ C, Ui 2 II) I— Ii!
(.5 I— CD 1 UI .-4 7 a’ U LI Ui (5 Cr 7 (
Z U) In a’ — 0. ‘-• CD 0 —. 7 LU (5 “ ~~ U. is .— —

0. 2 . C.) a’ U) .4 IL Cr CS 2 0 CD CD UI
2’ ~~ (fl’4 (IT > CI) — 2 ‘4 2 2 Lu at
— 0’ U) a ’ 5’. Is I. ’ ..J 7 2 7 2 ‘4 I C.) Lu Lu C,

0 U) I 0 is 1 ‘4 LU UI Lu 0 2 C..) a’ 0 (5 ~~ Lu
• Lu a’ U) CD In 5. U I C.) ‘ C) U. C.) ~~ ~

.- C.)
at U P 2 C 1  0 Cl) LU C.) )— U. 0 — ~- 1- — 2

0’ In 0 2 .‘. 2 4 ~~ U. a z a 7 — — 15 Ui
o .,i o ,- —. a 0 0 I w 2 Cs a’

‘40’ 2 - — IL ~- 0~ I’. Lu •- Ui 2 a’ a ui
0 ~~ Lu ~~ U Z 2 2 UI 1— ‘4 w 0 0 ~_.i is

U’ CD IL C.) I _i ~- ‘4 (5 2 ‘4 I- ‘4 a’ 0’ _i .J is
Lu 2 0 .4 15 W -, Cr (2 UI ‘4 (2 -~ (5 -, —
In a’ ~J > 0 0’ 1 3’ CD (5 5. 1 IL ‘a LII CD CD
‘4 CD I” Lu Ui ~~ 

. eLi . N -0
CD a’ UI (2 LI. = -, — C’. IL -, ‘5 05

C.) C (2 0 0 0 CD Ci P~) .-C 0 C. 0 0 3. 0 =
Cs Lu ‘4 Ci) 1’- 0’ C’ IL CI ‘a a’ C (‘.1 IL 0 0’ 0 0
o a i- 2 . 4  U) C— ~_ r a’ ,-~ IC) N- p 0~Lu — CL) 2 CC (I) a’ 1 ~ C ‘4’ 05 ‘C In N- 3. Cr 3. 5

0’ 7 -J I I ‘4 (51 - - CL) ‘0 “ IL) 4’, .-I .‘ ~J ‘0 • -
U. S .4 .‘L C’. is _I 0’ .-( N N N, IC’ IL . IL IL
0’ Ui - II 3. ,-I ~ s . N I-. C . -I V UI

— C” I a’ CC 7 ‘C V “ I’. a” (5- . if
CD 2 ‘4 — N C N- C IC N- ‘ —I a’
2 CL) a’ a’) 0’

a ‘0 N, ‘4 (51 I 3.
‘4 -1 — —

‘4 Lu “I (‘CS C’J
a’ I, II II

0 ~, ii ,, ,, ,,
I— — — IC

CD W -C IC CI 4 U ~I CI C ~ C Cli C
IT IT (‘C — (‘C 7 5 a”
— (C II) I”- III ‘4 CI) ‘C ‘4 ‘4 ‘4 CC
fl . CCI CD a’ i i i  m n- .4 I I I ‘C
O 2 2’ 2 IT) ‘4 0’ 0 (5 NJ NI (5 (.3

C.,

I’

Ui
(it

C.)
2
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Sample Output for the Nodal Crossing Prediction Program
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E. Orbit Prediction Program

1. Introduction

The Orbit Prediction Program simulates the trajectory of an

earth-orbiting satellite and computes the rada r look angles for the satellite.

The satellite trajectory is generated from the SPACETRACK orbita l ele-

ments and parameters obtained from the Nodal Crossing Prediction Pro-

gram. A description of the Orbit Prediction Program is contained in the

document: “Nodal Crossing Prediction Program ”, Technical Memorandum

No. EMA-TM-66-9, March 1967 , by John C. Cleary and Paul E. Brown ,

1st Lt.

2. Computer Program Operating Environment

a. Computer

Honeywell 6180

b. Source Language

FORTRAN Y under GCOS.

c. Memory Requirement

32K words

d. Typical Processing Time Required

0. 005 hours (18 seconds)

e. Peripheral Eq~~pment Requirement

Two disc files (file codes: 01 , 02)

f. Non - system Subroutines Required

OUT 1
OtJT2

OUT3

PARALX
NEWT

111-181



CLEAR
OUT4

3. Inputs

The following set of input parameters is required for execution
of the Orbit Prediction Program:

NAMELIST IN 1

HED - Array conta ining the heading for the output from a pro-
gram run . The dimension of HED is 24.

NAMEL]ST LN2

NRUN - Run number assigned to pass.

NPRLX - Used in original version of program, no longer valid.
If not 0, a punched paper tape for parallex correction of a
transportable sta tion would be produced.
NDL - Number of passes to be computed. First the on time
pass , then the one for X + ~ A , then A - A A , A + Z A X
and finally A - Zs~ A • Normally use 2.
NOPT - If = 0 , Subroutine OUT3 is not called. If any other
number , Subroutine OUT3 is called to print out the satellite
orbit look angles , range , azimuth, elevation, and also Subrou-
tine OUT4 is called to place this look angle data on a file for
1at~ r plotting.
NDCH - Program division check.

NAMELIST IN 3

DAY - Day of year, nodal crossing time. C

THR - Hour of day, nodal crossing time.

TMIN - Minute of hour , nodal cros sing time.
TSEC - Second of minute , nodal crossing time.

AMDAO - Longitude of nodal crossing (deg. ).
BGTO - Eopch time of nodal crossing.
DAMDA - ~ A (- . 5 degrees is 2 m m .  early pass , which is
normally the second pass).
DT - The interval in seconds between computations.

CHR - If converting GMT to EDT , 4. 0.
If converting GMT to EST , = 5.0.
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NAMELIST 1N4

WO - Argument  of peri gee (degrees).
EU - Orbit eccentricity .
ANCL - Orbit inclination (degrees) .
ASMTH - A , mean motion in revolutions/day.
RAI  - Rate of change of ri ght ascending node (degrees/day).
Wi - Rate of change of argument of peri gee (degrees/ day).
El  - Rate of change of eccentricity , per day.
AU - Semi-major axis of orbit in earth radii.
A l  - Rate of change of AU in earth radii/day.

NAMELIST 1N5

XLA T - Latitude of radar (degrees) .
XLONG - Longitude of radar (degrees).
AD - Radius of earth at radar in Km.
AZTH - Maximum allowed azimuth deviation of beam center
from satellite position (degrees).
ALTH - Maximum allowed elevation deviation of beam center
from satellite position (degrees).
ALO - Initial elevation angle of the pass (degrees).
XLATI - Latitude of transportable station (degrees).
XLONGI - Longitude of transportable station (degrees).
TDELA Y - Transmitter time delay, used to compute the range
mark number. This is a number that describes the setting of 5
switches at the transmitter to get a properly timed range mark
for start ing the pass.

The following page ~~~~ 111-3) represents the format for the
six card element set from SPACETRACK. The orbital element parameters
used in this program (NAMELIST 1N4) are obtained from this card set. The
orbital parameters needed in the program can also be obta ined from the two
card element set and hand calculation of required parameters missing from

the set. Fi g. 111-4 illustrates this latest format for the SPACETRA CK
orbital elements . A punched card deck , containing the two card element set ,
as received by RADC from the Space Defense Center in Colorado is illustra-

ted in ~ j çr~ I~~~ 5, The f irs t  card of the actual deck is the bottom card

in the figure.
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Figurel l l -5 .  Punched Data Deck Conta ining the Two CardElement Set
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4. Output

There are a number of different output quantities produced
during a typical run of the Orbit Prediction Program. By means of Sub-
routine OUT 1 the input heading for the run (variable name HED), the run
and pass numbers (NRUN and M), the satellite rise time in hours , minutes,
and seconds (MHR , IMIN , and JSEC), the nodal crossing longitude (AMBA),
and the epoch ti,rne in days (BGTO)  are printed out. This is followed by a
listing of various rada r parameters versus times of visibility of the satellite
to the radar. The radar parameters listed are the elevation count period
(ECP), azimuth count period (A CP), elevation angle in degrees and minutes

(variable names MELD and MELM), azimuth angle in degrees and minutes
(MAZD and M,AZM), range in kilometers (R) and return time in milliseconds
(RM), and Doppler in kilocycles (DOPLER). For further  explanation of the
count periods and Doppler refer to the last paragraph of this section.

Subroutine OUTZ produces printout of the input data and
parameters associated with the recorder , director , and tracker. The

printout from OUTZ occurs on a separate page following the printout from

OUT 1.
If Subroutine OTJT3 is invoked, then additional output of the radar

look angles , range , azimuth, and elevation, will be generated for various

times of observation of the satellite by the radar. These observation times

ar e separated by the input DT. First the input heading for the run is printed
out (variable name HED). Then follows the run and pass number (NRUN and

M), nodal crossing time in day of year , hour of day, minute of hour, and
second of minute (DAY , THR , TMIN , and TSEC), the nodal crossing longitude

(AMBA), and the satellite rise time in hours , minutes, and seconds (MHR,

IMIN , and ISEC). Afte r this follows a list of radar parameters versus

satellite observation times, sepa rated by intervals of DT. The radar

parameters are azimuth in degrees and radians (AZ and AZR),  elevation

in degrees and radians (ALPH and ELR), and range in kilometers (R).

When NOPT is not equal to 0 , Subroutine OUT4 is called.

OUT4 will place the radar data printed out by OUT 3 on a data file (file code

OZ ) for use in producing off-line plots of range , azimutl~~and elevation.
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The outputs elevation count period and azimuth count period are

the count periods to be set into the programmed antenna tracker elevation

and azimuth clocks . These data are used to prepare a magnetic tape that
control s an antenna programmed tracker. This tape has pulses recorded

at the proper rates to control stepping motors which in turn, position

synchros to command pointing angles. The data shown in the output are

actually proportional to the required periods between pulses to be recorded

on the program tape . The numbers shown are the settings to be entered

into present counters to produce pulses at the required spacing for use in

preparing the program tape. An additional column shows the requisite

Doppler frequency corrections required due to the translational motion

of the satellite. These Doppler frequencies are used to cut a Doppler

compensator cam for a satellite pass.
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30105s1D !NT :CLEARY, CONT Z ,65 12 1104RA D C
0020$ :tJSERIDs CLEA~ YST HRZ ~0030$ x LO W LO AD
004 0$  * OPT ION:F3~ T!~At’J
00503: SELECT CL~ARY/OO~ 30363$ : SELEC T CLEA~1Y/OC LEA~t
03~,5S: S~ L~ CT : CL~ AZW/0OUT4
00703: EXECTJT~
0 333:LIrIITS:10,32<,—5K,12000
00353: PZ~MFL: 02, R/~’, L, CLEARY/5TOP.~ I
30363: DISC: 01 ,A 1~~, 5L
009 3 3 :  DATA: 35
0100 SIN I
0113 H~ D 5 = 3 o :-~ Orm iT PREDICTION P.~OG 1Ar4
0123 HED (13)=54H 1 IIIN EARLY OBJECT 110. 2103 BLTN NO. 7 4/1/66 £
0130 £I~J2
0140 NR’JN=302,
0 1 50 NP~ LX 0,
3160 NDL=1,
0173 :JoPT~~1o,
0130 NDCH -10 S
0193 £I~?3
3233 D5~Y=91.0,
3213 TH~ =3.0,
32 20 T1113=32.0 ,
023-0 TSEC=57 .’0,
3240 AIDAO=96.100,
0253 B G T O = 3 6 .3 1 3 4 ,
32~~0 D,~’~1~ A 0 .0,
3273 DT=5.0,
02 R 3  C~-fl=4.0 £
0290 31N/.*
0300 ‘~‘3= 5’3 .070 ,
0313 E 0 = 0 .2 2 1 6 9- 3 ,
0323 ANCL. 72.393,
3333 “.-d=—2 .52163,
0343 ‘ !1 = — 2 . 1 6 1 2 6 ,
0350 ,A3:-;TI-{=15.-S7614,
33-S O E1=-2.463-OZ-04,
3370 A0=1.05752,
0330 .~1=—2.5633 -04 S
7 3 9 3  ~ I~~5
3430 ‘<LAT=43.1525-3,
041 0 ~(L-J:--1G=75 .61722,
04 27 AD 6365.33 ,
7433 A~T~~ ’3.130,
0440 ALT:1=3.)00,
3~~53 ~ LAT 1 Z .0 ,
0 ’~~0 ‘~L3 :-iG =0 .C ,
0470 TD EL.AY~ 2 5.0 $
04303 sENDJOB
0490***ZOF

Sample Job Stream for the Orbit Prediction Program
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RADC 63S/645 BATCH iOB 
C

SP4 C,4M11 NUMBER D A TE  IT,Mt

_______________ 
3/30/76k 910

P R O G R AM M E R  T EL  EPH ONE

CONTI 339-1360
RA D C E N G I N E E R  IE L E PHO NE 1S Y M8 O L

CLEARY 3573 j OCSA
_________ 

TAPES ASSIGNED 
____________

RE EL NO W R I T E  R E A D  DEN T I T L E

D ENIes ENALS ASS6GHEO

~~~~~R EA D E R  ~~~~~Pfl I N T ER  Li PUNCH

DIS C- *O F  L,NK3.jQ..~~~~ DRU M 9  OF L I N K S  —

CORE S I Z E  32K A C T IV IT I E S

P R OC E S S OR TIME . 01
T S TI M A T E O L IN E S  O F

T O T A L  RUN TIME 
• 02 P R IN T  500

DECKS E X P E C T E D
NO. OF B I N A R Y  D EC K S  f NO. OF CO M O E C K S

None 1.
BMC f TAPE ~~~~OUMP 1 j~ o~~v

T O C  NO OF FILES

IL]
______________________ ,~~~~ B I N A R Y

S PEC IA L O P E R A TOR I N S T R U C T IONS

(0.. ,ov.r.. aid. II r.quir .d)

RADC F ORM 0 56 P R E V I O U S  EDIT ION W I L L  BE USED
AP R 69 —

HIS-6000 Batch Submittal Form
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Source Listing of the Orbit Prediction Program
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C 0,811’ PRE0I~~~1ON — MA I N PROGRAM 0~~’~C 1 Q O O
DI_ME~dS TON yM (1~ GO ),A Z (150fl ),ALPH (1500),N (*500hPHI (j5.,0), 0 001010

* 
- - 

yHET~ (i5O0j, R (150’),D(1300).Etp (~ 50),AcP~ 75O~~, O 001020
2 HED (24).XLAP1 (~~) 00001030
COMMON TM ,IZ,A..P14,R ,RHI .THETA ,RHO .fl,~ CP ,AC P,1C P.I4ED,XLaM,T0 ,OT. 00001040

CTO1 AM DA , ANDA 1, DAM DA .W0,W1 .Eo. E1AANC I,, A ,P, X L A Y , X L O N G~ AD , 000CjOSO
2 SAN CL .CAN CL .SLA7 .CL AT ,RLONG .L~ M .J.~ ,W,A MDA. AM 8A ,E.V,PMIG, 000”lObO
3 CTN,Te4,DELL ,S0,c~ ;CDL,SDL ,COS0.S1N8,TA NaL~ .RS0,C0~ AZ,?AZ, 0C0C1070
* 

‘ NN.N1,N2.xw.xL,xE;RAM~A,Rw,cpG.pHIo;s,o;s,H, x .SINAZ,RWi. 00001080
• SPHI.C0M .AZT ALTH .A L0~ I .I ALS.JJ~ W N ~2~OPT.D8LN .8AMN

’ 00001090
MMI~~,M S~ C,DPLR,flEN,DrN,TT;MwR.HR ,IMTN.YMIN ,ISEC ,TMI~~,Ji 00001100

COMMON NRUM ,N P~ LX ,NDL ,NOPT ,NOC h4,DAv,!HR,T$EC,AlMTH,CHR,P1 .BAt. 0~)0C1ttOj R AD,N~~,13,NC IND,NE,RRATE .RGT0 .A 0,*1,~~LAT1.,XLO PdG1,TD5L*Y. 00001120
2 D0PLERs~~IIND X ~ TMTP.NERL ,CTIME .A SM1 I4&RLONGl’SLAT t,CLAT t 00001130

000 ulj4O
~1*MELIST/I~~2#NlJ s4.NPRLX,$DL.WOp7~~

C
~flCI4 00001150

~*MEL1ST/IN3/D4y .THR~ TMIN .TS~ C,AMDA0,BGT0 ,~~AM DA ,DT,CMR 00001160
N*MELIS T/1N 4#W0 , E r ,ANCL, A SMTR ,RA I,u 1.E 1,A0,A t ooonitio
IIC*M EL1 ST/~ N5/X ..&T,XLQNGIAD .A!TI4 ,4LTH,AL O 16X~ A~ 1,XONG1 , 000111B0

.TQEL AY 000Plt9O
L0~~ICAL ILI 0~ 001200
DA TA EST ,EDT/4.4 EST ,*H EDT/ ,XRLY ,XLT~~/5H8ARLy, *HLATE / 00001210
DA TA BLANK/6H / 00001220

1. tALL CLEAR (TM ,INDX ) 00001230
00 99 1Iij~ 24 000012~ 0W10 (II)sgL4P4K 00001250

99 CON T IN UE 00001260Re ~ 3.1415926536 000)1270
S A D . J174532925 00001280
6L1 I ,FA LSE , 00001290

= 6378.174 00001300

~ P~ A D (O 5,1Nl ,END 999) 000’lJlO
C 00001320

•B AD (05,IN2) 0(~001330
c 

0110013 40
C 000~ 1350
C NAME _ IS I — 1N2 00001360
C 0000 1370
C ~~ JN ‘ R’JN MUM3E~ ASSIGNED TO PASS 0I~0C1380
C NP~ L K IF NOT ,PUNCHED PAPER TAPE FOR PARALLEX 01001390
C C,RRECTID’~1 OF TRANSPO RTABLE STAT ION W ILL BE COMPUTED 00001400
C = NUMBE R 3 3A SSES TO BE cOMPUTED, FiRST TWE ON TIM E 0U001410
C PASS. T~ E~ ONE FOR LA M DA + DELTALAMD A, TWEN LAN DA— DELTALAMDA,OI’1420
C L AM DA +2 0E_ TALA M DA. THEN LA M OA — 2DELTA LAMDA. NOR MALLY USE 2 00001430
C RO~ T = 0, S’J~ R~ JTIP4E OUT ~ IS NOT CALLED& 00001440
C NO PT = A Ij Y OTHER NUMBER, SuBROUTINE OUT3 IS CALLED o ’!0r1450
C A LSO S UB RO UTIM E 0UT4 IS CALLEO rOR PLOTTING O~~Ot1455
C 0 ’0r 1 460

0 00 0 1470
C 00001480
e 0 ; O ’ 1 490
C NA ME3 ..IST — 1N3 000C1500
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C • 0~~ OF ~~~~~~ NODAL CROSSING TiME 0 1 0 0 1 5 2 0
C TIR ‘ 4OUR or DAY NODAL CROSSING TIME 000’11530
C YN IN M I N .  Or ~4DJP NODAL CROSSING TIME 00001540
C T$EC a SEC. 0F MIN ’ NODA L CROSSING TIME 00001530
C iMD ~~ L O N G 1 T~ OE ~F NODA L CROSSING O-~O C1 5 6O
C H~ O ‘ E~ OC W T IM: OF NODAL CROSSING 01001570
C C*MD~ DELTA _ A IOA 4— .5DEGREES Is 2 M INT FASLV PASS, O O ~)158O
C WW ICH IS ~1ORMA LL Y THE SECOND PASS O00~ 159O
C $ 30 .u , THE I’ITERV AL IN SECONDS ~~TWEBP4 COM PUTAT IONS 011001600
C 4.j IF C 3NVER T ING 8111’ ¶0 EDT ‘ 00001610
C • 5.  IF c~ ”4YERT1N G GMT TO EST 000iji62O
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MISSION
of

Rome Air Development Center

RAEC plans and conducts research, exploratory and advanced
developi ent pr cgra aw in c~~~and, control , and coawzn.ications
(C3) activities, and in the C3 areas of inf ormation sciences
and intelligence. The principal technical mission areas
are ccninunications, electromagnetic guidance and control ,
surveillance of ground and aerospace objects, intelligence
da ta collection and handling, inf ormation systen technology,
ionospheric propagation, solid state sciences, microwave
physics and electronic reliability, maintainability and
compatibility.
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